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NOTICE TO CONTRACTORS 

FOR 

STATE ROAD AND BRIDGE CONSTRUCTION 

Sealed proposals addressed to ......... . 

for the improvement of certain highways in ........................ . County, will 

be received at the office of .......... . . ............. , at ...................... . 

Texas, un tiL ... 

and read. 

. ..... o'clock, ..... M., ................ , 19 .......... , and then publicly opened 

DESCRIPTION OF WORK TO BE DONE. 

Detailed plans and specifi cations of the work may be seen for examination, and information .may be 

obtained at the office of... .. 

.................... ) made payable without reconrse to the order of .............................................. . 

..................... ................ County Judge of .................................................................................. . , 
County, must accompany each proposal, as a guarantee that the bidder, if successful, will enter in to 

contract and make bond in accordance with requirement.s of the specifications. The right is reserved 

by the party of the first part to reject any and . 11 proposal~ or to waive all technicalities. 

Proposals shall be submi tted in sealed envelopes and marked, "Bids for the Construction of the · 

...................................... ~~~~e in 

C(ll1nty." 

All hjds rpc.et\!·ct \I ill lie retreillCll h,,v the ;Qepartmept ~mcl wjJJ not Be retnPflea ;£J.-hc biaael'@,. 
.. -



I 
1 
1 
I 
I. 
I 
I 

STATE HIGHWAY DEPARTMENT OF TEXAS 

SPECIFICA nONS 

ITEM 1. DEFINITION OF TERMS 

1.1. Definition of Tenns. Whenever in the specifications or contract the following terms, or pro· 
nouns in place of them, are used, the intention and meaning shall be interpreted as follows: 

State ................. : ............................................................................................... Stote of Texas. 
Commission ................... ............•............................................................. State H ighway Commission of Texas. 

State Highway Department... .......................................................... State Highway. Department of Texas. 

State Highway En!(ineer .......................... ............. n; .,'ltate Highway Engineer of Texas. 
/> ' rJ.,v c.! ' " y 

Engineer ..................................................... . --.... ~.\'.\9 ... U. . ... .. _kt ·() ~ Engineer r 0 q , duly authorized by 
0.-<~., 'i:..... the County and approved by the State Highway 
i ' r . Engineer acting directly or through an assistant. 

'7-County... .. ........ ... Party of the first part to this agreement. 

I lCn°. astitptelcat~oit6rr. ........... ....... ...... . ... Party of the second part to this agreement. 
.•. . ............ ... .. .. . .... An 'authorized representative of the Engineer as· 

signed to make any or all necessary inspection of 

I - BIdder ................................. _............... . .. ~;";:::!d~~~r~:: ::r 'corporation submitting a 

I 
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y , proposal. 

Plans .............................................................................................. . . .... All drawings, or reproductions of drawings, profiles, 
etc., pertaining to work or to any strurture can· 
nected with the work, which have been prepared 
by the Engineer and approved by the State High· 
way Engineer. 

Proposal ............................................................................................................ The offer of the bidder made out on . the prescribed 
form giving prices for performing the work de· 
scribe,d in the plans and specifications. 

'- Specification~ .................................................................................... ......... The directions and requirements, contained herein, 
together with all written agreements made, per
taining to the method or manner of performinl' 

. the work or to quantities Or qualities of malerials 

./ 
Contract ......... ......................... . 

./ 
f!ontrad Ronil 

to be furnished under the complete contract . 

. ....................... ............................. .. ........ Tho agreement between the party of the first. part 
and the party of the second part, including the 
~d vertisement for Proposals, Proposal, Instructions . 
to Bidders, Approved Plans, General and Detail 
Specifications, the Specific Contract and Contract 
Rand, are intended to form a single instrument 
defining the agreement entered into between the 
two parties. thereto . 

.......................... Thr approved form of security furni shed by the 
('on tractor and his Surety as a guaranty of good 
faith on the part of the Contractor to execute the 
"'ork in .ceordanee with the terms of the Contract. 

I 
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ITEM 2. INSTRUCTION TO BIDDERS 

2.1. State Participation. 'r he attention of th o bi<lder is invited to the ract that if the proposed 
work is a State Aid Pl'oject in which the State of Texas p;lrticipatcs in the improvement through the 
State Highway Department in accordance with the provisions of the State Highway Act-Chapter 190-
Acts 1917, and subsequent amendments by the Legi slature of the State of Texas, that the acceptance Of 
this contract and of the oompleted work un dcr this contract rcquires the approval of the State Highway 
Commission, bu t such approval wi ll in no sense· make the State of rrexas a party to this contract and 
will in no way interfere with the r ights of either party hereunder. 

2.2. Federal Participation. On Federal Aid Projects, the attention of the bidder is ,i'FJ!e&}o. 
the fact that pursuant to the provisions of that certain Act.. of Congress, approved July 11, 1916,:(39 
Stat. 355), enti tled "A n A et tt pJ'O'Vjdrthat-th,,- U nited States· ,hall- aid th,,--8t-ates in·-the-constmction · 
.of--I9Jxa·I--pfAfi I'sRas, 8:fHl f6l--otfler pUlposes," the Unitecl States Government is to pay a portion of the 
cost of this improvement. The above Act:> or Congress provicl~ that the construction work and labor 
in each State shall be donc in accordance with its laws and under t.he di rect. superviSion of the State 
Highway Department, subject to the inspection and approval of the Secretary of Agriculture or his duly 
accredited representative and in accordance with the rules and regulations made pursuant thereto. Th e 
construction work, therefore, will be subject to such inspection by the United States Secretary of Agri- ' 
~ulture, or his agents, as may be necessary to meet the above requirements, but such inspection will in no 
sense make the Federal Government a party to this CO!ltract and will in no way interfere with the rights 
of either party hereunder, nor will it subject the Contractor to compli ance with thc Federal Inws rela' 
t ive to Inbor, ctc., on Government contracts. 

2.3. Estimate of Quantities. The quantities listed in the estimate are the results of careful cal
(·.ulations, but aTe to be considered as approximate only_ 

F inal payment to the Contractor will be made only for the actual amount of work of each class per
formed (which amount shall be determined after the complet ion of the contract) subject to the limita
tions hercinafter noted, and at the prices fixed fo('the same. 

tP'V ;·I: ~ 
And it is understood that the quantities of work to be done and materials to be furnished for .....,! 

item of construction may be increased or decreased, not exceeding in value twenty-five per cent of the 1 
total am;ount of work and materials, witholl .. t in any way invalidating the bi d prices. Should an in
crease or decreai3c of materia15 en; quantities ~f ,york be made greater than twenty-five per cent 0'£ the 
es timated qmmtitics shown in the contract, then adjustments in the payment for the po;·tion of in
creased quantiti es over the 25 per cent mentioned above or the <]uantiti (J f': as dccrl'a~cd, shall be made 
in accordance with the provi~ions of P ar. 3.7. 

2.4. Examinations of Plans, Specifications and Site. All bidders arc required before submit- . / 
ting bids on the proposed work to visit the si te of such proposed work and fami liari 7.e themselves ,,~th V 
local conditions, the nature and extent of the work. They must also car<-fullv examine the plans, speci· 
ficat ions, special proviSions, form of contract and bond before submitting biris on the work to be done. 
Professions of ignorance regarding the requiremen ts of the work will in no way serve to modify the 
provisions of the contract. 

2.5. Certified Check to Accompany Proposal. ·No proposal will be considered unless accom
panicd by a certified ~ or cashier's check on a State or National Bank of the State of T exas pay-
able to the order of the party named and to an amonnt~stated in "Notice to Contractors!' i 

I~41iliIte?!i1hprOP"8.J,,- ·,.ffi--t5e ·re:ie~4-aJhlm"ckS""fe#t~. 

8 



• - ,.i (' ' ,I ~ tL JJ. J! ( '. , , ' Jt,,-I.o--~ , rl 'f*~ , 1"" : ~~M~ 1 ! 'J...J!f{j~f{1ft.M': /) '/ 1--. 
2.6. Proposal Form. Proposals must be made UpOIl forms whlel, rna be btamed at the office /,,'~ ' t', 71;, I- '. ' f (.Y j' ~ , .. ,?pf.,. ,(.(. 

of the State Highwp:c" Department, Austin, Texas. rrl se ro )osal for dire.. 
,/ /" ' 0" . / V vv' ~ . ~ 

witl show the estima cd quantitIes o{ the work to.be per ormed,--t - rf-,.- '. 
~d d1ld the amou nt of certified . I or-e&S1He.t!s~ck, /) 4,: ~{ ( 

2.7. Method of Submitting Proposals and Time to Complete. Sealed proposals must be signed 
properly and submitted as set forth in "Notice to Contractors," Proposals will be receivcd until the 
tIme am1 date indlcated in the "Notice to Contractors," ,It which t"ne they will !uL.jlllbl.icq..Q£~!,-e_d and 
read . ~h hidder must-~l1iS-propOsal T{nwrifing-rt.rrd-rn-ftgn~ interlineations, altera-
~ Or erasures ) the sum of money for which he ,\-ill supply the materials, and perform the work re

//(:qlU;iirr~eCd by the general instructions, conditions, and specifi~~.s, and state the time by which he wi l 
/, /<'v/), completc the work, should his proposal be accepted; a~, . ~ sign his proposal with his full na nd 
~tvlJ gIve hi§,.Jtddr€Rs.-----=:--:-_ ~. -'_ 

,,/' In case where a -firm or corporation submi ts a proposal, the proposal must be signed with the full 

1 ,--< 0. 

• 
J 

name of each member of the firm or the full namc of each officer of the corporation, in addition to the " 

\ firm or corpomtipn signature, with O,lfficial ,corporate s~al .thereZo anI! their ad~:,~es must be giv~ " " • 
. ,-- L I- fL -rJ.-. . CL~.""--).-c- 4?-t-(L( . """ ~~-t. J ~ k ~=-C-.: d71~~ (' -J ....... .....: . ~. f/·l/,.~/t!' .... '~ .r 

,,/ '2:ll-:-Trregul,;r Proposals. - Proposals ' may be rejeeted-a-s-- eing 'irregular if they sliow any omis- .:J" __ _ " '-
sion, alterations, add itions not called for, conditiona l bids or irregularities of a,ny kind. . ----------. 

V 2.9. Delivery of Proposals. Proposals may be deh vered In person by the Contractor or his repre· • 
. sp.Tttative, or mny he sent by mail, and when sent by maJl must be enclosed in an additional envelope 

marked as indicated undeL "Notice to Contractors." 

./ 2.10. Withdrawal of Proposals. No bid shall be withdra"o, 
quest is made in writing prior to the opening of bids. 

after having been filed, ,:Un less the re-

/, 2.11. Opening of Proposals. Bids will be opened at the time "no place indicate(1 in "Notice to 
Contractors," Bidders or their authorized agents are invited to be present at the opening of the pro
posals. 

2.12. Disqualification of Bidders. No bidder shall submit more than one proposal for anyone 
piece of work outlined in the specification. 'and contract unless alternate bids are called for, All pro

V posals not submitted in regular form and also unbalanced propo .. ls win he rejected, Only sealed bids 
"ill be accepted, 

2.13. Award of ,Contract. Contracts may be awarded by the part)' of the first part, at the time 
:md place indicated ill "Notice to Contractors," or if deemed advisable, at a time and place fixed by the 
party of the first port at th_i li,!,e qf !lpening of bids, 

avJ.- f<1- Q C!W @J. ... , 
2.14. Return of QUhdnty. Certifi ed checks Qf cashier's checks will be retufned to the unsuccess

ful bidders within ten (10) days after contracts havc been awarded. 

'. 
2.15. Contract and Bond. The Contractor must execute and file a contract and' a bond conform-

ing to the requirements of I tem 3.36 of these specifications, both executed on the forms hereto attached, 
u'ith the part.y of the fi rst part within fifteen (15) days after written notification of award of contract, 

2.16. Failure to Execute Contract. Tt is 'hereby expregsly understoorl and agreed upon that, should 
the successful bidder refuse or neglect to execute the contract and honel within fifteen (15') days alter 
being notified to do so, the amount of the certified check or cashier's check shall become the property of 
the party of the fi rst par t, not as a penalty, but as liquidated damages for such neglect or refusal. 

• 
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ITEM 3. GENERAL PROVISIONS 

L , , 

, \ '. ! 3.1. Subletting or Assignments. No work is to he sublet or assigned by a Contractor wi thout the 
>'( . written consent of the Engineer and written approyu l of Lhe State H ighway Engineer. " 

3.2. Patent Fees, Royalties, and Licen§e., ,If t he COil tractor is required or desi res to use any design, 
df!vice, material or process covered by lettCi.:i1e Miit or copyright, he shall pro\'ide for sllch use by suit

t able legal agreement with the patentee or (.'\~ner, a copy of which agreement f:: hall be filed with the En
~ gineer and t he State Highway Engineer; if no su('h agreement is made or filed as noted , the Contractor 

and the Surety shall indemnify and save harml.,s the County and State f rom any and all claims for in 
fr ingement by reason of the use of any such patented design, device, trade mark, copyright, matedal or 
process, in connec.tion wi th the work agreed to be perforrn eil under the contract, and shall indemnify the 
County and State for any costs, expenses r.nd d3ma ges wh ich either may be ohliged to pay and shall de
fend all suits arising by reason of any such infringement, at any time during the prosecution of or nfter 
the completion of the work 

3.3. Scope of Work. The Contractor shall furnish, unless otherwise provided in "Special Pro-
_\ visions" of the Proposal and Contract hereto attached: all labor, tools, equipment and materials neces

sary to complete the work to the fin ished lines, grades and cross-sections, and sha1l do such ~dd itional 

or incidental work RS may be considered ~ ecessar.v in the opinion of the Engineer to complete the work in 
a substantial and satisfactory manner, 

~ 3.4. Permits and Licenses. T he Contractor shall procure and pay for alJ State and local licenses 
Or permits required, and shall give all noti ces and pRy all ~ha rges and fees iJl~ident to the lawful prose
cution of the work 

3.5. Interpretation of Plans. Where there i. allY discrepancy between the figures shown 
plans and those written in the specifi cations, the fignre dimension~ 011 the plans shall govern. 

on the 

1 " 
~ 

3.6. Alleralion of Plans. The r ight is reserved by the Engin eer with the approyal of the State 
~y. ~ " ;. , Higll\vp'.y Engineer, to ma.ke from time to time such alterations in the plnns or in the character of the 

work as mny be considered necessary or desirable to complete fu lly and perfectly t1;e proposed construc
~\O-:/ t.~\. ' . ,\ ~ .. tio1l provided such alterations do not change material ly the original plan~ and specifications, and such 

t\\I.. }i a.lterations shan not be confloidered as a waiver of any conni t.iolls of the contract or bond nor to invali -

1\"','. ', date any of the provisions thereof. Should such alterations in the plans result in an increase or de\\ \~~' 
' . . ~ cr""se not to exceed twenty-five per cent as mentioned in section ,2.3 of the quantity of work to be per- '::{ 

i ' ~jformed . the Contractor shall accept payment in full at the contract unit priccs for the actual quantities 1 GI"1· of work done. No allowance will be made for anticipated profi ts, 

. '., ,~\( 3.7. Extra Work and Force Account. The Contractor shall perform extra work for which there 
is no quantity and price included in the contract or where increases or decreases in quantities beyond the 

1\, limiis set out in Par . . ~,3 are made or whenever, to complete fully the work as contemplated, it 
\ is deemed necessary or rl~si.(abl e and such .extr~ work shall be done in accordance with the specifica-

I 
1 
I 

-.\ tions therefor, or in the nest workmanli ke manner as directed. Thi s extra work will be paid for at a 
unit price or lump sum to be ~greed upon previously in writing by the parties to this contract, or where 
such a price or sum callnot be agreed upon by both partic-s or where this method of pa.yment is imprac
ticable, the ·Engineer may oroer the Contractor to do such work on n "Force _-\. ccount" basis. 

All extra work done on a "Force Accounf' bMis will be paid for in the following maDDer: 

10 

- - ---- --



J 

I 
.\ 

• 
(a.) For all labor, teams, and {oremen in direct ehargc of the ~pccific opcra tio.n, the Contractor shall 

receive the current local rate of wage, to be agreed upon in writing before' starting sneh work, for 
(,Il ch and every hour that said lahoi', tcams and foremen <11'0 actually engaged in ~nch work, to which 
sha ll be added all amouJlt equal to fiftcen per centum (1570) of the sum thercof. No charge shall bc 
Illndc by the C01ltractor for organ izatiol{Joverhcad expen se, nor shal.1 any chnrgc for su pcrin tc-ndencc be 

made except when there shall be necessa.ril}' employed on the proposed extra work at any ti me and in 
Olle place six (6) laborers or more in whi ch cnse a io}"C'mnn may be' employed ann hi~ nrtnnl cx pcnsC' to 
Ihe Contractor chnrged to the exira work for thc act.unl t.imc cmploycd. 

(iJ) For all materials used, the Contractor 8h:111 receive the actual eogt of such l1111terialH includ
ing freight charges, as shown by original receiptecl bills, to which cost shall be fielded a sum equal to fif
teen per ccntum (15%) thereof. 

(c) For any machine power tools 01' cquipm~l1t, including fuel and lubricants, whi ch it may be 
deemed necessary or desirable to use, the Enginef'T shall allow t he Contractor a reasonable rental price, 
10 be agreed upon in writing before such work is begun, for each and-every houl' that sa id tools or cCInip
ment are in use on such work and to which sum no perccntngc shall be added. 

The compensation as herein providerl shall be Jeceived hy the Contra dol' ns payment in full for ex
tra work done on a force account basi s, and sha11 ·includ e superintendence, use of tools rmel equipment 
for which 110 rental is allowed , nnd profit. The Contractor's representativ" and the Inspcctor , hall 
C'ompare records of €:xtra work ilon E' on a force account hasis at the end of each day. Copies of these 
I'ecoros shall be made upon sui table forms provided for thi s purposc, by the Inspectol' Hna signed by 
hoth the Inspector and the Contractor's representati ve, one copy being forwarded. res pectively, to the 
Engineer and one to the Contractor. All clai ms for extra. work done on a forer. account basis sha.11 
he submitted to the Engineer, by the Contractor upon cert.ifi ed state-ment!; to whi eh shall be attached 
original receipted bilIs covering the cost of and the freight charge'S on all materials used in snch work. 
and sain statement" shall be filed not later than the tenth (10th) day of the mo"th following that in 
which the wQrk was actually performed, and shall include all InhoT charges, etc., Hnd material charges 

in so far as· they can be verified. 

\ 
~ 3;8. Unauthorized Work. Work done by the Contractor not nuthorizeil under the plans or speci-

. fl cations or by the Engineer in charge in writing will not be paid for under t.he proYisions of this Oon

tract. 
..'" 

3.9. Prosecution of the Work. The Contractor shan give hi' constant personal attention to the .:_J.~ . 
work while it is in p:ogress, or shal~ place. it in cha.rge of a competent and rel~able superintendent who t ,1 .... t :' 
shall have full autho.Tlty to act for h1m, and who shaUbe accepta.ble to the Engmeer, ana s~all pr~ ~ ". ' .. / 
the work at such pomts and 111 such order 8S the Engmeer may from tIme to tIme dJr€ct.---Ir at any p' 

time during the work, progress satisfactory to the Engineer shan not have been made. tMci Contractor -io ·:. \, 
shall inerease the force, tools, and equipment as direC'tcd by the Engineer, but th e failu re of the En. J .,( '{ ,\: . 

ginecr to give such directions shall not relieve the Contractor of his obligations to completc thc work at 
the time and in the manner specified in this ContracL 

3.10. Character of Workmen and Equipment; Wholl ever the Engin eor shall det.ermine that any 
pl~rson employed by the Contractor is, in his opi nion incompetent, unfaithful, di sord erly or insubordi
nate, such person s imll upon notice hc di scharged from the work and shall not l1..zain he employed on it 
exC'ept with t.he wri tten consent of the Rngineer. All) lHft eh.iner3' iUfnisfied-Oy-the- Contractor .. whi"ch 
ilial} be deeliiCcl 131 tAe Engineer-:t"S', b'eing-ll JJ .fit for "RQ gl1 t1::a!..)gl1·k-strntt-btr"reYn1JVC'd- at- once upon due 

__ no.tiee-oo-the eOIJ!'~-by the Engineer;·--··· <-:£~/-/--, /T. - , 

3.11. Co-operation of Contractor. The Contractor shall have in his possession a copy of all 
plans ano spoeificat.ions and shall familiari,e himso lf with 'ame. "_A t all times and places where work 
15 in progress the Contractor shall have a superinte.ndent Of hearl 'w\,'rkman ~. 1 charge upon the site as.. 
the ContrActor's representative to r eceive and obey the ord ers of the Enginee t L~./l A.""" 

11 \ (I.-~\ \ '. ,'( J ~ ';r rc /,/ 
~.-' 
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3.12. Laws and Ordinances. The Contractor aDd those under him shall conduct the work in 
such manner as to fulfill the l'~qujrcmcllts of the Federal, Stu.to, County, anel municipal laws and ordi
nances applying to the \vork in hand. He shall maintain all canips and quarters for me~l according to 
the special rules and regulations of the State, Coun ty and town boards of health. , 

3.13. Public Convenience and :Safety. The COli tractor, at all times shall eOlid uct the ,i'ork in such 
a manner as to 'insure t he least possible obstruction to traffic. Matcrials stored UpOD the highway sball 
be placed so as f.o cause ns little obstruction to the traveling public as possible. The Contractor will be 
required to maintain in a passable ~uld safe COlltlition snch tempoml'Y roadways and structures as may 
be necessary for the accommodation of the traffic diverted from the roadway under construction and 
shall provide in safe condition approaches to the temporary structures and Cl'o"3sings of intersect.ing 
highways unless otherwise provided in the specification s and contract under "Special Provisions." The 
Contractor shall provide, erect, and maintrdn all necess:. ry barricades, suitahle and sufficient red lights. 
danger signals, and signs: provide a. sufficient number of watchmen and take all necessary precautions 
for tbe protection of the work and safety of the pu blic. Highways closed to traffic shall be protected 
by effective harricades, on which shall be placed acceptable warning sif(ris. , The Contractor shall provide 
and maintain acceptable warning and detour signs ~t all closures, intersections, and along the detour 
routes, directing the traffic around the closed ,Portion or portions of the highway, so th~t the temporary 
eletour route, or routes shall be indicated clearly throughout its or their entire length ' or lengths. All 
barricades and obstructions shall be illuminated at nig'bt and alllif(hts shall be kept buming from ',un-

I . set until sunrise. When the use of explosives is neccssary for the prosecution of the work, the Con-
b---' tractor shall use the utmost care, so as not to enelong" life or property and whenever directed the num-

k l , , .. J bel' and size of the charges shall be reduced. All explosives shall be stored in a secure manner and 

~ 
;':;1' JaIl such places shall be marked clearly "DANGEROUS EXPLOSIVES" and shall be in care of com-

I " N''/ etent wal<;J>men at all times. (Subject to Federarregulations.) 
\ lu !{J' "...1 I ... 

I 
~ ,i 3.14. Property Damage and Replacements. In CRSe of any direct or indirect injury or dam

r ages being done to public Or private property by or because of the work or in consequence of any ' accidellt 
\Il-"\/' J\ or omission on the part of the Contractor, his employees or agents, the Contractor shall, at his own ex-

i
'" \ pense, restore such property to a condition similar and equal to that existing before such damag-e was 

done, by repairinf(, rebuilding or otherwise restoring as may be directed, or 1)e shall make I'ood such 
damaf(e or injury in a satisfactory maMer, and in case of fai lure on the part of the Contractor to restore, 
such property Or make good such damages or injury, all ,payments may be withhcld until such work 

I 
I 
I 
I 
I 
I 
I 
I 
-

shall be 'completed to the satisfaction of the Engineer. 

I 3.15. Responsibility Before Acceptance. All dP.pr€<!sions, defects and imperfections which may 
become evident in nny portion of the roadway or structures before final acceptance of the work by the 
Engineer, whether due to poor workmanship or material, publ.ic travel, rain, snow, ice, frost, or other 
causes, shall be repaired and made good by the Con tractor at his own expeme. Issuance of any esti-

..... mate on any part of the work done shall not be considerc(l as a final acceptance of any work com
pleted up to that time. The Contractor will be requir~d to replace any portion of any pavements ad
joining the work which 'may have suffered through his operation, and it ~hall be 'left in a noat, workman- ' 
like manner In a condition equal to that obtaining before the Contractor starlod the work. 

3.16. Inspection. The Engineer or his representntives shall have at all times, free access to all 
parts of the ,work to all factories and warehouses, where materials nre in process of Planufacture, ban:' 
dlinf( or storerl. The Engineer may secure such samples as he dcsires. The Contractor ' shall givc the 
Enl'ineer a,dequate notice of the place of manufacture or purchase of materials so that they may be in-
spected at a suitable time and without delaying the work. ' , 

3.17. Storage of Materials. The Contractor shall provide facilities on the job for properly pro
teoting and keeping in f(ood condition nil materials 'subject to deterioration on account of climatic or other 
conditions. 
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3.18. Use of Materials~Found on Work. The Contractor, with the approval of the Engineer, may 
use in the constructioll of the work any sand, gravel, or stone foup-d in the excavations, but whenever 
deemed necessary shall rcplucc any materi al so removed with other satisfactory material. If it is not 
necessary to replace th is material, the Contractor shall not be paid for the excavation. 

3.19. Disposition of Old Material. '1'he Contractor shall dispose of, as directed by the Engineer, 
all structures and matcrials found on the work and .not specifieil to be used to complete the work COll

telDlplated or found necessary under the contract. 

3.20. Lines and Grades. The Contractor shall be furnished by the Engineer with alf lines, grades 
and measurements necessary to the proper. prosecution of the work contracted for under these specifica
tions. The Contractor will be held responsible for the proper preservation of all marks and stakes. If 
ill the opinion of thc Engineer any marks or stakes should be wilfully or carelessly disturbed or de
stroyed by the Contractor or his employees, .the cost of replacing them shall be charged against the Con
tractor, to be deducted from any moneys due him. 

3.21. Engineer as Referee. It is agreed by both parties to this Contract that the Engineer shall 
-act as referee in all questions arising under the terms of thfs contract bet ween the parties hereto and 
that the decision of the Engineer in such cases shall be final and binding upon both alike. 

3.22. Inspection of Materials and Work. On all Contracts for State or Federal Aid road work 
the Contractor shall permit the authorized represen tatives of the State or Federal Departments to in
spect the work at any time and shall, when requested, fU1'll ish them with any information pertaining tc 
the work that they may desire. 

3.23.. Examination of Work. 'rhe 'Engineer and State and Federal authorities as provided in 
Pars. 2.1 and .2.2 shall be furnished with every reasonable facility for ascertaining whether or not the 

, / work 'is being done in accordance with the requirem~nts and intentio~ of this Contract; even to the ex
li tent of , uncovering or removing portions of finished work. Should the work thus exposed or examined 
~ . 

,\i prove satisfactory, the uncovering or remoVing and t he replacing of the covering or the making good of 
" the parts removed shall be paid for as additional work, but should the work exposed or examined 

prove unsatisfactory, the uncovering, . removing and the replacing of the covering or· the making good 
shall be at the expense of the Contractor. 

l' 3.24. Defective Materialsand Work. All materials not conforming to the requirements of. these 
,; 'pecifications sha n be considered as dcfective and all such materials, whether in place or not, sQall 
, be rejected and shall be removed irrunee!iately from the highway, unless otherwise perm.itted. No 

" material which has been rejected, the dcfects of which have been corrected or removed shall be .'Z usee! ill,til approval has been given. All work which has been rejected or condemned shall be rem-
. ' edie-d Of, if necessary, removed and replaced in an acceptable manner by the Contractor at his own 

,,'\ expense. Upon the failure of the Contractor to rem?ve and properly dispose of rejeded materials or 
'r--' . work, and tc replace the same ImmedIately after receIvmg formal notIce, the Engmeer may e~a-, 
\ ~;nd remove and replace such material or work and charge. the cost of sam~ tc the · Contractor . 

. ? \r1~i~shall be deducted from any moneys due lum. . 

~. 3.25. Order and Sequence of Work . . The work shall be cione at such points and in such order 
. and sequence as the Engineer may direct. The Contractor shall notify the Engineer at a reasonable · 
length of time in advance of the starting of any new work )lpon the project. . 

3.26. Final Cleaning Up. Before the work is accepted as fully complete, the Contractor shall 
complete the work in such a manner that the finish ed road will' be 'smooth and true to cross-section, 
grade and alignment. All rubbi sh and surplus material 3hall be '~emoved from the roadway, shoulders, 
cuh'erts and ditehes, leaving thc roadway in a neat and presentable condition irom end ·tc end. 
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".~I . "uspension of the Work. The Engmeer may stop any portion of the work if in his judg
ment the weather or other conditions, such as labor troubles, poor materials, etc., are such as to prevent 
the same being done properly. Such notice shall be in writing to the Contractor. 

3.28. Method of Computing Time Allowance. The computation of the number of consecutive 
working days shall start fifteen (15) days from the date of the approval of the contract or written 
anthori zation to begin work by the StalP. Highway Engineer. If on account of bad weather or for 
other reasons not controlled by the Contractor, or through no act or fault of the Contractor, the work 
should be delayed or impeded, then the total number of days resulting from such delay shall be ex
cluded from the above mentioned computation. W hen the execution or completion of the contract re
quires work or material in greater amounts or quantities than those mentioned and set forth in the 
estimates, the time may be increased a proportionate amount as determined by the Engineer. In all 
cases the Engineer shall determine the number of days that the Contractor has been unavoidably de
layed. 

3.29. Time of Completion and Liqnidated Damages. It is fur ther agreed oy thc parties hereto 
that in case all the work called for under this contract, in all parts and requirements, is not fini shed or 
completed within the time 8pe.cified in the Proposal and Contract, damage will be sustained by the 
party of the first part and that it is and will be dl fficu lt or impossible to ascertain and determine the 
actual damage wh ich the party of the first part will sustain in the event of and by reason of sueh delay; 
and it is therefore agreed that said Contractor, party of the second part, will paj' to the party of the 
fi rst part as liquidated damages as provided in the followi ng schedule: 

Amount of liquidated 
For amount of Contract. damages per day. 

$5,000 or less . . .. ... .. . . ................. • .•.. ... . . •.• . . . : .•. • . ........... $ 5,,00 
More than $5,000 end l"ss than $10,000 . . . . . . . . . . . . . . . . . . . . .• . • . • . • . . . • . . . . . . 10.00 
$10,000 Or less than $20,000. . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 15.00 
$20,000 or less U,an $50,000 ..... ...... : . . .. . .. ... .. .. .... .. ........ . . .... " 20.00 
$50,000 or more ........................... ... . ...... .... .. ... . ... . . . . ..... 25.00 

Unless otherwise speci~ed the 
from moneys due the ContractCJr. 

amount of liquidated damages mentioned above shall be deducted 

3.30. Annulment of Contract. If the Contractor fai ls to begin the work under contract within 
the time specified, or fa ils to perform the work with su.fficient workmen and equipnwnt or with suffici€:nt 
materials to insure the prompt completion of said work, or shall perform the work unsuitably or shall 

. neglect 01' refuse to remove ,materials or perform anew such work as shall be rejected as defective or 

_J or be declared bankrupt, or commit any act of bankruptcy Or insolvency, or allow any final judgment to 
stand against hiin unsatisfied for a pcriod of forty-eight (48) hours, or shall make an assignment for the 
benefit of creditors, or from any ether caUSe whatsoever shall Dot carryon the work in an acceptable )

~ ,\ unsui table, or shall discou tinue the prosecution' of the work, or if the Contractor 3hall become insolvent 

1/ 
manner, the Engi ne~r ~hall gi ve notice in, writing to the COll~ra~tor and, his Surety, of such delay, neg
lect or default, specJfymg the same, and If the Contraclor, Wlthm a perlOd of ten (10 ) days after such 

y . notice shall not proceed in accordance. therewith, then the Commissioners Court shall, upon written cer-

/ 

tificate from the Engineer of the fact of such delay, neglect or default ll.lld the Contraetor's failure to 

I comply with such notice, have full power and authority, without violating the contract, to take the prose
cution of the work out of the hands of the contractor, to appropriate or use any Or all materials and . 1· equipment on the ground as may be suitable and acc-eptable and may enter into an agreement for the 

I / . completion of said contract according to the terms and provisions thereof, or Me such other methods 
/ as in his opinion shall bc required !'!!'Jhc...r.ompletion of said contract in an acceptable manner. All 

I costs and charges incurred by the'P..epartrii~ together with the costs of completing ·the work under 

II contrad, shall ,~e ,?~uctecl from ~n:Ymm1eJsdue or which may become due said Contractor. In case 
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the expense so incurred by the 'Department all be less than the sum which would have been payable 
under the contract, il it had been eted by said Contractor, then the said Contractor shall be en
ti tled to receive the difference, and in case such expense shall exceed the sum which would have been 
~Ie under the contract, thell the Contractor and the Surety shall be liable and shall pay to the 
~' the amount of said excess. 

f; 

3.31. Measurement of Quantities. All work done under these specifications will be measured in 
"U. S. Standard Measures." 

/-~'':: 3_32. Scope of Payments. 'rhe Contractor shall receive and accept the compensation as herein 
specified in full payment for furnishing all materials, labor, tools, aud equlpment and for doing all the 
work contemplated and embraced in these specifications, also for all loss 01' damage arisjng out of the 
nature of the work aforesaid or from' the action of elements or from any unforeseen difficulties or obstruc
tions ,vhich may arise or be encountered in the prosecution of the work until its approval by the En
gineer and its acceptallce, and Jar all risks of every description connected with the work, also for all ex
penses incurred by or in consequence of the suspension or discontiuuance of said work as herein speci
fied, and for any infringement of patent, trademark, or copyright, aud for completing the work and the 
whole thereof in a satisfactory manner and according to the plans, specifications, ana contract. All such 
payments do not con.titutc acceptance of said work. 

( 3.33. Partial Payments. At the earliest possible date after the first day of each month, the En
, gineer will make current estimate in writing of the materials in place cODiplete and the amount of 

work performed during the prccooing month or per iod and the value thereof at the unit price contracted 
" for, as shown in Proposal and Contract, In addition to the above, an ~stimete may be made for pay

ment of 'seventy-five per ce,nt of the value of the reinforcing steel, structural steel, cru.shed stone, gravel 
and paving brick delivered on the work and not used at the time of such estimate. From the amount 
so ascertained, shall be deduct~d ten per ce~t, to be retained unti l after the completio,,' of the entire 

j work to the satisfaction of the Engineer, und ninety (90) per cent of the amount so ascertained shall 
, be paid the ' Contractor. 

No estim'ate other than a final estimate, shall be made where the valuc of the work performed since 
the last preceding payment, is less than one-fourth of the amount of the average monthly estimate to 
be expected as cumputed hy di viding the amount of the contract by the contract time ill months. 

3.34. Final Payment. (a) '1'he Engineer shall, as .soon as practicable after the completion 
of tllis contract, make a final estimate of the amouut of work done thereunder, and the value of such 
IIwk, ;Uld the party of thc first part shall, at such time, within thirty days from and after the date of 
::'1.1id estimate, as the county may elect, pay the enti l'e sum so fOWld to be due hereunder, after deduct
ing therefrom all previous payments and all amounts to be kept and all amounts to .be retained under 
the provisions of this contract, All prior partial estimates and payments shall be subject to correction 
in the final estimate and payment. 

(b) It is mutually agreed betwcen the parties hereto, that no estimate or payment made under 
thi , contract, except the fiual estimate or final payment shall be condusive evidence of the performance 
01 this contract, either wholly or in part, against any claim of the party of the first part, and then not 
until the lapse of thirty days after the acceptance of the work by the party of the first part; and' no 
payment shall be construed to bE:' an acceptance of any defective work or ifl?proper materials, nor a re
lease from any claim for damages. 

(c) And the said Contractor hereby further agrees that the payment of the final amount due un
der this contract, and the adjustment and payment of the bill rendered for any work done in accordance 
with any alterations of the same, shall release the party of the first part and the State of Texas, and 
the Engineer from allY and all claims or liability on account of work performed under this contract, 'or 
any alteration thereof. 
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I 3.35. Waiver of Legal Right. No decision or discovery of erfor in plans, estimates, or speci

fications, or contract shall in any way in validate the contract. 

I 3.36. Contractor's Bond. The Contractor shall fi le as a guaranty of his faithful performance 
~ said contract, and the pa.yment of all obligations in curred fo r material and labor in the performance 

'l I \ ~; tllis work a good and sufficient bond in compliance with Article 5623·A, Senate Bill No. 79, Chap· 

I . 1>' ter 143 of th~ 34th Legislature, 1915, which requires that for contracts less than $1,000 a bond for full :.' ~1 .. l/ amount of contract be given; for those OVOI' $1,000 and not over $5~OOO, three-quarters of contract price; 
J./ /.,0/ those over $5,000 and not over $100,000 one·half contract price; those over $100,000 one·third contract 

I '-r . price be given. -Said bond to be furnished by a Surety Company authorized. to do business in the State 

I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 

I 
I 

. r of 'l'exas, or responsible persons acceptnble to the party of the first part. In the ·latter instance it is 
. )--' necessary that those signing the bond be certified as financially solvent to the full amount of bond. 

3.37. Work Limited to Amount of Money Available. Before starting the work there shall be 
appropriated by the Commissioners' Cour t out of the proper funds, an amount of money which will in 
the judgment of the Engineer and Contractor pay lhe cost of the proposed work at the unit prices listed 
III the contract. This appropriated money win in flO case be reduced or increased wlless said reduc
tion or increase shall be agreed to in writing by th ~ St.ate Highway Engineer and the Commis~ioners' 
Cour t, and a- copy of such agreement sha ll be fur;lished the Contractor. Provided, however, the in
crease or redu~tion in qUflntities flS provided in sections 2.3 and 3.7 may be made whenever the total 
cost of the work is not increased beyond the money appropriated for the work without such written 
agreement. I f a reduction of ~.ppropriation is made ill A. manner other than hereinabove mentioned the 
Contractor shall have cause for court proceedings aga.inst the Commissioners for misappropriation of 
funds, and the said Commissioners shall be subject to penaities covering misappropriation of funds. T he 
Contractor is hereby cautioned and warned and agreea that he will receive no greater amolU1t for the work 
done than the amount appropriated therefor and all work done beyond t~at quantity which can not be 
paid for from appropriated moneys, shall be done at the Contractor's expense. Should the Engineer fai l 
to keep the Contractor acquainted with the amount of money available then the Contractor should request 
such informatioD whenever it is thought that the work done has nearly utilized the money. available so 
that he may have sufficient time to stop the work before the appropriated money has been utilized. In 
case such information. is not furn ished the Contractor, he will 'be permitted to stop the work until the 
requirecT information is obt-ained. 

3.3S. Opening and Maintaining Sections of Highway. Whenever, in the opmlOn of the En
gineer, allY roadway, or portion thereof, is in acceptable condition for travel, it shall be opened to 
traffic as may be directed and such opening shall not be held to be in any way :01 acceptance of the roadway 
or flny part or it, 01' as a waiver of any of the provi sions of these specificf!.tions and contract. Necessary 
repairs or renewals made on any section of the road\ray, due to its being opened to travei under instruc
tions from the Engineer, to defective materials or work, natural causes, to ordinary wear and tear or 
otherwise, pending completion a.nd "cceptance of the roadway, shall be performed at the expense of the 
Contractor. The Contractor shaH harrow, drag or otherwise maint~n the completed sections of the road, 
until :final acceptance of ~uch sections, in a manner approved by the Engineer. Work on thi s contract 
will be accepted in sections as shown on plans, but the retained percentage amount will not be paid 
on any section until completion and acceptance of the entire project. 

3.39. Freight Rates .. In the event that during construction the freight rates on materials en
tering into the completed (vork should be increased, the County will compensate the. Contractor the 
amount of such increase, but should the freight rates be decreased the County shall deduct the amount 
of such decrease from the amount due the Contractor. 
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CONSTRUCTION DETAILS 

ITEM 4. CLEARING AND GRUBBING 

4.1. Clearing. '£he right,of-way must be cleared to the width shown on tile plans, or to such 
width as shall be designated by the Engineer; all structures, fences, trees, brush, and all vegetable mat
ter within the space designated shall be cut down, and the same, togethe, with all log., . brush, wood, 
and trash shall be removed from the ground and disposed of, as the Engineer may di rect, so as not to 
injure the adjoining lands or to obstruct the line of the fences along the boundaries of the said right-of-

. way. When the embankment exceeds 2 teet in height, it shall be required to cut the trees, brush and 
stumps close to the ground and so that tops of such stumps will be at least 18 inches below surface of 
the subgrade. Paiment for clearing shall be m,ade according. to the price bid per acre. 

4.2. Light Clearing. Where the trees are scattered and isolated and the work of clearing un
usually light and where indicated on the plans, payment shall be made at the . unit price bid per 100 
foot station for light clearing. Th. removal of weeds, vines and small undergrowth from the right-of
way prior to starting of grading shall not be classed as clenring or light clearing, but shall be inclu~ed 
and paid for under grading. The rebuilding of fences is not to be included in clearing, but· will be 
done \ly the County's forces or by the Contractor under a separate agreement with the County. 

4.3. Grubbing. All stumps, roots, wood or vegetable matter imb€dded in the ground, within the 
space occupied by the roadbed and side drains, or any additional space deemed necessary by the En
gineer, shall be grubbed up, removed and disposed of as the Engineer may direct; except where em
bankments are two feet or more in height, the stumps, root., etc., may be cut close to the ground, and 
only the are.s grubbed shall be estimated. Payment for grubbing shall. be made according to the unit 
price bid per acre for grubbing. 

4.4. Light Grubbing. Where the stumps to be grubbed are scattered and isolated and grubbin/! 
·s of a very light nature, and where indicated on the plans, payment shall be made according to the 
mit price bid per 100 foot station for light grubbing. 

4.5. Basis of Payment. Payment for "Clear ing" shall be made at the unit contract price per acre; 
payment for "Lig'ht Clearing" shall be made at the unit contract price per 100 foot station; payment for 
"Grubbing" shall be made at the unit contract price per acre; payment for Light Grubbing shall be moile 
at the unit contract price per 100 foot station. 
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ITEM 5. EXCAVATION AND EMBANKMENT 

5.1. Description. Excavation and Embankment ~hall consist of grading the roadway, stripping ma
terial pits, ditching, changing channels of streams "and all other gr.ading work in conformity with the 
plans, true to the lines and grades given . This work shaH include all excavating for cuts, ditches, chan
nels, etc., forming embankment.::, shaping nnd sloping, compacting and other work that may be necessary 
in bringing the roadway lind its appurtenances to the required grade, alignment alid cross-section, ulso 
the grading of all intersecting roadways, driveways and approaches. This work shall be done in accord
ance wi th these specifications. 

5.2. Classification. Grading will be classified under the following heads, viz. : 

Solid rock excavation. 
Loose rock excavatioll . 
Earth excavation. 

Solid rock excavation will include all rock in masses which cannot be: removed without blasting, also 
all detached rock or boulders, measuring not less than one-half cubic yard each. 

Loose rock excavation will include all slate or other rock which can be quarried or removed without 
blagting, also all detached rock or boulder£ measuri ng not I.BS than one and one-half cubic feet nor 
more than one-half cubic yard each. 

Earth excavation will include all loose slones, boulders, and other material of every description as 
found, which are not included in the above specifications as solid or looge rock. 

5.3. Roadway Excavation. Roadway excavation shall include the removal and satisfactory dis
posal of all materials taken from within the limits of the work . contracted for, nes essory for the con
struction and preparation of the roadbed, embankment, sub-grade, shoulders, slopes, side ditches, trenches, 
waterways, i~tersecti ons, approaches, private entrances, etc., as indicated and directed by the Engineer: . 
All suitable materials removed from the excavation shall be used as far as practicable in the formation of 
the embankment, 8ubgrade, shoulders. etc., and at such other places as directed by the Engineer. All 
hreakage and slides shall be removed by the Contractor and disposed of as directed by the Engineer. 
Ditches and waterways shall be excavated to the depth and width shown on the plans, or as ma), be indi
r.ated and directed by the Bngineer. No payment will be made for any excavated materiHl which is w::ed 
for purposes other than those designated. Durin/( the construction of the roadway the roadbed sha ll be 
maintained in such a condition that it will be well drained at all times. 

5.4. Embankments. Embankments shall he formed of suitable material placed in successive hori
zontal layers for the full width of the cross-section, ano. shall be compacted by distributing the necessary 
llau ling uniformly over eac-h st1ccec(lin .~ layer. Shlmps. trres~ rnbbish, sod or any other .unsuitable mat
ter · or substance shall not be placed in the embankment. When embankments are to be made on a 
hill side, the slope of the hill side on which the em hankment is to be placed, shall be plowed or cut into 
steps before the fi ll ing is commenced. All such embankme.nt so made shall be thoroughly compacted, as 
stated herein. The Contractor shall be responsible for the stability of all constructed embankments. 
and sho n replace any portions which, in the opinion ·of the Engineer, may have become displaced due 
to carelessness or .negligence on his part. 

5.5. Embankments with Rolling. When the roadway is to have a concrete or a macadam base 
the embankment shall be formed of suitaole material placed in successive layers of not more than twelve 
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(12) in ches in depth lor the fun wi dth of the cross-section . Each layer shall be rolled thoroughly with 
a power roller weighing not less than ten (]O) tons. 

5.6. Disposal of Surplus Excavation M ater,ia\. All excavated mater ial not required in the embank
mcnts sha ll be used for widening the shoulders' and othcr purposes if directed, or th is materia l and all 
materi al not permitted in the embankment, shoulders, etc., shall be removed from within the limits of 
thc roadway and deposited at such point, or poin ts, preferably below grade line, as directrll by the En· 
gineer. All surplus material shall be removed J1ld clj~posed of before the subgrade rolling has been com
pleted and before any construction materials sha ll he placed upon the roadway. 

5.7. (a) Borrow Excavation. Borrow shall include the removal and satisfaclory disposal of mao 
teria l iri addit ion to that found in the excavation within the limits of the work contracted for, necessary 
to form or complete the embankment, subgradc, berms, etc. It will be paid for at the contrnct price 
pE' r cubic yard for J~xcava.tion , which price will include aU nec('ssary work incideJl't<'1 i thereto. W'hen 
the amount of the embankment exceeds the amount of the excavation within the limits of the work con
tracted for, sufficient suitable matcriafs to form or complete the embankment, subgrade, berm s, etc., shall 
be obtained by the Contractor from borrow pits as directed by the Engineer, and incluclecl under the 
items of Excavation. The righ t of way for borrow pits will be furnished by the County. Borrow 
pits shall be excavated so that they can be properly drained. -

(b) I n general the amount of Borrow EX('avation shall be arrived. at by mensurement of borrow 
pits. I n cases where it is not practicable to measure the borrow pits to determine the yardage of Bor
row Excavation, pavryent3 for this class of work shall be based upon the amount of the computed yard· 
age wi thin the embankment, as determined by cross-sect.ions of the roadw';;y taken before the borrowed 
materia1 is placed, to which amoun t, in order to compensate for shrinkage, t.here s!Jall be added the fol 
lowing percentages depending upon the height of the embankment: 

Less than ]8 inches in height .. . 
I S .inches to 4 f<!ct in height ............................... . 

'More than 4 fect in hcight ....................... . 

Embankments 
With Rolling. 

20 per cent 
15 per cent 
10 per cent 

Embankments 
Without Rolli n!;. 

15 per ccnt 
10 per cent 
7 per cent 

The maintenance of embankments during con5; tructioll shall be at the Contractor's expense. 

5.8. Haul and Overhaul. The average lenp;th of haul shall be determined by locating the center 
of volume of the cut and the center of volume of the corresponding fill. If the center volume of the 
cut is more than two hundred (200) feet from th~ center of volume of the corresponding fi ll, over
haul will he allowed for the entire amount of material in the cut for the distance between the centers 
of 'Iolume in excess of two hundred (200) feet, . f. hig .. ..., 14\ W •. L'';:::' 

~_j . /Jf,...L" ""-r' I .' 
5.9. Ditch and Channel Work. All ditchps . ~n<l channels shall be excavated true to lines, grodes 

a~d cross-sections ~s ~Iw.~v11 oI,1.pl~ns or as ordered · by t~le Eng~~~. Excavated materi al l'em.oved from 
(h.tches )!l.r channels"and us~ in levees or embankm ents'will be paid for once only and no Utwo way pay" 
,nJJ be ~ l1owcd .on thi s class of work. Overhaul on this matNi al will 'be allowed on the same hasis fl5 011 

(other grading work. 

5.10. Road Grader Work. , Where the moter io l is suitable and the natural !!rounn surface is fairly 
n~'D and practically para.llel to the su b<zrade lin e, the -roadWAY and side di tch grading may be clone .with 
n road grader provided that the subgrade line is to be not over ten inches above, and the side ditches are 
not to he over eighteen inches in depth below the n atnral ground surfa.ce. Before the road grader work 
i, ,tarted, all weeds, grass or rubbish of any na ture shall he removed from within the limi ts of the sec
tion to be gTaded ann nisposed of os nirected by the Engineer. Road graner work will inclune the con
strll ction of road 'way ditches, but shnl l not include sur face ditches and channel ~ork outside the roadway· 
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proper, which work is provided for in Paragraph 5.9. AU sections of road grader work shall be indi
cated on the plans, and no section shall be less than five consecutive stations. 

5.11. Graded Section. The bottom of the excavation and the top of the fiU when completed shall 
be known as thc graded section and at all places shall 'be true to the lines, grades, and cross-sections as 
shown on the plans. All work in connection with the preparation thereof will be included in the con
tract price for "Excavation," or as "Road Grader 'Work." 

5.12. M ethod of Determining Excavation Quantities. AU excavation will be measured except as 
noted in Paragraph 5.7 in its original position by the cross-section method to ascertain the amount of 
material removed, which cross-sections will include aU breakage or .lides, not attributable to carelessness 
on the part of the Contractor, which have been removed. ' 

5.13. Basis of Payment. Payments for the foregoing work will be made as follows: 

a. Excavation . All "roadway excavation," including excavation of in-wrsecting . roadways, drive
ways, approaehes, ditches, and waterways appertaining to the construction of the roadway will be paid for 
at the contract unit price per cubic yard for "Solid Rock Excavation," "Loose Rock Excavation" and 
UEarth Excavat.ion," as the case may be/ which price will include all exca.vation within the limits of the 
highway, formation of embankments from excavations, disposal of surplus materials, and the furnish
ing of all equipment, tools, labor and work incidental thereto. 

h. Excavation from borrow pits measured, either in the original position, or by cross·sections of 
the roadway in advance ' of the placing of the embankment material, shall be paid for at the contract 
unit price per cubic yard for "Earth Borrow Excavation." 

c. Overhaul. Overhaul of excavation will be paid for at the contract unit price for over-h~ul 

excavation per cubic yard per one hundred (100) feet computed in the manner specified under the head
ing "Haul and Overhaul." 

d. Road Grader Work. Road Grader Work will be paid for at the contract unit price per 100 toot 
station. 

e. Rolling Embankment will be paid for at the contract unit price per cubic yard for "Embank· 
ment ROlling" and this price shall be in addition to the price paid for "Excavation." 
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ITEM 6. UNDERDRAINS 

STONE UNDERDRAIN. 

6.1. Description. T'his underdmin shall consist of a trench of the dimensions shown on plans 
or as directed by the Engineer, filled with stones to the required depth, so as to produce , voids through 
which water will drain. 

6.2. Materials. The bottom course ~all consist of approved, sound, hard, durable, rough slabs of 
stone from eight, (8) to ten (10) inches in depth, f rom one (1) to three (3) inches in width, and a 
length greater than the depth. The top course shall consist of sound, hard, durable slabs of stone from 
one (1) to three (3) inches in thickness. If sufficient local stone of the above quali ty is not available 
for top course stone, there may be substituted wholly or in part, approved, clean, hard, durable crushed 
or napped rock, crushed slag, or gravel of such size as will pass through a two and one-half (2}) inch 
circular opening and be retained on a tbree-quarter (1) of an inch opening. 

6.3. Construction Methods. Where indicated or directed, the Contractor snail excavate a trench 
of the required dimensions. The bottom of the trench shall bE finished to the grade given, shall be 
smooth and fl..rm, and tamped if necessary. f -. 

The bottom course stone shall be set carefully by hand, longitudinally with the t rench, in vertical 
position, side by side, so as to give maximum voids. rrhe vertical joints between ends of bottom course 
stone shall be staggered, and the bottom course in place shall be from eight (8) to ten (19) inches in 
depth. 

The top courSe stones shall be placed over the bottom course to fill the trench to the required depth. 
The slabs shall be laid flat over the bottom course s tone, to cover it as completely as, practicable, with 
joints close and staggered and necessary voids fille d carefully with stone or gravel, or the crushed or 
nappcd stone, Or gravel may be used to fill this upper part of the trench when the slabs are not avail
able. The remainder of the trench shall be filled wi th suitable earth, which shall be compacted thor
oughly by tamping in four (4) inch layers. Suitable outlets shall be provided and protected with head
walls or small dry stone box openings. 

6.4. Basis of Payment. This work will be paid for at the contract unit price per linear foot for 
((Stone Underdrain" complete in place, whi ch price will include all materials, equipment, tools, labor and 
"'ork incidental there~, also the excavation of the trench and the disposal of surplus material. 

Where stone box outlets are' used they will be paid for as "Stone Underdrain." 

VITRIFIED TILE UNDERDRAIN. 

6.5. Description. 'l'his underdrain .hall consist of vitrified clay pipe of the diameter shown on the 
plans laid with open joints covcred with tar paper on a layer of stone or coarse gravel in a trench of di

' mensionsshown on the plans or as directed by the Engineer. AfteT which the trench shall be filled with 
broken stone or coarse gravel for an additional depth as shown on the plans or as directed by the En-
gineer. . 

6.6_ Pipe. The pipe shall be of fi,st quali ty, hub and spigot style vitrified clay drain pipe, sound, 
thoroughly and perfectly burned, without warps, cracks, or other imperfections and shall be fully and 
smoothly salt-glazed. It shall be manufactured in' lengths of not more than two (2) feet, and shall be 
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sufficiently tough so that it may be cut with a chisel and hammer. Unless otherwise specified or di· 
rected, the pipe shall be four (4) inches in inside diameter. 

6.7. Stone. The stone for the bottom part of the trench shall be composed of clean, tough, dur
able, approved, crushed rock o~ gravel of such size as wi ll pass over a revolving .screen havin:r 
circular openings not less than five-eighth. (~) nor more than three-quarters 0) of an inch in diamcter 
and through a revolving screen having circular openings not more· than one and one·half (It) inches in 
diameter. . 

Stone for filling the remainder of the trench shall be composed of material ~;milar in quality to 
that described above, of such size as will pass over a revolving screen having circular · openings not less 
than tllree-quarters (i) of an inch nor more than one and one-quarter (It) inches in diameter and 
through a revolving screen having circular openings three (3) inches in diameter. 

6.8. Construction Methods. The trench shall be excavated carefully to such depth as is required 
to permit the pipe to be laid to the grade desired. . 

The bottom course of stone shall be placed and tamped to a uniform depth of two (2) inches Dnd 
shall be true to gr:ule. 

The pipe shall then be bedded fi~mly on the bottom course of .tone, with the hub end upgrade and 
the spigot end fully entered into the adjacent hub. The pipe joints shall then be covered with approved 
two (2) ply tar strips, not less than six (6) inches in width and of sufficient ·length to permit of tbe 
ends being turned outward and laid flat on the bottom course of stone, on either side of the pipe, for a 

. distance of three (3) ' inches. 

, After the pipes have been laid and approved, stone filling shall be placed carefully, so as not·.(o dis
place the ·pipe or joint · covering; around and over the pipe to the required depth above the bottom oflhe . 
pipe. The 'remainder of the trench shall be filled with sui table earth wbich shall be tamped in layers of 
four (4) inches. Lateral connections of tbe drain shall be made with "Specials" as required. The drain 
shall 'be brought to a satisfactory outlet which shall be protected with headwalls and screens, as directed. 

When .a foundation drain is to be built it shall be constructed; under curbs, gutters or where other
'wise indicated, in accordance with the methods described above, except that the stone fill shall only be 
made for ten (IO) .inches above the bottom of the pipe and only stone of the size specified for the bot
tom of the trench shall be used . throughout this underdrain. 

6.9 . . Basis of Payment. This work will be paid for at the coli tract unit price per linear foot for 
"Vitrified Tile Underdrain" or "Vitrified', Tile Foundation Underdrain," as the case " may be, 'Complete 
in place, which price will include all materials, equipment, tools, labor and work incidental thereto, also 
all excavation, from the bottom of the trench to top of the stone fill, and the disposal of the surplu, 
llfaterial. . 

VITRIFIED TILE OU'l'LETS FOR UNDERDRAINS. 

6.10 •. Description. Vitrified Tile Outlets for Underdrains shall consist of vitrified clay pipe, four 
(4) inches in rliameter,)aid with cemented .joints in a trench refillea with earth. These outlets shan 

.be constructed in accordance with the plans and in conformity with these specifications. ' 

6.11. ' Pipe. This pipe shall meet the requirements of Paragraph 6.6 for ''Vitrified Tile Under
"drainf' 

6.12. Mortar. The mortar for cementing tllejoints shall be composed of one .(1) part oLPort
landcement, meeting the requirements of Item 13 and two (ll) parts of approved, clean, hard, durable 
sand of such size as will pass a one-eighth (i) inch screen, mixed with .. suffici~nt quantity of water to 
form a plastic mortar. . 
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6.13. Construction Methods. The trench sha ll be excavated to the lines an'd grades given, and the 
bottom of the trench shan be uniformly firm and smo~th, and recesses shall be excavated to receive the 
hubs. 

The pipe shall be -laid 'carefully ,and firmly, upon -the , bottom of the trench with the hub end up
grade and the spigot end fully entered into, the adjacent hub. The joints shall be ¢alked with cement 
mortar and aiter each joint is fi lled and finished on the outside, it shall be wiped clean on the inside 

, After the pipe as laid has been approved, the trench shall be refilled carefully with suitable eartl" 
which.hall be tamped firmly around and over the pipe in ,layers of four (4) inches. 

Lateral cODnections shall be made with suitable "Specials!' These outlets shall be protected with 
)lead walls and s'crcens as required: 

'6.14. Basis of Payment. , ' This work will 'be paid for at the, contract unit price per linear foot fOT 
"Vitrified Tile Outlets" complete in place, whioh price will include 'all materids, equipment, tools, laboT 
and work incidental thereto, also tbe sc,,-eens for the ends of the outlet. 'lDd ~:I ""c,avation, refilling and 
disposal of surplus material, 

'. 
, Headwalls will be paid for at the unii price for th-e class of concrete or 'masonry used, which price 

will include the necessary excavatioD_ ' ,, ' 

.A , 

, .-
. 
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ITEM 7. SAND-CLAY SURFACING 

7.1. Description. Sand-clay Surfa.cing shall consist of an intimate mixture, either natural or ar
tificial, of properly proportioneJ. sanrl and clay, applied in one or more layers and constructed in ac
cordance with these specificatiolls. 

7,2. Materials. The matcrlal to be used for the surfacing shall be sand and day of suitable char
acter and thoroughly mixed, either naturally or artificially, and in the proper proportions. 

(a). Natural Sand-Clay Surfacing. The Engineer wi ll designate suitable places for obtaining nat
ural sand-clay mixture for" surfacing. Stones over 2 inches in diameter must be removed. 

(b) Band, POI' an artificial mixture of sand and clay, or where the sand must be added to a nat
ural combination, the sand shall be sharp, clean, free from dirt or loam, and not too fine , It must be 
approved by the Engineer. 

(c) Clay. POI' an artificial mixture of sand and clay, or where the clay must be added to a natural 
combination, it shall be of approved quality, and shall show resistance to slaking and shrinking <atis
factory to the Engineer, and shall have good binding qualities. 

7.3. Prepa ring Material Pita. When necessary, after clearing and grubbing, the mrface shall be 
stripped off and removed, and this work will be paid for at the unit price bid for "Excavation," 

7.4. P reparation of Subgrade. 'I'he graded roadbed shall be shaped to the elevation, alignment, 
and cross-section indicated for subgrnde on the plans, and shall be maintained free from ruts and other 
depressions unti l cov?red with the surfacing materiaL 

No trenching will be required where the subsoil is of sand or clay that is to be mixed with the clay 
or sand, as the case may be. 

Where it is necessary to . bring the sand and clay on the road separately, and mix them in place, a 
trench shall be formed ,vith the grading machine to receive the bottom layer, which may be either the 
sand 01' clay, A trench also shall be formed where a natural mixture is to be used, 

7.5. Method of Construction. Whether the construction shall consist of an admixture of clay wi th 
a sandy subsoil or an admixture of sand with a clay subsoi l, the process is exactly similar , 

(a) Clay with Sandy Suhsoi/, After the roadbed has been shaped as speci fied in Paragraph 7.4 the 
clay shall be spread over the part of the roadway as indicated on the plans in such quantities and to such 

a depth. that when mixed with the sand, a compacted surfaCing of ............. ..inches in thickness and 

...... fee t in width will be obtained, as shown on the plans, The proper amount of clay shall 
be added to fill the voids of the sand, After the clay has been spread the contractor shall then plow up 
slllld from beneaih and add sand from the sides, so that the net proportion of sand to clay is about two 
1.0 one, 01' in su fficient quantity so that the clay will slightly mOrc than fi ll the voids of the sand, It 
is better to have too little than too much sand, for it is easier to add sand from the roadbed than to haul 
~dditional clay. After plowing, the material shall be thoroughly mixed with a disk har row. The opera
tions of plowing and harrowing shaU be repeated un til the sand and clay are mixed thoroughly and uni
formly in the proper proportions. After the mixing is completed, the Contractor shaU shape the road
way with a road machine or road drag 8l1d permit traffic upon it. After the first soaking rain the Con
iractor shall plow and harrow the surfacing material until it prastically becomes mud, after which he 
shall shape the surface and keep it in shape by repeated dragging until it has dried out and is thoroughly 
compactt!d. 
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(b) Sand with Clay Subsoil. This proceso is exactly similar to that in Paragraph 7.5 (a), except 
that the surfacc shall be plowed to a depth of four inches after which it shall be harrowed until com
pletely pulverizcd and then sand is spread over the graded roadbed, and clay io plowed up from beneath. 
if of the approved quali ty, or hauled in when necessary, to mix with it. The sano shall be spread over 
the part of the roadway as shown on the plans, to such a depth that when mixed with clay, a compacted 

surfacing of ........................... ..inches ill thickness will be obtained, as shown on the plans. The depth to 
which the sand should be spread will depend upon the amount of sand contained originally in the clay 
of the roadbed. It shou ld be borne in mind that in thi s case it is better to have a surplus of sand than 
a surplus of clay, because the clay is more easily obtained. . 

(c) Sand with Olay on a Different SUbsa·il. Where it is necessary to bring the sand and clay Oll 

the road separately, the trench should be fi lled with the bottom layer of material (which may be either the 
sand or the clay) to such a depth, and then have the top layer spread upon it, to such a depth, so that 
when mixed together the sand and clay will show !l properly proportioned and uniformly mixed, compactrc1 

surfacing of ................... jnche8 in thickness and ..... ..... .fect in width, :ls. shown on the plans. Or-
dinarily, the best conditions are obtained when the clay just fills the voids of the sand. Where the road
bed material consists of clay which, in the opinic... l of the Engineer: is not considered suitable for usc in 
the surface, the sand layer shall be spread first, and of a depth more than is sufficient for use in surfac
jng. rrhe surplus sand which rema.ins under the completed s'lQ'ace will senTe to improve the drainage of 
the road. The plowing, harrowing, shaping, and other work shall oe as opeeified il1l Paragraph 7.5 (a). 

(d) To p 80il or Othe,' Natural Sand-Clay Mixi1tre . After the roadbed has been graded as speci
fied above, and the portion to bo surfaced hus been trenched, as indicated on the plans, the surfHc-ing ma
terial shall be immediately spread on the prepareo s ubgrade to such . a depth, that when eompactc>d, it 

will be..... .. .... inches thick, and .................................. feet wide, as shown on the plans. 'l'he Contractor shall 
throw out all stones over 2 inches in diameter. 'rhe plowing, harrowing, shaping, and other work 8ha11 
be as specified in Paragraph 7.;, (a). 

In all cases, ill order to obtain the best results, only sufficient clay to fill the voids of the sand shall 
be used, the clay serving as a binder to prevent the sand grai ns from moving under traffic. On sections 
of road that arc not exposed to the sun and wind, as in dense woods, deep cuts, or on low boggy sections, 
a smaller percentage of clay is required, as water will partially fill the voids between the sand grains. On 
heayy grades, especially when exposed to the sun and wind, a greater percentage of clay 13 desirt'd. 

The construction of all surfacing shall begin at the point on the road nearest the source of material, 
and be continued from such point. In hauling over the sand and clay material, wagons Will be requi red 
to lise the entire width of surfacing. The teams wi ll not be permitted to follow a single track or to fl'l"m 
ruts . 

7.6. Maintenance During Construction. All depressions, defects, and imperfections which may ap
pear before acceptance shall be treated with a properly proportioned sand-clay mixture so that the finished 
surface will conform to the cross-section specified, and, when directed by the Engineer, the Contractor 
shall) at any time during the term of this contract ap[-Iy additional sand or clay, as the ca!)e may be, to 
the road surface, in order to obtain the proper mi xture of sand and clay. The Contractor shall main
tain the sand-clay surface true to the cross-section speci fi ed, as herein provided, until final acceptance, 
by the use of a road machi ne, road drag, or othor satisfactory means. 

7.7, Measurement of Materials. Sand, clay, natural sand-clay or other surfacing material hauled 
to tl,e work and incorporated in the surface shall be paid fo r by the cubic yard . Measurement of tllis 
material shan be made at the end of the hau~ and immediately before the material is unloadei! or 
dumped on the road . No allowance will be mallc for waste or shrinkage of material during its trans
portation from the pit, car or other point of load in g to the unloading point. The checker or in spector 
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will inspe.ct · each load ·and check its yardage as it arrives at the unloading point. For each load of sat
isfactory mater ial delivered at the unloading point, the cheeker will give to the driver a check or receipt 
upon which shall be written the correct yardage del ivercd in his load ana the station numbers between 
whir.h the load was delivered, and each receipt shall hear the full signatnre of the checker issuing it. 

':rhc Contractor shall so space 11is unloading points that the required amounts of material, as or
dered by thc Engineer, shall be delivered in ea~h 100-foot station and he shall be responsible tor the 
uniform distribution of the material throughout the length of the station. 

7.8. Basis of Payme.nt. The sand, clay, natural· sand-clay or other surfacing material used upon 
this work and furnished by the Contractor shall be paid for at· the contract unit price per cubic yard 
delivered on the work and measured as specificd in Paragraph 7.7. 

Hauling surfacing will be paid for at the unit price per cubic yard per one-fourth mile haul, and 
the price for the first one-fourth mile haul will include the loading, unloading, spreading, shaping, mix
ing, all preparation of subgrade other than rolling and the maintaining of the finished surface. ffhe 
price for the second, third, fourth, fifth, sixth, ,eventh and eighth quarters shall be bid on and listed 
seporatruy. The price for hauling the ninth and additional quarters above the ninth quarter shan be 
listed together and bid on as "Additional cubic yards-,f-mile haul above and including tho ninth t 
milp.." 

Where all materials are found along the line of grade and construction comprises only the placin)! 
and mixing of the materials at hand, the surfacing shall be paid for at the contract unit price per square 
yard for "Constructing Sand'Clay Surface." 

'Vherc cle~ring and grubbing of material pits i s n('ces~ary it will be paid for at the contract unit 
prices Tor "Clearing" and "Grubbing" as listed in the "Propo8<11." 

"Strippin::r" of Material Pits wi ll be paid for at the contract unit price per cubic yard for "Excava
tion Borrowed." 

• 
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ITEM 8. SHELL SURFACING 

8.1. Description. Shell Surfacing shall consist of one or more layers of shells with a top coating J 

of coarse sand, if so specified by the Engineer~ constructed in accordance with these speci~cations. 

Where the proposed surfacing is to be over 6 inchcs in thickness the shells shall be placed in two 
layers. 

Where the sub base is of a soft, marshy nature, it shall be covered to a thickness as specified' by the 
Engineer with a layer of sand or othcr material. ap provcd by the Engineer, before the shell surfacing is 
placed. 

8.2. Material. (a) Shell. The shells shal' consist of sound particles. of oyster, clam, or other 
shells equally acceptable to the Engineer, and shall not contain moie than 15 per cent of mud, clay, marl 
or loam.. 

(b) Sand. The sand when used for the top c~ating shaUt clean, sharp sand, no particles larger 
than one-fourth inch. The sand for the sub base, w hen required, may be as selected by the Engineer. 

8.3. . Preparation of Subgrade. The graded r~adbed shal1 be ;haped to the elevation, alignment and 
cross-sedion shown on the plans. . After this is done, the sub base shall be shaped for receiving the sur
facing material as shown on th" plans, and then roll ed unti l it is firm and unyielding. After roiling, the 
, ubgrade shall conior'm to the dimensions shown on the plans. The shoulders thrown up on either side 
of the sub base shall be at least as high as the shells when loose. . 

8.4. First Course. The first course of shells shall be ................................. inches in thickness after being 
eompacted. It shall be rolled with n self-propelled roller \\'eighing not less than 8 tons, beginning at the 
sides and rolling toward the center. During the process of rolling the shells may be sprinkled lightly 
.-ith water and bound with sand until the surface i s firmly compacted, if so directed by the Engineer. 

8.5. Re-Shaping Shoulders. After spreading and rolling the first course as above specified, the · 
,houlders shall be rebuilt, true to line and of such height that the second course material can be s!>reao 
between them without over-lapping .the ear th at the sides. 

8.6. Second Course. The second course shall be...... .. .. ..inches thick after being compacteo . 
and' shall be placed and rolle'd in the man"er dcscribed for the first course. 

8.7. Top Course. The top course, if specified, shall be compqsed of clean, sharp sand, spread just 
thick enough to cover t.he second course after the latter has been ' thoroughly compacted. 

8.8. Maintenance During Construction. All depressions, dcfec\s, and imperfections which may 
appear in any portion of the shell surface before fin al accepumce ·by the Engineer, whether due to poor 
1,0rlGnanship or mat"rial, public travel, or other cau,., shall be repaired and made good by. the Con
tractor at hi s own expense. The right is reserved by the party of the first part to defer final acceptance 
,md final payment for any part of the work until i t has been open to the public travel for at least 30 
days. 

8:9. Measurement of Materials. Shell, sand, or other m~terial hauled to the work and incorporated' 
in the surfaee shan be paid for by the cubic yard. Measurement. of this mater ial shall be made at the 
end of the haul and immediately before the materi al is unloaded or dumpeo onto the road. No al1ow-
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ance will be made for waste or shrinkage of -material during its transportation from ~he pi t, quarry, car 
or othel' point of loading to the unloading point. The checker or inspector will inspect each load and 
check.its yardage as it arrives at the unloading point. For each load of satisfactory material delivered 
aL the unloading point, the checker will give to the driver a check or reccipt upon which shall be writ
ten the correct yardage delivered in his load and the station numbers between which the load was de
livered, .I;d each receipt shall bear the full signature of the checker issuing it. 

The Contractor shall so space his unloading points that the required amount of material, as ordered 
by the Engineer, shall be deli vered in each 100-foot st~tion and he shall bc responsible for the unifor", 
distribution of the material throughout the length of the station . 

8.10. Basis of Payment. 'i'he shell and other surfacing material used upon this work and fur
nished by the Contractor sha.1I be paid for at the contract unit price per cubic yard delivered on the 
work alld measured as specified in I tem 8.9. . 

Hauling surfaci ng will be paid for at the unit priee per cubic yard per one-fourth mile haul, and the 
price for the first onc-fourth m.ile haul will inclndc the loading, unloading, spreading, shaping, all prep
aration of subgrade (other than rolling) and the maintaining of the finished surface . . The price for 
the second, third, fourth, fifth, sixth, seventh and eighth quarters shall be bid on and .Iisted separately. 
The price for hauling the ninth and additional quarters above the ninth quarter shall be listed together 
alld bid on as "Additional cubic yard-i-mile haul abo\'e and including the ninth t mile." 

Sprinkling \\~ll be paid for per 1000 gallons for first one-mile haul, including cost of water. E:teh 
additional mile hauled will be paid for at the contract unit price for "1000 gallons additional mile haul." 

Rollin !! subgrad e, surfacing and shoulders will be paid for at the contract unit price bid per hour 
of r.ctlln. l tim€' roller is workin~ and this price shall incll1i1c all machinery, tools, fue1, equipment, labor 
nniJ expense inciden tal to opera.ting the roller. 
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ITEM 9. ,CALICHE AND LIMESTONE SHALE SURFACING 

,- , 
-'. ,. .... 

CALICU.E SUlIFACING. 

9.1. Description. Caliche surfacing shall consist of onc or more courses of calidlC cOllstruded 
of material and according to methods hereinaftcl" described. 

The surface shall be constructed according to dimensiolls ~ ho\\'n on the stundard cross-section adovtcd 
for the particular job in question, and as shown on plans, and in no case shall the compacted surface 
be less than six (6) inches thick. 

Caliche surfacing may be uscd as a surfacing alone Or as a base for gravel, crusher-run crushed 
. stone, or macadam surfaces. Also, when surfaced with gravel or st.on~ as specified under Item 12.5 for 
shell surfaecs, caliche surfacing may be used as a base for bituminous .surface treatment. 

9,2, Material. Caliche shall consist of a natural mixture of !\lij/roximately equal propor tions of 
calcnreous dust aud quartz sand wi th or without the pres('nce of gravel or small stones, ~md shall in no 
cas& contain more than 10 per cent of clay. 

9,3. Preparation of Subgrade. The subgrade for caliche surfaces shall be prepared as specified for 
gravel. surfaces, Item 10.0. 

9.4. Method of Construction. The caliche surfaci ng material shall be spread over the prepared 
subgrade to such a t!epth that a surface of the thicknE" shown on plans will be produced after the ma
terial has been thoroughly compacted. The surfacing material shall be thoroughly puddled with wuter 
before being finally shaped and compacted. 'Thi" puddling may be done . ei ther in the pit before the 
n"terial is hauled onto the road or it may be done by sprinkling with water after the material has 
befIl spread upon the subgrade. In case puddling is done in the mater ial pit, the caliche shall be at 
on!'e hauled onto the road; spread, shaped and rolled before it has dried out. In case puddlin~ is to be 
done after the material has been spread upon the subgrade, the material shall be placc-d in courscs not 
more than six (6) inches deep, measured loose, and the surface shall be thoroughly harrowed, plowed or 
otherwise opellfld up during the process of sprinkling: in order to insure the proper puddling of the 
caliche. After being thoroughly puddled to the so.tishction of the Engineer, the surface shall be shaped 
to a unifor~ thickness and cross-section and the succeeding cou~se of material shall be added and pud
dled in the same manner. Each succeeding coutlle shall be ]llaced ancl puddled before the preceding one 
has dried out. 

9.5. Finishing the Surface, In general the surface , hall be finished by rolling, but. in cases where 
prnctical and so specified under special provisions finishing may be done · by the action of traffic . . After 

- all the surfacing material has been placet! and ptlddled, the surface shall be maintained by the use of grad
er; "!HI drags until the whole has dried sufficiently to sustain the weight Df the roller or traffic. As soon 
"' the surface is dry enough to admit of rolling, where required, the surface shall be thoroughly rolled 
'with a roller ,\Ieighing not less than 10 tons. Shoul d any depressions appear during the process of roll
ing or under traffic, they shall be brought up to the proper wade and cross-section by the .ddition of new 
mau,rial, puddled, shaped, and rolled or subjected to traffic, and the process repeated until a surface is pro
duced which is uniformly smooth and hard and which conforms t.o grade and cross-section shown on 
plnDS. . __ ', 

--~ ' ·- v LIMESTONE S;H ;'@[SURFACING. \ ),, ".,,':' 
9.6. ~finition. Limestone shale surfacing shan consid of one or more courses of limestone shale 

comtructed of material and according to methods hereinafter specified. 
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This class of surfacing may be used as a surfacing alone, or as a base for gravel, crusher-run crushed 
.:;Lonc 0 1' macadam. surfaces, but not as a base for bituminous surface treatments. 

9.7. Material. The material for this class of surfacing shall consist of a good quality of limestone 
,hale, reasonably free from soil and clay and when loaded from the material pit shall not contain more 
than twenty-five' (25) per cent of material which ,;'ill pass a one-fourth (t) inch screen. The shale shall 
be such as can be loosened up in the pit by the use of plows or picks and without the use of explosives. 
Matcrial containing gravel or hard, flinty pebhl." will be admitted under these specifications, although 
all hard stones over three (3) inches in their largest dimensions, which will not be broken in rolling. 
must be thrown out at the 'pit by the . Contractor at his own expense. 

9.S. Preparation of Subgrade. The subgraae for limestone shale surfaces shall be prepared as .pe
cified for gravel surfaces, Item 10. 

9.9 . Method of Construction. This surface shall generally be constructed in one course, howcver. 
if RO specified, the surface may be constructed in two ('Ir more courses. No limestone shale surface shall 
be constructed Jess than six (6) inches in thickness after heing compacted and if tonstructed in more 
than one course, no course of material shall be leos than six (6) inches in depth, measured loose. Sur
facing material shall be dumped from the wagons upon thc prepared subgrade .and each day's hauling of 
material shall be spread the same day. After being spread and properl y shaped, the surface shall be 
thoroughly wetted by sprinkling with water, an,l a.s soon as it has sufficiently dried off to admit of roll
ing, the 'surfaee shall be thoroughly rolled with a roller weighing not l"s than ten (10) tons. Should 
any depressions appear during the process of rolling, they shall be brought to the proper grade and 
cross-section by the addition of new materi al, shaped, sprinkl~d aud rolled an'd the process repeated 
until the surface conforms to the grade and ~ross-sections shown on the plans and is uniformly smooth 
and hard. 

9.10. MeaSllrement of Materials. Caliche, lim"tone shale or other material hauled to the work and 
incorporated in the surface shall be paid for by the cubic yard. Measurement of t'lis mat.erial shall. be 
made at the end of the haul and immediately before the material is unloaded or dumper! onto the road. 
No allowance will be made for ,yaste or shrinkage of material during its transportation from the pit. 
quarry, car or other point of loading to the unloading point. The checker or inspector wi ll inspect each 
load and check its yardage as it arrives at the unloading point. For each load of satisfactory materi ?1 
delivered at the unloading point, the checker will gi ve the driver a check or receipt upon which shall be 
written th~ correct yardage delivered in his load ann the station numbers between which the load was ' 
delivered and each receipt shall bear the full signature of t he checker issuing it. 

The Contractor shall so space his unloading point. that the required amount of material, as ornered 
by the Engineer, shall be delivered in each 100 feet station and he shall be responsible for the uniform 
distribution of the material throughout the length of the station. 

9.11. Basis of Payment. Ca) Hauling surfacing will be paid for at the unit price per cubic yard 
per one-fourth mile haul, and the price for the first one-fourth mile wi ll include the loading, unloading. 
spreading, harrowing, shaping, puddling, all preparation of subgrade other than rolling and the mnin
taining of the finished surface. The price of the ,econd, third, fourth, fifth, sixth, sevel)th and eighth 
quarters shall be bid on and listed separately. The price for hauling the ninth and additional quartcrs 
above the ninth quarter shall be listed together and bid on as "Additional cubic yards-i-mile haul above 
and including the ninth i mile." 

. (b) Sprinkling li~,t9a.-shale surfaces will be paid for per 1000 gallons for first one-mile haul. 
mcludmg cost of waJer. Each additiorial mile hauled will be paid for at the contract unit price for 
"1000 gallons ? l fiOnal 1-mile haul." . _ 

(c) /ofupeDsation for puddling caliche material shall be included . in the contract price for the . 
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first t -milo haul and no extra compensation will be allowcd for this work, except for wator which shall 
bo paid for under Par. 9.11 (b). 

(d) Rolling subgrado, surfacing and shoulders will he paid for at the contract unit price per hour 
of actual time roller is working and this price shall include all machincry, tools, fuel, equipment, labor 
and expenses incidental to operating the roller. . . 

(e) Where side drains are c.onstructed, the ditching, placing t.he stone and filling with earth, son or 
~trawJ shall be paid for at the unit price bid per linear foot for ({constrncting side drains." The stone 
or gravel filling material, if taken from the material hauled onto the road for . urfaci ng, will be pai d for 
nt the same rate as for surfacing material. Filling matrrial procured from .. sources other than those 
from ,.hich su rfacing material is taken will be paid for at the unit contract price per cubic yard and tho 
hauling of this material will be paid for on the samc basis as for hauling surfacing materi al. 

(f) SUl'faciilg material furnished by the Contrador, whether shipped or taken from local pits, will 
be paid for at the contract unit price por cubic yard and measurement will be made at point of delivery 
upon the work as provided undor Item 9.10. 

/' 
/' 
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ITEM I O. GRAVEL 

10.1. Description. Gravel roads shall be construed to mean all surf""ing of gravel, or of earthy 
material in the composition of which gravel predominates, not included under "\Vaterbound Macadam" 
surfacing. The surfacing may be built in one or more layers. Preferably the surfacing shall be placed 
in only one layer except where different kinds of material are to be used for the different layers, The 
gravel should contain or have added to it, clay or other binding material which, with harrowing, sprink
ling, and rolling, will bond the mat,erial into a uniform and compact road surfacing. 

10.2. Gravel. The gravel shall consist of hard, durable particles of stone mixed with sand and 
clay or other binding material, at least 95 per cent of which will pass through a 3t-inch mesh screen. Not 

less than... . .... _per cent nor more than ..... ............. per cent, by weight, of the gravel shall consist of stone par-
ticles sufficiently large to be retained on a i-inch mesh screen . Gravel material shall be approved by the 
Engineer before being used in the work. 

The material passing a i-inch mesh screen shall consist of sand and clay or other binding material 
which, when tested in the manner described in Bulletin No. 347 of the U. S. Department of Agriculture, 
.,hall have a cementing value of not less than 50. 

The material retained on a i-inch mesh screen shall be graded from fine to coarse so that not more 

than .............. per cent and not less than ........... .... per cent will pass a ~--inch mesh screen. 

Should the material contain stone that is retained on a threc-inch mesh screen not to exceed 5 per 
cent, such stone must be thrown out at the expense of the Contractor at the pit or during the process of 
harrowing. · Stones thrown out from surfacing material after same has been hauled onto the road <hall 
be gathered up and disposed of at the Contractor's expense, and as ordered by the Engineer. If the 
amount of stone retained on a 3i-inch m('sh screen exceeds 5 per cent, then the Contractor will be re
quired to screen all of the material, which work will be paid for at the pri ces bid per cubic yard for 
screening. 

Gravel obtained from the pit located at... 

will be acceptable under this specification, provided that, if necessary, the gravel shall be screened to re
move any excess of either fine or coarse material which it may contain above the limits specified. 

10.3. Per Cent of Clay in Gravel. If clay gravel is used it should contain only enough clay to coat 
the pebbles, with no free lumps, In no case shall the clay exceed 15 per cent of the mass. If the gravel, 
as takcn from the pit. contains an excess of clay, the Contractor shall add sufficient sandy gravel or sand 
filler, whichever is required, for the proper grading of sizes, to secure a proper binding material as 
hereinbefore specified. 

If the gravel is lacking in binding material, and is of such a natnre that it cannot be properly bonded. 
then sufficient clay or other binding material shall be added to secure. a proper bond. The binding ma
terial shall be either intimately mixed with the gravel at the pit, or it shaH be spread uniformly over the 
gr~veled surface before harrowing has been finished and before the gur.ra!;e has been sprinkled or rolled 
and shall be mixed into the surface by thorough harrowing and the material so added to form a part of 
the required thicknes~ of the gravel surfacing, as hereinbefore provided for, and which shall be meas
ured and paid for as gravel. 
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10.4. Preparation of Subgrade. The graded roadbed shall be shaped to the elevation, alignment 
and cross-section shown on the plans. After this is done the subgrade shall be shaped for receiving the 
surfacing as shown on the plans, and then rolled, when .necessary, in the opinion of the Engineer, until 
it is firm and unyielding. After rolling, the subgrade shall conform to the dimensions shown on the 
plans, The shoulders thrown up on either side of the subgrade shall be at least as high as the gravel 
wilt reach when loose, and the Contrector will be required to maintain them at this height until all the 
gra yel has been placed. 

10.5. Sledged Stone, Crushed Stone, Gravel, Shell and Caliche Sub-Base. In locali ties where 
suitable material is available and where the nature of the material composing the subgrade is such as to 
make it desirable, a sub-base may be cOl1structed upon the subgrade before the gravel suriacing is placed, 
if so specified. (a) Sledged Stone Sub-Base material for this work shall be approved by the Engi
neer and shall consist of spauls or stones of me<1ium hardness, and when delivered on the work shall 
not cont..9.in more than 20 per cent of dust or fine Itlaterial which will pass a i" mesh screen. This ma
teria l shall be spread uniformly over the prepared subgrade after which the stone shall be broken with 
sledges until. there. shell remain no stones larget than six inches in their largest dimension, When the 
sledging has been finished, the surface shall be gone over and stones rearranged so as to restore the Ulli 
form distr ibution of the materia l after which the ",riace shall be thoroughly rolled to the satisfaction of 
the Engineer with a roller weighing not less than ten tons. The specifications for the other types of sub
basc are as follows: (b ) Crushed Stone, Par. 11.17; (c) Gravel, I tem 10; (d) Shell, I tem 8 ; (e) 
Caliche, Item 9. 

10.6. Measurement of Materials. Gra.vel, clay sand, stone, shen Or caliche, or other material hauled 
to the 'work and incorporated in thc surface shall be paid for by the cubic yard. Measurement 01 this ma
terial sha ll be made at the end of the haul n!ld immediately before th e material is unloaded or dumped 
onto the road. No allowance will be made for waste or :'3hrinka-ge of material during its transportation 
from the pit, quarry, car or other point of loading to the unloading point. The checker or inspector will 
inspect each load and check its yardage as it arrives at the" unloading point. For each load of satisfactory 
material delivered a t the unloading point, the checker will give to the driver a check 01' receipt upon 
IVhich shall be written the correct yardage delivered in his load and the station numbers between which 
the load was delivered, and each receipt shall be~r the full signature of the checker issuing it. 

The Contractor shall so space his unloading points that the required amount of material, as ordered 
hy the Engineer, shall be delivered in each 100-foot station and he shall be responsible for the uniform 
distribution of the material throughout the length of the station. . 

10.7. One-Course Gravel Surfacing. The Contractor shall load, haul and spread upon the subgrade-, 

prepared as hereinbefore described, the gravel, which shall have an avcrage loose depth of... 
incht:'s, and whic:h, after compacting, shall produce a surface of the required thickness as shown on pla"Hs. 
The depth may be slightly varied at the discretion of the Eligineer, and with the approval of the State· 
Righu-ay Engineer, depending upon the nature of 1he soi l encountered in the subgrade. The gravel sur
face shall be constructed of the width show n on the plans. 

After the i'l"a.vel has been dumped upon thc road as specified under Item 10.6, the Contrador s11 all 
careiul!y spread the material, prefera.bly ,.ith shovels, by hand. Material must be spread on same day as 
haulc-d. If so specified the stones larger than 3·} inchcs may be worked to the sides of the prepared sub: 
grade and. placed in a spec,ially prepared furrow, opened up immediately adjacent to the earth shoulders. 
If this method of disposing of the larger stones is adopted, the furrow shall be opened up after the sub
grad,., is shaped and rolled, and shall be approximately four inches deeper than th" . prepared subgrade, 

_-I.fter the gravel has been spread as above specified, the surface ,hall be thoroughly harrowed with 

n tooth harr~w h .. wing teeth projecting uniformly and at lea&t 8 inches and weighing. 
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per tooth until the different sized particles tlnd the cementing material are uniformly distl'ihutl'(l through 
the· mass, and unti l all of the material is thoroughly l!lixcd to a uniform density. 

After being thoroughly harrowed, the grayel sl.ldace shall be shaped and maintained to the gpccif"iC'c1 ' 
cross-section by dragging and g rading until the traffit' hft :3 caused it to properly set lip. Should any de
pl'essions or weak spots develop during the process of setting up a second or patching coun~e shall be added 
and the whole sur face shall be maintained witli grader or drags until it is uniformly smooth and firm 
nnd until ,the work is received by the Engineer. 

After the gravel has been harrowed, mixed and shnpccl. should tho material OJ' t he traffic conditions 
make it. advisable, and if orderc-d by the Engineer, the surface shall be thoroug hly compacted by rolling. 
Holling shall be done only after the road has been wetted by spr)nkling or after raills. All irregularities 

or depressions that may develop during the process of roll ing shall be eorrecte<l immediately by the addi
tion of new gravel and thoroughly re-rolling the surface. 

10,8, 
the points 

Two·Course Gravel Surfacing. Two-course gravel surfacing shall be ·constructed betwren . 

shown on the plans 01' as directed by the ~ngineer. The first CO ll1'Se :-.hall have an average 

loose depth of... ........................... inches, and the second course a loose . depth of.......... . .. inches, both of' 

which courses after being compacted shall prod uce a surface of the average thickness shown on plans. 
The depth of the bottom course may be slightly varied at the discretion of the J~ngineer, and with the 
approvnl of the State Highway . Engineer, (lepending upon the nature of the eoi l eneountered in thc sub
grade. 

(n) Fi1'[~t Cou·rse. The gravel for the first course, hereafter d esignated as UNo. 1 Gravel," shall 
not contain any particles which wonld be ~etaincrl on a 4/1 lllesh screen . This grav81 shall be spread un i-

formly to a,·erage depth of... . .... . inches. This specified depth shall be obtained by spreading 
uniformly upon ea.ch lOO-foot station of prepared subgrade, the- yardage of gravel necessary to make u p 
this depth. After the gravel has been spread, as above specified, it shall be harrowed with a tooth har

row until the d ifferent sized particles and the cemel1ting material are evenly distributed through the 
mass. It sha ll t hen be carefully shaped to the specified cross-section, and maintained to this section by 
the use of grading m achines or road drags until the surface has set up . smooth .and firm . Should it be 
considered by the Engineer advisable to place the second course immediately after placing the first course 
cHief before same has been sufficiently subj ected to traffic to compact it thoroughly, the first course shall be· 

rolled until n o furt.her compacting is possible. The rolling must hr. done only after th~ road has been 
wetted by spri nkling or after rains. All irregularities and depressions that may develop shall be cor
rected imlllediatel.y and No. ] gravel added as may be necessary, and the rolling continued un t il the 
su rface is uniformly s.mopth and hard and everywhere parallel to the surface- of the finished road. The 
crown shall be m.ai nta ined during construction by the occasional u~e or the grad€'T or other suitable too ls. 
Huts formed by hauling- over the grave l shall be ke pt fiIlel! by using the harrow twice or more every 

day, preferably just before qu itt ing time, hoth noon and night. The bottom course of gravel shall be 
vomplcLr.d a sufficlent time in r.dvance of the second course to be thoroughly compacted before the sec
ond cOlll'se is placed. 

(I» R, .. Ii."rnng Shoulders: After spreading and rolling the first course as specified above, the shoul-
dr.r . .:; s.lla·I] h(~ rebuil t, if necessary, true to line alld to such heig-ht tlIat the second course can be spread 

hriw€c1l t hrlll without overlapping the earth at the sides. 

(c) Second Course of G,·avel. The gravel for the Recond course, hereafter designated as "No.2, 

Grll veJ," shall not contnin any particles which would be retained on a screen having circular openings 

two inches in diameter. No.2 gravel shall be spread uniformly to a depth of. ........ ..inches as 
~ho\Vn on plans or as directed by the Engineer as for first-course gravel. This gravel shall be harrowed 
and compacted in the SfIlne mamier prescribed for the first course. Any irregulariti es or depressions 

that may be formed during the rolling sha ll be filled with No.2 gravel and the road rc-rolled until the 
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surfacc is un iformly f:mooth and hard and everywhere conforms to the proposed grade and cross-section 
of the road . Material in both courses must be sprraci 0 11 sa me day as hauled . 

10.9. Side Drains. ]n clay soi ls, or at allY place as directed by the Engineer, side dnlill trenches. 
or bleeders, shall be cut through the shouldcrs at right ang l,cs to the center line and IIOt more t han 100 
fel't apart.. 'rhe trenches shall be cut 10 in ches ',vide and three inches lower than til(', bottom of t he sub· 
g l'aM at the shoulders and shall have a good fall all the way to the ditch. They shall be fi ll~d :0 a 
Ilcpth of four inches for their whole length with first-course material anll covere~ with sod, grass side 
dowl l, or with hay or straw. The remaining df>pth of tr0nch shall then be filled with ea rth untii flush 
with tile shoulders, the ditch ~nd of the drain being left open. On hiUs over fonl' pel' cen t ill grade~ 
~ id c drain trenches shall be cut seventy degrees wi th the center line downhill and shall be cut through 
to the COIl tet" of the roadbed. 

10.10. Manner of Rolling. Rolling shall be done when the gravel has been thoroughly wetted by 
spri nkling or recent rains, and shall at all ti mes... begin at the sides, rolling lengthwi se of the road, but 
grad ually working toward the center. In the final r oll ing, the whole surface of the roadway, including 
the shoulders, shall be rolled from ditch to ditch and the whole road grade left in such perfect condi
tion that water will flow without obstruction to the 'ide ditches. If the gravel contains clay of such 
quality that it causes the surface material to adhere to the wheels of the -roller after the gravel has been 
sprinklcd, if directed by the Engineer, the surface shall be sanded with coarse sand. The roller shaH not 
weigh less than 10 tons. 

10.11. Crown. The finished rond shall have it uniform CroW'll as shown on plalls. 

10.12. Basis of Payment. .Hauling surfacillg will be paid for at the unit pri ce per cubic yard per 
one-fourth-mile haul, and the price for the first one-fourth-mile haul will include t.he loading, 1Ulload
ing, spreading, harrowing, shaping, mixing, all preparation of subgrade other than rolling and the mainw 
taining of the nlli,hed surface. The price for the second, third, fourth, fifth, sixt.h, seventh and eighth 
quarters shall be bid on and listed separately. The price for hauling the ninth and additional quarters 
above the ninth quarter shall be listed together and bid on as "Additional cubic yards-i-mile haul 
above and including t~e ninth t mile." .. 

Sprinkling will be paid for per 1000 gallons for firs t one-mi le haul, including cost of water. Each 
arlcli ti onal mile hauled will be paid for at the contract unit p~ice for "1000 gallons additional I -mile 
hau1." 

Rolling ~ubgrade] surfacing and shou lders will he paid for at the contract un it price bid per hour of 
:1ctunl t ime roller is working and this price shall inclucle all machinery, tools, fuel, equipment, lnbor and 
expenses incidental to , operating the roller, 

" [here side drains are constructed, the ditching, placing the stone and fillin ,g with Nl.rth; soel or 
straw, shall be paid for at the unit pri ce lJid per lincar loot for "constructi ng side drains." rrh ~ stone 
or gravel fi lling material will be taken' from the matC'rinl hauled onto the road for surfacing and will 
be paid for at the same rat~ as for sndacing gravel. .. 

Sledged Stone Sllb-Base or other Sub-Base Material will he pai d for at the nnit pl'ice bid per cnbic 
ya rcl 011 the sa,me basis as is specified for payment for other surfacing. 

Screening Gravel will be paid for at the unit price bid" per cubic yard for screening gravel, and 
screened gravel shall be measured at point of delivery on the work as specified lmder Item 10.6. 

Surfacing material furnished by ' the Contractor whether shipped or tllken from local pita, will be 
paid for at the contract uni t price per cubic yard and measurement will be made at point of delivery 
upon the work as provided under I tem 10.6. 
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ITEM 11. CRUSHED STONE BASE AND SURFACING 

WATERBOUND )lfACADAM BASE. 

11.0. Definition. Waterbound Macadam Base shall be construed to mean all surfacing of stone 
intended to serve as a base for a bituminous surface treatment built ill sllccessive ~ourses of crushed and 
screened material, bound by the interlocking of the coarse parts through rolling, the filling of the voids 
with the fint!T material, and. the cementation of the whole by flushing with water. 

The follow ing sizes of crushed and screened stone are standard : 

No.1 stone ranging in size from 2 in. to 31· ill. 
No. 2 stone ranging ill siza from ~ in . to 2 in. 
No. 3 stone ranging in siz~ from t in. to ~ in. 
No.4 stone ranging in size from dust to tin. 

11.1. Materials. The material for waterbound macadam basc shall consist of broken stone of uni· 
form quaJi ty throughout, free from thin or elongated pieces., soft or disintegrated stone, dirt, or other 
objectionable matter. T he material shall po.ssess a F rench coefficient of wear of not less than eight (8) 
and a compressive strength of not less than 8500 pounds pe ,. ;quare inch. 

Screenings shall consist of No. 3 and 4 stone, and shall further "be described as being that portion of 
the product of the crusher including the dust of fra cture, which, when tested by means of laboratory 
screens will meet ,the following requirements: 

P assing ~ .. inch scr een not less than 95 per cent. 
Total passing i-inch screen, 40 to 80 per cent. 

The top course shalr consist of No.2 stone and when tested by means of laboratory screens shall 
m~et the following requirements: 

Passing 2·inch screen, 95 per cent. 
Total passing l~-inch screcn, 25 to 75 per cent. 
Retained on i-inch screen, l.:ot less than 85 per cent. 

The bottom course shall consist of No.1 stone, and when tested by means of laboratory screen, 
shall meet the fo llowing requirements: 

P assing 3i-inch screen, not less than 95 pel' cent. 
Total passing 2t-inch screen, 25 to 75 per cent. 
Retained on 2-inch screen, not less than 85 peF cent. 

11.2. Rolling. Wherever it is provided in th ese specifications th •. ! the road, subgrade materials. 
or shoulders shall be rolled, a self·propelled roller , weighing not less than ten tons and not more than 12 
tons shall be used. Rolling shall be done in a longi tudinal direction. beginni ng at the sides and mavin!, 

. gradually to the crown of the roadway. 

11.3. Trench and Shoulders. After the road has been graded and shaped to the required dimen· 
sions, the suhgrade or t rench shall be cut in the fini shed grade of a sufficient width and depth to retain 
the surfacing ' materials as shown on the standard cross-section sheet showing' construction details, This 
1I'0rk shall bc classified and paid for under Placing Surfacing. In no case arc the shoulders to be built 
up on top of the grade unless so ordered in writing by the Engineer, 
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!l.4. Hand Work. After all possible road machine trenching has been done, the edITes of the t rcllch 
'hall be trimmed straight and the bottom shall have a unifo rm longitudinal grade and shall conform to 
the cross-section shown on the plan. 

!l.5. Rolling S ub grade. After the trench or subgrade has bcen properly shaped as heretofore de
scribed, it shall be rolled until compact, and any hollows that develop shall be filled with suitable ma
terial and re-rolled. 

I n deep, mea ly sand whero,£! rolling is irnpradicablc, the shaped subgrade shall be thorough)y soaked 
with water to prevent the sand from mixing with tht~ stone, such work being paid for under I tem 
11.20 (e) . Where soft places occur in the subgrade, they shall be dug out and the soft material re
placed with .good dirt or uther ma teria l which wi ll ccmpact under the roller. 

11.6. Sledged Stone, Crushed Stone, Gravel, Caliche, and Snell Suh-Base. In localities where 
suitable material is available ana where the n ature of the material composing the ~ubgradc is snc.h as to 
make it desirable and where specified on the pIa.ns, a sub-base may be constructed upon the subgrade be
fo re the stone surfacing is placed. (a) Sledged Stene Sub-base materi al for this work shall be approverl 
by the Engineer and shall consist of spauls or stones of med ium harduE's:;. ' Vhen delivered on the 
work, stone shall not contain morc than 20 per cen t of dust or fine materiaJ which will pass a "}" mesh 
'creen . This material shall be spread uniformly and to the required depth over the prepared subgrade 
after whi<f the stones shall be broken with sled70s un til there shall remain no stone larger than six in
ch~s in its longest dimension. When the sledging has b€'cn finishect the snrface shall be gone over and 
stones rearranged so RR to restore thc~ u~iform distribution of the materia1. The surface shall then be 
thorough ly rolled to the satisfaction of the Engineer with a roller weighing not less than ten ton • . 
Should any depressions or hollows develop during the process of rolling they shall be fi lled with stone 
material and again rolled unt.il the surface is unifor m, smooth and firm. The specifications for the oth
er types of sub-base are to conform to the following : (b) Crushed Stone, Par. 11.17, (c) Gravel. 
Item 10, (d) Caliche, I tem 9, (e) Shell, Item 8. 

11.7. Side Drains. In clay soils, or at any place as directed by the Engineer, side drain trenches 
or bleeders shall be cut throu!!:h the shoulders at r ight ~n."les to the center line, at in tervals designated 
bv the Enginee,.. The trenches shall be cut ten in c he. in wid th and. three inches lower than the bottom 
of the .uhgrade at the shoulders and shall have a good fall all the way to the ditch. They shall be 
filled with such mater ial and in such amount as is designated by the Engineer. For the fi lling mat"-rial 
for side drains payment shall be made for hauling and placing on the same basis as for surfacing ma
terial. 

11.8. First Course. First course material shall be dumped on the subgrade and spread to a uni-

form loose depth of ...... . ... ( .. . . ) inches and to a widlh of. ...... ... ( .... ) feet, after which it 
.hall be roIlerl until it is shaped and compacted. Should any unevenness or depressions occur upon roll
in!; the first cou,.se. the)' .hall be filled and levelled immed iately with first course mater ial and re-rolled . 
Tn no ('a~c shall fin;t ('ourse material be placed upon it mu((Cly ~ubgradE'. 

11.9. Second Course. The second course shall consist of a leyer of No.2 stone spread evenly . 
I)\,p r the bottom cour~e in a qU:lntity sufficient t.o fill all vo ids.. Any exces:;; of stone shall be removed 
j,.c)m thc surface whic·h shan then be rolled uuti l the stone is thoroughly keyed together and the sur
iaC'c conforms. to the cross~section shown on the plan~. Rolling &ho11 cont.inue until the stone does not 
C"rC't'p or wave aheao. of the roller. 

11.10. Third Course. During the ffnishing proce.~s of dry rolling ocscribed above, a mixture of 
,creenings (No.3 stone) and dust (No.4 stone), sha ll be applied graoll ally over the surface in such an 
amount as wi ll completely fill the voids. The screenings sha ll not be dumped on the surface.of the stone. 
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but shall be Cllst thinly with <l swcepi ng 111.otion of t. he shovel from piles at t he roadside. The rollillJr 
sha ll continue while t he S(o)"c(,lli ugs ti re h('in~ sprcnd .. so that the jarring effect of the roller wi ll aid 
them in settl ing to tIle' bottom. The screening;:; sha ll not be alJowed to ca ke or bridge on the surface 

of the stone in snch a manner ns to prevent the per Fect fi ll illg of all voids an d the di rect bearing of the 
roller on the face of the stone. 'rho screenings shall be swept in with rattan or other fiber brooms. 
'fhe spreadi ng and roBing shall continue unti l no more screenings will go in dry. No excess of screen
ings shall be u.,ed before applying water. Tmmcdiately aIter the voids of a scction of the macadam 
have been filled with screenings the macada m shall be sprinkh~d until saturated, the sprinkler being 
fo llowed by the roller. Uore screenings shaH be added if nece.o:;sar y. The sprinkling, sweeping and 
rolling shall continuc until a grout has bcen formed of the scrcenings and water, that will fi ll all the 
"oios and will form" waye of grout beforc the wheels of the roller. 'I'he macadam shall be kept wet 
at least twenty-four hours before the final rolling, and i t shall be puddled as many times as may be nec
essary to secu re satisfactory results. 

n.l1. Closing the Road. Travel shall be kept off of the newly fin ish, d portion of the roadway, 
until the surface i~, in the opjl1ion of t he Engineer, compacted and cemented enough to use. 

After the road is th rown open to traffic, t he sprinkling and rolling sha ll continue until, in the 
opin ion of the Engineer, the r oad is thoroughly compacted and cem ented. 

11.12. Trimming Shoulders. After the road is thoroughly compacted and cemented, al~y screen
ings or other mater inl n0t used shaH .be removed f rom the side of the road, ano. as soon as the flu shed 

portion is dry enough, the shoulders shall be brough t to thc specified sIc'pe and width and rollcd as far 
out from the center as is practicable and safe. No portion of the shoulders ehall be left higher than 
the fini shed surface of t he stone at the outer edge. After t rimming, rolling and r~moving surpl us ma
ter ial, the ~n i shed road shall have the dimensionf; called for on the cross-section clrrtw ings for t his work. 
and shall be left in a IIcat and presentable condition . 

CRUSHER-RUN, CRUSHED STONE SURFACING. 

11.13. Definition. Crusher Run Crushed Stone Surfacing shall be cunstrued to mea n Ill! stone 
surfacing cOJlstnlCtec1 of (- rushed stone used as it comes from the crusher, without screen ing, or with 
on ly partia l screening, and by methods simila r to those used in constructing a grave] sur faced road . 

11.14. Material. Stone fo r this class of construction shall have" crushing strength of at least 
8500 pounds pf'r squarE' in('h ~md 11 Frell(·h cOE'ffiC'i('nt of "'ear of at least. eight (8) . Stone sha ll be of 
stich fI nature t ha t i~~ dust of frnciu l'c. illcluclill!! nil materia l passin g a f- inch mesh screen wi ll , when 
testpd in the manner descr ibed ill B ulletin No. 347 of the U. S. Department of Agriculture, show a ce
menting value of not less than ,=)0. 

1'he mntrria l rctllinccl on .... t-inch mC'~h S('r('C'1l sha ll be g-raded f rom fine to coarse 50 t hat not more 
thElli 40 pC I' cent Jl or less than ;!,O per cent will pass a ~-inch mesh screen . All &tone shall pass <l. 3-
in rh screen. 

11.15. Preparation of M ateria l. Stone for this class of surfacing shall be (·,·ushed to 5;uch Soizes 
that all will pass a 3-inch mesh s ('n~en . Over sizc ~tones shall be screened out and either wasted or again 
passed through the cnlshel'. A qUflTttity of thc ('rushed stone passing a ~-i nch mesh screen , to be known 

as screenin~, not to exceed 10 per cent of t he whole crusher product under 3 · inches in size, 8ha ll he 
scr~n ed out or secureCl f rom other sources and stored in separate bins or piles to be used as a fill er. 

11.16: Placing Surfacing. After the subgrade has been prepared as specified under items ll.3, 
11.4. l1.(i and if neressary 11.6 and 11.7, thc rrusher rUIl stone material sholl be delivered on to the 
roa d in slat bottomed wagons nn.d uniformJy dump(~d upon the bnsc in su ch quantities that when spr l:'aCl 
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:1 ~ Hrf:l.cc of. ....... inches thick, loose m easurement wi ll be produced . In r:ase the Rurfncing is In \)(' 
('(lllstructed wider than 12' the material shall be dumped upon the subgraclc in two rows. AJt('1' uc in,~ 
,lumped upon the rond the material shall be spread and cal'efully shaped to a uni fo rm thickness find 
('ross-scc t ion and to the satisfaction of the Enginecr. Each day 's hauling of stone slia l] be srread llh.' 

~ame day. 

After be ing- carefully spread and shaped the material shall bn thorou.ghly rolled with a roller weigh
ing not less than 10 tOilS nor more than 12 tons, and the first r oHi ng shall include the rolling of the 
shoulders. AftC'l' the first rolling, screenings shall be hauled, clumped llpon the shoulders or shoveled di
rectly from the wagons and' spr ead over the surface in sufficien t qnantiti~s to fin nil the voids find Lo 
bring up to the proper elevation a ll the depressions that may have developed during rolling. In no case 
shall the screenings be dumped f rom the wagons onto tho surfacc of the stone but t.hey shaH be cast 
th in ly with a sweepjng motion of the shovel. Rolling shal1 continue ,vhi le the screenings arc being 
spread. Should the wca.ther conditions and the condit ion or the surfacing material be such that, in the 
opi nion of the EnginC'c-r, sprinkl ing is necessary, the surface shall be thoroug hly wetted d uri ng the fina l 
rolling and the rolling and spri nkling shall con t inue 1mti} the surfacc is thoroughly compacted and 
bonoed to the satisfaction of the Engincer. T he Contractor shaH main tain the surface un til tho final 

acceptancc of the work. 

The provi sions ann requirements of Items 11.12 and l1.Jl shall apply also to the construction of 

Crusher-Run Crushed StOlle Su rfacing. 

CRUSHED STONE BASE F OR BT 'l'U MINOUS PAVEMBNTS. 

11.17. Foundation. After the sub-gr ade has been completed, the foundation of broken stone con
sisting of stone tha t wi ll pass th r ough a ring three (3) inches in diameter, and be re tained on a ring one 
and one-h.llf (li') inches in dinmeter, shall be deposited in a uniform layer having a depth ns shown on 
plans or as oil'oeteo b~ the Engineer, and rolled repeatedly with " ten (10) ton stanoa rel self-propelleo 

macadam 1'0110 1' until compaded to the satisfaction of the Engineer. 

Pi~ces of stOlle la T.!~cr than above specified ma y be used provided they nre separated and laid in n 
layer at the bottom of the foundation, and the surface d ressed with stone of the si"es above specified. 

'rhe depth of loose stone ·in this course must be measured by .... bloeks the required th ickness of sa id 
loose stone. T h(?se blorks must be placed at f requent interva ls on suhgrade when the loose stone is 

being spread . 

11.18. Binder. After thorough rolling of the foundation a quan tity of stone screen ings or sand 
shall be spread in a uniform layer, Rnd the whole r olled until the stone ceases to sink or creep in front 
of the roller. T he quan!.ity and quality of this bin oer is to be subject to the approval of the Engineer. 
Gra"el founo along the li ne of the road or fu rnished by the contractor, of a quality approved by the En
gineer , may be used instean of the stone screenings or sann as a bind er. No binder shall be npplied 
in sucb a quan tity ns will completely cover or form a coating upon this cour se of stone, but the nll

gular parti cles of stone in the first course sha11 protrude above the bind er, mnking an angulflr surfaced 
f01l11da tioll to form a bond for the wearing surface. 

MEASUREilfE NT AND BASI S OF PAYMENT-CRUSHED S'l'ONE PAVEMENT WORK . 

]1.19. Measurement of Material. Crnsherl ~ton('. stone screenin,!!s, or othN surfacin ~ material 
l"lllled to the work and incor por"ted ;n the surfHee shall be paid for hv the cubic yar~. Measurement of 
rhis m"terial shall be made at the cnrl of thc hau l anrl immediately before the material is unloa~eo "t thc 
ro~(1si(le or clumped onto the r oa/1. No nllowance ,\"ill he mane for waste or shrinkage of matf'rinl durinr>: 
it.:: transportation f rom the pit. '1llfll:ry. cnr or other point of loading to the nnloadinQ" point. 1'hr. 
('I1('rk('1' or in s.pedor win inspect each loan anrl check its ynrclage m.:; it arrive'S at the llTl loading point .. 
rol' e:lC'h load of s-atisfactory lll nterifll (lelivered at the unlonning point, the checker will give to tlw 
"1riYer a check or receipt upon which shall be wri tten the correct yardage deliverell in his load and 0 ,( 
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station numbers between which the load is delivered, and each receipt shall bear the full signature of 
the checker i ~suing it. 

The Contractor shall so space his unloading points that the required amount of material, as ordered 
by the Engineer, sha ll be delivered in cach 100 foot station and he shall be responsible for the uniform 
didtribut.ion of the material throughout the length of the station. 

11.20. Basis of Payment. (a) Payment for "Material" will be made on a cubic yard basis for 
measurement in wagons or trucks at the point of delivery as specified under Item 11.19. 

(b) Payment for "Hau,Iing Material" for first quarter mile will be made on the cubic yard basis 
which shall include loading, dumping, spreading, rolling of subgrade and stone, shaping of trench] :::ur~ 
facing of stone aJld brooming. 

(c) In case the ' Contractor fnrnishes the material, Item 11.20 Ca) and 11.20 (b) shall be com
bined. 

(d) The "Haul" in the second, third, fourth, fifth, sixth, seventh and eighth quarters shall be 
listed and paid for separately at the unit contract price for the haul in each respective quarter. .The 
yardage hauled through the ninth and additional Quarters ahove the ninth quarter shall be listed to
gether and bid on as additional cubic yards one-fourth mile haulcd above and including the ninth one
fourth mile. 

(e) "Water for Sprinkling" shall be paid for per 1000 gallons for furnishing, loading, hauling one 
mile and distributing. Additional haul of water beyond the first one mile shall be paid for at the unit 
contract price per 1000 gallons hauled additional one mile. 

(f) "Side Drains" shall be paid for at the contract nnit price per line. J foot for "constructinl! 
side drains." 
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ITEM J 2. BITUMINOUS SURFACE TREATMENT AND INVERTED 
PENETRATION TOP 

12.1. Description. B itumi nous Surface 'rrcatnent and Ill lfcrtcrl P elietration Top shall consist of 
treating shell , gravel, water-bound macadam, and oti)('l' types of road surfaces with one vr morE' Apf:Ii 
cations of bituminous material or with a surfacillg COurse of rock asphalt in accordance with I.me of the 
fo llowing : 

(a) Single bituminous application using bituminous material as spceiti"ed under Pnr. 

12.2 ............. and cover material as specified under Par. 12.3 .................................. .. 

(b) T wo or more bituminous applica tion s, using for the first application bituminous 

material as specified under Par. 12.2 ................................... and cover material as speci .. 

- under Par. 12·.3 ................... ............... and using for the second application bitumin .. 

cus material as specified under Par. 12.2 ........ and cover material as 

opecified under Par. 12.3 ...... 

••••••••• •••••••••••••••• , ••••••••••••••••••• • ••••••••• • ••••• • •••••••••••••••••••••••• q •••••• ••• •• 

.................... ........................................................ _ ........................................................................................................ . 

(c) Limestone Rock .Asphalt Surfacing of.. ........ thickness using bituminous 

material as specified und?r Par. 12.2 ................................ ,.as a flux. 

12 .. 2.. Bituminous Material. The Bituminous Material to be used in this work shan be of approved 
quality and shall meet the requirements specified below. The class of material to be used on this work 
shall be as hereinafter specified. 

(a) REFINED COAT, TAR PRODUCTS. 

(Hot Applications.) 

1. Thc tar shall be homogeneous and free from water. 
2. Specific gravity 25' C./ 25' C. (77' F.j77 ' F.) from 1.20 to 1.27. 
3. Consistency-Flo?t test 50' C., 35 seconds to 80 seconrlo. 
4. Total' bitumen (soluble in CS,) 'not less than 85 per cent. 
5. Free Carbon-not more than 15 per cent. 
6. 'l'otal distillates, by weight: 

To 170' C. not to exceed 0.5 per cent . 
To 270' C. not to exceed 15 per cent. 
To 300' C. not to exceed 20 per cent. 
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(b) RE>' INED COAL TAR PRODUCTS, 

(Cold Applications,) 

1. 'rhe tar shall be homogeneous. 
2. The Specific Gravity 250 C./ 25° C. (770 F./77° F.), 1.14 to 1.18. 
3. Specific Viscosity (Engler) 500 C., 5 to 15. 
4. Free Carbon from 4 to 12 per cent. 
5. Total Bitumen (soluble in CS,), 88 to 96 per ccnt. 
6. Total distillates by weight: 

Up to 1100 C. not to exceed 1.0 per cent. 
Up to 1700 C. not to exceed 5.0 per cent. 
Up to ~000 C. not to exceed 30 per cent. 

METHODS 0 F T ESTING. 

Tests of the physical and chem!ical properties of the tar shall be in accordance with the followin/! 
methods: 

1. Specific gravity, Department of Agriculture, Bulletin .314, p. 4. 
2. Specific viscosity (on ilrst 50 c. c.), u. S. Department of Agriculture, Bulletin 314, p. 7. 
3. Distillation test, A. S. T. M. Standard Test D-20-16. 
4. Total bitumen, U. S. Departmen t of Agriculture, Bulletin 314, p. 25. 

(c) A SPHALTIC OIl~CLASS A. 

The oil asphalt shall be hOlilogeneous, free from water, and· shall not foam when heated to 1750 C. 
(347 0 F.). 

1. Specific gravity 250 C./25° C. (770 F ./77 ° F.), not Jess than 1.000. 
2. Flash Point-not less than 200 0 C. (3920 F.). 
3. Melting Point-30° C. (860 F.) to 500 C. (1220 F.). 
4.- Penetration at 25.0 C. (770 F .), 100 g., 5 sec.-250 to 300: 
5. Lo," at 1630 C. (3250 F .), 5 bours-2 to 5 pCI' cent. 

(a) Penet~ation of residue at 250 C. (770 F.), 100 g.; 5 sec.-,-not less than 150. 
6. Total bitumen (soluble in carbon disulphioc), not leKS thau 99.5 per cent. 
7. Mnter,inl fo r anyone cC'ntract shall . not vary morc than 0.020 in specific gravity Dor more than 

100 C. in melting point within the test limits above specified. 
8. O~ganic matter insoluble-not ' more than 0.2 per eent. 

(d) A SPHALTIC OI~CLASS A •. 

It shall meet the follo\ving requirements: 

The oi l asphalt shan be homogeneous, free from water and shan not foam when heated to 1750 C. 
(347 0 F.). 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

10 0 C., 

Speci fic gravity 25 0 C./25° C. (770 F ./77 ° F.), not less than 1.000. 
Flash Point-not less than 2000 C. (3920 F.). 
Melting Point-30° C. (860 F.) to 500 C. (1220 F.) . 
Penetration at 250 C. (770 F.), 100 g., 5 sec .. --250 to 300. 
I,o", at 1630 C. (3250 F.), 5 hrs.-Iess than 5 per cent. 

•. Penetration of residue at 25 0 C. (770 F. ), 100 g., 5 sec.-not less than 150. 

Total bitumen (solublo iri carbon disulphide), not less than 99.5 per cent. 
Organic matter insolublti-not more than 0.2 per cent. 
Material for anyone contract shan not vary more than 0.020 in specific gracity nor more than 
in melting point witbin the test limits above specified. 
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(e) ASPHALTIC OIlr-CLASS B. 

The oil asphalt shall be homogeneous and free from water. 

1. Specific gravity 25 0 C.,I25° C. (77 0 F./77° F.), riot less t.han 0.990. 
2. Flash point not leis than 1500 C. (3020 F .). 
3. Float test 50 0 C. (122" F.), 100 to 150 seconds. 
4. Loss at 163 0 C. (325 0 F.), 5 hrs., from 4 to 8 per cent. 
5. Total bitumen (insoluhle in carbon disulphide), not less than 99.5 per eent. 
6. Organic matter insoluble, not more than 0.2 per cent. 
7. Total bitumen insoluble in 86 0 B. Naphtha, 20 to 30 per cent. 

(f) ASPHALTIC OIL-CLASS C . 

1. The oil shall be a fluid product free from water. 
2. Specific gravity 25 0 C./25° C. (77 0 F .,'77° F.), not less than 0.98. 
3. Flash point not less than 100 0 C. 
4. Specific viscosity at 100 0

' C., 15 to 45. 
5. Float test, 50 0 C., 35 to 120 seconds: 
6. 1.1088 at 163 0 C., 5 hours, not mOTe than 15 per cent. 

,(a) Float test of residue 50 0 C. (122 0 F.), not less than 110 sec. 
7. Total bitumen (insoluble in 86 0 B. Naphtha), 15 to 25 per cent. 
8. 'rotal bitumen (soluble in CS,), 99.5 per cent. 
9. Ductility after volatilization to 100 penetration, not less than 75. 

(g) ASPHAT.TIC OTl:r--CLASS D. 
1. The oil shall be a fluid product free from water. 
2. Specific gl'avily 25 0 C./25° C. (77° F.l77° F.), not less than .95. 
3. Flash point not less than 45° C, 

Specific viscosity at 50° C., 10 to 75. 4. 
5. Loss at 163° ' C,-5 hrs., not over 30 per cent. 

(a) Float test of resi~ue at 50° C. (122° F.), not less than 90 sec, 
6. Total hitumen (soluble ill CS,), 99.5 per cent. 
7. Bitumen insoluble in 86° B. Naphtha, 10 to 20 per cent. 
8. Ductility afier volatilization to 100 penetration, not less than 75, 

METI}ODS OF TESTING. 

Tests of the physical and chemical properties of the oil asphalt shall be 
the following methods: 

1. Spe('ific gravity, U. S. Department of _\grieulture, Bulletin 314, p . . 5. 
2. Flash point (open cup), U. S. Department of Agriculture, Bulletin 314, p. 17, 
3. Melting point, A. S. T. M. Tentative Standard, D 36-16 T . Proce<ldillgs A. S. T. M., 1916. 

p. 549. 
4. Penetration, A. S. T. M. Standard Test, D 5-16. 
5. Volatilization test, U, S. Department of Agriculture, Bulletin 314, p .. 19, using 50-gram samp'ie. 
6. Total bitumen, U. S. Department of Agriculture, Bulletin 314, p. 25. 

12.3. Cover Material. The grit to be used in the bituminous surface treatment.shall consist of one 
or more of the following materials: 

(a) Coarse sand. 
(b) Pea gravel. 

(c) Crushed limestone. 
( d) Crushed traprock. 

Cover material shall have a French coefficient of wear of at least 8, shall be freo from dust or other 
foreign material, and shan be well graded and of such sizes that 100 per cent will be retained on No. 
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20 laboratory sieve. Cover material, when tested by laboratory screens with circular openin,r;:3 .. shaP bE' 
des ignated by numbers, as follows: . 

No. I-Passing It-inch and retained on ~- inch. 

No. 2-Passing I -inch and retained on i-inch. 
\. ... No. 3-Passing ~·-inch and retained on i-inch. 

No. {--Passing ·~-inch and with dust removcd . 

12.4. Preparation of Old Gravel Surfaces. Should the ""face to be treated be so uneven as to 
require reshaping the contractor shall thoroughly scarify the old surfacing by means of a mechanical 
scarifier of approved type, or hy hand picking. When a roller with spiked wheels is used, thc surfacing 
must be further broken by hand picking, or plowing and harrowing. In all cases the method to be 
used must be approved by the Engineer. 

New material of quality at least as good as that used for the top course of the original surfacing, 
and having all stone or pebbles over two inches i" size removed, shall be added in quantity sufficient to 
bring the road to .the crown and cross-section shown on the plans. The new material shall be added 
at the places and in the manner as directed by the Engineer. 

The scarified material, after having the nccessary new material added to it, shall be raked over or 
harrowed, as directed by the Engineer; after which the surfacing material shall be compacted by rollin!! 
with a self-propelled roller weighing· not less than ten tons, and in the manner as outlined in para
graph 10.8c. If necessary, in order to compact the surfacing satisfactorily, it shall be sprinkled dur
ing the process of rolling, as dhecterl by the Engineer. 

12_5. Preparation of Shell Surfaces. Bitumi nous surface treatment preferably shall not be ap-
plied to surfaces composed entirely of mud shell, but before treating such a surface a course of gravel 
or stone at least three (3) inches in thickness may be added and thoroughly bonded to the shell surface. 

(a) G RAVEL RESURFACING. 

Gravel for this purpose shall conform to specifications for second course gravel material. Paragraphs 
10.2, 10.3 and 10.8. Before spreading gravel upon the roadway the shoulders sha ll be brought up to 
the proper elevation for receiving the materi al and the shell surface shall be thoroughly scarified to a 
depth of at least three (3) inches. The gravel ,ha ll t hen be spr€~d to the depth specified and the en
tire surface shall be re-scarified to a depth at least thrce (3) inches more than the depth of t!,. gravel. 
."fter being re-,carified the surface shall. be reshapen "nd thoroughly rolled with a self-propelled roller 
weighing not less than 10 tons. Should weather conditions be such as to make it necessary the surffl.C'e 
shall be sprinkled with water before rolling is begun as directed by the Engineer. 

(b) BROKEN . STONE RESUR>'ACING. 

Stone for this work shall conform to specifications for No.2 stone, Paragraph 11.1. The speci
fications for scarifying, placing of material, and rolling are the same as for Gravel Resurfacing, Para
grnph J 2.5a. After roning the surface it shall be covered with a mixture of No.3 stone in <sufficient 
quantities to fi ll all remain ing voids, the surface thoroughly watercd ana rolled until it is thoroughly 
bonded and to the satisfaction of the Engineer. . 

. (c) SHELL RESURFACING. 

Shell for this work shall conform to shell surfacing material, Paragraph 8.2. The specifications for 
scarifying, placing of material, rolling and sprinkli ng ·are the same as for Gravel Resurfacing, Para
graph 12.5a. 

No surface treatment shall be applied to any surface which is n6t uniformly firm and hard and in 
such a condition that it will withstand the hardest sweeping with a good fiber rotary street broom. with
out the removal of any appreciable amount of the surfacing material. 
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12.6. Cleaning ;:;tirface. All surface to be treated shall be swept clean of all dust, dirt, (or other 
loose material. If the bitum,inous treatment is to be a hot application, the sweeping shall be continued 
until the voids in the surface are slightly cxposed; for a cold application, all dirt, dust or other foreign 
matter, shall be remov~d, but the sweeping shall not be continued until the voids in the surface are 
exposed. 

The sweeping shall be done with a rotary street sweeper of approved type and with street hand 
brooms as finishers, or some other method which will, in the opinion of the Engineer, gi ve as good re
,nit,. When, in the opinion of the Engineer, the dust can not bc sufficiently removed by the above 
method, he shall cause the surface to be sprinkled lightly, just prior to the application of the bituminous 
material, at the time and in the manner as directed by him ; or else the dust shall be removed to the 
satisfaction of t.he Engineer by air pressure. 

12.7. Application of Bituminous Material. After the surfacing to be treated shall have been 
cleaned to the satisfaction of the Engineer, the bituminous material shall be uniformly sprayed over the 
surface by means of an approved mechanical pressure distributor. Each machine used for applying the 
bituminous material shall be required to operate under and maintain a pressure of at least twenty pounds 
per square inch. 

The amount of bituminous material . to be used in anyone application ,hall not be less than 1/ 6 
nor more than 6/10 gal. per square yard, the exact quantity depending upon the character of the sur
facing, the bituminous material, and local conditions. 

Especial precautions ,hall be observed to the end that an even and uniform distribution of bitumin
ous muterial . hall be obtained, and the distributing machine shall be so adjusted and operated as to, at 
all times, evenly di8tribute the class of material being applied. Excessive deposits of bituminous ma
terial upon the road's surface, caused by stopping or starting the distributing machine, leakage, or oth
erwise, will not be tolerated. 

The bituminous material shall be put on in one or more different applications depending upon the 
method adopted for this particular job. If applied in more than one application, the .first application 

shall consist of material as specified in ' Paragraph 1.2.2 ........ : ............... using ..... . . ... gallou per square yard. 

The second application shall consist of material as specified in Paragraph 12.2 ..........•......... ... using ...................... . 
gallon per square yard. 

If put on in one application, bituminous material as specified in Paragraph 12.2 ......... , .. sh811 be 

' used, and the amount applied shall be .... . ......... gallon per square yard. 

When. hot, application is to be made, it shall be at a temperature ot not less than 175' F. for tar 
products specificd in ·Paragraph 12.2a, not less than 300 ' F. for ilsphalt oils specified in Paragraph 12.2c 
and 12 .. 2d, not less than 250' F. for asphalt oil specified in Paragraph 12.2e, and not less than 215' F. 
for asph.lt oil specified in Paragraph 12.2f, and not less than 100' F. for oil specified in Paragraph 
12.2g. 

12.8. Application of Cover Material. After the bituminous material has been applied, the cover 
material shall be distributed over the bitu;"inated. surface in an amount such that a slight excess of cover 
material will remain upon the surface afkr all bituminous materia l has been absorbed. 

In case the first coat of more than one-course application is int~nded to act as a "penetration" coat. 
and traffic conditions will perm,it, the bitumin,ted surface may be left uncovered for a period not exceed-
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ing .24 hours, at or hefore the expiration of which time the cover material shall be distributed or the 
other applicatiolls oC bituminous material made, and the section finished by placing the cover matcriftI. 

In general for a treatment of more than one appl ication the cover material shall be applied after 
each application of bituminous material unless otherwise noted on the plans. 

III every case cover material shall be applicll in ~ uffi cjcnt quantity to prevent tracking or bleeding 
of the surface. 

Rolling shall be done where specified and when required it shall be thoroughly done with a roller 
weighing not less than 5 tons. 

The cover coat must be evenly and accurately dis.tributed over the entire road by a Inechanica'] 
8preader or otherwise, if spread by ha,nd the work must be done by experiencC(l workmen to the end that 
an even and smooth surface is obtained. 

12.9. Maintenance]During and Mter Treatment. 'l.'he application of the bituminous mater ial 
.,hall be confiner] to one side of the road for an]' continuous length treatcd ullder this contract, to as 
great an extent RS the economical d istribution of material from. 011(> delivery point will permit, leaving 
the opposite si.dG' of the road free for traffic, unless permission to do otherwise is given by the Engineer. 
For a period of three months after the acceptance of the road, the Contrnctor shall maintain the surfnce 
of the road which has received bituminous .treatment under this contract, and shall keep it free from 
pickups, pits, or other breaks in the surface not caused by defective foundation, hidden springs, leaking 
pipes, cracking of the ground or other appreciable sinking from natural causes, from floods, or the break· 
jug down of the. tr·:-ated surface due to the washing away of the base. 

12.10. Limestone Rock Asphalt. Cold Treatment (} inch thick or over.) 

(a) Mat.,'al. 'I'he material to be laid shall bc composed of uniform, well-graded natural rock as· 
phalt, consisting of 10 to 12 per cent asphalt and 88 to 90 per cent limestone. 

(b) Preparation and Mixing of Material. The natural rock asphalt ~hall be crushed from ... 
inch to dust. A sufficient amount of the dust shall be removed therefrom to be used to spread ovcr the 
trrateel surface after the crushee] limestone rqck asphalt has been laid and properly rolled. 

After the dust has been taken from the crushed limesto!.le rock asphalt, an asphaltic base oil having 
a specific gravity from .97 to 1.00 at 25 0 C. and showmg approximately 50 per cent asphalt shall be 
aelded to the crushed asphalt rock in a quantity appro-ximntely four gaJlons to a ton of rock asphalt. 

After the asphaltic oil has been :to(lecl to the crushed rock, the aggregate sha ll be thoroughly 
mixed in a revolving mixer similar to a concrete mixer until all t.he particleg of crushed rock asphalt 
:lre thoroughly ('oated with the flsphaltic oi l. Tn order that the mixture shall be uniform, each batch of 
ernshp1 rork a~phfdt and the aspha ltic oil Aux sha H be 'reighed or measured aefore being incorporated 
in thE mixture. 

(c) p./"epa1"lltion of Rase. Before the rock asphalt as described above, shall he placed upon the 
read Wily , the sllrrncE- shall be thoroughly ('leaned of dust or dirt to the sati sfaction of the Engineer after 
whirh til('Te sha ll he .applili"d to the surface a treatment of ho~ ~sphaltic <'ii, the same as used tor fiu·x, in 
hn amOUl1t from .2, to .25 gallons per square yard of :mrfA<;:e put on in two Applications, the first appli
CAtion com:i8.ting of f rom 0.1 to .15 gAlion to be made not less than 3 da.ys prior to placing the rock as
ph"lt and the second applicllotion of npproximately 1/ 10 of a gallon to be made immediately before the 
rock "sphalt is placer!. 'r hisasphalti" oil ehall be heated end applied as specified under Par. 12.6 and 
12.7. Grcat care shall be taken that the oi l trcatment is regularly and evenly distr ibuted. The amount 
of flux ~hall liot vary mo re than 5 pill" cent on any square yard of compacted pavemtnt. 

(r1) Application of P"epm'ed Rock Asphalt. The crushed and treated rock asphalt shall be spread 

oyrl" the base to a uniform thickness such that, after being thoroughly rolled r:. mat of 
thi ckness will be obtai lled; sh,, 11 be thoroughly r"ked so that all lumps shall be separated; 
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oughly rolled with a self-propelled tandem roller, weighing not less than 8 tons. After rolling, should 
<Hly low or uneven places develop, they shall be fi lled with the same mi xture and re-rolled . 

After the entire surface has been satisfactori ly rolled nnd brought to the required cross-section, a 
thin coat of li mestone rock asphalt, free from any flux, shall he spread over the entire surfac2 and the 
surface shall be agn in rolled and the rolling shall continue until the surface is thoroughly compacted 
and to the cross-section as shown on the plans. 

No traf-fi e shall be allowed on the fon.dway whi le paycment is being laid and for such time there
aftN, as in the judgment of the Engineer may be nec('s.<;;n ry for the propC'r s.:! tting of the snrface treat
ment. 

12.11. Basis of Payment. 

Semifying and re-shal'ing old surfacing will be paid for at the unit price per 100 ft. station, and 
will in clud e all scarifying, hand-pi cking, plowing, harrowi.ng, reshould ering (re~haping shoulders in 
proper section ), and all work necessary to prepare the old surface to recehre the material necessary to be 
nc10cd ·to bring the road surface to the proper cond ition for receiving the bituminous treatment. 

T he Gravel or Slone Surfacing Materia.! is to be paid for at the uni t price bid per cubic yard, to in
dude all sir'ipping and removal of unacceptable material. When. the county owns the deposit or is fur
nish ing materia l in the pit the striJ.>ping and removing of unacceptable material will be . J"Iid for on the 
unit price biel for borrow excavation,. but no mOTO work of this character shall he done than is necessary 
for the completion of this contract. 

Hnuling S""facinq Materwl will be )iaid for Rt thc unit price per cubic YRrd per one-fourth mile haul. 
:.~ nd the price for the first one-fourth mile haul will include the loading, unloading, spreading, harrowinr;. 
shaping, llIixing~ all preparation of subgrade, other than r'pning~ and the maintaining of the finished sur
face . The price for the second, third, fourth, fifth, sixth, seventh and eighth ' quarters shall be bid on 
and listed separately. '1'he price for hauling the ninth and additional quarters above the ninth quarter 
shall be listed together und bid on as "Add~tional cu. yds.-f mile haul above and including the ninth 
t mile." 

Screening Gra.vel wil! be paid for at the unit price bid per cubic yard for. screening gravel, and 
screened gravel shall be measured at point of delivery on the \\'ork as specified under Paragraph 10.6. 

Surfacing Ma t"'al furnished by the Contractor, whether shipped or taken from local pits, ~~ll be 
paid for at the contract unit price per cubic yard and meosurement will be made at point of delivery 
upon . the work .as prov ided under Paragraph 10.6. 

The Bit"mino1l$ Material with the exception of the rock asphalt will be paid for at lhc ,mit price 
per gnllon fu rnished and applied ariu will inclurle all heating, mixing, teaming, distributing, and all 
mnterial, labor, tools and machinery incidental to the application of same. 

The Rock Asp/wit will be paid for at the contract uni t price per square yard of surface treated, un
less otherwise stated, for ~'Roek Asphalt Surface Treatment," and will include all heating, mixing, pul
Yerizing, teaming, distributing, rolling, all material, labor, tools, and machinery incidental to the appli -
Cft bon of same. . . 

T he GOt'er Material will be paid for at the unit price per cubic yard, unless otherwise stated, and 
'rill include all sand, gravel, or stone, furnish ed and applied, all teaming, di,tr ibuting, rolling and 'all 
material, labor, tools, and machinery incidental to the application of same. 

Sprinkling. Sprinkling will be paid for at the contract unit price per 1000 gallons. This price is ' 
to include all fu el, teams, labor and equipment neee~s,ary to sati ~factorily do this work. 

Rolling. Rolling the base will be paid for nt the unit eOntIRct price for roll{ng per hour includini( 
all fuel~ labor, nnd equipment necessary to satisfactorily eaTry on this work. 'Vhere rolling of cover ma
terial is required os specified under Par. 12.8 the pri ce for rolling shall be included in the price bid per 
cnhie ynrd for conI' material in place. 
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ITEM 13. PORTLAND CEMENT 

13.1. Portland Cement, All cement used in this work shall be Portland cement, which shan bc 
tested according to methods prescribed by and ~ha ll conform to the requirements of the rl~port of a 
J oint Conference representing the United States' Government, American Society of Oivil Engineers and 
the Amcrican Society fo r Testing Materia ls, published in the "1D18 Standards of thc American Society 
for Testing Materials, ~age No. 503, Serial Designation C 9-17," etc. 

13.2. Definition. Port land cement is the product obtained by finely pulverizing clinker produoed 
by calcining to incipient fusion an intimately and correctly proportioned mixture of argillaceous and 
calcarcolls materials, with no additions subsequent to calci nat ion excepting water and calcined or ' uncal
cincd gypsum. 

13.3. Chemical Properties. The following limits for the chemical properties of the cement shall 
not exceed : 

Propcrtics-

Loss of Igni tion .................. . 
Insoluble Hc-sidue . .................................................... . 
Sulfuric Anhydride (SO, ) .. .., ................... .. 
Magncsia (lfgO) .. : .............................. . 

Percentage. 
. ......................... 4.00 

.. .. 0.85 
...2.00 

.. ................... 5.00 

13.4. Physical Properties. 'I'he physical properties of the cement "hall meet the following require
ments: 

(a) Specific Gravity. T he speci fic gravity of cement shall be not less than three and ten one
hundred ths (3.1 0) : Should the test of cements as received fall below this requirement, a second test 
mny be made upon an ignited sample. The specific gavity test will not be made unless specifically 
ordcred. 

(b ) Fineness. T he rcsidue on a Standard No. 200 laboratory sieve shall not ex'ceed twenty-two 
(Z2) per cent by weight . 

(e) Soundness . A pat of neat cement shall r emain 'f1rm and hard, and show no signs of di::tor · 
tion, ("!'nc!\:iI1~, checking, or dis integration, in the steam test for soundness. 

(el) Time of Setting. Thc cement shan not develop initial set in less than forty-fivc (45) minutes 
when the Vi cat needle is used, or sixty (60) minutes when the Gihnore needle is m·:ecl . Finnl se t sl11.111 
lie. attained within h 'Yl (1 0) hOll rs. 

(e) T f'n,..::iTe Strength. The a\"(~ragr. t-ens.ik !==treLgth in ponnds per square iC) <,h (If not Jess th:m 
thco (3) standard mortar bliquettes Contposcn of one (1) part of cement and thrce (3) parts of 
"Standard" Ottawa sand, by wcight, .hall be equal to or be higher than the' following : 

the 

Age of Toest ( Days). Storage of Briquettes. 
'rensile Strength 
Lbs. pcr sq. m . 

7... .. ......... .1 clay in moist air, 6 day8- in water ............... 200 
28 ..................................... .1 day in moist air, 27 days in water ............................... 300 

T he a\'era~e- ten Rile stren ·~th 

strength at seven (7) days. 
of ,tandnrd mortar at twenty-eight (28) days shall be higher than 
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13.5. Packages and Marking. The cement shall lie delivered in suitable bags or barrels with the 
brand and name of the manufacturer clearly marked thereon, unless shipped in bulk. A bag shall con· 
tain ninety·four (94) pounds net, and shall be considered as· equal to one cubic foot. A barrel shall 
contain three hundred and seventy·six (376) pounds net. 

13.6. Storage. 1'he cement shall be stored in such manner as to permit easy necess for suitable · 
mHpectioll and jdentification of each shipment, and ill a suitable weather-tight building which will pro
tect the cement from dampness. Wrhen permission io given to store in the open, a platform and ample 
wat<lrproof covering shall be provided, as directed. 

13.7. Inspection. Every facili ty shall be provided for careful sampling and inspection at either the 
mill or at the site of the work, as may be di rected by the Engineer. At least ten (10) days from the 
time of sampling shall be allowed for the completion of the seven (7) day test, and whcn directed at 
lea.t thirty.one (31) days shall be allowed for the completion of the twenty·eight (28) day test. The 
cement shall be tested in accordance with the methods referred to herein. 

13.8. Rejection. The cement may be rejected if it fails to meet any of the requirements of these 
specifications : 

(a) Fineness Test. Cement shall not be rejected on account of failure to meet the fineness reo 
quirement if upon retest, after drying at one hundred (100) degrees C. for one (1) hour, it meets this 
requirement. 

(b) Soundness Test. Cement fai ling to meet the test for soundness in steam may be accepted if 
it pa.~ses a retest, using a new sample at any time within twenty·eight (28) days thereafter. 

(c) Weir/hi. Packages varying more than five (5) per cent from the specified weight may bc reo 
jected, and if the average weight of packages in any shipment as shown by weighing fifty (50) pack· 
ages taken at random, is less !hah that specified, the entire shipment may be rejected. 
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ITEM 14. REINFORCEMENT 

14.1. Description. All concrete re inforcement .halr consist of square twisted, deformed or plain 
bars, expanded metal, "~re cloth or structural stccl she pes, as called for on the plans or as specified. The 
sizes of bars shown on the plans are, in all cases, for the side of "n square bar. If other sections afe 
used the arca shall be equivalent to that indicated. On all deformed bars the minimum sectional area 
of the bar will be considcred the effective area. 

14.2. Material. Unless otherwise specified all square twisted, deformed and plain bars shall 'Ileet 
the requirements of the Standard Specifications for Dillet-Steel Concrete Reinforcement Bars of the 
American Society for Testing :Materials, Serial Designation A 15-14. 

"V"here pnrchased from warehouses in ~mall lot '.;, reinforcement may, at the discretion Ot the gn
:(ineer, be acccpted subject to the bending tcst only. 

14.3. Expanded M etal and Wire Cloth. Exp ' nd cd metal or wire cloth shall be nlannfactured 
from material fulfilling the requirements of the Sb1llclnrd Specifications of the ~merican Society for 
':r esting Materials for Billet Stc'el Concrete Reinforc(>ment "Bars, Seri al DesignatioIL ,A 15-14. 

14.4. Structural Steel Shapes. The steel for .tnlctural "hapes shall fulfill the requirements of the 
Standard Specifications of the American Society for Testing Materials for Structural Steel for Bridges, 
Serial Designation A 7-16. . 

14.5. Placing Reinforcement. When place<1 all rcinforcement shall be free from dirt, oil, paint, 
grease, mill-scale and loose or thick rust. 

Where bending is required, it shall be accurately donc ano all reinforcement .hall be placed in the 
exact position shown on .the plans, and shall be "0 .edurely held in position by mring to and blocking 
from the forms and by wiring together at intersections, that it wi ll not be displaced during depositing 
and compacting of the concrete. Shop bending for reinforcement is preferable. All bending shall be 
done cold. 

Placing and fastening of reinforcement in each "ection of the work shall be approved by the En
gineer beforr.- any concrete is deposi ted in the sedion. 

14.6. · Splicing Reinforcement. Whcnever i t is noco' s.r], to splice reinforccment at points other 
than those shom, on the plans, drawings showillg the location of each splice shall be submitted and ap
proved before the reinforcing steel is ordered. Spli ces shall be avoided at points of maximum stress; 
they shall, where possible, be staggered, and shall be desiglied to develop the strength of the bar without 
exceeding the allowable unit bond stress. In splicing bars, a minimum lap of forty (40) diameters shall 
heused and when not clipped or wired together, shall be .cparRted at least one (1) inch. No welds will 
be allowed. 

14.7. Basis of Payment. This material will be paid for at the contract unit price per ·pound or 
pcr square foot., as the case may be, for "Deformed BtC€l Bars," aPlain Steel Bars," "Expanded Metal" 
or ''''Vire Cloth," or "Plain . Structural Steel," complete in place', which price will include furnishing. and 
placing the material and all equipment, tools, labor and work incidental thereto. No allewance will be 
made for the clips, wire or other mechanical mean ::: uEed for fastening reinforcement in place. 
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ITEM 15. PLAIN CEMENT CONCRETE BASE COURSE AND 
COMBINATION CEMENT CONCRETE HEADER 

CURBING AND BASE COURSE 

15.1. Description. This plain base 'course shall consist of a foundation, with or without combina
tion header curbing, for the surface course of pavement, having the dimensions, design and cross-section 
shown on the plans, compose<j of concrete and constructed on the prepared subgrade in accordance with 
these specifieR tions. 

PREPARATION OF SUBGRADE. 

15.2. Description. T he subgrade will be considerec! as that portion of the highway upon which 
the pavement is to be placed. Thc sllbgrade shall eOllsist of the natural earth or old road surface which 
has beell brought to the pl'oper elevation ana cross-section and rolleu until firm and hard. 

15.3. Constructio'l of Subgrade. It shall be the object to construct the subgrade so that it shall 
be as nearly as possible of uniform. density throughout its enti re width. Wherever the roadway extends 
outside the limits of the old traveled way, the Contractor shall loosen the compacted portion of this 
traveled way, reshape, illld then re-roll same so as to bring all material within the limits of the subgrade 
to the same density. 

The subgrade shal l be brought to a true shape, and, after rolling, shall be tested, and if not at tbe 
proper elevation at any point, material shall be shoveled away or added, as the case may be, to bring 
that portion of the snbgrade to the correct elevation. All soft and yielding spots and all vegetable sub
s!:ince or unsuitable material shall be removed and the space refi lled with approved materi al. The sub
grade shall be again rolled and the process of reshaping and rolling repeated nntil no depressions appear. 

Should the. old roadbed consist of gravel or macadam and the pavement extend outside the limits 
of same, the Contractor shall loosen the old gravel or macadam, reshape and then re-roll so as to brin!! 
the portion of the subgrade outside the limits of ' the old gravel or macadam roadway to the same density 
as the portion under the old roadway. 

Immediately before the concrete is placed upon the subgrade it shall be tested for elevation by the 
use of a templet, furnished by the Contractor. I n the lower edge of the templet there shall be driven 
nai ls six (6) inches apart and to such depths that the heads will just come to the true position of the 
subgrade when the tClllplet is riding on the forms. Testing the elevation of the subgrade sha1l be .done 
by moving the temple! back and forth on the forms . On those areas of the subgrade found to be too 
high by as much as "ne-fourth ({) of an inch, addi tional excavation shall be made until the required 
depth is reached and the excavated material shall be deposited on the shoulders. Those areas below the 
true elevation shall be fi lled with concrete making an integral part of the slab proper, all expense for this 
extra concrete, including both labor and material, being borne PI the Contractor. 

Hauling by teams, trucks or otherwise, over the fi nally completed subgrade will not be permitted. 

The subgrade shan be clear of all materials tha t may have fallen upon it and if dry it shan be 
thoroughly wetted before the concrete is placed, bu t not to the ",xtent of -form ing mud or pools of water. 

15.4. Portland Cement. All cement used in this work shall be Portland cement which shan be 
tested accord ing to methods prescribed by and shall conform to the requirements published in the 
"1918 Standards of the American Society for Testing Materials, Serial Designation C 9-17," nnd given 
in Item 13.0 of these specifications. 
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15.5. Fine Aggregate. (a) The fine aggregate shall consist of sand composed of clean, hard, duro 
able, uncoated stoue par ticles, preferably silicious, free from lumps of clay, soft or flaky particles, loam 
aud all organic matter. 

It shall be well graded, from coarse to fine alld WhOll tested by means of laboratory screens and 
sieves shall meet the following requirements: 

Passing i-inch screen........ .. ........................................ . 
Total passing 20 mesh sieve, ]lot less than .............................. . 
Total passing 50 mesh sieve, not more -than 
Passing 100 mesh sieve, not more thalL. ....... . 

Per Cent. 
100 

20 
50 
10 

Not more than five per eent, by weight, shall be removed by the elutriation test. 

SI,·englh. When the sand is mixed with Portland cement in the proportion of oue (1) part of 
cement to three (3) parts of sand, by weight, according to the standard method of making 1:3 mortar 
hriquettes, the resulting mortar at the age of 7 and 28 days shall have a tellEile strength of at least 75 
per cent of that developed in the same time by mortar of the same proportions and consistency made, of 
the same cement and Standard Ottawa sand. 

Preliminary acccptance samples shall be subjected to both 7 and 28 day ' tests and acceptance based 
thercupon. Samples tested dur ing the progress of the work will be accepted on the basis of the 7 day 
test. 

(b) Slone 8c'l'eenings. These screenings shall consist of material rcsulting from t.he crushing of 
dean, tough, durable rock. T hey shall be graded from coarse to fine alld shall all pass ~-inch and not 
less than S!J per cent shall pass :}-inch laboratory screens. rrhe portion passing the i-inch screen when 
tested by means of laboratory sieves shall meet the following requirements: 

20 mesh sieve ....................................................................... .. 
Per Cent, 

............ 50 to 80 Total passing a 
Total passing a 
Total p"-,sing a 

50 mesh sieve, not more than ...................................................... . 20 
100 mesh sieve, not more than ............. . 5 

Not more than 5 per cent, by weight, shall be removed by the elutriation test. 

SIrength . When 'the screenings passing a i-inch screen are mixed with Portland cement in the 
propo,rtion of one (1) part of cement to three (3) parts of screenings, by ,veight, according to the stan· 
dard method of making 1 :3 mortar briquettes, the resulting mortar at the age of 7 and 28 days shall 
have a tensile strength of at least 90 per cent of that developed in the same time by mortar of the same 
proportions and consistency made of the same cement and Standard Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 and 28 day tests, and acceptance based 
thereupon. Samples tested during the progress of the work will be accepted on the basis of the 7 day 
test. 

(c) Combination o.f Sand and Stone Screenings. A combination of sarid aud stone screenings con· 
forming respectively in quality to the specifications under the headings "Fine A!;gregate" and "Stone 
flcreenings" may be used in sueh proportions as shall be directed by the Engineer. The combination 
.hall be well graded from coarse to fine and shall all pass i·inch, and not less than 85 per cent shall 
pass i-inch laboratory screens. The portion passing the i-inch screen when tested by means of laboratory 
sieves shall meet the following requirements : 

Total passing a 
Total passing a 
Total passing a 

20 mesh sieve ................................... . 
50 mesh sieve, not m ore than ...... . 

100 mesh sieve, not more . than .. . 

Per Cent. 
... 50 to 80 

............................. 20 
5 

Not more than 5 per cent, by weight, shall be r emoved by the elutriation test. 

Strength. The specifications for strength shall be the same as those required when stone screen
ings arc used alone. ' 
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15.6. Coarse Aggregate. The coarse aggregate shall consist of broken stone or gravcl composed of 
clean, hard, tough, durab'le stone. It shall be .free from soft, thin, elongated or laminated pieces, dis· 
integrated stone, vegetable or other deleterious matter. 

When tested by means of laboratory screens the coarse aggregate 'shall meet the following requirc
men ts: 

Passing 3-inch screen, not less than ... 
rrotal passing li-inch screen 
Retained on i-inch screen, not less than ... 

Per Cent. 

95 
",40 to 75 

85 

15.7. Water. The water used for this work shall be subjed to tl", approval of the Engineer, and 
shall be reasonably clear, frceffam oil, aciu! alkali, or vegetable substances, and neither brackish nor salty. 

15.8. Forms. Outside forms for this work shall be of \\·ood or metal, of ,the dcpth of the concrete, 
straight, free from warp and of sufficient strength, when staked , to resist the pressure of the concrete 
without springing. If of wood, they shall be of two (2) inch surfaced plank, or if of metal, they shall 
be of approved ,cction and shall have a flat surface on top of not less than one and threc·quarters (1~) 
inches. 

The curbing for comhination curbing and" base shall be con~trncted with outside forms similar to 
tho~e described abole, and with inside forms of such designs ~s will permit of their being fastened se
curely to the outside forms. 

All forms shall he cleaned thoroughly and greased or ,oaped before cOl;crete is placed against them. 
The form. shall be joined neatly and tightly and staked securely to line and grade at least two hundred 
(200) feet in advance of the point of placing concrete. 

15.9. Composition. This concrete shan be composed of one (1) part of Portland cement and nine 
(9) parts of fine and coarse aggregate, each measuren separately and accurately by volume. The con
crete ~hall approxinHlte a 1 :3:6 mix, but the Engin eer may vary the relative proportions of fine and 
CORrse Rggregate in order to ohbdn concrete of maximum densit.y. If permitted by the Engineer, un
screened gravel may be used for the fine and coarse aggregate~ bu t where such material is used it must 
be so ,graded that aprroximately two-thirds will be reta ined on a i-inch mesh screen whi le one-third 
of it PIISSCS that srreen and must be mixed ?ue" part of Portland cement to seven parts of fin e and coarse 
aggregate (1 :7). 

The curbing for combination curbing and base, shall be composed one one (1) part of Portland 
cement, one and one-half (11) parts of fine aggre!!ate, and two and one-half (21) parts of coarse ag
gregate, each measured separately. 

15.10. Measuring. All materials shall be accurately measured by volume. The cement shall be 
men:::urec1 fl.R packed by the manufacturer, a sack containing not less than 94 pounds net being considered 
Olle (1) cubic foot. Fine and coarse aggregate shall he measured loose. The Contraclor shan furnish and 
USf' an approved water measuring and dischargin~ device, also wheelbarrows, boxes or pans of surh dimen 
sions as win give, when filled and struck, the exact volume of aggregate required for the class of concret.e 
spccified. 

15.11. Cot]si~tency. There shall be used such an amount of water that the consistency of an the 
batehes of concrete will be the same, the amount of water for each batch beinl' carefully measured. 
There will not be tolerated a consistency that would tend to separate the fine particles from the coarse, 

The consistencv of-the concrete shall be determined by the followin" test : 
eight (8) and four (4) inches in diameter, top and bottom. respectivelv. and 
length, shall be filled with concrete whicll shall he tamped Ulitil all void, arc 
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of mortar appe<l1's on the surface. The cylinder shall then be femoved and the vertical settlement or 
"slump'" ot the. concrete noted. This settlement shall not exceed fou r (4) inches. 

15.12. Mixing Conditions. T he concrete 'hall be m ixed in the qllaJltitics requircd fo r immediate 
use and allY concrotc which has developed its init ia 1 set, or whi~h is not in place within thirty (30) min
utes after the water has becn added, shall not be uscd. No concrete sha ll be mixed while the air tem
perature is at 01' helow thjrt.Y 6 fivc (35) degrees F ., without the approval of the Engineer, and only when 
adequate means aro employed to heat the aggregate and watef. 

15.13. Mixing. Un less hand-mixing is specifically permitted by the Engineer the mixing shall be 
none in a batch mixer of approved type which wil1 insure thf' nniform distribution of the materials 
U-i~oughout the m.ass so that ·the mixture is uniform in color alld smooth in appearance. The mixing
,hall continue for a minimum time of one (1) minute after all the ing-redients are assembled in the 
drum, dur ing which time the drum shall revolve at tl:C' speed for which it was designed, but shall make 
not less ,than 14 n Or more than 20 revolutions per minute. The mixer shall be equipped with an "at
tachm(>nt for ~atisfnrtorily locking the d ischarging d evice so as to prevent the emptying of t he mixer 
until an the materials havc been mi xed together for the minimum time required. The entire contents 
of the drnm shall be ilischarged before any materials are placed therein for the succeeding batch. 

H'md Mixin.q. When hand mixing is permifted it shall be done on a water-tight platform. The 
fine aggregate and cement shall first be mixed unti l a uniform color is attained and then spread over 
the mixing board in a thin layer. '['he coarse aggregate which shall have been previously drenchcd, 'hall 
then be spread over thc fine aggregate and cement in a uniform layer and the whole mass turued as the 
water is added. Aftcr the water has been added, the mass shall be turned at least four (4) times, and 
more, if nece~sary, to make the mixture uniform in color and smooth in appearance. Hand-mixeil 
batches shall not exceed one-half 0:) cubic yard in volume. 

15_14_ Placing Concrete_ Concrete shall be placcd only on a moist subgrade. If the snhgra"c i, 
dry, it shall be sprinkled with as much water as will be absorbed r eadily. 

The concrete shall be deposited upon the subgrade by means of a suitable di scharging device whieh 
docs not rause a segregation of the mortar and coarse aggregates and shall be spread by shoveling or 
other approved methods _to the full depth required. Rakes shall not be used in handling concrete. The 
concrete shall be compacted thoroughly and made to conform to the required cross-section by means of 
approved templets. The sidcs of the base course shall be well spaded. The top surface for all block 
pavements shall be broui(M to ,] smooth finish . The surface for bituminous pavement, shall be mod er
ately rough with the coarse a~grcgate well embedded; but not covered with a coating of mortar and 
with the entire surfnce free from all depressions or other irregularities. 

",Vhen combination curbing anel base is to be constructed the concrete for t.he curbing shall be placerl 
immediately and in no case more than thirty (30) minntes after the base cour~(> concrete is placed. The 
concrete for the curbing shall be tamped and spaded and the top' surface floated to a smooth even ",r
face . T he · outside edge of the surface of the curbing shall be rounded as shown on the plans. 

At the end of any wOl'king per iod a bulkhead shall be placed at right an!!les to the center line an<1 
perpendicular to the ,ur lace, and the base course finished to it. 'Ilhen work is resumed the bulkhead 
shall be removed and the joint wetted before placing concrete against it. 

_ 15_15_ P rotection of Concrete_ During hot weather, newly laid concrete shall be kept damp by 
. sprinkling with water lor a period of not less than three (3) days following the placing of the concrete, 

as may be directed. During cold weather, when the air temperature may be expectcd to drop below forty 
(40) degrees F ., sufficient supply' of fodder, straw, stable · manure or pther material suit,ble for covering 
sh fl ll be proviclerl along the lin e of the work an d an y time when the niT tcm"!,(>-rature may reasonably be 
expected to r(l:ach the freezing point clnring- th r. clav or night, the material specified herein shall be 
spread ·to n sufficient depth t.o preve"t frcczin~ until the eoncrete has cnred thorou~hly. All classes of 

, , 
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traffic and hauling shall be excluded from the bilse course by the erection of suitable barricades as di
rected, un til, in the opinion of the Engineer, the concrete has hardened sufficiently to sustain it, and. in 
no case until the last laid concrete is at least seven (7) days old. 

15.16. Basis of Payment. 'l'his work will be paid for at the contract unit· price per square yard 
for "P1ain Cement Concrete Base Course" or "Combination Cement Concrete Heade! Curbing Rase 
Course," as the case ma.y be, complete in place, which price will include the preparation of subgrade, all 
material, forms, equipment, tools, labor and work incidental thereto. 

No addit ional allowance will be made for the curbing, but it will be included in the unit price per 
square yard for combination curbing and base, which wiU be measured from the outer edge of one curb

ing to the outer edge of the other. 

When additional depth of cement base is required over trenches, etC., it will be paid for at the pro
portionnte square yard price per inch of depth for "Plain Cement Concrete Base Course." 
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ITEM 16. PLAIN CEMENT AND CONCRETE GUTTER AND 
COMBINATION CEMENT CONCRETE CURBING 

AND GUTTER 

IS.1. Description. 'fhis gutter, or curbing and gutter, shall consist of concrete, composed of one 
(l) part of Portland cement, two (2) parts of fine aggregate, and three (3) parts of coarse aggregate, 
constructed on the prepared subgrade, in one (1) course, of the dimensions shown on the plans, in ac
cord ance with these specifications. 

The standard plain cement concrete gutter shall be six (6) inches in depth, of the width shown on 
the plans and in lengths of ten (10) feet. 

For combination cement concrete curbing and I'utter, the standard gutter shall be six (6) inches in 
depth, and of the width shown on the. plans, and the curbing shall pe six (6) inches in width, twelve 
(12) inches in depth, and in lengths of ten (10) feet. 

IS.2. Materials for Concrete. The Portland cement, fine aggregate. coarse aggregate and water for 
the concrete shall meet the requirements of Paragraphs 54.4, 54.5, 54.7, and 54.9, respectively, except 
that the maximum si%e of the coarse aggregate shall not exceed one and one-half (1t) inches in diameter 
when used for the combination curbing and gutter; and the source of supply for materials shall be ap
'proved as specified in Paragraph 54.12. 

IS.3. Placing Concrete. The subgrade shall be formed at the required depth below the fini shed 
surface of the gutter. in accordance with the dimensions and design shown on the plans for the bottem 
of the gutter. All soft alld yielding or other unsuitable material shall be removed and the suhgrade shall 
be compacted thoroughly and finished to " firm, smooth surface. 

Concrete shall be mixed in 1 :2 :3 proportions, of the same consistency and in the same manner as 
specified in Paragraphs 54.17 and 54.19. The sub~rade shall be moistened and the concrete shall be 
placed in forms meeting the requirements of P aragraph 30.4, and shall be tamped sufficiently to bring
the mortar to the surface, after which it shall be finished $mooth ,md even by means of a wooden float. 

The plain cement concrete gutter shall be constructed in alt~rnate sections having a uniform length 
of ten (10) fe€!. The lcng1;h of these sections may' be reduced slightly where necessary for closures. 
but no section less than four (4) feet will be permitted. . During construction, the first alternate sec
tions shall be allowed to set at least twenty-four (24) hours before the intermedialc sections are placed. 
'roo edges of the gutters shall be finished with an approved edging tool having a radius of not more than 
one-eighth (-k) of an inch. ·Tangent joints shall be constructed as specified in Paragraph 30.11. 

Combination cement concrete curbing and g!1tter shall be constructed in all respects as specified above. 
the face and top of the curbing- shall be floated smooth and the eel.ge shall be rounded to a radius of 
one (1) inch while the eoDcrete is sti ll soft, and the face anel. top of the curbing shall be finished as 
specified in' Paragraph 30.10 for "Plain Cement Concrete Curbing." 

16.4. Protection. When completed, the concrete shall ' be kept moist for a period of not less than 
three (3) days or longer if directed, and shall be protected from the elements in a satisfactory manner. 

is.5. Refilling. A ftpr the concrete has set sufficiently the spaces on both .sides of gutter, or curb
ing and gutter, shall be refilled to the required clevation with suitable material, which shall be com
pacted in layers of not more than six (6) inches un til firm and solid. 
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16.6. Basis of Payment. The plain gutter will be pa id for at the contract unit price per square 
yard for "Plain Cement Concrete Gutter," complete in place, and the combined curb and gutter will be 
paid for at the contract unit price per linear foot for "Combination Cement Concrete Curbing and Gut
ter" complete in pl";e. which price will include all materials, form" equipment, tools, labor and work in
cidental tthereto, also all excavation for curbing and gutter, refilling and disposal of surplus material. 
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ITEM 17. PORTLAND CEMENT CONCRETE PAVEMENT 

17.1. Description. This pavement shall eonsist of one Or two courses of Portland cement con
crete, with or without reinforcement, constructed on the prepared. subgrade-, having the dimensions and 
cross-section shown en the plans, and in accordance wi th these specificat ions. 

17.2. Portland Cement. All cement used, in this work shall be Portlanc1 cement which shall be 
tested a~cording to methods prescribed by and shall conform to the requirements published in t.he 
" 1918 Standards of the American Society for Testing Materials, Serial Designation C 9-17," and given 
in I tem 12 of these specincations. 

17.3. Fine Aggregates. 'T he fine aggregate shall con,ist of sand, or a coml>ination of stone grit 
And sand, conforming to the following requirements : 

(a) Sand. The sand shall consist of clean, hard durable grains, graded from coarse to fine with 
the coarse particles predominating, and shall be free from lumps of clay and all vegetable or other de
leterious substances. ' Vhen dry i t shall pass a laboratory screen having circula.r openings one-quarter 
(t) of an inch in diameter, while not more than twenty-five (25%) per cent by weight, shall pass a 
standard No. 50 laboratory sieve, nor more than five (5) per cent by weight, shall pass a No. ]00 sieve. 
rt shall contain not more than three (3) per cent by weight of loam or other foreign substances. 

' Strength. Mortar composed of one (1) part, by weight, of Portland cement and three (3) parts, 
by weight, of sand mixed in accordance with the methods referred to in Paragraph 54:i'-I-C shall have 
a tensi le strength at the al(e of seven ~7) and twenty-eight (28) days of not less than one hundred 
(100) per cent of that developed by mortar of the same proportions and consistency marle of the ,.me 
cement and "standard" Ottawa sand. : -~-P_~~-i' .. ~~ .< • -

(b ) Stone Gri!. Stone ~rit shan consist of clean dustless stone screenings, resulting from the 
crushing of tough, durable rock equal in quality to that specified for GOArse ::lgg-regate, Paragrn.ph 17.4 
and prepared by screeni ng th rough a revolving ~creen having circnlar openings not. larger than three
eighths (~) of an inch in diameter and by passing over a dust jacket to rem.ove 'the dust of fractuTe. 
Not more than 25 per cent, by weight, shall pass a standard No. 50 laboratory sieve. This stone ,grit 
shall be used only in (:ombination 'with sand, each measured separately and accurately by volume, ana in 
such propor tions as may be directed by the Eng-ineer. 

(c) Combin'ation of Stone Gri t and Sano. T he stone grit shall conform to the requiT,ements of 
Paragraph 17.3 (b), and the sand shall confoTm to the requirements of Para"raph 1 7.3 (a), except as to 
~trength in mortar hriquettes and grading reqnirem ent~.. Combinations of stone grit and sand in the 
same propor tions as directed for use on the work, shall contain not less than seventy-nvc (75) per cen t 
nor more than ninety (90) per cent by weight of the particles pa"in!! a No. 10 JJaboratory sieve nor 
more than twenty-five (25) p~r cent, by \\'cig-ht, of ll~rticl es pn~~ing a i'tanclard No. fiO lahoratory sieve. 
Rnd not more than seven (7) per cent b." weight, pa ssing n No. 100 sieve, and which in combination with 
the coarse R!!grelZate, cement and wawr shall make an easily workable mixture. 

Strength. Mortar composed of one (1) por t, by weight, of Portland cement and lhree (3) par ts , 
by weight, of the combination of stone w it ann sand, mixed, in accordance with the methods refer red to 
in Paragraph 54.7-1-C, shall have a tensile strength at the age of seven (7) and twenty-eight (28) days 
of not less than one hundTei! (100 ) per cent of that deyeloped by mortar of the same' proportions and 
consistency, mnde of the same cement Rnd Ustanda.rel" Ottawa sand. 

17.4. Coarse Aggregate. The coarse a,gg-regate shall consist of clean, tough, durable crushed 
rock or gravel, hflving a French cpefficicpt of weal' of not less than eigh t (8) anel a crush ing ' strength 
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of "not less than -e ight thousand five hundred (8,500) poul~ds PCl' square inch un1css otherwise specified. 
The material slUlIl be fi'ee from dust nnd excess flat 311 (1 elongated pieces. It shall be graded un iformly 
from the maxinn!nl ;:;ize to pieces one-quarter of an inch in diameter. The mnximUlll size sha.ll be 
8uch that all will pass through a revolving screen having circular openings two and one-half (2-0 inches 
ill diameter, ~5 per cent passing 2-inch screen and 40. to 75 pf'r cent pa.%ing ]-inch screen. Not more 
thftll five (5) per cent, hy weight, shall pas~ a 1aboratory screen having circular openings one-qllfl.rter 
(t) of an inch in iliameter. :'lO@~.F;,:,,-'~~-' 

17.5. Water. 'I'he water used for this work shall he snbject to the approval of the Engineer and 
~hal1 be reasonably clean, frec from oil, aciel, alkaJi, Or vegetable suhs1:..:'lnccs, and neither brackish nor 
salty. 

17.6. Joint Filler. The filler to be used in the transverse joint' in the pavement shall consist. of 
an approved asphalt filler suitable for pouring or of an approved prepared tar or asphal t. filler having a 
thickness of not less than one·quarter (t) nor more than one·halE (}) of an inch and a dcpth of not 
lees than one (1) inch more than the depth of the pavement. 

17.7. Approyal of Source of Supply of Material. Sources of supply fer Portland cement, fine 
and coarse aggTegates, and. joint flllM' shall he approved. by the Engineer hcforp. the delivery of rnat~rials 
lS started . Samples of nne and coarse age-regnte shall he as follows : 

(a) Fine Aggregate Samples. A fine- ae-rrreaate sample shall weigh approximRtely twenty (20) 
pOllndR. 

(b) Coarse Ag.'!'regate Samples. Th. quality of the ,tone will be determined by tests made on 
a ,ample consisting of approximatelv twenty·five (2.5) pounds of pieces not Ie" than one and one·half 
(ll) inehes nor more than three (3) inchcs in diameter, an(1 of h"o small slabs preferably four (4) to 
,ix (6) inch es in depth. Aeee.ptabilit]' of the coarse agg-regate in other respect~ will be ·determined by 
tests upon a sa.mple of the crushed stone of the same '5izes AS is intended for use in the work, havin¥ 
a ~'ei!!ht of not less than ·twenty·five (25) nor more than fiftv (50) ponnds. 

R~presentative samples of both fine ancl coarse aggregates shall be forwarded to the State High
way Department, Testin g Laboratory, Au~tin, T exas, unles~ materials from the same sources of supply 
ha\"(' been tested and approved during the year preceding the awanl of the contract. Agg-regate samples 
shall be a.ccompanied by a. statement giving the type of mau-rial, name of the producer, location of the 

plant and diRmeter of openings in screens used in their preparation . 

17.8. Construction of Subgrade. It shall be the objert to construct the ",bgrade so that it shall 
be as nearly as possible of uniform density throughout its entire wi(lth. 'Vhe-rever the roadway extends 

out>ide the limits of the old travelecl way, the Contractor 'shall loosen the compactccl portion of this 
tnwelcd way, rc:-:h npe and then reroll so as to bring all materi al within the limits of thc suhgrade to 
thr ::::ame density. 

The snbJ!racle shall be brought to a true shape, and after rollin!!:, shall be tcsted, and if not at the 
proper elevation at an~T point, material shall he shoveled away or addeil, .as the case may be, to bring 
that portion of the subgr.(le to the correct elevation . All soft anrl yieldin!!: spot, and all vegetable 
::::llhshmce or llllsuitahle material shall be remove(l and the space rrfilleil with approved material. The 

subl!Tade shall be .. olled again and the process of reshaping and rolling shall be repeated until no de· 
pressions appear. 

Should the old roadbed consist of gravel or macadam and the pavement extend outside the limits 
of same: the Contractor shnl1 loosen th~ old gravel or macac1am,.reshape and then reroll so as'to bring 
the portion of the subgrade outside the limits of th; old gravel or macadam roadway to the same density 
(\5 the portion llllder the old roatlwRY. 

Tn locHtions whcrC' soil c0l1d itio11s !-'!f9 pnsuitable al~d it is desirable to cQnstrnct ~ sub-base? sa ~"I1g 
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8111111 Iw· (,()!I~t['ltcte(l as shown on, the plans or as cljr{'ctcd by the Engineer. The muterini used mny 11<: 
of ('nlshed stone, gravel, shell or calidlC. The trench fo r the sub-base shall be arranged so that the 
top of sub-b;1Se- material will be the same elevation aR the established snhgracle. 

Ti1C' specifications for the materials, methods of construction :md basis of payment shall be in ac
cordancc with Items for same as follows: (a) Cru,hc,l Stone, Item 11 ; (b) Gravel, Item 10; (c) 
Shell, Tt~m R; (d) Cali chc, Item 9. 

Immcdiately before thc concreto is placed UpOli the subgrade it shall bc tested for elevation by the 
use of a tcmp1et, furnished by the Contractor. In the lower C'dgc of the tcmplet there shall be driven 
nails six (6) inches apart and to such depths that the heads ,,·ill just come to the true position of the 
snhgradc when the templct is riding on the forms. Testing the elevation of the 5l1bgracle, shull be ilone 
b.y moving the templet back and forth on the forms . On those arcas of the subgrnde found to be too 
high by as much as one~follrth ( t) of an inch, addit.ional rxcavniioll shall be made until the required 
depth is reacherl and the excav,'ted material shall be deposited On the shoulders. Those areas below the 
true elevation shall be filled with concrete making an integral part of thc slab proper, all expense for 
this extra con crete including both labor and material being borne by the Contractor. 

Hauling by teams, (rucks or othenyisG, over the fillally completed subgrac1e fo r a di stance. of more 
than five hundred (500) feet will not be permitted. If hauling over tlie subgradc for such distance 
results in ruts 01' athol' objectionable irrcgldaritil.'$l, the Contractor shan reshape and rerol1 the subgracle 
before materials arc deposited upon i t. . 

The subgradc shall be clear of all materials that may have fallen upon it and if dry it shall be 
thoroughly wetted before the concrete is placed, but not to the exten t of forming mud or pools of water. 

17.9. Forms. Outside forms for this work shall be of wood Or metal, of the depth of the con
crete, straight, free from warp and of sufficient strength, when ~taked, to re~ist the presPoure of the con
crete without springing. If of wood, they shall be of two (2) inch surfaced plank, if of metal they 
shaH be of approved f:cction and shall have a flnt surface all top of not le~s than onc and three~quflfters 
(1~) inches. The forms shall be joined neatly and · tilthtly an,l ~t.ake<l ,"curely to line anil grad" at 
least two hundred (200) feet in advance of the point of placing cOllc·rrte. and shall be clea ned thor01lgh-
ly and greased or soaped before any concrete is placed against them. . . 

17.10. Consisteney. There shall be used such an amount of water that the consistency of all the 
batches of concrete will be the same, the amount of \\"l1 ter for each hatch being cRrefully measured. 
There will not be tolerated a consistency that ,would tenn t.0 separate the fine particles from the coarse. 

The consistency of the concrete shall be determiu~,l by the following test: A frustum of a cone. 
four (4) and eight (8) inches in diameter, top and hottom. respectivelv, and twelve (12) inches in 
length shall he filled with concrete which shall be tam]led until all voiil, arc filled and a. slight film of 
mortar appeltrs on the surface. The c'ylinder shall then be removed and the vertical settlement or 
«slump" of the concrete noted . This settlement shall not rxcccd one (J) inch when the mechanical 
finishing machine is to be used and sha]} not exceed one and ol1e~ half (1 t) inches when the finishing 
is to be done by other methods permitted in the specifications. 

17.11 . M ixing Conditions. No concrete shall he mixed while the air temperature is at or lower 
than th.irty~:fiv(' (35) degrees F., and no materia.1s conta.ining frost shall be used. Bags of cement or 
fine agg-regate containing Jumps or crusts of hardened material shaH not· be used . The concrete shall 
be mix<ld only in su~h quantity as is required for immediate use and any which has developed initial set 
or has been mixed longer than thirty (30) minutes shall not be used. 

17.12. Mixing Con crete. Unless· halld mixing is specifically permitted by the Engineer the mix
ing shall be done in n batch mixer .of approved typr whi ch will insure the uniform distribution of the 
materia.ls throughout the mass so that the mixture is uniform in color and smooth in appearance. The 
mixing shall continue for a minirpum time of one (1) minutC'" after all the ingredients arc assembled in 
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the drum, during which time the drum shall revolve at the spec-d for which i t was designed but shall 
make not less than fourteen (14) nor more than tWCllty (20) revolutions per minute. The mixer shall be 
equipped wi th an attachment for satisfactorily locking the di,')charging device so as· to prevent .. the 
emptying of the mixer until all the materials have been m ixed together for the mi nimum time re
quired . 'rhe entire contents of the drum shall be Ji~charg~d before any materials are placed therein for 
the succeeding batch. 

17.13. Hand Mixing. When hand mixiug is JWl'lllittcd it shall he done on a watertight platform. 
'1'he fine aggregate and cement shall first be mixed ulIiil a ulliform coJor is attflin.cu ~lnd then spread over 
the mixing board in a thin layer. 

'rhe coarse aggregate, whi ch shall have been prf'viously drencheu, shall then be spread over the' fine 
aggregate lUld cement in it uniform layer a.nd the whole mass turned as the water is added. 

After the water has been added , the mass shall be turl led at least six (6) times, and more if nec
essa ry, to make the mixture uniform i ll color find smooth in appearallce. Hund-mixed batches shall not 
ex',eed one-hul! ({) cubic yard in volume. 

17.14_ Checking Quantities 'of Cement Used. The Engineer shall ascertain by calculation and 
tests) the amount of cen:tent required for each section between transverse joints, according to these 
specifications and as the work progresses) the Engineer shall compare the a~nouut so ascer tained with 
the amounts a.ctually used in each section of concrete between successive transverse joints, as deter
mined by actual count of the num,ber of sacks of cement used in each sectioD. 

H the amount of cement llsed ill a.ny three ,(3) adjacellt sections (between transverse joints) is 
less by more than fo ur (4) per cent, or if the aruoullt of cement' ~lsed in anyone section is less by more 
thall five (5) per cen t of the amount requi rcd as mentioned above, the contractor shall remove all such 
sections and replace the .sa.me with new nlatel'ials, according to these specifications and at h is own ex
pense. 

17.15. Placing Concrete_ The placing of conmete sh~lI generally proceed upgrade. Concrete shall 
be placed only on a moist subgrade. If the subgrade is dry it shall be sprinkled with as much water 
as will be absorbed readily. The concrete shall be deposited on the subgrade rapidly in successive batches, 
by llleans of a d ischarging device which does not cause separation of the mortar and tt~e coarse aggre
gate and shall be distributed to the required depth and for the entire width of the pavement by shov
eling or other approved methods, Rakes shall not be used for handling concrete. This operation shall 
be continuous bebn?en trans\"(~rse joints without the use of intermediate forms or bulkheads, In case 
of an unavoidable interruption, a transverse joint shall be p laced as herein specified at the point of 
stopping work l provided t.hat the section on which the work has been suspended shall not be less than 
ten (10) feet in length. Sections less than ten (10) feet in lengtb shall be rem.oved. 

17.16 . . Placing Trallsverse Joints. Transverse joints shall be formed at right ~ngles to the cen
ter line, at intervals indicated on the plans to the full depth and width of the pavement. They shall 
not be less than one-quarter CD nor more than one-hal! (1) of an inch in width as specified . All joints 
shall be formed during the placing of the concrcte by securely staking an iron bulkhead at right angles 
to thc center lill e an d perpendicular to the surface of the pavement against which the prepared joint fi ller, 
if specified, sha ll be placed before the concrete is deposited against it. The iron bulkhead shall be at 
least three-eighths a) of an inch in thickness, of a width at least one (1) inch more than the greatest 
depth Of the pavement and of a length one-half (1) of an inch less than the u;idth of the pavement. 
When the concrete has been placed on both sides of the joint, . the iron bulkhead shall be carefully re
moyed leaving the prepared fi ller in place. The concrete shall be sufficiently tamped to make it fill the 
space previously occupied by the bulkhead. After the pavement is completed, the filler shall bc cut off 
abo,·e the surface of the pavement to .the height deSignated. 

If a poured filler is to be used, the space for the filler shall ~e formed as above described except 
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that the iron bulkhead sha ll not be withdrawn unti l arter the concrete hns ~ufficicntiy ~t1ffencd to pre
serve the shape and width of the joint until ~ctting tnktls plnce. rrhe fill er shall he heated to a suit
ahll! consistenc'y. and shan be pourcll ill th e joint afte r the COI1Cl'ctt" has becomo dry. The slot left by 
the bulkhead sha ll be entirely clea red of all debr;s alld loose matcr!}!i <ul(l the join t shall be poured to 
project above the COllC'l'ctc about OIlC-IUllf CD nil inch Hlld about onc (1) jJl(;h on each side of the joint. 

17.17. Finishing Concrete. (a) Holler illethQd. The surface of the concrete shall be struck off 
bi means of a steel or steel shod templet of approved section weighing not less than one hundred and 
fifty (150) pounds for a length of eighteen (18) fect. The templet shall be shaped to the desired cross 
section and have suflicien t strength to retain its shape ander all worki ng condition,. :This templet shall 
be moved with a longitudinal and cross· wise motion, moving in the direction jn which the work is pro· 
gressmg. When the templet reaches within three (3 ) feet of a transverse joint it shall be lifted to the 
joint and the pavcment Gtruck by moving the temp let away from the joint, and all excess concrete shall 
then be removed. 

Immediately after the concrete has been struek off it shall be rolled with an approved metaf hand 
roller having a smooth, even surface approx imately six (6) feet in length, not less than eight (8) nor 
more than twelvc (12) inches in diameter and weighing not more than one hundred (100) pounds. 
'I'his roller shall have a handle at least two (2) feet longer than the width of the pavement, and all 
the roBing shall be done from 'one side of the pavemen t. The roller shall pass from one edge of the 
pavement to the other in one operation, and the rolling shall continue until free water ceases to come 
to the surface. 

After the roll ing has been completed the concrete shall be finished by using a belt made of canvas 
or rubber belting not less than twelve (12) inches ,in width nor leSS than two (2) feet longer than 
the width of the pavement. This belt shall be worked with a longitudinal and crosswise motion as de
scribed for the steel templet. Care shall be observed in the use of the belt not to permit the edges to 
dig into the surface of the concrete or to work the crown out of the pavement. If preferred and ap
proved by the Engineer a board three-fourths (i) inches in thickness and of the same width and length 
as are prescribed for the belt may be used. 

(b) Machine Tamping. If the concrete is to be tamped mechanically tbe method shall be as 
follows: 

After the concrete has bcen deposited' it shall be leveled off and tamped mechanically with a machine 
approved by the Engineer until all voids aTe removed and the concrete is thoroughly compacted . The 
mechanical tamper shall go over each area of the pavement at least five (5) times and at such intervals 
as will give the desired results. 

Immedia tely after final tamping it shall be belted 
tudina l motion using long, vigorous strokes of the belt. 
slight, but.it may be increased in succeed ing beltings. 

over once with a. comhined crossw ise and longi-· 
At this belting the longitudinal motion shall be 

Care shnl1 be taken not to work the crown out of the pavement, nor to perm it the edges of the 
,bolt to dig into the surface of the concrete. 

Just befoTp. the concrete attains its initial set, the surface shall be given a fina l belt.ing in order to 
produce a uniform surface of gritty texturc. Thi s belting shall be of short rap i~ transverse strokes, 
having a sweeping longitudinal motion. 

The concrole adjacent t~ the transverse joint in both methods of finishing given above shall be fin 
ished wi th a split wood fl oat whi ch will insure finishing both sides to the same grade, after which the 
edges of the concrete at the joint shall be rounded with an approved edging tool to a radius of three-six
teenths (3/16 ) of an inch and the sides of the slabs to a radius of approximately three-quarters (~) of 
an inch, The fin ishing of the joint shall be done from a, bridge which shall not res t on the concrete at 
any point. , 

17.18. Protection of Co')cre!e. As soon as finished, the concrete shall be protected by a canvas 
covering, suspended not 1o," than twelve (12) inches nor more than twenty-four (24) inches abovc the 
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surface, and, if directed, the surface 01 the pavement shall be sprinkled with water. As soon as tho 
concrete sets sufficiently the canvas shall be removed and the concrete covered with water or earth . The 
protection of the surface by water according to the "lake 01' poneling" metho(l is recommended as pref
erahle to earth ('oYcriug, hut tlw latter may be permitted. 

" Then the "p~nding" lllL,thod o[ covering lS used~ the surface of the pavement shall be kept rov
ered with water for a period of two (2) weeks . . 

If an earth covering is used, it shall be at least two (2) inches thick and shall be thoroughly 
watered tw ice eneil (la,Y at intervals of about twelve hours fo}! two (2) weeks, tlnd the covering shall re
main upon the road for at lea»t fourteen (14) days from the. time of its application and for a longer 
'period of time if: weather conditions, in the o'pinion of the Engineer, make this desirable. 

Before the final acceptance of the work, and at least six days before traffic is permitted on the 
pavement, the earth covering shall be scraped off by the Contractor and spread. over the earth shoul· 
del'S, as clirectecl by the Engineer, on either side of the concrete in a thin uniform layer. 

The pavement shall be kept closed to traffic for twenty (20) days, or if, in the opiniori of the En· 
gineer, the weather conditions make it advisable the pavement shall be kept closed to traffic a longer 
period of time. In no event, however, shall there be any hauling on the concrete snrface or metal shoul
ders until the pavement has been cleaned of all earth and other foreign material. 

ONE COURSE PAVEMENT. 

17.19. Composition. The concrete for one course pavement shall be composed of one (1) part of 
Portland cement and five and onc·half (5t) parts of fine and coarse aggregate, each measured separately 
and accura.\ely by volume. Tho concrete shall approximate. a 1:2 :3}-mix but the Engineer may vary 
the relative proportions of fine and coarse aggregate in order to obtain -a concrete of maximum density. 

'rwo COURSE PAVEMENT. 

17.20. Description. (a) This pavement shall consist of concrete constructed on 
subgrade, in two (2) courses, having the dimensions and cross-sections as shown on the 
nccordance with these specifications. 

the prepared 
plans and m 

(b) The bottom course shall be composed of one (1) part of Portland cement and nine parts of 
fine and coarse aggregates measured separately and shall be constructed as specified for Plain Cement 
Concrete Base Course, Item 15, to within two inehe, of the finished surface of the pavement at all points. 
The top course shall be uniformly two (2) inches in depth. 

17.21. Fine Aggregate for Top Course. The fine aggregate for the top or wearing course shall be 
of the quality and size herl'il!beforc specified in Par. 17.3. 

17.22. Coarse Aggregate for Top Course. The coarse aggregate for the top or wearing course -
shall be prepared from stone of the quality hereinbefore specified and shall be free from dust and exees& of 
flat and elongated pieces. It shall be graded uniformly from the maximum size to pieces one·quarter (ct) 
of an inch in size. The maximum size shall be· such that all will pass through a revolving scre~n hav
ing circular opening::> one 911(1.one-half (Ii) inches in diameter. Not more than ten (10) per cent, by 
weight, shall pass a. lab?ratory screen having circular openings one-quarter Ct) of an inch in diameter. 

17.23. Composition of Top Course. The concrete in the top or wearing course Sl1all be -compo.ed 
of one (1) part of Portland cement and four (4) parts of fine and coarse aggregates, each measured 
separately and accuratel], by ,·olume. The concrete shall approximate a 1 :1 t :21 mixture, -but the En· 
gineer may vary the relative proportions of fine and coarse aggregates to obtain concrete 9£ the great
est density and. strength .. 

17.24. Mixing and Placi,'g Top Conrse. 
before specificcl and placed upon the bottom 

Concrete for the top course shall be mixed as/ herein. 
course as soon as .possible after it has been struck off, ana 
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in all cases within thirty (30) mlinutes after the bottom course has been placed, so that both COurSl,s 
will set up together and form a monolithic slab. Any part of the bottom course upon which the top 
course has not been placed within thir ty (30) minutes shall be removed. 

REINFORCED CONCRETE PA VEMEN'!'. 

17.25. Reinforcing Material. The reinforcement for the eoncret" pavement shall consist of steel 
fabric, unless otherwise ind icated on the plans, having an effective weight of not less than twenty-five (25) 
pohnds for each onc hundred (100) square feet. A standard "A. S. '!'. M." tcst bar shall develop an 
uI! imate tensile strfrllgth of not less than seventy thousand (70,000) pounds per square inch and shall 
bend one hundred and eighty ( I SO) dcgrees around 'one (1) diameter and straighten without fracture. 
The main memhers shall be spaced not more than six (6) inches apart and shall have an effective cross
sectional area of not less than six one-hundredths (0.06) of an inch pcr linear foot, of pavement length, 
and the cross members shall be spaced not moro than twell'e nor less than eight (S) inches apart. The 
material shall be furnished on the work in fl at sheets, of a length equal to four (4 ) inches less than the 
width of the pavement unless otherwise permitted, so constructed that they shaH retain their original 
shape during the necessary handling. These sheets shall be free from excess rust, scale, paint, or coat
ings of any character which wiII tend to destroy thei r bond with the concrete. 

17.26. Placing Reinforcement. The reinforcement shall be placed two (2) inches below and par
allel to the fin ished surface, unless other wise indicated on the plans or directed, with the main members 
laid at right angJes to the center line of the pavement '01' at snch an. angle as is considered most ad
vantageous for the ki"d of fabric u.sed. T he reinforcement shall extend to within two (2) inches of 
both the ends and sides of the slabs, or sections. Adjacent sheets of fabric shall be lapped not less than 
four (1) inches when the lap is made at right angles to the center line of the pavement. When sheets 
are permitted to be lapped parallel to the center line, the lap shall be not less than ·twelve (12) inches. 
In t~::l'4"H.rse concrete pavement the reinforcement shall be placed on the bottom course immediately 
after .@ has been placed and just prior to placing the top course. 

/ PORTLAND CEMENT CONCRETE PAVEMENT. 

/ 17.27. Basis of Payment, This work will be paid for at the contract unit price per square yard. 

i' 

for HOne Course Concrete Pavement," ((Two Course Concrete Pavement," aOne Course Reinforced Con
crete Pavement'" or" "Two Course Reinforced CO:Q,Crete Pavement" ns may be specified, which price will 
jnc1u~e th('_.ereparatioll of subK.I~ade.l-~!l_material~ forms, Jabor, E'quipmenj,. tools and work incidental 
-£hel'eIo:-excep"f "tne re(nforcing materifl)jancl Jabol' and equipmeI]j_inciaeri"tal to placing sam.'e. . 

Reinforcing material shall be paid for "t the c~tract -;;;it price per pound for "Reinforcing Ma
terial in Place" which price wi1i include !)l~ .. Jnate'flal, labor, and other expense incidental to placing ---same. 

, . i ,", When additional depth of concrete pavemelit is required over trenches, etc., it will be paid for at 
, . I , the proportionate square yard price per inch of depth for th~ class of concrete involved. ..-<- / 
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ITEM 18. VITRIFIED BRICK PAVEMENT, CEMENT-SAND BED 
AND PLAIN SAND BED 

18.1. Description. This pavement shall consist of a vitrified brick wearing surface laid on a 
cement-sand or plain sand bed three-quarters (i) of an inch in depth, with a cement grout filler and ex.
pru1sion joints, or a bituminous-mastic filler, com~tructed on n concrete base course 5 inches in .depth un
less otherwise specified, and in. accordance with these specifications. 

18.2. Vitrified Bricks. (a) Quality. All bricks must be No.1 pavers of the sizes or types com
mercially known as vertical fibre, repressed, wire cut lug, or other vitrified paving brick. They must be 
thoroughly annealcd, tough, durable, regular in size and even ly burned. When broken they shall show 
a dense stone-like body, free from lime, large air -pockets, marked laminations, or cracks which would 
tend to weaken the structure. Ki ln marks shall not exceed t inch in depth, and at least one edge shall 
show but slight kiln marks. 

(b) Size . All brick shall be not less than 8 nor more than 9 inche" in length . The width shall 
not vary more than ~ inch from the average or standard size from anyone plant. rrhe depth of the 

brick shall be ...................•.............. .illches and shall not vary from this specified depth more than i inch . If the 
edges of the brick arc rounded, the radius shall not exceed 3/ 16 of an inch. All repressed and wirecut 
lug brick shall haYe lugs on one s.ide only, the lugs to be between k and ± inch in height. 

(c) Resistance tq Ab,.aswn. The brick shall be tested in the standard rattler recommended. by the' 
National Paving Brick Manufacturers Association. The method of testing shall be the latest that is 
recommended by the "American Society for Testing Materials." When so tested the ab~asion loss shall 
be as follows: 

4-in. vertical fiber or wirecut lug brick; not more than 23 per cent. 
3-in. vertical fiber or wirecut lug brick not more than 25 per cent. 

2! -in. vertical fiber bri ck, not more than 27 per cent. 
4-in. repressed brick, not more than 23 per cent . 

(d) Sampling and T esting. If ordered by the Engineer, at least 12 bricks from G.very 10,000 to 
be used in the pavement shall be submitted for the rattler tcst. Should a sample of brick fail to pass the 
test, then the portion of the lot represented by that test sha ll be resampled and threc more tests per
formed. If anyone of the three subsequent tcsts shows a variation either above or below the limits 
greater than 31 per cent, the rejection of a portion, or of the entire lot of brick represcnted by the ,,,,n
pies shall be at thc discretion of the Engineer. 

(e) Handling . The brick at all times shall be handled carefully, pi lcd neatly, and kept clean . 

(I) J1is1lal Inspection. All bricks shall be subjccted to careful inspection beforc and after laying 
and rolling, and rejections will be made on the following conditions: 

(1) Bricks which are broken through or chipped in such manner that the wearing surface is in
jured or in such manner that the lower or bearing surface is reduced in area by more than one-eighth. , 

(2) Bricks which are cracked to a depth'grealer than t inch on any surface, or which are cracked 
in the wearing surface. 

(3) Bricks which are so off-sized or so misshapen, bent, twisted, or kiln-marked that they will not 
form a Wliform surface nor align correctly with . other bricks. 

(4) All bricks which obviously are too soft and too poorly vitrified to endure street wear. 
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18.3. Concrete Base. The concrete base course for Vitrified Brick Pavement to be constructed 
with a plain sand cush ion course or with a sand cement beel shall be constructed in accordance with 
specifications for Plain Cement Concrete Base Course, Item 15. 

18.4. Materials for Cemellt-Salld Bed. The cement·sand bed shall be composed of 1 part Portland 
cement and 4 parts of sand, meeting the following requlrements: 

(a) Portland Cement. The cement , hall be of the same quality as that specified in Item 13. 

(b) Sand. 'rhe sand shall consist of clean, hard, durable grains free from vegetable and other 
ueleterious substances. vVhen dry it shall pass a laboratory screen having circular openings { inch in 
diameter and shall be graded from coarse to fine. It shall not contain more than!) per cent, by weight, 
of loam or other foreign substances. 

18.5. Materials for Grout Filler. The filler for grouting between the bricks, shall be composed of 
one (1) part of Portland cement and one (1) part of sand, meeting the following requirements : 

(a) Portland Cement. Cement for this work shall conform to the requirements of Item 13. 

(b) Sand. This sand shall consist of clean, hard, durable grains. When dry it shall pass a lab
oratory screen having circular openings one-eighth (i) of an inch in diameter and not less than ninety 
(90.) per cent, by weight, shall pass a standard No. 10 laboratory sieve. It shall contain not more than 
five (5) per cent of loam 01' other foreign substances. 

Strength. Mortar composed of onc (1 ) part, by weight, of Portland cement and three (3 ) parts, by 
weight, of sana, mixed in accordance with the ~ethods referred to in Paragraph 54.7, shall have a ten
sile strength at the age of seven (7) and twenty-ei!!ht (28) days of not less than seventy (70) per cent 
of that developed by mortal' of the sam~ proportions and consistency made of the same cement and <tan
dard Ottawa sand. 

18.6. Materials for Bituminous Filler. 'I'his filler shall be a bituminous material which will adhere 
flrmly to the paving brick, and which, at extremes of climatic temperature shall neither flow nor become 
brittle. The bitmuinous material shall meet either of the following spccip.catioIls : 

Specification "A," Coal Tar Pitch. The coal tar pitch to be used in the filler shall be free from 
water, shall contain not morc than five-tenths (0.5) per cent of inorganic matter, and shall meet the 
following test requirements : 

Specific (}ravity. The specific gravity shall be not less than one and twenty-three one-hundredths 
(1.23) nor more than one and thirty-three one-hundredths (1.33) at sixty (60) degrees F. 

P"ee Carbon. It shall contain not less than twenty (20) nor more than thirty-flve (35) per cent, 
by weight, of free carbon . 

Melting Point. It shall have a melting point between 130 and 180 degrces F., as may be directed, 
wit.h a- permissible variation of five (5) degrees F., from the designated figures. This determination 
shan be made by the cube method in water. 

Specification "B," Asphalt. The asphalt to be used in the filler shall be an asphaltic cement ob
tained by the distillation of asphaltic petroleum at a temperature not exceeding seven hundred (700) de
grees F. It shall be homogeneous, f ree from water 01' decomposition products, and shall meet the follow
ing test requirements : 

Penetration. The penetration at seventy-seven (77.) degrees F., shall not be less than thi rty (30) 
nor mOre than fifty (50), (100 grams, 5 seconds, No . 2N), as may be directed by the Engineer, and the 
penetration at one hundred (100) degrees F., shall not exceed three (3) times the penetration at 
seventy-seven (77) degrees F., the conditions of time and load being as above. 

Solubility. The solubility in cold carbon telrachloride shall not be less than ninety-eight and one
half (98t) per cent. 
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Ductility. 'i'he ductility at seventy-seven (77 ) degrees F., shall not be less than forty (40) centi
meters, the rate of elongation being four (4) centi metcrs per minute. 

Volatility. 'l'he loss by volatilization shall not be more than three (3) per cellt, by weight (A. S. T. 
M. Standards, 1916). 

};[ citing Point. '1'he melting point shall be llot Icss than Olle hundred and fifty (150) degrees 1<' •• 
and not 'more than two hundred (200) degrees B'. 

18.7. Expansion Joint M aterial. Where cement joint filler is used for the brick, the expansion 
joint material shall consist of a suitable high grade wool, felt or bituminous fiber combined with either 
coal tar or asphalt . '1'he felt shall be t inch in thickness, of such width as to be flush with the brick of 
the fin ished pavement, and in lengths of not les.s than 4 feet. 

The Contractor shall submit samples and receive the approval of the Engineer for the joint material 
to be used before it shall be incorporated in the work. . 

18.8. Water. Water used for this work shall be reasonably clean, free from oil, acid,' alkali, or 
vegctable substances. 

18.9. Approval of Material Sources of Supply. Sources oi supplies for the bricks, the expansion 
joint filler, the concrete base, the cement-sand bed, the cement grout, and the bitwninous-mastic filler 
shall be approved by the Engineer before deli very of the materials is started. 

Samples of the materials specified herein sh_1I be submitted when directed. 

18.10. Side Forms. '1'he concrete base shall be placed between side forms o[ steel or 2-inch plank 
as specified in Paragraph 54.15 . . Before placing the sand-cement bed; the side forms shal,l be placed in 
conformity with the alignment of the finished pavement. These forms shall be such as to confine both the 
sand-cement bed and the grout filler, and shal l not be removed within 24 hours of the grouting of the 
pavement. 

18.11. Devices for 'M easuring Materials. Materials for the concrete base, the sand-cement bed, and 
the grout filler shall be measured with devices as described in Paragraph 54. lB. 

18.12. Mixing and Placing Cement-Sand Bed. Upon the prepared Iiase course, which shall be 
cleaned of all loose and foreign materials, and dampened thoroughly shall be spread a mixture of cement 
and sand to form the bed for the bricks. The cement and sand shall be mixed, dry to a uniform color, 
ill an approved batch mixer, or, if by hand, Oil a clean, tight surface. It shall then be spread and shaped 
carefully by means of a.n P.pproved templet. '1'he entirc surface of the bed shall be rolled with a hand 
roller, which shall be not less than thirty-six (36) inches in diamet.er, twenty-four' (24) inches in width. 
shall weigh uot less than ten (10) pounds per inch width of tread and shall have a handle not less than 
twelve (12) feet in length. The bed shall be reshapcd and rerolled until firm and true to the cross
section required, and shall have a uniform depth of three-quarters (~) of an inch upon completion. No 
more cement-sand bed shall be mixed or prepared than can be used within any continuous working period, 
and any bed upon which the bricks are not laid and rolled, during any continuous working period, shall 
be removed and replaced with new materials when work is resumed. Cement-sand bed which is injured 
or displaced by a flow of water, rain, or any other cause, shaH be replaced satisfactorily with new ma
terial. The workmen shall not walk upon the bed after it has been shaped by the templet. . 

18.13. Placing Plain Sand Bed. If a plain sand cushion is to be used, upon the prepared base 
course which shall be cleaned of all loose and foreil!n materials shall be spread sand conforming to th~ 

.requirements specified under Item 18.4b. It shall then be shaped carefully by means of an apprOVed 
templet and, after being slightly moistened by sprinkling with water, the entire surface of the bed shall 
be rolled with a haud roller, which shall nof be less than thirty-six (3B) inches in diam.eter, twenty-four 
(24) inches in width, shall weigh not less than ten (10) pounds per inch ividth of tread, and shall have 

67 

I 

~ 
; 



I 
I 
I 
I 
I 
I. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

< 

I 
I 
I 
I 

a handle not less than twelve (12) feet in length. The bed shall bc reshaped and reroll~d until firm and 
true to the cross·section required. The bed shall be prepared at least 50 feet in advance of the brick 
laying and workmcn shall not walk upon it aiter it has been shaped with (he templet. 

Sand bed which is injured or displaced by the flow of watcr, rain, or by allY other cause, shall be .at
isfaelorily replaced. 

18.14. Placing Expansion Joints. Where (,urbs are rcquired, alld whcn cement grout filler is used, 
eXNnsion joints shall be placcd parallel with and at each end of the curb lines. Where the pavement. 
joins car rails a joint from i to ~ inch may be required next to each side of each rail. 1'he expansion 
joint strips of the proper thickness and width shall be set against the curb in advance of the laying 
of the brick and the brick laid against this, care being taken to have the strips close buttcd and set the 
full depth of the brick. 

18.15. Laying Brick. In deli~ering the brick from the pilcs for placement in thc pavement, no 
wheeling in barrows will be allowed on the brick surface, but they shall be carried on pallets. They shall 
be placed upon the pallets so that when delivered to the dropper they will lic in such order that each 
brick, in the regular operation of placing it upon the foundation as prepared, will bring the lugs In the 
same direction with the best side uppermost. All bricks sball be laid carefully with the best face up, 
lugs in the same di rection, from onc side of the pavement to the other side, in parallel straight courses at 
right angles to the center line, except at intersections and on cun'es where they shall be laid as directe~. 
The bricks sl\all be laid with bot.h ends and sides in contact, breaking joints not less than three (3r in
ches. The courses shall be straightcned by striking lightly with a sledgc on a four by four (4x4) inch 
timber threc (3) fcet long, placed against cvery fourth C0111"Se, all t.hick bricks being rcmoved. At· the 

. ends of, and where necessary, between courses, closures shall be made by carefully placing bricks cut ac
cllrately to give close joints. Cut or broken bricks shall be used only at the ends of courses, placed with. 
the cut end turned towards the adjacent wholc brick, and shall pe not less than three (3) inches in length. 
WIlile laying brick, thc pavers shaU not walk or stand on the bed. The spdces between the bricks shall 
be kept clean and open to the bottom until the filler is applied. After laying, the bricks shall be in
spected, culled and approved for rolling, and if any section contains more than ten (10) per cent of 
culls, the bricks shall be removed and the bed replaced . When the pavement is laid adjacent to railway 
tracks and other misceUaneous structures, the bricks shall be laid so that when rolled or tamped they 
shall meet the rail surface or edge of structures,. or be sl ightly below, as may be directed. 

"Hillside" brick shall be Ihid as above specified ,vith the grooves across the line of traffic and the 
square edge upgrade. 

18.16. Rolling Brick. Before rolling, the surface of the bricks shan bc swept free of spalls. The 
pavement shall then be rolled with a hand or tandem self-propelled roller, weighing not less than three 
(3) nor more than five (5) tons, commencing at thc sides aud proceeding slowly back and forth, par
allel to the ·sides, u')til tbe center of the pavement is reached; then passing to the opposite side, the roll
ing shall be repeated in the same manner until the ('enter is again reached, after which the speed may 
be increased and the rolling continued until the brickR are bedded firmly. The rolling shall then be 
done from one side of the pavement to the other side, at an angle of forty-five (45) degrees repeating 
this operation in the opposite direction. All bricks which are broken or injured during romng shan be 
removed and rcplaced with perfect ones, which likewise shall be brought to the true surface. When .a 
cement-sand bed is ",cd, the snrface shall be rolled as soon as possible after laying, so as to complete it 
before the bed begins to set. The bricks adjacent to curbing and other areas inaccessible to the roller 
shall be tamped to grade by the use of a hand tamper, app·lied upon 'a h,;o (2) inch board. If the bed 
is forced ';p between the blocks more thari one-half (t) of an inch, tlie bricks shall be removed and 
the bed reshaped. 

After fina l rolling the pavement shall be tested with a ten (.10) foot straight edge, laid parallel with 
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-thE: side of the pavement, and any depressions exceeding one-qnarter U) of an iuch shall be corrected. _ 
and if neces~ary, the entire sun'minding surface again rolled. 

18.17. Mixing and Applying Grout Filler. Equal parts of cement and sand shan be measured 
separately and accurately by volume and mixed thoroughly on a ~leau, dry surface to a uniform color, 
after which the mixture shall be transferred to a mixing box, preferably ahout four (4) feet eight (8) 
inches in length, thirty (30) inches ill width and fourteen (14) inches in depth, resting on legs of dif
fere::nt lengths so that the mixture shall flow readily to the · ]o,,,,er corner of the box, which corner shall 
be approximately three (3) inches above the pavement. To the dry mixture shall be added sufficient 
clean water to produce a grout thinner than thin cream, which will flow readily into the spaces between 
the bricks. It shall then be mixed . thoroughly, qnd the mixture shall be kept in constant motion from 
the time the water is added until the last of the filler is removed from the box and floated between the 
bricks. Grout may be mixed ill approved mechanical appliances. 

After the bricks havc been rolled thoroughly, inspect.d and approved they shall be wetted by spray·. 
illg lightly with clean water. Marc than three hundred (300) feet of pavement shall not be laid before 
grouting begins, and it shall follow the paving as closely as possible. "There a cement-sand bed is used 
the grouting shall be completed to within not more than twenty (20) feet of the end-of the bricks laid 
before work is stopped. The grout , hall be removed from the box ,,~th scoop sbovels and poured in 
front of tho sweepers, who shall sweep it rapidly lengthwise of the bricks into the spaces between them. 
working from each side toward the center until the spaces are filled. Aftex the grout has settled and be
fore initial set develops, the nnfilled portions of the spaces shall be fined successivcly with a slightly 
thieker grant until it remains flush with the top of the bricks. After this application has had time to 
settle, and before the initial set takes place, the pavement shall be finished to a smooth surface with a 
squeegee, or woode.n scraper having a rubber edge, which shall be worked over the bricks parallel t<:, the 
courses. Metal st;ips one-sixteenth (1/16) of an inch thick, six (6) inches wide and not less than three 
(3) feet long shall be provided and inserted between the bricks across the pavement, to close a stretch of 
grouting, at the end of each working period, with a straight joint. These strips shan be taken out wlien 
the grout becomes stiff and before final set. 

The grooves of "Hillside" brick shan be cleaned out aIler the grout takes its initial set, but while 
it is still soft and tIle pavem'ent shall 'be swept clean. 

18.18. Applying Bituminous Filler. After thc bricks hal'e been rolled thoroughly, inspected and 
approved, the spaces' between them shall be fined with the bitumen. The bitumen shall be heated in 

. kettles eqnipped with an approved thermometer which will register its temperature. This hot bitumell 
shall be flushed on the surface of the bricks and squeegeed int.o the spaces between them with suitable 
tools, reflushing or repouring being continued until the joints are filled permanently, flusb with the top 
of the bricks. As little of the material as possible shall be left on the· sur,face. 

When tar is used it shall be at a temperature of not less than t.wo hundred and fifty (250) degrees 
. F., and at no time shall be heatecl to more than three hundred and twenty-fiw (325) degrees F. 

When asphalt is I)sed it shall be heated to a temperature of at least three hundred (300) degrees F. 

In applying the filler, care shall be oliserved that the pavers are closely followed by the filler gong. 
and in no case shan the paving be left over night, or work stopped, unless all joints are filled complctely. 
In case rain stops the filler gang before its work is completed, the joints shall be protected by tarpaulins 
or"other approved means. Fillers shall not be poured into joints unless they are dry. 

. 19.19. Protection. When a grout filler is used, after the surface has been inspected and approved 
ana-oofficient time for setting has elapsed so that the coverinK material shall not injure the grout filler 
in any way, tile surfaee shall be covered with one·half (t) inch or more of approved, clean sand or other 
acceptable material to prevent too rapid drying of the filler, and this covering shall be sprinkled three 
(3) times each day for four (4) 'days: Traffic shall not be permitted on the pavement for a period of 
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nt least ten (10) days ,lfter Ul(~ grouting, or longer Hi' may be directed. Before opening the road to 
traffic the coverillg shaH be removed from the finished pavemellt satisfactorily. • 

'When a biLurnillous·m3stic filler is used, immediately after th'}' spaces between the bricks have been 
filled and while the nller is still soft and pliable, the pavement' shall be covered with a thin layer of ap
proved, clean sand, which shall be heated if directe(l. Trnffic shall not be: permitted on the pavement 
nntil the HIler has cooled to the air teinperature. This ('overing shall remain on the pavement for such 
time as may be directed, nfter which it shall be remo\'Nl in a satisfactory manner. 

18.20. Basis of Payment. This work will be paid for at the contract unit price pel' square yard 
for aVitrinerl Hriek Pavement with Sand-Cement Bcd" or "VitriRed Briek Pavement with Plain Sand 
Bc<l," complete in pl3ce, which price will include all brick, concrete, ,fil1er, expansion joint, bed and pro
tc('tion materials, all equipment, tools, labor a.nd work incidental thereto. 

Ooncrete BaBc Oourse will be paid for as specified under nem 15. 

MONOLITHIC OONSTRUOTION. 

18.21. Description. 'J.1his pavement shall eonsist of a cement grouted, vitrified brick wearing sur
face imbedded directly on the fresh unset concrete base covered with a cement-sann coating, in accord
ance witll these specifieations. 

Unless otherwise specified the concrete base shall he composed of 1 :3:6 concrete, 4 inches thick, and 
the cement-sand coating shall be composed of 1 part cement, 3 parts sand, 3/16 inch thick. 

18.22. Material. The vitrified brick, cement, fine and coarse aggregate for the concrete base, s.and 
for the cement-sand bed and cemen'. grout filler, and water shall meet the requirements hereinbefore 
specified. 

'1'he vitrified brick shall be ................................ ..inches long,. . ......................... ..inches wide, . .... .inches 

deep, and shall not vary- from these ·dimensions more than i inch. 

18.23. Side Forms. The side forms shall meet the requirements of Paragraph 18.10. 

18.24. Measuring, Mixing and Placing Concrete Base. '1'he materials to be used in the concrete 
base shall be measured, mixed and placed in accordance with the requirements of Item 15 in so far as 
they do not conflict with the following requirements as to placing the concrete: 

In placing the concrete, it shall be placeel. to the entire thickness at one time. The concrete shall be 
plared also in ~uccessive batches for the entire ~\'idth of the pal'ement and in a continuous operation: 
The workmen shall be gouided by a light wooden templet resting on the side-forms, so made as to leave 
the concrete a little in excess of the depth required. The upper surface of the base shall be smooth. 
true, uniform, and parallel with the surface of the finished pavement. 

18.25. Placing the Cement·Sand Coating. Over the concrete base shall be drawn a multiple steel 
templet consisting of a 6-111Ch I-beam in front' and a 6-inch channel beam in the rear with flanges 
turned back, bent true to the crown or cros~-section of the pavement and placed in a frame so that they' 
will bc rigidly held about 2 feet apart. Two rollers at each end. resting on the sidc forms, and at least 
3 feet apart, shall support the templet. The I ·beam shall be 3/16 inch lower than the channel beam. 
and shall strike off the concrete base practically to a true surface. 

Thc space between thc beams shall be kept filled with a dry cement-sand mixture composed of l ·part 
cement and :3 parts sand. A thin coating of dry mortar is distributed over the s":lrface of the b~se, 

about 3/16 inch thick, by the rear beam of the templet, leaving the surface entirely smooth. 

This type of multiple templet constructed of the I-beam, channel, rollers, etc., is essential to tbe 
construction of this tvpe of brick pavement and no substitute will be accepted therefor unless approved in 
advance by the Engineer. 
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]f a mechnu i('al tamping and fini sh ing device, approved hy the Engineer, is l1l:;cd [or :;;h'iking the 

concrete fOllndatioll, the cemen t sand coating mentioned above may be omitted. 

18.26. Laying Brick. Upon the roundati on as prepared shall be laid the brick before the eoncr.t. 
has had timn to set. The bricks shall be lai(l Wit!l the best side np, the lugs in the same direction, and 
with the courses straight and at right angles to the edging line. All joints shall be closed up and courses 
straightened by tapping lightly with a brick on a 4x4 1nch t imber , 3 feet in length, provided for that 
purpose. Only whole brick shall be used, except in stHrting or finishin g courses, or in such cases as 
may be directed by the Engineer. The cutting and trimlning of the brick'shall be done by experienced 
men, and the frnctur~c1 ends turned townrd the center of the- pavement. Noth ing less than three·inch 
bats shall be used for closures. Broken and chipped bri ck suitable [or halting shall be used to the ex
tent of ohtaining the necessa ry half bri ck for breaking cu rves and makin~ closl1l'cf';, instead of bTeakin~ 
otherwise whole and ~o l1n(l brick. All th E', work. of bri,~klayjng 811a 11 he done over the brick 31ready laid. 
hut wheeling in h a '1'I'OW8 over the fre~hly laid brick wi l1 not be all~wed . " Ta lking upon the foundation 

.IRO is prohibi ted. 
Immediately after the brick has heen Inid , the chips sh. ll be· swept from the pavement and all soft 

brick removed. Bri cks that are broken, misshapen, OT badly .spalled shall be turned over or removed 
by the Contractor. Rejected bri ck, suitable for batting in, shall be carried forward and used for that 
purpose. All other rejected bri ck shall be placed in separa te piles along the road. 

18.27. Rolling. After the bri ck in the pavement have heen inspected and the surface swept clean, 
the pavement s hall be rolled with a hand roller not less than thirty (30) inches long, made in sections 
and weighinl! not less than fifteen (15) nor more than twenty (20) pounds per inch of length. The 
rolling mu,t be kept dose to the layinl! and con tinued until the brick are un iformly bedded and the 
surface .is <mooth. Portions of the pa.vement inaccessible t.o the roller shall be tamped by use of hand 
tampers applied upon a short piece· of plank two (2) inches th ick. After the nnal rolling; the surface 
shall be tested with a tell (10) foot strail!h t edge, laid parallel to the sidos and any clepressions or humps 

exceeding onc-qua.rter (t) of an inch must be taken out. , 
The inspector shall keep t.he hrick culled and the. Contractor shall make the necessary changes and 

replaeem~nts so that the \\"ork at all times shall be r ead v for grouting within twcnty-five (25) feet of the 

brick laying. 

18.28. Cement Grout Filler. As soon as the brick have been passed for fi lling, cement grout, eon· 
sisting of 1 part cement snd 1 part sand shall be applied ann the joints entirely nlled as speeined under 

Paragraph 18.17. 

18.29. Finishing Day' s Work. The concreting work will be stopped so that all the foundation may 
be covered with bri ck and grouted ·by the end of the day's work. The concrete shall be finished against 
a vertical stop plank placed transversely to the roadway. and the brick laid, rolled, culled, and grouted 

up to this plank. 

18.30. Protection. The pavement shall be cured and proteded "' stnted in Paragraph 18.19. 

18.31. Basis of Payment. This work will be paid for at the contract unit price per square yard 
for HMonoli thic Vi trified Brick P avement," which prict' will include alI brick, concrete, filler, bed, pro
tection materials, and a11 equipment, tools, labor, ana work incident.al thp.reto. 
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ITEM 30. PLAIN CEMENT CONCRETE CURBING AND 
ARMORED CEMENT CONCRETE CURBING 

30.1. Description. This curbing shall consist of concrete, composed of Olle (1) part of Portland 
('Clllcnt, two (2) parts of: fme aggregate, and four (4) parts of coarse aggregate, constructed in accord
ance with the plans and irt eonformity with these specificatio~ls . 'rhe standard curbing shall be six (6) 
inches in width, twent'y (ZO) inches in depth, and in I~ngths of ten (10) feet. 

Armored curbing shall be the same as the curbing described above, except that the upper edge of the 
fal'e .ha ll hc protected with a galvanized steel bar and the top two (2) inches of the curbing .hall con· 
sist of mortar. 

30.2. Materials for Concrete. 'rile Portland cement, fine aggregate, coarse aggregate, and water 
for th8 concrete shall meet the requirements of Paragraphs 54.4, 54.5, 54.?', and 54.9, r-espectively, ex
cept that the maximlllll size of the coarse aggregate .,hall not exceed one and one-half (Ii) inches in 
diemeter; and the sOll!'ce of supply for mater ials shall be flpproved as specified . 

30.3. Armor Bar. The bar for protecting the upper edge of the fact· of the armored curbin~ 

shall be made of steel of good quali ty, and galvaniz.xl. It shall have a rounded head, with a radius of 
approximately seven-eighths (*) of an inch and a dove-tailed projection which will extend into the curb
ing a distance of approximately two (2) inches. Thesc b11rs shall be in lengths of ten (10) feet. 

Suitable "frogs," which sliall be of sufficient length to extend through the entire width of the 
curbing, shall be furn ished to secure the bars in place, approximately five (5) frogs to each ten (10) 
foot bar. 

30.4. Forms. Outside forms for thi s work shall be of wood O!' metal. of the depth of the concrete, 
f'traight, free from warp find of sufficient strength, when staked, t.o resist the pressnre of the COTI

e!'ete without springing. If of wood, the'y shall be of two (2) inch surfaced plank, or if of metal, 
they shall be of approved section and shall have a nat surfaec on top of not less than one and three· 
quarters (I i!:) inches. 

The curbing for combinat.ion curbing and basc shall be constructed with outside forms similar 
to tho.e described above, and with inside for ms of such design as will permit of them being fastened 
f'('c' luely 10 the outside fo rms. 

All forms .hall be cleaned thoroughly and greased 0" soaped before concrete is placed against them. 
The forms shall be joined neatly and tightl'y, and staked securely to line and grade at least two hundred 
(200) feet in advRnce of the point of placing concrete. 

30.5. Composition. 'rhe cOl,,:rctc shall hc C'omposed of one (1) part of Portland cement, two 
(2) parts of fine aggregatE', and fouT (4) parts of coar8e aggregate. W"hen armored curbing is to be 
constructed, the top t,,·o (2) inches of the curbing shall be composed of cne (1) part of Portland cement 
and two (2) parts of fine aggregate. 

30.6. Excavation for Curbing. Excavation shall be made to tho required depth and the ,ubgrade 
or bnse upon whi ch the curb is to be set shaH he compacted to a firm, eyen surface. 

' Vhere foundation nnderd rain is to be placed under the curbing, the excavation for the curbing shall 
be rnailc in conjunction with the excavation for the llnderdrain. 
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. 30.7. Placing Concrete. The concrete shall be mixeu as specified in Paragraphs ?i4.17 <wd 5:1:.19, 
and shall be placed in the forms to the depth specIfied, in layers of four (4) or five (5) inches, and 
tamped and spaded until mortar entirely covers its surface. 'Where indicated or directed, drainage open
ings shall be made through . the curhing at the clevation and of the size required. 

'I'he top of the curbing shan be floated smooth and the outer edge shall be rounded to a radius 
of one (1) inch while the concrcte is still soft. 

30.8. Placing Armor Bar. Wherc armored curbing is to be constructed, the concrete shall be 
placed, as hcreinbefore described, to wi thin two (2) inches of the top of thc curbing. 

The bar shall be placed, immediately ro1lowing the placing of the 'concrete, in the upper edge of the 
face of the curbing and secl1t'co in it'S correct position with the frogs . These frogs shall be placed at in
tervals of not more than two and one-half (2t) feet and near each end of each bar. These frogs shall 
bc placed so that they will extend through thc entire width of the curbing. 

The. two (2) inch mortar top shan then be placcd immediatcly and in no casc in more than thirty 
(30) minutes after the Inst of thc concretc has been placed, and the top surface shall bc floated smooth. 
Care. shall be observed to see that the dove-tailed end of the bar and thc frogs are entirely surrounded 
\\'ith the mortar. 

30.9. Forming Joints. The curbing shall be constructed in uniform lengths of sections of ten (10) 
feet, except where shorter sections are necessary for closur"", but no section shall be less than four (4) 
feet. These sections shall be separated by sheet steel templets set perpendicular to the face and top of 
the curbing. These templets shall be one-eighth (i) of an inch in thickness, of the width of the curh
;ng, and not less than two (2) inches longer than the depth of the curbin/!. The templets shall be set 
carefully during the placing of concrete and allowed to remain in place until the concrete has set suffi
ciently to hold its shape, but shall be removed while the forms arc still in place. 

30.10. Finishing. The forms shall be rcmoved within twenty-four (24) hours after the concrete 
has been placed . . Honeycombed places and other minol: defects shall be fill ed with mortar, composed of 
one (·1) part of Portland cement and two (2) part' of fine aggregate which shall be applied with a 
'·\-ooden float. Plastering shall not be permitted on the facf'l' of the curhing, and all rejected curbing 
,hall be removed and replaced without additional compensation. ~.'he top and face of the curbing, from 
the top to eight (8) inches below, shall be fin ished while thc concrete is still green by "'ettin" a soft hrick 
or a wood block and ruhbing the surface until it is smooth. P lenty of water shall be used. either by dip
ping the block or brirk in water, or by throwing wa0r on the curbing with a brush. After the concrete 
has been rubbed smooth it shall be rubbed again until a uniform color is produced, using in place of 
water a thin grout composed of one (1) part of Portland cement and one (1) parl of approved sand. 
Wllen romplete<1 th e curbing shall be protected from the elements ill a satisfactory manner for a peri oil 
of three (~\ 'lays or longer if di rected. 

3t 11. Tangent Joints. Where circular concrete curbing unites with the tangent, or straight curb
ing, there shall be embcdded in the concrete two (2) reinforcing bars, on e-half (t) inch in diameter and 
mcnt.y-four (24) inches in length. These bars shall be placed three (3) inches and nine (9) inches. 
respectively. below the top of the curbing and in the center of its width, and shall extend twelve (12) 
inches into the curbing on both sides of the joint. 

30.12. Refilling. After the concrete has set sufficiently the spaces in front and back of the curb
ing shall be refilled to the required elevation with suitable material which shall be tamped in layers of 
not more than six (6) inches until firm and solid. 

30.13. Basis of Payment. This work ,,~Jl be paid for at the contract unit price per linear foot for 
aPlain Cement Concrete Curbing"- or "Armored Cement Concrete Curbing." as the case may be, com
plete in place, which price will include all materials, forms, equipment, tools, labor and work incidental 
t.hereto, a1,,0 all drainage openings, excavation ·fOT curbing, refilling and di8posal of surplus material. 
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ITEM 31. STONE CURBING 

31.1. Description. 'fhis curbing shall consist of approved granite, limestone, sandstone or other 
approved stone of the required dimensions placed in accordance with thesc specifications. 

31.2. Straight Five-Inch Stene Curbing. This straight five (5) inch stone curbing shall consist 
of approved stcne, free from structural defects. It shall be five (5) inches in thickness, not less than 
twenty (20) inches in depth and in lengths of no t less than four (4) nor more than eight (8) feet. 
The top surface shall be dressed and beveled one-q uarter 0) inch, the face shall be dressed and the 
end cut square to a depth of not less than twelve (12) inches below the top and the back dressed to a 
depth of three (3) inches. The top and dressed face shall be free from depressions, projections or other 
irregularities and defects. 

31.3. Straight Six-lnch Stone Curbing. 'I'his straight six-inch stone curbing shall consist of ap
proved stone; neither laminated nor stratified. It s hall be hammer dressed on the face · to a depth of not 
less than twelve (12) inches below the top, on the entire top surface and for a depth of three (3) inches 
on the back. The ends shall be cut square for the full depth and width of the stone. 'fhis curbing shall . 
be six (6) inches in width on the top, not less than twenty (20) inches in depth ;lild not less than 
eight (8) inches in width at the base. 

If eight-inch curbing is specified it shall be of the same quality as straight six-inch curbing and eight 
(8) inches in width on the top, not less than twenty-four (24) inches in depth and not less than ten 
(10) inches in width at the base. 

Straight six or eight-inch stone curbing shall be in lengths of not·I"ss than six (6) . feet, except 
when necessary for closures, where no piece shall be J€SS than four (4) feet in length. ... 

31.4. Curved Stone Curbing. All curved cur bing shall consist of approved, first quality stone 
having a width at the top of six (6) or eight (8) inches as specified and the bottom shall .bc not less 

. than two (2) inches wider than the top . It .hall be dressed and of the depth as specified for the 
straight curbing, and in lengths of not less than fivc (5) feet. It shall be cut exactly true to the radius 
specified and with a tangent or tangents if required. . 

31.5. Excavation for Curbing. Excavation shall be made to the required depth and the subgrade 
or base upon which the curb is to Joe set shall be compacted to a firm, even surface. 

Where foundation underdrain is to be placed under the curbing, the excav~tion for the curbing shall 
be made in conjunction with the excavation for the underdrain. , . 

31.6. Placing Curbing. The curbing shall be set on edge in straight lines and the top surface 
shan conform to the lines and grades . given. 

All joints and curbing adjacent to inlets and other structures, shall be straight and true through
out the entire depth. 

The joints in the straight five-inch stone curbing, whether set Or reset shall not exceed one-quarter 
(t) of an inch for a distance of twelve (12) inches from the top, but may be wider from this point to 
the ·bottom. "-

The joints in curbing shan not exceed one-quarter (i) of an inch for the full depth .. . 

All joints shan be pointed and made water-tight from the base to the top of the curbing with a stiff 
mortar composed of one (1) part of Portland cement and two (2) parts of approved sand. 

H 
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Where indicated or directed, drainage openings shall be made through the curbing at the elevation 
and of the size required. 

The curbing shall be backed with suitable material which shall be tamped firm; 

31.7. Basis of Payment. This work will be paid for at the contract unit price per linear foot for 
"Straight Five-Inch Ston~ Curbing," "Straight Six-Inch Stone Curbing," "$traight Eight-Inch Stone 
Curbing,"- "Curved Su-Inch Stone Curbing," or uCurved Eight-Inch Stone Curbing," as the case may 
be, complete in place, which price will include all materials, equipment, tools, labor and work inciaental 
thereto, also all drainage openings, excavation for the curbing, refilling and disposal of surplus material. 
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ITEM 32. RESETTING CURBING 

32.1. Description. Uesetting curbing shall consist of the readjustment or resetting of the existing 
curbing to line and grades given and cementing the joints ill accordance with these specifications. 

32.2. Materials. All existing curbing which is acceptable shall be used . No curbing less than fou r 
(4) feet in length shall be used. The mortar fo r pointing the joints shaU meet the requirements of 
Paragraph 31.6 for " Stone Curbing." 

32.3. Construction Methods. The existing curbing shall be readjusted In n satisfactory man ner. 
suitable material being tamped thoroughly under and arouni) it. 

Where necessary the curbing shall be removed, all unacceptable material being disposed of as di
rected, the subgrade shaped to the required elevation and the acceptable curbing reset on a. firm, com
paded foundation. 

Joints shall be cemented and refi ll ing shall be done in accordance with the requirements for new 
curbing. 

32.4. Basis of Payment. This work will \JC paid for at the contract unit price per li near foot for 
aRcset Curbing~' complete in place, which price wi n include all materials, equipment, tools, labor :mo 
work incidental thereto, also aU necessary excavation, refi lling and disposal of surplus material. 
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ITEM -33, WOOD GUARD FENCE 
, 

/ 
- / d 

33.1. Description. Wooden fencing shall consist of wood railings supported by)v6oJ posts erectc , 
where indicated or directed, in accordance with !-hese specifications. ./ 

33.2. Wood posts. All wood posts used for this railing shall be made of seasoned, straight, yellow 
heart pine lumber, mountain cedar or other approved material, at no place -less than six (6) inches in 
diameter or six (6) inches square, but both round and square posts sJ1ali not be used on one contract. 
They shall be not less than six feet six inches (6' 6") in length,-and the bottom shall be sawed off 
square, the bark removed and all knots heiVll flush with the face and the surface shaved smooth. 
- / 

a. Treatment of Posts. The lower portion of all posts)hall!>e coated with approved creosote oil 
before being set. The creosote shall be applied, by means of ~; in a full free coating, coyering the 
bottoll! end and extending up the si~es for a distance of"-t<Jyr and one·half (4i) fe~r The posts ~hall 
not be treated until thoroughly dry. L flY 4 ,, ;.' , <.- 1."2. ~_ ?,,'" 1., , " :-',: ,- , -

'a3.3. Wood Rails. The wood rails shall be made of well seas~ed, straight, sound ~ellow pine, or 
other approved wood, free from loose or unsound knots, or other defects and shall be surfaced on all sides, 
The top rails shall be four (4) inches wide by four (4) inches thick and tl .. side rails shall be six' (6) 
inches by two (2) inches, and both rails shall be in Jengths of sixteen (16) feet or in multiple of eight 
(8) feet. 

33.4. Paint. The material for painting the fence after erection shall be composed of from sixty
flve (65) to seventy (70) per cent, by weight, of pigment in paste form and from thirty-flve (35) to 
thirty (30) per cent of vehicle; or sixty (60) to sixty-five (65) per cent, by weight, of dry pigment. 

a. Pigment, The pigment shall be composed of not less than sixty-five (65) per cent of pure white 
lead and not less than twenty (20) per cent of pure zinc white, all finely ground, Not more than fifteen 
(1.» per cent of inerts shall be permitted, 

b. Vehicle. The vehicle shall be composed of not less than ninety (90) per cent of pure raw lin
seed oil and sufficient first quality Japan or other approved drier to cause the applied paint to dry in 
approximately three (3) days, but in no case shall the drier exceed ten (10) per cent. 

33.5. Construction _Methods. The guard rail or fencing shall be constructed in aceordance with tlie 
standard plan, 'I'he posts shall be set plumb in straight lines, spaced eight (8) feet apart on centers, 
three and- onc-half (3t) feet in the ground and three and one-half (31) feet above the ground and 
to lines and grades given. The top and side rails shan break joints and be fastened securely to each 
po,t, as shown on the plans, All joints of the fence shall be painted before being fastened together and 
afler erection the entire fence shall be painted with (wo coats of the specified materials, which shall 

_ be brushed in thoroughly, 

33.6. Basis of Payment. This work will be pairl for at the contract unit price per linear foot for 
-"Wooden Guard Fence" complete in place, which price will include all materials, equipment, tools, labor 
and work incidental thereto, also all excavation, refi lling and disposal of surplus material. 
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ITEM 34. PLAIN AND GROUTED RIPRAP 

34.1. Description. Hiprap shall bc composed of approved stone laid on slopes or shoulders to pro
tect them from slipping or washi ng, at places indicated -on the plans Or -where directed, in accordance 
with these specifications, the intersticcs to be filled with spalls, or cement grout, as noted. 

34.2. Stone. 

a. Plain Riprap. This stone shall be sound "one-man stone," free from structural defects, and of 
approved quality, not less than one-third (1) of a cubic foot in volume, and not less than three (3) 
inches thick. The width of no stone shall be less than two and one-half (2,0 times its thickness, and 
the depth shall be as shown on the plans. 

b. Grouted Riprap. This stone shall be sound stone, free from structural defects, and of approved 
quality, not less than one-tenth (1/10) cubic foot in volume, and not less than four (4)' inches thick, 
and fi vo (5) inohes wide .. 

34.3. Construction Methods. Slopes, where riprap is used, shall be no steeper than the angle of 
re~se unless otherwise indicated or directed. The stone shall be bedded, one against the other, with 
the ends in contact. . The spaces between the larger stone shall be filled with spalls of suitable size, und 
all spalls sliall he rammed thoroughly into. place. The finished surface of the riprap shall present an 
even, tight surface true to the lines, grades ana sections given. 

34.4. Application of Grout Filler. After tbe stones have becn tamped, inspected, and approved, 
the spaces between the stones shall be filled with cement grout conSisting of one (1) part Portland ce
ment and two (2) pu.rts approved sand. 

34.5. Basis of Payment. This work will be paid for at the contract unit price per square yayd 
for "Plain Riprap," Or "Grouted Riprap," as the case may be, complete in place, which price will in
clude all necessary excavation, materials, equipment, tool:::, labor and work incidental thereto. 
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ITEM 51. PIPE CULVERTS 

51.1. Description. rrhese culvc~ts shall consisl of sections of cnst iroll, corrugated metal, rein
forced con.crete, or vitrified clay pipe, of the diarneter shown on the plans, laid on a firm bed true to 
line and gradc in accordance with these specifications and shall conform to the following table for depth 
of fill over them. All pipe culverts shall be provided with a substantial concrete headwall of a design 
approved by the State Highway Engineer. 

'l'ABLE OF MINIMUM DEPTHS OF GOOD FILL OR BALLAST OVER PIPE CULVERTS. 

On center line of roadway (C) and outer edge of shonlder (S). 

Cast Iron __ ~ . Corrugated Metal / Vitrified Clay 

I 
Concrete 

Inside Inside 
Diam. C 1 ,s 1\ C s/ C s C S Diam. 

12" 1'-0" 8" 1 _\'~6" 1';' 1'-6" 1'-0" 1'-0'1 8" 12" 

14/1 1'-0" 8" I \ I 14" 

15" I 1'-~ /1'-0" 1'_6" 1'-0" 1'-0" 8" 16" 

16 11 1'_0" 8" X 161/~ 

18" 1'-0" 8" 1,-1 1\ 1'-0" 1'-6/1 1'-0" 1'-0" 8" 18" 

24/1 1'_0" 8" 1:0" \'-0" 2'-0" 1 '- 0" 1'-0" 8" 24" 

30" 1'-3" 8" A'-6 0 ~O" 2'- 6" } '-O" 1'- 3" 8" 30" 

36" 1'-6'" 8" V 3'~0" 1'\" 3'-0" 1'- 0" 1'-6" 8" 3£/1 

42" 1'-9" " 8" / \ I 42" " 

48 11 21 - 0" 8" ! I \ I I 
48" 

NOTE: If the material in the fill contains much clay, silt or loam, increase the abo~e minimu~ 
depths by 4". Th<.. ,r, I> '" "ncll71 {,If OVC\, c," "-' ,ljiflCd yT) ci"o [ \>lp .... $\),, \\ to ()', e..,:cc..e 

51.2. Cast Iron Pipe. 'fhis pipe shall be made of cast iron of good qnality and of such character 
as to make the metal strong, tough and of evell grain, but soft enough to admit of satisfactory drilling 
and cutting. 'fhe metal shall be mad~ without any admixture of cinder iron or other inferior metal and 
shall be rcmeltcd.in a cnpola or ai r furnace. The pipe shall be hub and spigot style, smooth, fiee of 
scales, lumps, blisters and other defects impairing its strength or durability. It shall be manufactured 
in lengths of not less than three feet, the inner and outer surfaces shall be true, whole, concentric 
c;-linders, and it may be either cast iron water pipe or" cast iron culvert pipe. 

If cast iron water pipe is furnished, it shall be Class "A" but may be of light weight and second 
quality, and shall conform to standard specifications. 

If cast iron culvert pipe IS furnished, the minimum thickness of pipe and the weights per linear 
foot shall be as follows : 
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Normal Inside Diameter, Thickness, .Weight per Ft., 
Inches. Inches. Pounds. 

12 7/16 50 
-H---- ......... - .. 7/16 GO 
16 Tfr'-'/'~ il(j- - / (, 

18 1/ 2 90 
~Q 1/2 120 
24 . 9/16 f6e- 1"-0 

30 -l-±fl-G ';1; 220- If (l 
36 13/1e .JOO /10 

No pipe will be accepted, lhe weight of which shall be over five (5) per cent less than the standard 
weight. 

Each section of cast iron pipe shall be coated i nside nnd outside with conI-tar pitch varnish, to 
which sufficient linseed oil has been added to make a smooth coat, tough and tenacious when cold, with 
no tendency to scale oft'. 

51.3. CORRUGATED METAL PIPE. Two classes of base metal for use in corrugated metal pipe 
Rre recognized in these specifications, Class "A" nnd Class uB." Class "An includes the metals eommollly 
designated as pure irons, which arc the prod~ct of the open hearth f urnace in which the refining opera
tion is carried forward until the impuri ties. arc rcd ucecl to a relatively low p€'rcentage. 

Class "E" includes those meta l ~ commonly oesignatccl as copper bearing steels which are the nor- " 
mal product of lhe open hearth furnace. with which is alloyed a sm.1I percentage of copper. 

~ Quality of Metals. Class" A" base metal , hall contai n not more than thirty hundredth'i,M/ 
/' (.301' per cent in the aggregate of the following metaloid,.-carbon, ,ulplltlr, phosphorus, silicon;,.'ifb<f- 

~r r ,- manganese-and shan contain not more than four hundredths (.04) per cent of carbon, thirty-five thou-

I 
sandths (.035) per cent of sulphur, and six thousandths (.006) per cent of phosphorus. 

An allowance may be madc in the 'aggregate amount of the five metaloids specified above of four 
huhdredth, (.04) per cent. 

1!r ,1 .1/ Class "B" base metal shall contain not more than seven·tcnths (.7) per cent in the aggregate of the 

I Ii' / /"~¥ following metaloids-carbon: sulphur, phosphorus, si licon and manganese-and shall --contaill not more than 
/- / '.~\ , fifteen hundredths ( .15) per cent of carbon, four hundredth, ( .04) per cent phosphorus, and five hun· 

l~::<~Il' dredths ( .05) per cent sulplll1 r. . . 

I ~[- ~~\ ~ Class "B" base metals shall contain not less than two-tenths (.2) per cent copper. 
~ , . 

. . 51.5. Accepted Brands and Certified Analysis. No bids shall be considered and no metal shall be 
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accepted under these specifications for either class unti l the manufacturer has filed with the State High· 
way Department a certified typical analysis setting furth the percentage of each of the above metals, tlie 
name and brand of the metal to be furnished arid the class for which submitted, nor until the brand 
has been approved by the Engineer and the DepaItment. The certificate shall be sworn to by the head 
of the manufacturing company. 

51.6. Marking and Guarantee. Each section of every metal culvert shall be identified by a stamp 
,howing the brand, name of the manufacturer and the gauge, anel these shall be placed by the sheet man
ufacturer in sUGh a way that they shall appear on the outside of the finished pipe. Pipe not having each 
section so marked shall be rejected. 

The manufacturer shall furnish with the certificate a guarantee that all metal furnished shall con
form to the analysis and specificat ions, and shall be identified as required, and that all metal bearing his 
brand not complying with the specifications shall be replaced without cost to the purchaser. 

51.7. Zinc Coating. The metal sheets shaU be galvanized with not less than two ounces (2 oz.) 
of prime spelter per square foot of exposed surface, and this shaU be applied in ·such a 'manner as to 
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fOl~a conti nuous, impervious coating free from imperfections. Sheets having spots, holes, bii sters or 
otl ,cr,t{-lefects in the ga.lvanizing shall be rejected . 'rests fo r the ZlI1C spelter shall be made by the lead 
acetate method. 

51.8. Types of Culverts. Unless otherwise specified, eulverts submitted shall be of the full circle 
riveted type with lap joints. 

51.9. Sizes. For road way eulverts the minimum diameter permitted shall be eighteen (IS) inches. 
Corrugated metal pipe over thirty-six (36) inches in diameter shaH not be used. )' 

. 51.10. Gauge of Metal. The gauge shall be X. ~;. ~.t~~~ar(1 · 
pipe shaH he Ilot less than the folloWIng: Mott... Iv ". .,. r 'l'~ e gauge and weight per foot 9f j ! .~, ' L 

f I ! ') 'h--. ..... '\.t 0-"" ,Lc..~ jl\..4,.;o,v -t " -L- --. f'\.UJlt. ", I i 

!.vC-<..',SL\( I ~-t"v ~{; .. :tJ . . .. .., 
DIameter, hauge, 
Inches. U . S. Standard. 

12 16 
15 
]S 
20 
24 
30 
36 

16 
16 
16 
14 
14 
14 

Wt. Per 
Ft. 
10.2 
13.3 
15.7 
17.5 
25 .6 
30.9 
3S.2 

51.11. Corrugations. The corrugations shall be not less than two and one-halt (2i),inehes nor 
more than three (3) inches, and sh~ll have minimum depths, respectively, of one·half (t) inch and five· 
eighths a) inch. 

51.12. Joints. Longitudinal laps shall be not l.~s than two (2) inches on culverts fifteen (15) 
inches in diameter and under, two and one-half (2t) inches for culverts eighteen (IS) and twenty (20) 
inches in diameter, three (3) inches for twenty,!our (24) inch culverts, and four (4) inches for larger 
sizes. Circumferential lap's shall be not less than two and one-half (21) inches, and not less than one 
full corrugation. ' 

51.13. Rivets and Riveting. All 'rivets shall be of the same material as specified for the culverts or 
of other approved material, and shan be thoroughly tinned Or galvanized, and·shall be not less than five
sixte€nths (5/16) inch in diameter. All rivets shall have sufficient length to draw the sheets tightly to
gether and allow the forming of full hemispherical or other standard shaped heads. Rivets. shall be 
driven without bending and shall entirely fill the hoI •. 

Longitudinal seams shall be riveted with one rivet in each corrugation . . Circumferential seams shall 
have a maximum spacing of rivets of eight (8) inches. 

51.14. General Details. The inlet and outlet of all corrugated metal culverts shall be reinforced 
in an approved manner, and the method of reinforcement shall be stated in ~he bid. 

Field joints shall be made of the same material as used in the culverts, and shall be not less than 
eight (R) inches wide for pipe up to. thirty (30) inches in diameter and ten (10) inches for larger sizes, 
and shall be of approved form. Joints will not be permitted except when the lengths called for are too 
great to be handled economically; but for culverts twenty-six (26) feet or more in length, pipe may be 
furni shed in twelve (12) foot lengths if joints are included free of cost. 

51.15. Field Inspectipn. The field inspection sh~U be made by the Engine€r, who shall be fur
nished an itemized bill of the shipment. 

The material shall be so handled that the zinc coating shall not be bJuised or broken in the shop or 
ill shipping, and all pipe shall be rejected if the zin c coating is bruised, broken or blistered or'if the 
;\'orkmanship lS not first· class throughout. 
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51.16. Test. ~'hc right is reserved to have any pipe tested, and all pipe failing ill any' particular 
to meet, these specificntion~ shall be rejected. 

51.17. REINFORCED CONCRETE PIPE. Reinforced concrcte pipe shall be of the hub and 
spigot or other approved style. The enrls shall be at least as strong as the bod'y ot the pipe. and all pipe 
sha ll be cured properly and ag'..·d at least t.wo (2) wc:cks before being used. Each section of pipe shall 
be straight and of trlle circular forlll. It shall have a uniform thickness throughout and shall be free 
from porous and scaly spots and Hpal!cd. edges. Pipes having defective spots patched or p1astered oyer 
will not be aecepted. 

(a) Manufacture. The materials and methods used in the manufacture of this pipe shall be 
appl'oved~ fmd specifications cO\,f'J'ing them Rhnll be submitted by the Contr actor before pUl'chnsing 
pipe. 

(b) Strength. The pi pc whcn tested without lateral support (the contact points at support anil 
application of load not to exceed a width of three (3) inches measured on the circumference) shall show 
a load supporting capacity per linear foot at least equal to that expressed by t.he formula: 

W= 1000 X D 

in which "W" equals the breaking strength per lineal' foot of pipe and "D" the diameter of the pipe 
expressed in feet. 

This test shall be made on a section of pipe f rom which the hub has been l:mnoyed. 

51.18.' VITRIFIED CLAY PIPE. Vitrified clay pipe shan be o( the hub "lid spigot style, of 
hrst quality, sound, thoroughly illld perfectly burned, without warps, cr acks or other imperfections, and 
shall be fully and smoothly saIt··glazed over the entire inner anel outer surfaces, except that the in~idc of 
the hub and thc outside of the spigot may be unglazed for two-thirds (*) of the depth of the hnb. On all 
other portions of thc pipe, the glazing shall completely cover and form an integral part of thc pipe bod)'. 
If glazcd, the inside of the hub and the outside of the spigot shall be scored in three (3) parallel lines 
extending completely around the circumferences. This pipe shall be manufactured at · a suitoble tem
perature to secure a tough, vitreous material which, when broken, shall show a dense and solid body, with
out <lctrimental cracks or laminations. It shall be of sl1ch toughness that it may be cut with ~ chisel and 
hammer, and when struck with a hammer shall gi YC H m"etallic ring. 

The minimum length of sections, thickness, and the clepth of hub shall be as follows: 

Size. "Mininmm Length, 
Inches. Feet. 

12 2 
15 2 
18 2 
20 2 
22 2 
24 2 
27 2t 
30 2t 
33 2t 
36 2t 
42 2t 

Thi ckness, 
Inches. 

1 
It 
It 
Ii 
1~ 
2 
2t 
2t 
2~ 
2t 
3t 

Depth of Hub, 
Inches. 

3 
3 
3t 
3~ 

3t 
4 
4 
4 
5 
5 
5 

51.19. Cement Mortar. The mortar for cementing the joints in the pipe shall be composed of 
one (1) part of Portland cement, meeting the rcquirements of Item l3, .and two (2) parts of "1'1'1'0\'0(1, 
clep·n sand, mixed, with sufficient water to form a p]nstiC' mor tar. 

82 



· 51.20. Forming Bed for Pipe. Where the pipe is to be laid beloll' the groun d line, a trench .,hall 
be excavated to the required depth and tlie bottom of the trench shall be shaped to conform to the hot
tom of the pipe and shall afford a uniform.l), firm bed throughout its entire length, and recesses 811n11 be 
excavated to receive the hubs. \·Vhcrc rock is encoun tcred the trench shall be excayntcd Jour (4) iJr· 
ches below the bottom of the pipe and th is excess dept.h shall be refilled with suitable material, whi ch 
::ihall be tamped thoroughly. Any soft or yielding ma terial shaH be removc-(} and replaced with euit
,Ibl~ material, which shall be k'1mped tho roughly in place. 

Where pipe is not hiid. in a trcneh, u uniformly firm bed shall be maul,;! as herein specified for the 
bottom of the trench . 

51.21. Laying of Pipe. 'I'he pipe shall be laid carefu lly, hubs upgrade, 'pigot ends fully entered 
into the adjacent hub, and true to lincs and grades givcn. All cast iron, reinforced con crete and vitrified 
clay pipe shall be laid with cemented joints. Before succeeding sections of pipe are laid, th~ lower por
tion of the hub of the preceding pip" shall be plastered on the inside with cement mortar of sufficient 
thickness to bring the inner surfaces of the abutting pipes flush and even. After the pipe is laid, the 
remainder of the joint shall be filled wi th similar material, and sufficient additional material shall be 
used to form a bead around the joint. The inside of tJle joint shall be wiped and finished smooth. After 
initial'set, the cement 011 the outside sha.ll be protect~d from the ail' and sun with an earth covering. 

When corrugated metal pipe sections arc joined on the work, the cnds ehall be butted togcther ond 
the sections joined with a band, made of the same material as the pipe, of a width of lap as specified 
in paragraph 51.14, which band shall be bolted firmly in place. 'rhe bolts shall be· of the ,ame ma
terial as that used in the manufacture of the pipe and shall be painted with red lead or other ap
proved material. 

Any pipe which is not in true alignment or which shows any settlement after laying, shall be 
taken up and relaid without extra compensation. 

51.22. Refilling Around Pipe. The filling around the pipe shall be made in layers' wi th approved 
material free from rock, and ,,"ch layer shall be tamped thoroughly around and over the pipe. 

51.23. Relaying Pipe. Where indicated or directed old pipe culverts shall be removed and relaid, 
extending or renewed in the same manner as specified for new pipe culverts. 

51.24. Basis of Payment. 'rhis work will be paid for as follows: 

a. New pipe culverts will be pa id for at the COl}tract unit pri ce per lineal' fuot illdi cated in the 
contract for aCast Iron P ipe," "~a:t~E} ¥etal ~" uReinforced Concrete Pipo," Or "Vitrified Clay 
Pipe," as the case may be, complete in place, which pric~ will include all ma~ria ] s, equipment, tools, la
bor and work incidentfll thereto, also all exca\'ation and. refilling and the disposal of surplus material. 

b. Where existing pipe culver ts arc relaid, they shall be paid for at the contract unit price per 
linear foot for "Relaid Pipe" complete in place, which price will include all nmterials, tools, equipment. 
labor and work incidental thereto, also all excavation, refilling and disposal of surplus materials. 

VITRIFIED CLAY SEGMENT BLOCK CULVER'rS. 

CIRCULAR CULVER S. 

51.2~a-1.) The material ~1 in this con,truction shal e Vitrified Clay Seg ent Blocks, 
uniformly de and hard burned,--~vith ut warps, cracks, or other . perfections. The 10 ·tudina!. 
joints shall be . ~nfied the entire length of e block. The ends shall be hiplap jointed with ab ing 
webs or surfaces form a bed for mortar to! ure water·tight joints in th end of the block. 

a-2. Dimensions. ( blccks used shall confor! to the detailed drawings an"ll....!.able shown on p1an 
813 1 of the State HighwRY :bePll(tment. '" 
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a-3. c'onstruction. T he trench shall be excavatcd to a width .. 6qual to thc imide diameter of the 
ei re/(' plus twice the thickness of the respective blocks Hnd to a de'})th that will bring the inn~r sur face 
of the first COUl'S<;,! o[ blocks on a line with the natu]';i1 \\'aterway . . In new excavatioll, and when possible 
in old excavati on~\ the bottom o[ the trench shall be roundC'd oyt to fit the curvature of the blocks. 

The blocks in 'the lower invcrt shall bc laid to It lillc and .templet and loose earth firmly packed be· 
tween the outer surface ftnd line of excavation as each cou rse is bid in place. Special care must be 
u;ed in tamping the back fi ll to avoid any possibi li ty of fo rcing the blocks out 0; alignment. All blocks 
in the lower 1l1vert slul..ll be laid up in this manncr. 

The blocks in the Jpper invert shall be laid wi th a ·collapsible form to prevent any serious deflec
tion from the true "ircl,\ before mortar joints havc had time to set. ' 

a -4. Mortar Joints. Tlw blocks shall be bOll'l~d together with thoroughly mixed mortar of one , ! 
part Portland cemen t to two '.parts screened sand and care taken to sec that all joints are well fi lled. 
After collapsinrr the arch fotni; the radial joints s)1,11 be pointed up. 

- > \ I 

\ i 
a -5. Excavation Depth Miriimum. 'l'his t;'ype of culvert should not be used where excavatcd depth 

of the trench is less than one-half (t) the outsi~e a iameter of the culvert. . 
\ ; 

a -6. Unstable Foundations. WIlen this ,type of culvert is used on a soft unstable foundation, a 
four-inch layer, or more if necessary in the dudgment of the Engineer, of 1 :2 ·~:5 concrete shalrbe laid 

\ I 
around the lowcr half of the culver t. . 

SEMI~CIRCULAR CULVERTS . . .. 
51.25. ·b-l.~Location. This typei of \pulver t is especially designed .for low wide waterways, and 

where there is insufficient di r t fi ll ov.~r the culvert to permit the use .of a round opening large enough 
to provide ample drainage. / 

! . 
b-2. Arch Construction. The! semi-circu'lar arch is to be constructed of Vitrified Segment Blocks, 

to conform with the specificationJ given in 51 .25 a-1, and shall he constructed in the same manner as 
the arch o~ the circular culvert. / 

I 
b-3. Concrete Base Constrhction. The base shall be constructed of Class A concrete, in accord

ance with the requirements of ~lem 54, paragraphs 54.3 to :>4.12, inclusi vc, and according to plans of the 
State Hig'hway Department. / 

b ·4. ReinforCing. Tl~e!reinforcing bars shall be u Red fiS indicated Oil plans and conform to the re-
quiremen ts of Item 14. / 

c. Backfilling. LOO/, earth shall be used in making the hack fill around and over the culvert. 
Every four inches of 711 shall be thoroughly tamped until the fill reachcs the top level of the culver t. 
The fi ll from the top of the culvert to the permanent road levcl shall be thoroughly tamped every six 
inche~. . 

d . Minimnm Fil . T he minimum fi ll over the culvert on dirt roads shall be not less thau eighteen 
inches in the center when good compact soil is used . If only light shifting soil is 'available for t he fi ll . 
the minimum fi ll shal[ in no case be less than twenty-four inches over~the center of the culver t. See 
table on P lan SB-! of the State HIghway Department. . -

On hard surfac!d roads of brick, concrete, macadam, gravel, etc., -the minimum fi ll over the culvert 
may be reduced to the actual thickness of the paving. plus twelve inelIes in the center of the culver t to six 
ineli.es at the side}:y allow for a thoronghly compacted sand or earth cushion between the pavement and 
the top of the curver!. . 
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e. Head Walls. All segment block ulvcrts shall 09 prov ided with head and' wing wall ~ at each 
end to conform with the standard Designs f the State Highway Department for pipe culverts. See 
plans of State Highway Department. 

f. Basis of Payment. The basis of paym nl or segment block culvcrts shall be per lineal foot in 
place for culvert' of a specified diameter and ty It lllllst be stated whcther the typc is Circular or 
Semi -Circular (md the price bid· for each kin ha be paym.cnt in full for all joint material and for all 
labor employed in laying the blocks and fill' g the j 'n ts, excavnting Hud backfi lling. The concrete in 
headwalls and base construction shall be aid lor at . 1e price statecl per cubic yard for the respective 
classes of concre te as stated in Paragr h 54.28. The reinfo~cing steel in headwalls and base construc
tion shall be paid for at the rnce s ted per poun d in place . . 

/ 

85 

I 



.' 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BRIDGES 

ITEM 52 . GENERAL 

) , I ,/ 1 ,, ' 
~.l ! l' ' j (. ( , ...... ~ : " ~ . 

52.1. Bridges. Drainage structure's wit~lspnn lengths 
Bridges; Jess than 10 feet, Culverts. 1\ 

greater than 10 feet will be classified as 

52.2. Superstructure. The superstructure shall include the furnishing and placing of all steel, iron, 
lumber, cement, sand, stone, and all other material required; the construction of all reinforce-d concrete, 
forms, false work and other temporary supports; all fabricatio~ erection, and painting, etc.-of all 
parts of the structure above the bridge seats (except the parapets or wing walls of abutments), complete 
and ready for use. 

52.3. Substructure. The substructure shall include the making of all necessary excavations and 
pumping; the furnishing and placing of all steel, iroD, lumber, cement, sand, stone and other materials 
required; the construction of a11 masonry, cofferdams, forms, false work and te.mporary supports, etc.
of all parts of the structure below the bridge seats and also the p;lrapet~ or wing walls of nbutinents. 
complete and ready for use. 

52.4. Bridge Complete. The bridge complete shall consist of both the superstructure and .ub
structure. 

52.5. Fonns for Bids. Bids silall be made upon the standard proposal forms. 

52.6. Examination of Site. Each bidder shall, by personal examination, satisfy himself as to the 
nature of local conditions at the bridge site. ' Also he should verify all the information that is furnished 
In connection with the bridge. 

52.1.. Standard Drawings. When possible, the State Highway Department will furnish standard 
drawings showing in general the details prepan'd for usual conditions. Desil'"lls other than the Depart
ment Standards shall be made according to the/Desi!(1l Specifications of, and for-the loadings prescribed 
by, the Department. . . . 

When it is impracticable, as sometimes occurs in the Cl1se of movable spans, to submit plnns previous 
to receiving bids, such plans mlty be submitted after the bids are received, provided the State H ighway 
Department is notified in suffici"ent time fwi9 ay=3:/teps to be followed in securing such bids. For 
Federal Aid this time must be sufficient to).~ th e U. S. Bureau of Public Roads-ftil!ll.y- with the 
contemplated steps to be followed. 

. For bridges requiring .the approval of the Secretnry of War, data required by him should, if prac
ticable, be submitted for approval prior to their submission to the War Department. 

52.8. Stress Sheets. Where bids are submitted on other than standard · designs, the Contractor 
sha11 furnish a stress sheet for each structure, showing all calculated stresses and the proposed sir.e and 
grade of all materials with each bid submitted . 

52.9. Estimate of Quantities. Estimate of quantities for the substructure, and for the superstruc
tllTe, if it is to be of reinforced concrete, shan be shown in the plans. .These estimates are to form the 
basis for the bids. Adjustments to the con.lract price bid for the bridge shan be made by additions . to, or . 
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deductions from it, at the contract unit price [or additions to, or deductions from the quantities on the 
plans. , 

. ) ~-. . 
. , .. . I 52.10. Detail Drawings. Drawings showing complete details of all parts of the steel structures 

must be furnished for bridges exceeding 20 feet. Shop and minor details may be submitted after the 
contract is "awarcl('d, but must be checked and approved by the State Highway Engineer before work is 
:!~;~ o~maf"criais. POI' }'ederal Aid work, all drawings must also be approved by the Federal Govern-

52.11. Approval of Drawings. . For State Aid work, three ,ct.s of blue prints should be ,ubmitted 
for approval by the State Highway Engineer. For Federal Aid work, six copies of blue prints should 
be submitted, for in addition to the approval by the State Highway Engineer, the plans must be ap
provcd by the Federal Government. All drawings shall be subject to modification for approvaL but this 
approval will not relieve the Contractor from his responsibility regarding the corrr.ctness of dimensions 
and quantities. 

52.12. Discrepancies. In the event of any discrepancy between any drawing and the figures writ
ten thereon, the figures shall be taken as correct. In the event of any discrepancy between any draw
ing and the specifications, the specifications shall govern. Any deviation from these specifications shall 
be specifically noted on the plans as an exception thereto. 

52.13. Material from Old Structure. Unless otherwise provided for, the Contractor will be al
lowed to use in building temporary work for the new structure, any material of an old structure !.hat 
is to bc removed. Such materi'al of the old brioge must, however, upon completion of the job, be 
neatly piled on the bank where it is accessible for reloading with teams. 

Unless otherwise provided for, stone from old ahutments and piers, may be used in any plain con
crete piers or a.butments of the new !::tructure. 

52.14. Removal of Temporary Work. All material used in constructing the bridge, which may be 
classed as temporary work, must be removed and disposed of by the Contractor, leaving the waterway· 
clcar and unobstructed . .. 

52.15. Erection. The Contractor shall erect all part_' of the structures complete and ready for 
traffic, including drilling holes in masonry for anchor bolts, setting anchor bolts in neat Portland cement. 
framing and fastening in place all flooring and . fences, unless otherwise specified. The Contractor 
shall furnish all false work and piling necessary for the erection of the structure at his own expense . . 

52:16. Risks. 'fhe Contractor shall assume all risks from floods and storms and casualties of 
every description. 

52.17. Final Test. Before fin al acceptance, the Engineer may make a thorough test by passing 
over the structure the specified loads, or other c<]uivnl("nt, or by resting twice the maximum load upo.n 
tli. structure for 12 hours. After each test the structure shan retu~n to its original position without 
showing any permanen't deformation . 

! 
52.18. Basis of Payment. The basis of pa.vment, whether a lump sum, or a unit pri ce, will be speci

fied in the attached proposal. Ordinarily th/t~~iII be1r a Jump sum basis with unit prkes fOr 
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ITEM 53. SUBSTRUCTURES I 
-----

FOUND ATIONS. 

53.1. General. Stone masonry and plain or reinforced COil crete abutments, piers, and end walls for 
all bridges and culverts shall be designed in accordance with the best modenl practice. So-called tube 
foundations will riot be considered. 

53.2. Foundation Soils. The soil material upon which piers and · abutments must be founded is 
divided into the follc)wing classes: 

(a) Rock. 

(b) . Hard ground, such as hard pan, gravel, compact sand held laterally, and hard dry clay. 

(c) Soft ground, such as soft or wet clay, gil t or mud , where sustaining power must largely de
pend on the fr ictional resistance of piles; or or pi li ng driven through the soft ground to an underlyiu{t 
material of harder character. 

EXCAV AT ION. 

53.3. Description. Excavation shall consist of the removal of the old structure, unless otherwise 
specified, including the abutments, piers, wings, and all other materials, obstructions, etc., necessary to 
the ' placing of concrete and masonry foundations for structures, in conformity wit~tt>e plans or .as may 
be directed. It shall include all clearing and grubbing, the necessary removing of' materials, furnishing 
and placing of cofferdams, ·etc., refilling the excavated area around the structures to the elevation of the 
original adjacent surfaces after the concrete or masonry has heen placed, shaping and sloping, and the 
disposal of the surplus material ; all of which shall be done in accordance with the dimensions given and 
in conformity with these specifications. 

53.4. Removal of Excavation. The Contractor shall notify the Engineer a sufficient t ime in ad
va;nce of the beginn~Dg of excavation for structures, so that the cross-sectional elevationSQ; and measure
ments may be taken of the existing gr01md and structure. Any materials removed or excavated before 
these measurements have been taken will not be paid for. Any stone in the abutments, piers, and winl! 
walls which is to be torn out and which is suitable for use in the new work shaII be so used by the Con· 
tractor, unless otherwise specified, and the removal of any such material in the substructure will be con
sidered as excavation. 

'53.5. Timber and M etal Cofferdams, when u sed, shall be sunk to a depth well below the bottom 
of the excavation, shall be substantially braced in all directions and of such construction as will permit 
them to be pumped frre of water and kept free until the concrete has set. They shail be of such size 
that leakag~ can be kept out of the concrete or masonry area. Unless otherwise shown on the plans or 
agreed upon, cofterdams and aII sheeting and bracing shall be removed after the completion of the con
crete or masonry. When the bottom is of sandy or other porous material which will not, in the opinion 
of the Engineer, permit the cofterdam to be pumped dry, when excavated to the correct elevation, it 
shall be sealed with sufficient concrete so that it may be pumped dry. This concrete shaII be propor· 
tioned as directed and shall have twenty-five (25) per cent of add itional cement as herein provided for 
concrete plAced under water. 

53.6. Method of Determining Excavation QlIantities. All excavation will be measured in its origi
nal posit.ion by the' eross-section method, to ascertain the amount of material removed, which cross
section will. incl ~4.e th.c re~ova l of all concrete And masonry wall~, ~tc. No allowanc~ will be mnde, 
for .fettJIllUl1 on excavatIOn III excess of one foot be-yond· the outer lImIts of the foundatIons. Clearing 
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and Grubbing lind the removal of obstructions, etc., will not be measured, but will be included il~ thlV',~'>,;~ i / .:'..., 

~
ricejOLC=vatiQ.Il ' 1 , ',- •. -- - ~ .,.:- .. ' '7 Q ' \ 
(/'''Dry ExcavatiOl" shall incl~d" all materia1s ~xcavat(!d .uorthe • ft:5erlm e sh2hii un el:c plans . .:.--___ y ( I 
\. "Wet EXC<lHttJOJ ' ,sha..lI-be-nl'eaSllr.ed . . from the water:lme.,as shown on the plans. tg thQ baMa::of=.tohe ; t:. J 

foundahon; .or-w ~_I,l.X.C.aYatioB- begl'ns-below - the- -\vater llll e-,-.J.t shall be measured I rom the bottom 
o.f-the stream to the bottom of the foundation . _ . . , ._ 

\....._ . __ ._._ .. _. _____ .. ____ r .'. _. ______ --=.J~)--r·-;~-:--- ( ,. 

53.7. Refilling. After the structure has been completed, the areas around the walls shall be fi lled 
wi th approved material in layers of not more than six inches in depth and compacted satisfactori ly to 
the lcvel of the original surrounding surfaces. Materials. whi ch will not compact readily shall not be 
used in this work. ln no case shall surplus material be dumped in the channel of the stream. 

53.8 . . Basis }~..r~YlIle9t.. i;r~i§ )l:o,!;k w:jil...9.fJ\aid for at the contract unit price per cubic yard for 
"nl'}.·- Ex"'C~wation~~- or .~ii~xcwvai~~?,Ra~r"-~r which price will include the removal of the 
excavated material, refilling, disposal of surplus material nnd an equipment, machinery, tools, labor and 
work incidental thereto. No additional compen~l'ition will be made for clearing and grubbing, coffer· 
<.lams, bracing, shoring, pumping, or bailing, or for any materi als or labor necessary on account of 
water. 

DESIGN AND CONS'l'RUCTION. 

53.9. Abutments to be Self-Supporting. Abutments,. except for reinforced concrete slah bridges, 
shall be designed as self-supporting with the approach fills complete in place. For slab bridges, if the 
abutment is. to be of reinforced concrete, the main wall shall be designed as a vertical slab, supported at 
the top by the superstructure and at the bottom by the footing. 

53.10. Drainage. Adequate drainage for the backs of abutments and wings, shall be provided hy 
tile or other pipe drains running through the walls at the lowest elevation which will provide free out
lets. 

53.11. Footing. The footing width of all plain and reinforced concretc ahutments, wing and re
taining walls, shall not be less than ~ of the height of the ",all in all cases where the stability of the wall 
with regard to overturning depends upon th~ width of footing . -

53.12. Loads on Footings. Footings, floors of paved cnlver ts , and abutment walls shall be designed 
so as to distribute the loads over the fu ll length and width of the main .wap foundation. 

The 'pressure on ordinary soils shall not exc~(l.d 1.5 tons per square foot average. or 3 tons per 
square foot maxi mum for abutment, wing, or pipr footings. " ring footings shall not be considered as 
taking any of the superstructure load. " 

When piles are used they shall be considered as carrying the entire load. They should ordinarily 
be spared not less than 3 feet, nor more than 5 feet, renter to renter. 

53.13. Metbods of Designing li"inforced Concrete Abutments. In properly designed reinforced 
concrete abutments, when the wing walls are located at an angle of 45° 'or more with the face of the 
abulment wall, advantage may be taken of the mutual support afforded hy thc main and wing walls 
',:,hen properly ,tied together by reinforcing steel, by designing ag parts of such abutments to resist a 
pressure, imposed upon the vertical projection of all · walls, fi gured as that which would be caused by a 
fluid having th(~ f'.ame depth as that of the earth :fill ano weighinp- not Jess than 21 pounds per cubic 
foot. 

Retaining walls and reinforced concrete ahutmdllts an(1 wing wfi lls making r.n nn.!:dc of less than 
45° wi th the face of the abutment, shall he designed to resist a preRsure, imposed UPOll the \"crtical pro· 
~ecti on of such walls, figt1red lW that wri9h woul d he caused by a fluid hfl.ying the same rlepth as that of 
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th8'cnrth ·fill and weighing not less tlHlll 25 pounds pcr cubic foot. Tn this ('<l~e the \\" idth d' rooting 
"hall uot be less than 0,4 of the height of the waiL 

In designing C~lcrctc abutments for shib bridges, where clear height of Slbl1tmcnt from ground sur~ 
face to under side of slab does not exceed 15 feet, if satisfactory arrangement of matf'rials and d(;tnils are 
provided, it may be assume(l that the slnb of the superstructure supports the top of Lhe main wall as re· 
gards the overtllrning effer.t of em'th pressure. 

Footings of r~inforcec1 concrete abutments, ',\'ing walls, nnd retaining walls, shall he so proportioned 
that the resultant of all forces, including the weight of concrete~ weight of ear th till c,lirectly over the 
footing: weight of superstructure (in main wall only) and the horizontal cqui\'alent fluid pres!'urc, ~h. fln 
faU at or baek of the forward edge of the middle third of the footing base._ 

53.14. Maintaining Batter. Should it be found nee"",ar)" in the judgment of the Engineer, to 
increase or decrease the depth of the foundation from that shown on the plans, the thickness of the 
wall where said wall joins the footing shall be increased or decreased the same amount per foot as the 
main wall increases per foot of its height as shown on -the plans. 

53.15, Extra Foundation Work, Additional foundation not exeeeding 3 feet of the, depth below 
,,:-,\ that sho\\'n on the plans shall be paid for at the eontraet unit price for C1leh additional eubie yard of 

' j, masonry, Beyond an aMitional depth of 3 feet, the foundation "ark and materials shan be elas.ified , 
as "Extra " 'ork," and shall be governed by the specifications covering same under Paragraph 3.7. 

53.16. Basis of Payment. For Conerete and Piling, basi' of payment will h't made as outlined 
under <'Concrete Structures" and H1'imbet and Concret€' Pi1ing," respectively. 

90 

.-



ITEM 54. CONCRETE FOR STRUCTURES 

54.1. Description. Concrete for structures shall bc composcd of Portbnd ccment, water, fine and i 
coarse .1ggregde <llld wlHm~ ~pecified hydra ted lime shall be added. Th·J propoxtions 'Jf fine and coar~iJ: / 
<lggregates specified may be varied sl ightly by the Engineer 111 orelor to make concrete of maximum denJ 

sity, but the proportion of cem.cut to total aggregate, each measured separately, shallllot be changed. The" 
COll cretr. .shall be depo~ited in sneh places and of the form and the dimensions shown on the plans, or as 
directed, 

54.2; Classes. I n general only three classes of cOilerete will be used, Special structures requir
mg other cIasses of ('onoreto, or requiring modifications in the materials nsed, wi ll be provided for by 
means of D('Ites 011 the plans or special clauses in the specifications or both. 

a. Class "A" Concrete. Class "A" Concrete shall bc composed of one (J) part of Portland cement" 
hvo (2) parts fine aggregate, ancl four (4 ) parts coarse' "ggTegate, each measured separately. 

b. Class "B" Concrete. Class "B" Concretc sha ll be composed of one (J) part of Portland cement, ' 
two and one-half (2~) parts fine aggregate, a~ld five (5) parts coarse aggrega~e, each measured sep
arately, 

c. Class "C" Concrete. Class "C" Concrete shall be composed of one (1) part Portland cement, 
three (3) parts fine aggregate, and six' (6) 'parts eoarse aggregate, each measured separately, 

54.3. Uses. The class of ,concrete required for each part of the structure will gcnerally be noted 
on the plans, Rn.d when lIOt so indicated the followlng requirements shall govern: 

8 . Class uA" concrete shall be used for superstructures, . reinforced concrete, arch rings and con
crete deposited in water. 

b. Class uE" concrete shn ll be used for all unreinforced concrete excepting footinge .. 

c. C1ass "0" concrete shall be used for all unreinforced footings, or foundations except when de
posi ted in water. 

., 
, 
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54.4. Portland Cement. The cement used for this work shall conform to the requirements speci
fied in American Society of Testing Materials, Standards 1915-Serial Designation C9-17 and shall also 
(-on form to the U, S. Bureau of Standards, Circular, 33. ' 

'" 

54.5. Water. 
shall be reasonably 
salty. 

All 'water used, in concrete shall' be subject to the approval of the Engineer arid 
clear, fr~e from oil, acid, alkali .. or vegetable substances, and neither brackish nor 

54.6. Hydrated Lime. Hydrated Lime shall meet the requirements of the Standard Specification~ 
for ' Hydrated Lime of the 'American Society for Testing Materials, Serial Desiguation: C6-15, and shall 
be of the class kno··wn as "Calcium." 

\ 
54.7. Fine Aggregate for Concrete. The fine aggregate for concretc shall consist of (1) sand, i 

(2) a combinat.i'm of sand and stone screenings, or (3) stone screenings conforming to the followinl! J 
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l ~a. Sand. Sand shall consist of clean, hard, durable, uncoated graills, free from lumps, soft or 
flaky particles, salt, alkali, organ ic matter, loam or other deleterious substance. 

I -b. Grading. Sand shall be wcll graded from coa"c to fine and ,hall all pass a i-inch laboratory 
screen and not more than 5 p CI' cent shall pass a 100 mes.h "Stan(lard" sieve. Not more than 3 per 
cent by weight shall he removed by the elutriation t.ast. 

I -c. Strengtb . Morlar. composed of one (1) part, by weight, of Portland cem.ent and three (3) 
parts, by weight, of sand, mixed and tested in accordance witl1 methods referred to in the U. S. Bureau 
of Standards, Circular No. 33, shall have a tenslle strength at the age of sevcn (7) and twenty-eight 
(28) days of one hundred (100) per cent of that developed by mortar of the same proportions and con
sistency, made of the same cement and " Standard" Ottawa sand, except that sand giving :1 strength 
ratio at seven (7) and twenty-eight (28) days of less than one hundred (100) but not less than eighty
five (85) per cent, will be accepted for use in concrete subject to the use of additional cement. The 
additional proportion of cement required will be dctermined ·by laboratory tests l1nd shall be the per
centage required to increase the ten,ile strength ratio of the mortar to not less than one hundred (100) 
per cent at seven (7) and twenty-eight (28) days. 

2-a . Combination of Sand and Stone Screenings. A combination of sand and stone screenings. 
each measured separately and accurately by volume may be used in such proportions as shall be di
rected by the Engineer. Sand for thi s purpose shall conform to the requirements of Paragraph 54.7·a. 
Stone screenings shan consist of clean, dustless screenings res-ulting from the crushjng of tough, ilur
able rock, having a French coefficient of wear of not less than eight (8). It shall be free from thin, 
elongated or laminated pieces, ai,integrated stone, salt, alkali , vegetable or other deleterious rnatter. 

2-b . Grading. The combination shall be well graded from coarse to fine and shall all pass }-inch. 
and not less than 85 per cent shall pass i -inch laboratory screens, the portion passing the i-inch screen 
when tested by means of laboratory sieves shall meet the following requirements: 

Mnterial-
Passing a 20 mesh "Standard" sieve, not less than 50 per cent, not more than 85 per cent. 
Passing a 50 mesh UStandard" sieve, not more than 35 per cent . 
. Passil)g a 100 mesh «Standard" sieve, not more than 8 per cent. 
Weight removed by the elutriation test, not more than 3 per cent. 

2-c. Strength. The combination of sand and stone screenings when tested in accordance with par
agraph 54.7-1-c. shall have a strength of 125 per cent. 

3-a. Stone Screenings. Stone screenings shall conform to the requirements ~f Paragraph 54.7-2-a. 

3-b . · Grading. The stone screenings shall ·be well graded from coarse to fine and shall all pass 
t inch, and not less than 85 per cent shall pass.} inch, laboratory screens. Thc portions passing the t
inch screen when tested by means of lnboratory sieves shall meet the following requirements : 

MntcrinJs.:---

Passing a 20 mesh "Standard" sieve, not less than 50 per cent, not more than 75 per cent. 
Passing a 50 mesh "Standaxd" sieve, not more than 30 per cent. 
Passing a 100 mesh "Standard" sieve, not more than ·5 per cent. 

/ 

3-c •. Strength. Stone screenings when tested in accordauee with paragraph 54.7-1-c shall have a 
strength of 125 per cen t. 

54.8. Tests. Prcliminary ·acceptflJ1Ce samples shall be subjected to both the seven (7) and twentv. 
eight (28) aay tests and acceptance hasc,l thereon . During thc progre" of the work material will be 
accepted subjected to seven (7) day tests, 



54.9. Coarse Agbtregate lor Concrete. The coarse aggregate for concrete shall consist of crushed 
stone 01' gravel free from soft, thin, elongated or laminated pieces, disintegrated stone, salt, alkali, veg
etable or other deleterious matter. 

a. Crushed Stone. Cru,hed stone shall be obtained from clean, tough, durable rock having a 
French coefficient of weal' of not less than eight (8). 

h . Gravel. Gravel shall consist of clean, hard, durable and uncoated pebbles of high resistance to 
abrasion. 

54.10. Sizes. The coarse aggregate shall he I'raded uniformly from the maximum sIze to pieces 
one-quarter <t) inch in diameter. The maximum size will gonerally be given on the plans, bt\t if not 
given the following shall govern : 

For Class ':A" concrete the aggregate shall all pass a screen having circular openings one and on€'
hnlf (It) \nches in diameter and for Class uB" and Class "0" concrete the aggregate s!lall all pass a 
screen having circular openings two and one-half (2t) inches in diameter. 

For slabs less than six (6) inches thick, the maximum size screen openings sha.1l not be more than 
one (1) inch ·in diameter. 

54.11. Grading. Coarse aggregate shall be we)] graded from the largest to the smallest pieces and 
wben tested by means of laboratory screens shall meet t he following requirements: 

PERCENTAGES 0]' COARSE AGGREGATE PASSING THE VARIOUS LABORATORY 
SCREENS. 

Circular Openings. Passing screen 
having circular 

Maximum openings U in. 
size of in diameter 

aggregate 3" 27'2 /1 2" I " .Y2 1304" 1" %0" 31" not more than 

3 ................. 100 40-75 15 

2% 100 .. ............. 40-75 ................. 15 

2 .. ... 100 40-75 15 

1%. 100 ................ 40-75 15 

1 ~:i 100 35-70 15 

1.. .. 100 40-75 15 

% .. ............... ... .... ........... ... 100 . ............... 15 

54.12.. Samples and Tests. On largc or important structures samples of concrete materials, or of 
the concrete may be required for testing. If required, samples of concrete materials for testing pur
poses shall be supplied to the Engineer free of charge. Material shall be delivered far enongh in ad
vance of using to allow the Engineer to select ,"mples and to forward them to the laboratory for test
ing. The laboratory will usually need at least 10 days. for 7-day tests and 31 days for 28-day tests. 

54.13. Strength. Cylinders of concrete from these samples made and tested in accordance with 
mctllOds prescribed by the Engineer shall develop compressive strength as follows : 
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CR(JSHlNG S'l'R,"NG'l'H IN POUNDS PER SQUAR];; I NCH. 

Mix 1 : 2 : 4 

I 
1:20:5 1:3 :6 

Strength per square inch; 
1,600 1,300 1,000 Age 7 days. 

Age 28 days. .. ....... .... . ............... ... .. 2,000 1,600 1,300 

- If the spccimens fail to fulfill the requirements for 7-([,,)' teets the concrete may be accepted if 
specimens fulfill the requirements for 28-day tests. 

54.14. Falsework. Falsework shall be built on good firm foundation and be of sufficient strength 
to carry the loads without appreciable deformation . It shall be conslrur:ted with 1/20-inch camber 'for 
each foot of span and if necessary, wedges shall be kept dl'iYcn a:5 the weight of concrete is added so . 
that the bottom 01 the slab will not drop below the lines shown on the plans. If appreciable settle-, 
ment occurs in the falsework the Engineer shall stop the work and require a thorough remodeling to 
insure a first class product. For continuous girders, arches ha ring spans of over 50 feet and large 
stru.ctures, and for trussed centers or other special means of support detail drawings of the falsework shall 
be submitted for approval. 

54.15. Forms. Forms shall be so designed and constructed that they may be removed without 
injuring the concrete. 

rl'he material to be used in the form~ for exposed surfaces shall be sized and dressed lumber, or 
metal in which all bolt and rivet heads are counter-sunk, so that in either case a plain, smooth surface of 
the desired contour ·is obtained. Undressed lumber may ue use-d for backing or other UJ?exposed .lmr
faces. 

• 

The forms shall be built true to line, and braced ill a substantial and unyielding manner. They 
shall be mortar-tight and, if necessary to close cracks due to shrinkage, shall be thoroughly soaked wit~ 

water. ."[!"orms for re-entrant angles shall be chamfered and for corners shall be £lleted . . Dimensions 
affecting the construction of sub&equent portions of the \I'ork shall be ca refully checked after the forms 
are erected and before any concrete is placed. The interior surfaces of the fonm shall be adequately. 
oiled, greased or soaped to insure the non-adhesion of mortar. Form lumber which is to be used a ·sec
ond time shan be free from bulge or warp and shall be thoroughly .cleaned. The forms shall be in
spected. immediately preceding the placing of concrete. Any bulging or warping shall be remedied ana 
all dirt, sawdust, shm'ings or other debris within the forms s:ha ll be removed. 

54.16. Measuring. An materials shan be accnrately measured by I'olume. The cement shall be 
measured as packed by . the manufacturer, a sack containing not Ie,s . than D4 pounds net being consid
ercd one (1) cubic foot. Fine and coarse aggregate shall be measured loose. The contractor shall fur
nish and use an approved water measuri ng and discharging device, also boxes or pans of such dimen-~ 
sions as , ... ·ill give, when filled and struck, the exact volume of aggregate required for the class of concrete 
specified. 

Hydrated lime, when required, shall be incorporated in the mixture in the amount specifi ed. This 
amount, given as a percentage of the cement, shall be treated as additional material and not as replacin/! 
any cement. Generally the hydrated lime shall not exceed ~O per cent, by volume, of the cem~nt. 

54.17. Consistency. Sufficient water shaH be used, in mixing plain concrete to produce a mixture 
which will flatten altd quake "'hen deposited in place, but not enough to cause it to flow, and in mix
ing COil crete in which reinforcement is to be imbedded, to produce a Imixture which will flow slug
gishly when worked and which at the same time can be conveyed from the mixer to the forms without 
separation of the conrse aggregate f rom the mortar. In no ca$e shall the quantity of water used be 
sufficient to cause the collection of a surplus in· the forms. 
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54.18. Mixing Conditions. '1'he concrete shall bc mixed in the quantities required for immediate 
u'c and any which has developed initial set, or which docs not reach the forms within thirty (30) min· 
utes after the water has been added, shall not be used. No concrete shall be mixed while the air tem
pcrature is at or below thirty-five (35 ° ) degrees F. without the approval of the Engineer, and only when 
adequate means are employed to heat the aggregates and water. 

54.19. Mixing. Unless hand·mixing is specifically p~rmitted by the Ellgineer the mixing shall be 
done in a. batch mixer of approved type which will illSlll'C the uniform distribution of the materials 
throughout the mass so that the lluxture is uniform in color , and smooth in appearance. The mixing 
shall continue for a minimum time of one (1) minute after all the ingredients are assembled in the drum 
during which time the drum shall 1'c\'olve at the speed for which it was desiglled, llut shall make not 
less than 14 nor more than 20 revolutions per mil,ute. The mixer shall be equipped ·with an attach
Inellt for automati-:ally locking tlle l!ischarging device so as to prevent .the emptying of the mixer lUl-

. . til all the materials have becn mixed together for the minimum time required. 'llhc entire contents 01 

., the drum shall be discharged before any materials "re placed therein for the succeeding batch. 

54.20. Hand-Mixing. When hand-mixing is permitted it shall be done on a water-tight platform. 
The .fine aggregate and cement shall first be mixed until a uniform color is attai.ned and then spread 
over the mixing board in a thin layer. 

'£he coarse aggregate, which shall have been previously drenched, shall then be spread over the fine 
'aggregate and the cement in a uniform .layer and the whole mass turned as the water is added. 

After the water has been added the mass shall be turned at least six times, and more, if necessary. 
to make the mixture uniform in color and sinooth in appearance. Hand-mixed batches shallllot exceed 
one-haH (t) cubic yard in volume. 

54.21. Placing. Concrete shall be placed in (he forms immediately after mlxlDg. It shall be so 
deposited that the aggregates are not separated. Dropping the concrete any considerable distance, de
positing large quautitles at any poin t anu. running or working it along the forms, or · any ·other practice 
tending to cause segregation of the ingredients will not be allowed. It shall be compacted by continu
ous tamping, spading, or slicing. Care shall be taken to ·fi ll every part of the forms, to work the 
coarser aggregate back from the face, and to force the concrete under and around the reinforcement 
without disphl.cillg it. :Mass concrete shall be deposited in continuous horizontal layers and whenever 
practicable, concrete in structures shall be deposited continuously for each monolithic section of the 
work. 

Depositing in Water. Concrete shall be deposited in water only with the permission of the En
gineer and under his supervision. 

When depositing in water is allowed, the concr ete shall be carefully placed in the space in which it 
is to remain in a com,pact mass by means of a tremie, bottom dumping bucket, or other approved 
method that does not permit the concrete to fall through the water without adequate protection. The 
concrete shall not be disturbed after being deposited. Nd concrete shall be placed in running water, 
and fo rms whieh are not reasonably water-tight shall not be used for holding concrete deposited under 
warer. 

54.22. Freezing Weather. Concrete shall not be placed when freezing temperature prevails or 
threatens, except upon written permission from the Engineer, which will not be granted until satis
factory provision has been made for protecting the .work. · Concrete placed under these conditions shall 
be thoroughly protected until ,et, and will not be accepted until afier thirty (30) consecutive days, dur-
ing which the temperature does not fall belo; ·10° F . . 

· 54.23. Construction Joints. Wherever the work of placing concrete is delayed un ti l the concrete 
.hall nave taken its ini tial set, the point of stopping shall be deemed a construction joint. So far ". 
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p08!:'ible the loc:ation of COllstl'udion join ts shaIi be planlled in iHhance and the piaeing (I f (;oncrete carried 
continuously f rolll joillt to jOi ll t. 'rhese joints ~hall be perpendicular to the prilleipa i lines uf strcS~ 

alld III gl'lIcral uc located at Jloill ~ of lllillimutll :::llUal'. 

Where dowels, reinforei l ~g b~rs, or other adequate ties arc net shown on the plans or requitt>d by 
the Engineer, keys shall be made by imbedding ""ater-soaked beveled timbers of a size shown on the de
tails, or as directed by the Engineer, in the soft concrete, which shall bl;! removcd\ wl!en , the C()llcrete 
has set. In resuming wOl'k, the surfece of the concrete previously placed shall be thoroughly cleaaed 
of dirt, scum, laibplce (;1' other soft material) .vith stifI' wire brushes, and if deenlE.d nf>ressary by the 
Engineer, shall be roughcll0d with a steel tc.ol. 'fhe surface then shall bo thvroughly washed with clean 
water and painted with a thick coat of neat cement mortar after which the conereting may proceed. 

No concrete work shall be stopped or temporarily discontinued within 18 inches of the top of any 
finished surface; unless such work is finished with a coping having a thickness less than 18 inches, in 
which case the joint shall be made at the under line of the coping. 
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54.24. Curing Concrete. Careful attention shall be given by the Contractor to the proper cur- , ? 

ing of the concrete, Handrails, floors, and trowelled surfaces shall b~ protected from the su,q'-and- ijj~~ , 
. drying weather the whole structure shall be kept wet for a period of one ·(1) week. Concrete floor \. ~ 
slabs may be covered with damp sand as soon as the concrete has taken hard set and then kept wet for 
one (1) week. Other pre<eautions to insure thorough curing of the concrete shall be taken by the Con- t 
tractor as directed by the Engineer. . - '~h ~r,J.. 

54.25. Removal of Forms. In oraer to make possible the obtaining of a satisfactory sur ~r~ 
forms on ornamental work, railings, parapets, and vertiC*l $urfaces that do not carr s and which 'iOoc ".I .... f)~ 
will be. exposed in the finished \YQrk .Bhail be-removed"'; ~ than J;wel'S: (l or more than forty- : 

___ eight _~48) -hours, depending upon weather conditions. Forms lliid:etI:fslabsJ . earns, girders, and arches ~ 
shall remam III place at least twenty-one (21) days In warm weather, and ll'cold weather at the d,scre- '. 
tion of the Engineer. Forms shall always be removed from columns before removing shoring from be-
neath beams and gjrders, in order to determine the conditions of column concrete. 

No forms whatever shall be removed at any time without the consent of the Engineer. Such con
sent shall not relieve the Contractor of responsibility for the safety of the work. As soon as the forms 
are removed all rough places, holes, and porous spots shall be filled, and all blots, wires, or other ap
pliances used to hold the forms and which pass through the concrete shall be cut off or set back one
half (t) inch below the surface and the ends covered. with cement mortar of the same mIx as used in 
the body of the work. . 

54.26. Finishing Concrete. All concrete surfaces shall be reasonably true and even, free from 
stone pockets, excessive depressions or projections beyond the surface. The concrete bridge seats and 
tops of walls alld curbs shall be brought flush with the finished top surface and generally struck off with 
a straight edge and floated. Unless otherwise specified the forms of all ornamental work, railings, para
pets and all exposed vertical surfaces shall be removed as soon ·as saiety of the work will permit (usually 
in not less than 12 nor more than 18 hours ) and any ~mall cavities filled with mortar of the same mix, 
as used in the cOllcrete. The whole surface shall then be rubbed with a wooden float and clean water 
until all form marks are removed, leaving the surface plain, smooth and uniform in color and appear· 
ance. ·Cement wash will not be allowed. -54.27. Expansion Joints. Expansion and contraction of concrete structures shall · be provided for 
as shown on the plans.·. For walls and long abutments, expansion joints shall -be located at intervals 

. not exceeding forty (40) feet {or plain walls; nor ei~hty feet for reinforced walls. To be considered · 
reinforced, the lorfgitndinal steel -shall be at least equal to one-half (t) of one (1) per cent of the cross' 
sectional area of the wal l. . '\ . .. , 

In parapets, railings, and other light ,york superimposed ·on heavy work, the expansion joints shall 
he placed at intervals not exceeding twenty (20) Jeet. 

96 



, 
I 
< 

54.28. B'asis of Payment. All concrete shall be c:lassified as and measured in accordance with the 
dimensions shown on the plans unless changes are ordered by the Engineer during construction . Pay
ment will be made at the contract unit prices per cubic yard, for the several classes of concrete, com· 
plete in place which price shall include materialr" forms, . faIsework, labor, tools, machinery and work 
incidental thereto, except that reinforcement wil "be paid for as a separate item. No allowance will be 
made for cofferd~s, pumping, bracing, etc. 
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ITEM 55. TIMBER AND 

~ Description. Piling shall consist of timber or concrete piles, as may be specified, lU~de and placed in 
accordance with the dimensions and elevations required or indicated, and in conformity with these speci
ficatiens. 

The Oentracter shall be responsible fer determining the length .of piles required, either by driving
test pi leR, or otherwise. 

(a) Foundation Piles. Piles shan be used enl ), in places where .n minimum pen tratien .of ten 
feet in firm material .or twenty feet in SQft material can be obtained and they shall be des' ned te sus· 
tain the t.etal lead .of the structure. Pi ling shan preferably be enclesed by permanent water tight sheet 
piling, with tep sawed .off abeut 1 ft. belew lew water. The teps .of piles shall be cut eV vel at the 
elevatien indicated en the plans and shall be embedded in tbe cQllcrete feotings' at least 1 fl:: ''Vhen sub· 
ject to transverse f01'(;es, hatter plIes shall be driven ill sufficient numbers to resist the trCnsverse forces 
without assistance from the vertical piles. For fonndation of arch or movable bridges or high abut
ment. the p'iles shall be cempletely imbedded in firm earth, sand, .or gravel, which will afferd geed lat· 
eral support. When this is impracticable, the seft materials shall be excavated and replace,! with hean' 
riprap ;.01' SOh distance 'Ind· dept)1 as the plans .i~difte .0,1' Engineer nirects .. ) < ... ,' .... : .. : ... '.'" /", . 
/: j "' • • ,( o J (/A ( ' l" . j)It'1 .-1'. I :" , I ! )" , ' ('\\ . ~~ -7- ,, ' A.i_Ct-.....- . t: . ~- r·!'. ' ~ ~ <'~---y ___ c c.·c;· I I ' - , ,.,v- -

(b) Trestle Piles and Fonndation Piles for Trestle Bents. These piles shall be used .only in places where 
a minimum penetration .of 10 feet in firm . material .or 20 feet in seft material can be secured, previded 
further that trestle piles shall have a penetratien .of net less than ene·third (1) .of their length. Fer 
feundatien fer trestle bents piles shall be cut .off level, appreximately tliree (3) feet abeve the greund 
elevatien ann the cap rigidly secured by dewels or drift bQlts. Trestle piles shall be cut .off level 'at the 
elevatien shewn' en the plans and the caps se,ured as il escribed abeve. If the cut off is 10 feet .or mere 
abeve the ground line, timber piles shan be braced by diagonal cress·bracing cempesed .of 3"x10" timbers 
seeured te the piles by i" diameter belts. 

Material and Loading. (a) Timber Foundqiion Piles. Piles may be .of any species which will 
-" \ satis~actorily stand drivillg, and shall be cut from li ve, sonpcl'trees, shan be solid, close grained, and free 

frem defec.ts such as lnjur'ious rilfg, shakes, large ' unsound or loose knots, decay, or other defects, which 
might materially impair their strength. They shall be cut above the g reund s\vell and have a uniform 
taper, and shall be free frem shert bends. A line draWl) frem the center .of the but t te the center .of the 

IL.' . tip. shall lie' whelly within the body .of the pile. Piles sha ll ~. cut WBBoI, .. ij,,,,,eap is <le~'B, and·.if . . ~""'J the. EHg; .... cFSlmR be peeled' seon aft.er culling·. , .. :All kni>t' .,. hn 11 be tri,;,med elese to the body 
. ~ ___ Q.L t~le pile. For round piles, the miJlimum diamet('r ".-:"t tl f~8IWlPB h~ ~ ir:jliGj)AlI~ .. nt fl. ", j... .. H ,.h :~ !~ 

b~;noh";". '~lle maximum diameter at the butt shall ·be"20 inches. . Square piles shall be uniferm in I . size, generally net less than 10x10 inches fer. lengths up to 30 feet 'wo 12x12 inches fer lengths ever 30 
fcet. These piles shall be submerged in watcr and the lead to be assumed per pile shall generally be 15 

I 
I 
I 
I 

tons wit.h a maximum limit .of 20 tons. 

(b) . Timber Trestle Piles and Foundation Piles rO!' Trestle Rents. These piles shall meet the r eo 
quirement. fer timber "FeundatiQn Piles" except that thcy shall be .of durable timber, peeled and driven 
te a safe catrying capacity of at least 10 tons each, .or mere when se indi cated en the plans. The species 
.will, in genera l, be neted en the plans, but if net se neted it shall be subject te the appreval .of the En· 
ginMr. It i, FFeferoble thot)heyl);i treated fer pre8ervatien, . impregnating them with net less than 12 

~ . 
peunds of creesete oi l per cubic fQet of timber Thy a precess approved by the Engineer. 

(c) Concrete Foundation Piles. Oencrete piles shall be mnde of Olass "A" eencrete .. herein speci· 
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fied, except that the concrete shall preferably be waterproofed by an integral method. The average 
diameter shal l not be less than 12 inches alld the diameter at the POll1t not less than 8 inches. rrhe length 
sha ll not exceed thirty times the avel'age diameter for piles driven through firm soil, and shall not exceed 
fifteen times the avernge diameter for piles drivell to rock through loose, wet soil or filled ground. \\Then 
lateral support is deficient so that the piles act as columns, they shaH be designed as columns. Concrete 
piles when properly designed, reinforced, and driven to refusal may be subjected to loads as determined 
by tests or formula, but ilOt to exceed 300 pOllll(ls per sq uare inch of total cross-section at the smallest 
effective point, and generally not to exceed 25 tons each when used for movable spans, arches, and high 
abutments, nor 30 toilS each when used for other foundations . . 

-\ 1. Precast Piles. These shall be made in accordance with the pl~ns and the reinforcement shall 
he accurately placed and rigidly secured in such manner a.s to insure it5 proper location in the com
plcted pile. The concrete shall be carefully.placcd, tamped, and spaded, care being usedt" fill every part 
of the form and to work the concrete around and under the reinforcement ·without displacing it. The 
piles shall be cast separately, or if alterna te piles are east in a tier, the intermediate ·piles shull not be 
poured llll til four (4) days after the pouring of the adjacent piles. Piles cast in tiers shall be separated 
by tar paper carefully placed. The concrete €hall be ·poured continuously- in each pile. The completed 
pi les must be free from stone pockets, purous spots, or other defects and be straight and true to the 
form specified. The forms shall be true to line, built of surfaced lumber, and a one (1) inch chamfer 

. strip shall be used in all corners; they shan be. water-tight, and shall not I;>e removed within twenty-four 
(24) hours after thc concrete is poured. All exposed surfaces of the pile shall be given a "rubbed" fin
ish. The piles shall be cured at least 40 days at a temperature of .n·ot less ·.than .40 degrees F., or 30 days 
at a temperature of not less thun 60 . degrees F . PileS shall . be at least 80 days old when driven. Great 
care shan be taken that green piles are not injured while curing by improperly supporting, handling, or 
transporting them. 

When concrete piles are lifted or moved they shall be supported at the "quarter-points," and they 
shall be so rlesigned that the unit stresses produced by handling, ·as described above, will not exceed 650 
pounds compression in the concrete nor 16,000 pounds tension in the steel. They shall be provided· with 
special reinforcement at the top and bottom to protect them from damag~ in driving. .. 

\ 
, 2. Piles Cast in Place. When piles are cast in a strong metal shell, which is previously driven to 
refusal and which remains in place after the. concr.e.te has . set, . the safe loads. ·when piles · are completely 
embedded in firm earth may be taken the same as specified above for driven reinforced concrete piles. 
Piles cast in· place without metal reinforcement sha llllot he ·used in water or in ground so soft, in· either 
we( or dry condition,. as Dot to give firm lateral support. No pile of this type shall be concreted until 
all driving within a radius of 6 feet has been completed, and care shall be taken ·that the piles are in no 
way disturbed until the concrete has become hard. 

(d) Concrete Trestle Piles and Foundation Piles to,· Tresti~ Bents. These piles sha ll meet the re-
quiremen:t.s for concrete "Foundation Piles." .. -

--==. --- Driven Piles. All exc~vation ~f the foundation in , whieh piles are to be driven shall be completerl 
" before driving is commenced. After driving is completed -all loose. imd . displaced materials . shall be re-

moved from around the piles leaving a clean solid surface to receive· the concrete. . 

(a) DriVing Timber Piles . . In driving, the tops of the -piles; -whell necessary to prevent splitting, 
shall be provided with a metal collar. Metal shoes of an. approveil. design shall also -be furnished when 
ordered by the Engineer . . Piles shall be driven within t inch .variation per-foot of length to th~ vertical 
or , battered lines indicated on the plans. They shall be driven to practical refusal, which is here under
stood to mean, driven to such ·depth that the last me blows of a 2,000-lb. hammer freely falling 15 feet 
upon the solid, unbrcomed head of a pile shall not produce an average penetration greater than one-half 
inch for each blow. For other weights of drop hammers falling from 12 to 15ft. and for steam ham
mers, ·the penetration for vractical refusal as above defined may 'be determined from the following for
mulas: 
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ITEM 55. 

~ Description. Piling shall consist of timber or concrete piles, as may be specified, m~de and placed in 
accordance with the dimensions and elevations required or indicated, and in conformity with these speci
fications. 

The Contractor ,hall be responsible for determining the length of piles required, either by driving-
test pilcf:, or otherwise. '~ 

- - - (a) Foundation Piles. Piles shall be used on ly III places where .a min imum pen tration of ten 
feet in firm motenal or twenty feet III soft material can be obtamed and they shall be des~. ed to sus-

J tain the t.otel load of the structure. PIling shall preferably bc enclosed by permanent water tight sheet 
piling, with top saw('<l oft' about 1 ft. below low water. The tops of pilcs shall be cut oV vel at the 
elevation indicated on thc plans and shall be embedded in t.he cOllcrete footings at least 1 ft: When sub
ject to transverse forces, batter piles shall be driven in sufficient numbers to res ist the trCnsverse forces 
without assistance from the vertical piles, For foundation of arch or movable bridges cir high abut
ment. the plIes shall be completely imbedded in firm earth, ,and, or gravel, which will afford good lat
eral support. When this is impracticable, the soft materials shall be excavated anq replaced. with . heary 
riprap for stlh distance and· dept)J as the plans ,indirate or Engineer directs. ,.; .. ". ' " "-=-:.' '.'" /", . 
~ / ". '; '( •. J (1"' ( (. " /,JIt' ~ ... /" J : '1 . I !I ' · ; " .l, \ .. '~<: -7--<,. " AJ-/'> h , r ","t:,:, r ' !. , ... £ ~ ~ ----

j! ... ·c, .. v. I , i ", .."..- -

' \ 

(b) Trestle Piles and Foundation Piles for Trestle Bents. These piles shall. be used only in places where 
a minimum penetration of 10 feet in firm .materi.al or 20 fcet in soft material can be secured, provided 
further that trestle piles shan have a penetration of not less than one-third (1) of their length. For 
foundation for trestle bents piles shan be cut off level, approximately tl,ree (3) feet above the ground 
elevation ann the cap rigidly secured by dowels or drift bolts. Trestle piles shall be cut off level at the 
elevation shown on the plans and the caps sequred as (lescribed above. If the cut off is 10 feet or more 
above the ground line, timber piles shall be braced by diagon al cross-bracing composed of 3"x10" timhers 
secured to the piles by r' diameter bolts. 

Material and Loading. (a) Timber FoundJ;l.tion Piles. Piles may be of any species which will 
satis~actori ly stand driving1 and shall be cut from live, sou~(f trees, shal1 be solid, close grained, and free 
from defec.ts such as injnr-iou8 ring, shakes, large ' unsound or loose knots, decay, or other de:fects, which 
might materially impair their strength. They shall be cut above the ground s\vell and have" uniform 
taper, and shall be free f rom short bends. A line drawn from the cel1t~r of the butt to the center of the 

I f'" . . tip. shall lie wholly within ' the body of the pile. Piles 'shall 1<. rut wHen.-tl'?-8ap is dewB, and·* 
~'. ~ir J4rj the EHgiliwe;;l,aR be peeled soon after .cu tling. ; :A ll knbt'."hall he t[, irnmed close to the body 

. ----1~i:~~F:;;j:o;:i!~~:' dti~:':~~I:U;~e (~::e:~:I~'tlJ!:201 'fn:~:,I.1 L~:~~'etl~~T.::a~t ::ou~;;:r~';;; I .' size, generally not less than 10xlO inches for. lengths up to 30 feet mld 12-x12 inches for lengths over 30 
fcet. These piles shall be submerged in water and the load to be assumed per pile shall generally be 15 

I 
t 
I 
I 

tons with a maximum limit of 20 tons. 

(b) . Timber Trestle Piles and Foundation Piles {or Tre.,tle Rents. These piles shan meet the re
quirements for timber "Foundation Piles" except that they shall be of durable timber, peeled and driven 
to a safe carrying capacity of at least 10. tons each, or more when so indicated on the plans. The species 
.will, in gencral, be noted on the plans, but if not so noted it shall be subject to the approval of the En
gineer. It is preferable tl!"f)hey:t~ treated for pre"rvation, . impregnating them with not less than 12 
pounds of ereosote oil per cubic foot of timber oy a process approved by the Engineer. 

(c) Ooncrete Foundation Piles. Concrete piles shall be made of Class "A" concrete as herein speei-
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lied, except that the concrete shall preferably be waterproofed by an integral method. The average 
diameter shall not U0 less than 12 inches alld the diamd~r at the point not less than 8 inches. The length 
shall not exceed thirty times the avel'age diameter for piles driven through finn soil, and shall not exceed 
fifteen times the average diameter for pi les driyen to rock through loose, wet soil or filled ground. 'When 
latcral support is llofieicllt so that the piles act as columns, they shall be dcsigned as columns. Concrete 
piles when properly designed, reinforced, and driven to rcfusal may be subjected to loads as determined 
by tcsts or formula, but i10t to exceed 300 pounds pcr square inch of total cross-section at thc smallest 
effective point, and generally not to exceed 25 tons each when used for movab~e spans, arches, and high 
abutments, nor 30 toilS each when used for other foundations. 

.. 1. Precast Piles. These shall be made in accordancc with the plans and the reinforcement shall 
be accurately placed ~l.lld rigidly secured in such mn;nner a,s to insure its proper location in the com
pleted pile. 'rhe concrete shall be carefully.placcd, tamped, and spaded, care being used to fill every part 
of the form and to work the concrete aroun~ and uilder the reinforcement ·without displacing it. · The 
pile, shall be cast separately, or if alternate piles are cast in a tier, the intermediate ·piles shall noI be 
ponred until four (4) days after the pouring of the adjacent piles. ·Piles cast in tiers shall be separated 
by tar paper carefully placed. Thc concrete .hall be ·poured continuously" in each pile. The completed 
pi les must be free from stonc pockets, purous spots, or other defects and be straight and true to the 
form specified . The forms shall be true to line, built of surfaced lumber, and a one (1) inch chamfer 

. strip shall be used in all corners; they shall be water-tight, and shall not be removed within twenty-four 
(24) hours after the concrete is poured. All exposed surfaces of the pile shall be given a "rubbed" fin
ish. The piles shall be cured at least 40 days at a temperature of not less .. than .40 degrees F., or 30 days 
at a temperature of not less than 60 degrees F. Piles shall . be at least ao days old when driven. Great 
care shall be taken that green piles are not injured While curing by improperly supporting, handling, or 
transporting them. 

When concrete piles are lifted or moved they shall be supported at the "quarter-points," and they 
shall be so designed that the unit stresses produced by handling, as d~scribed above, will not exceed 650 
pounds compression in the concrete· nor 16,000 pOlmds tension in the steel. They shall be provided· with 
special reinforcement at the top and bottom to protect them from damag~ in driving. . 

\ 
\ 2. Piles Cast in Place. When piles are cast in a strong metal shell, which is previously driven to 
refusal and which remains in place after the. concrete h..,; .set, .th.e safe loads ·when pile, are completely 
embedded in firm earth may be taken the same as specified above for driven reinforced concrete piles. 
Piles cast in place without .metal reinforcement .shall not" .he used in water or in ground so soft, i~ either 
wei· or dry cOJidition, · as not to give firm lateral support. No pile of this type shall be concretell .unti l 
all driving within a radius of 6 feet has been completed, and care shall lie taken that the piles are in no 
way disturbed until the concrete has become bard. 

(d) Goncrete Trestle Piles and Foundation Piles fOl" T,·esti~ Bents. These piles shall meet tlie re-
0 __ • quirements for concrete · "F~)Un~ation Pil.es." 

Driven Piles. All cxcavation of the foundation in, which piles are to be driven shall be completed 
'" before driving is commenced. After driving is completed -all loose and . d isplaced materials shall be re-

moved from around the piles leaYing a clean solid surface to receive· the concrete. . 

(a) DriVing Timber Piles . . In driving, the tops of the ·piles; . when necessary to prevent splitting, 
shall be provided with a metal collar. Metal shoes of an. approved, design shall also · be furn·ished when · 
ordered by the Engineer. ·· Piles shall be driven within t. inch variation perfoot of length to th~ vertical 
or . battered lines indicated on the plans. They shall be driven to practical refusal, which is he~e under
stood to mean, driYen to such -depth that the last fi.ve blows of a 2,000-lb. hammer freely falling 15 feet 
upon the solid, unbrcomed head of a pile shall not produce an ayerage penetration greater than one-half 
inch for each blow. For other weights of drop hammers falling from 12 to 15 .ft. and for steam ham
mers, ·the penetration for practical refusal as aboye defined may 'be determined from the following lor-
mulas: 
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(a) Gra1!ity liammers 
WH 

S == --- - 1.0 average for each of Jast five blows. 
20000 

(b) Steam Hamm ers 
WH 

8 = - -- - 0,1 average for each of last twenty blows, 
20000 

Where 8 = Penetration in inches, 
W = Weight of the falling hammer in lbs. 
H = Height of fall in feet. 

III case the above refusal canllot be obtained wi thout injury to the pile or on account of the imprac
ticable lengths required, the number indicated on th e plans shall be increased until the maximum load 
coming on any pile shall not exceed its safe bearing capacity as determined from the formulas: 

2WH 
P = --,- for gravity hammer, 

8+1 

2WH 
P = --- for steam hammer. 

8+0.1 
Where P = Load in pounds. 

For movable spans, arche,: and high abutments the above loads shall be redu'ced 25 per cent. 

(b) Driving Concrete Piles. Driving large concrete piles will be eovered by special specifications. . 
Under usual conditions (piles containing not over 2 cubic yards of concrete) they shall be driven wit~ S(; , .~, ,, ; A ' 

_ .~.!Q1L:gQ~wej.gHpg P8~ lc,; than !To I "J 9 i wit.Itf-~eting steam harnmer~ ttlc ~ ,,:eight oK l.t,~ 

I //'~js not less than £ the weight of the P1I(. In driving, the tops of the piles shall be protected by 
/ sUltable cushlOns of wood, rope, or other material so as to reduce the lllJury of the plle to a mllllmum. 

! Metal shoes or points of an approved design shall be furnished when ordered by the Engineer. Piles 

I
i shall go to rock or to p.ractical refusal which is here understood to mean, driven to such depth that the 
! last five blows of an 8,000-lb. ·hammer freely fallin!! 5 ft, upon the solid head of a pile shall not produce 
, an average penetration greater than one-third inch for each blow. For other weights of drop hammers 
, falling from 3 to 6 ft. and ' for steam hammers the penetration for practical refusal as above defined may I " .' be dete.rrnine?/r_~m the following formulas: 

!,") //t1L ~ t'-/~:''f' :/U-i ' GRAVITY HAMMERS. 

e ,{ ' " 7 Ii ,pu,. It 1'" 

.' , . --r;f.. , . J:j'7. 0 A • .( f"' ''''?-
WH 

. . ' ~" /' " '~ 1-' jJ 17 
:~. /~ . tv ·l/Yl. t , " Z,; h''<', ! 

. ;?fi ;'1/ , lS' I { f/v ;-... ZA- ~ ! 

30000 

I 
I 
1 
I 

STEAM HAMMERS. 

,/ WH 
8=--- 0.1 

30000 , , 

In case the above refusal cannot be obtained without injury to the pile or on account of the imprac-
ti.cable lengths required, the number indicated on the plans shall be increased until the maximum load 
coming on any pile shall not exceed its safe caTrying capacity as determined by the formulas given for 
timber piles, For movable spans, arches and high abutments these loads shall be reduced 20 per cent. 

(c) Jetted Piles. Jetted piles shall exteno to a good solid stratum, Their carrying capacity shall 
be determined by actual tests, or if driven with the aid of a jet and for the last foot of penetration 
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dr i\~thou Ljet,j1.1~ same formula may be applied as in the case of driven Pile~.j~:;~-:; . ~ . ) 
~eE18e~_i n a "Q~8 ..ca they G1ffiH -bc' fi1lEd-' w:i.tA-eeme~~ :_~~~!~.· __ - - -- . -_ .- - -_.--. . .. ----

(d) Testing. If tests are called for in the contract, the Contractor shall submit a price per test 
for testing pi les. The number of tests to be determined by the Engineer (which in general will be one 
pi le for each di fferent condition of foundation encountered) . Tests shall be made by load ing the pile to 
two times the working load without exceed ing a permanent settlement of t inch in 48 hours, unless oth
erwise speci ficd . In case the bearing qapacity of any pile is found by test, or by formula if not tested . 
to he less than the load for which it was designated, additional piles shall be driven until the load per pile 
to be borne is reduced to the safe bearing capacity. 

Basis of Payment. This work wi]] be paid for at. thc con tract unit price per lineal foot for "Timber 
'i l-)ilesU or "Concrete Piles," as the case may be, complete in place, which price will include all materials, 

equipment, tools, laboT and work incidental tl;ereto. Payment wi ll be made for t.he actual number of 
feet of pil" left in place and no allowance will be made for the amount cut off or for any pi les which ' 
are not. driven in accordance with the specifications, or as ordered by the Engineer and acceptable to him. 
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GENERAL SPECIFICA nONS FOR PLAIN AND REINFORCED 
CONCRETE BRIDGES 

ITEM 56. GENERAL REQUIREMENTS 

. 56,1. General. The Cont.ractor shall, during construction, adhere strictly to the plans, as the' 
strength of the finished structure depends upon this; and no change shall be allowed without the writ-

• ten authority of the State Highway Engineer, or his Deputy. 

56.2. Types: (a) Culverts. For culverts requiring au area of waterway of 12 square feet or 
less ; pla in or reinforced concrete arches or circular culverts, reinforced concrete boxes, reinforced concrete 
pipe, standard corrugated metal pipe, standard c~st iron water pipe, or vitrified clay pipe. 

For culverts having a waterway of more than 12 square feet; reinforced concrete slabs, plain or re
inforced concrete arches. 

(b) Concrete Bridges. 

Span. Type. 
10 to 20 ft. ...................... .. .............. Reinforced concrete slabs or arches. 
14 to 65 ft.... .. .............................. Reinforced concrete T-beams, through 

or deck girders, arches. 
Greater than 65 ft .............................................. Reinforced concrete arches. 

(c) Arches. In general, plans for plain or reinforcer] concrete arches will not be approved unless 
founded on solid rock or unusually firm hard-pan, except for paved culverts and very small paved 
bridges. 

(d) Roadways. In general, clear widths of roadways shall be as follows : 

For culverts-24 to 30 ft. clear roadway. 
For bridges-16 to 24 ft. clear roadway. 

LOADS. 

56.3. General. All parts 01 the structure shall be proportioned for the maximum stresses produced 
by the dead load, temperature, and li ve loads, with impact allowance added. 

56.4. Dead Loads. 'fhe dead load shall comprise the actual weight of the completed structure. 
The dead load used in figuri ng stresses must not vary more than ,J per cent from the actual estimated 
weight mad(> from the completed design. In estimating the dead load the following unit weights shall 
be used: 

Steel . .................. .. .................... _ ........ 490 lbs. per cu. ft. 
Concrete .......... 150 lbs. per cu. ft. 
Earth fi ll (dry) ...................... ......................... ... 100 Ibs. per cu. ft. 
Earth fill (wet)... ....................................................... .............. . ...120 Ibs. per cu. ft. 
Ballast ................... ...................... .. .... 120 Ibs. per cu. ft. 
Macadam or GraveL .. ................. ... .. ................ 140 Ibs. per cu. ft. 
Brick .. ................ .. .... 150 Ibs. per cu. ft. 
Asphalt Paving ........................................... .. .......................... 130 Ibs. per cu. ft. 
Untreated Timber ....... ........................ .............. ............ . ...................... . 5~ Ibs. per cu. ft. 
Treated Timber ... ................... ....... ..................... .. ........... 60 Ibs. per cu. Il 
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56.5. Live Loads. Live loads shall consist of the fo llowing: 

For the fiooi· and its supports a load of 12;; pounds per square foot or tota l HOOf surface or a typical 
truck wci o-liinrr 15 tons, del)CndinO' upon which (rivC's the most unfavorable conditioll of loading. E ach o ~ . 0 e 
truck shall be nsslUned to have two-thinls of its weight 011 one axle, axles 10 feet between centers and 
wheels 6 feet between centers. 

rrhc. space assumed to be occupied by. the truck sha ll be 20 f('ct 100lg flml !J feet wiar. For hl'id,!!cs 
hav ing a width of roadway not exceed lG feet thoro shall ue H~::5UlllCd ono truck, ilnd [or hridges having 

roadways of n:orc than] 6 feet, two t rucks: 

56.6. Impact. On all concrete structures where the fill or k ,lIa,t is less than two feet in depth, 
an allowance for impact. shall be made to the extent of twonty-fiye (25) pcr cent of all l ive load stresses. 

56.7. Loads to Be Given on Drawings. The dead loads and the assumed live loads used fo r the 
design of eac~ structure ~han be ShOWl! on the (lrawing or stress s1)eet. 

56.8; Distribution of Wheel Loads. (a) . On Concrete Slabs. .Eaeh whcel load shall be assumed 
to be uniformly distributed as follows : 

Depth of Ballast or Paving. 

S inches or ·less 
9 to 17 inches, inclusive. 

18 inches or more ......... n ••••••• , •••• 

(b) On- Stringers. 

Area of Distribution . 

. ..4 ft. -0 inches square. 
... 5 ft. -0 inches square. 

. .......... 6 ft. -0 inches square. 

For longit:udinal stri ngers of steel' or reinforced concrete carrying concrete floor and stringers 
spaced 4 ft. between centers, each in terior stringer shall be designed to carry two-thirds of the full speci
fiea wheel loaps; and when spaced 6 fwt between centers each stri.nger shall be designed to carry the full 
wheel loads which can come over it, and proportionally for other spacing. Each wheel load shall be 
consid~red as · applieo to the stringer at a point. Outside stringers shall·be designed to provide fully for 
the most unfavorable position of the live load with the arrangements adopted. 

NOTE.-For usual conditions outside stringers should not be plnceo inside the curb lines, and should 
have at least as much strength as ' interior stringers when the spacing center to center is 40 inches or 
more, and greater strength than . interior stringers when the spacing center to center is less than 40 
inches. 

(c) On Floor Beams lVithout StringPrs. For bridges with concrete floor slab carried on floor 
beams without stringers, when spacing of beams js f rom 5 to 10 feet, each beam shall be aSf;umed to 
carry the full axle load. When spacing of beams is less than 5 feet the portion d wheel load on rach 
beam shall be represented by a fract ion whose numerator is the spacing of beams in feet and the denomi
nator is' 5. These loads shall he assumed as un iformly distributed along the floor beam as follows: 

Depth of Ballast or Pa Ying. Length of Di stribution. 

8 inches or less ....... . ........ ............ ........ ....... 9 feet. 
9 to 17 inches, inc1usive ................................ .. . . ..................... 10 feet. 

18 iuches or more ... . .. .11 feet. 

ALLOWABL·E STRESSES. 

56.9. Modulus of Elasticity. T hc modnlns of elosticity of steel shall be taken as 30,000,000 ponn,ls
per sql1a.re i nch) ,mel of concrete as 2,000,000 pOUIl i,1s per square inch. 

Co-efficien..t. of Ea:pansiolls. The cO-CmC i {~llt of CXPfl."llSion of concrete, plain or rcinrorC'ccl, :-:hall be 
('"ken as O.OOOOOG. 
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56.10. Allowed Unit Stresses. 

(a) Beating. Compression appli ed to a surface of concrete of twice the loaded area·: 

Bearing on Class A Concrek.............. . ... ................................ .... ......... 700 lbs. per sq. in. 
Bearing on Class B Concrete... ........................ . ...... :560 lbs. per sq. in. 
Bearing on Class C Concrete.............. . ... 440 lbs. per sq. in. 

(b) Compression. 

(i) Axial Compression on plain concrete pIers and columns reinforced longitudinally whose 
lengths do not exceed 12 diameters. 

Class A Concrete ........................ . 
Class B Concrete .................................................................................... . 
Class C Concrete ................................................................................. .. ........ . 

. ... 450 lbs. per sq. in . 
............ 360 lbs. per sq. in. 

..290 lbs .. per sq. in. 

(2·) Compression in extreme fibers of beams and slabs. 

(c) 
provided. 

Class A Concrete........... ....................... ........................................... . ...... 650 lbs. per sq. in. 
Adjacent to,supports of continuous beams..... ................ . ... 750 lbs. per sq. in. 

Shear and Dingonal T ension. Shear (diagonal tension) .in concrete when no reinforcement is 

Class A Concrete .................. 40 lbs. per sq. in. 

Shear (diagonal tension) in concrete when reinforcement is provided for shear in excess of 40 lbs. 
per sq. in. 

Class A Concrete .. . .................................................... 100 lbs. per sq. in. 

In beams with web reinforcement securely attached to the longitud inal bars in the tension side of 
the beam in such a way as to prevent slipping of the bar past the stirrup, 120 lbs. per sq. in. 

(d) Bond. Bond stress between concrete and plain reinforcing bars: 

Class A Concrete .................................................................... : ....................... _ .. _ ........ 80 lbs. per sq. in. 
When deformed bars are used ................................................................................ 100 lbs. per sq. in. 
In case drawn wire' is used.. . ....................................................................... 40 lbs. per sq. in. 

(e) T ension. No allowance fo r tension in 'eoncrete will be made. Tension in reinforcing steel, 
16,000 lbs. per sq. in. 

CALCULATJON OF STHESSES. 

56.11. Span. Tn the calculation of stresses the span of reinforced concrete beams or slabs shall be 
taken as the distance between centers of supports or the clear span plus the depth of beam or slab. 

56.12. Initial Stress. 
lected. 

Initial Stress in concrete due to a contraction or expansion shall be neg- . 
,: ... , .... 

56.13. Assumption for Calculations. The following assumptions shall bc used as a basis of cal en
lations : 

(a) Calculations shan be made with reference to working stresses and safe loads, rather than with 
reference to ultimate strength rind ultimate loads. 

(b) . A plane section before bending remains plane after bending. 

(c) The modulus of elasticity of concrete in compression is constant within the usual limits of 
working stresses. The distribution of compressive stress it). beams is therefO.re rectilinear. 

(d) . In calculating the moment of resistance of beams, the tensile stresses in the concrete are neg
lected. 

<e) The . adhesion' between concrete and reinforcement is perfect. Under compreflSiv" stress the 
two materials are therefore stressed in proportion to their moduli of elasticity. 
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(f) The ratio. o.f the mo.dulus o.f elasticity o.f steel to. the mo.dulus of elasticity o.f concretc is 
f..ken at 15. 

56.14. Beam and Slab Formulas. 

ta) l'3imple Beams. For simple beam&, such as slabs used for one span bridges, th~ moJr..f::nt M £0,1' 

unifo.rm load shall be M = 1\ wi'. 

(b) Fixed and Oontinuous Slabs. Fo.r slabs fixed at the ends and co.ntinuo.us over interio.r T-beams 
1 

or girders, the maximum moment for uniform load shall be tak.en as M ~ - w12
• 

12 

In the case o.f beams and slabs ,co.ntinuo.us for two spans o.nly, with their ends restrained" the bend
wI' 

ing mo.ment bo.th at the central suppo.rt and near the middle of the span shall be taken as -- fo.r 
unifo.rm lo.ads. 10 

56.15. Depth of Beams. The depth o.f a beam at any section is the distance fro.m the co.mpressive 
surface to the centr~id o.f the tensio.n reinfo.rcement. ' 

56.16. Maximum Shearing Unit Stress. The maximum shearing unit stress in beams is the to.tal 
shear at the sectio.n divided by the pro.duct o.f the width o.f the secti(}n and the distance between the 
centr(}ids o.f co.mpressio.n and tensio.n, jd. This maximum shearing unit stress is to. be used in place o.f 
diagonal tension_ stress -in calculations for web stre·sses. :! ~; 

3f,jdAs ' 
S-----

- w(l-2x) ' 
56.17. Spacing of Stirrups. Fo.r unifo.rmly distributed l(}ading, Fo.r any lo.ading, 

3f, jd A, 
S=--- Where: is = tensile unit stress in steel, d , depth (}f beam, to.p to center o.f steel, 

2V 
j = ratio. o.f lever arm o.f resisting co.uple to depth "d," A ' area o.f reinfo.rcing steel, V= 'To.tal Shear, 
W = unifo.rm load per lineal f(}o.t, L = span length, X = distance from left support to point under 
consideration. 

From the above formulas it is evident that the necessary spacing of stirrups is inversely propo.rtio.nal 
to the t(}tal shear V at any point. ' 

56.18. Bond Unit Stress. The b(}lld unit stress is equal to the 'verhcal shear divided by the pro
duct o.f the't(}tal perimeter' of the reinforcement in the tensi(}n side of the· beam times the distance be
tween the centroids of compression .and tension, jd. 

56.19. Shear Allowance on Web. Pro.perly reinforced webs ,,;ill be allowed an average shearing 
stress ,from vertical shear three times as high as 'a plain, unreinforced web: 

56.20. Floor Slabs Supported Along Four Sides. For uniformly distributed loads o.n square slabs, 
(}ne-half the live and dead load may be used in the calculatio.ns of the moment to be nsed in e~ch direc
tion. For (}bl(}ng slabs, the len¢h o.f which is n(}t greater than o.ne and (}ne-half times the width, the 
nlomen't to beresisted by the transverse reinforcement may be found by the ratio (}f the live ,and dead ' 

' . I ' 

load equal t() that given by the formula r = --0.5, where I = length, and b """: breadth of.slab. The 
b 

longitudinal reinfo.rcement sho.uld then be pro.po.rtio.ned to. carry the remainder of the load. , 
56.21. Reinforced Columns. Pro.visio.n mnst be made in reinfo.rced ·columns fo.r 'eccentric lo.adin!!. 

if any. Pro.per pro.visio.n must also. be made at the bo.tto.m o.f co.lumns fo.r tensile stresses, if any; nnd 
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for the distribution, by means of bearing plates or otherwise, of the compressive stresses borne by .the 
reinforcement. 

56.22. Temperature Stresses. Temperature stresses shall be calc'ulated in concrete structu res, where 
the structure cannot expand and contract freely, fol' a variation of llot less than 60 degrees Fahrenheit. 

CONSTRUCTION DETAILS, 

56.23. Joints. Concrete construction shall, whell possible, be cast in olle operation. 'Vhen joint~ 
are necessary, they shall be so located as to have the least possible effect on the strength of the struc
tures. 

Joints in columns shall bc made flush with the lower side of the girders. 

Joints in girders shall be made at a point midway between supports, but should a beam intersect 
the girder at this point the joint shall be oil'set a distance equal to twice the width of the beam, 

Joints in the members of n floor system shall in general be made at or near tho center of the span. 

Joints in columns shall be perpendicular to the axis of the column and girders, beams and floor . 
slabs perpendicular to the plane of their surfaces. 

Girders shall not be constructed over freshly formed columns without permitting a period of at least 
two hours to elapse, thus providing for 'settlement or shrinkage in the columns. 

56.24. Contraction of Joints. In massive work, such as retainng walls, abutments, etc., built with
out reinforcem"ent, contraction joints shall be provided ' at intervals of 25 to 50 ft., and with reinforce
ment from 50 to 80 ft. (the smaller the height and thickness, thc closer the spacing throughout the 
length of the structure). The joints should be tongued and grooved to maintain the alignment in ('ase 
of unequal settlement. 

Contraction joint. shall be lubricated by an application of petroleum residuum oil or a similar rna' 
rerial, so as to permit" a free movement at the joints when the concrete expands or contracts. 

56.25. Splices in Reinforcement. Whenever it is necessary to splice (ension reinforcement the 
length of lap shall be determined on the basis of safe working bond stress, the stress in the bar and the 
shearing resistance in the concrete at the point of splice; or a connection shalJ be made between the bars 
of sufficient strength to carry the stress. Splicc-s at points of maximum stress shall be avoided. 

In columns, bars more than t" diameter, not subject to tension, shall be properly squared and butted 
in a suitable sleeve. Smaller bars may be treated as indicated for tension reinforcement or the stress 
may be carried by embedment in large masses of concrete. 

At foundations, bearing plates shall be provided for supporting the bars, or the bars shall be carried 
into the footing a sufficient distance to transmit the stress of the steel to the concrete by means o.f the 
bearing and bond rESistance; in no case shall the ends of the bors be permitted merely to rest on the con
crete. 

56.26. Tee Beams. In beam and slab construction an effective bond shall be provided at the junc- ' 
ture of the beam and slab. 

." (a) When the principal slab reinforcement is parallel to the beam, transverse reinforcement shall 
be used, extending over the beam and well into the slab. 

(b) When adequate bond and shearing resistance between slab and web of beam is provided, this 
slab may be considered as an integral part of the beam, but its width shall be determined by the fol· 
lowing rules: 

(e) It shall not exceed one-fourth of the span length of the beam. 

(d) Its overhanging width on either side of the web shall not exceed three times the thickne" of 
the slab: 
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Beams ill which the tee form is US0d only for the purpose of providing additional area of concrete 
shall have a width of flange not more than three times the width of the stem, and a thickness of flange , 
not less than one-third of the depth of the, beam. 

Tee beams acting as continuous beams shall have consideration given the tensi le ano. compressive 
stresses at the supports. 

56.27. Floor Slabs. Floor slabs having the supports extend ing along the four sides should be de
signed and reinforced as continuous over the supports. If the length or the slab exceeds one and one
half times its width, the entire load should be carrie~ by transverse reinforcement. 

In placing reinforcement in such slabs account may well be taken of the fact th~t the bending mo
ment is greater near the center of the slab than ncar the ·edges. For this purpoEc two-thirds of the 
calculated moments may be assumed as carried by t he center half of the slab and one-third by the out
side quarters. 

The total thickness of a slab shall not be less t han 1/30 of the slab span ill the direction of +he 
principal reinforcement nor less than 4 inch:s. 

/~8quare slabs shall be reinforced in both directions. 
1/:-

. / / 56.28. Compression Reinforcement. Where beams are reinforced on the eompressi ve side, the steel 
~ shall be assumed to carry its proportion of stress in accordance with provisions of Paragraph 44.1. 

56.29. Cantilever Beams. In the case of cantilever and continuous beams, . tensile and compressive 
reinforcement must extend sufficiently beyond the support and beyond the point of inflection to develop 
the requisite bond strength. \ 

For cantilever and restrajned beams full tensile stress exists in the reinforcing bar~ .at thL! P9int of 
support, and the bars must be anchored in the supports sufficiently to develop this stress .. 

56.30. Anchorage of Bars. E nds of reinforcing bars must be secured against slipping, either by de
pending upon the bond, in which case the length of the free endsshal! not be less than 48 diameters Of 
the rod for plain rod, or 40 diameters for deformed rods, or by bending the free end through 180 de
grees to a radin~ () ~ ·.J) diameters of roo, or by an lJllchorage cOllsii<ting of the tree end being upset and 

. / . . 
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J V 
pro\'ideil with a llHt and washer. The free epds of' stirrups, where the beam has no top reinforcement, ~ 

.' , . ...,...--.. ( i"> 
may be·.t ui·ned closely through :l60 degrees for this purpose. At points where top reinforcement exists the ( 0 -.. \.: ., 
free ends of the stirrups shall be wound around the bars approximately one and one-half times. . . ~ 7 " ', ; :~ 

56.31. High Bond Resistance. Where a high bond resistance is required the deformed bar shall be ~ I' "':', 'S-' 
used. ' ..... "" 

Adequate bond strength throughout the length of the bar shall be preferrcil to end anchorage, but as 
an additional safeguard such anchorage may be used. 

56.32. Beams and Girders. The minimum width of web, in heams or girders, shall not be less than 
one twenty-foui·th (1/24) of the span. 

56.33. Spacing of Reinforcing Bars. 
diameters from center to center, nor shall 
two diameters. 

The lateral spacing of p,rallel bars shall not he less than three 
the distance from side 01 beam to nearest bar be less than 

. The clear spacing between two layers of bars shall not be less than 1 inch, and the distance center 
to center of layers shall not be less than three diameters . . 

The spacing of small bar . ., shal1 not be so close in either direction as to prevent the passing of con
crete hetween the hars. 

Two layers of bars crossing each other may he in contact, and ·' in thi~ cas/) the bars forming th~ ;q1~ip. 
r(·i nforccmcnt shal1 be p]tl('~l1 Quterp19st. 

\, 

\ 
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56.34. Number of Layers Permitted. 
::tllowcd, un less the layer:> ::lre tied together 
where the bars arc bent. up or down. 

The use of more than two layers of rein forcing wi ll not be 
by adequate metal connections, particularly at or near points 

56.35. Web Reinforcement. Web reinforcement, if vertical, shall be looped around the horizontal 
reinforcement. If the rein forcement is inclined it shall be securely attached to the longitudinal rods to 
prevent slipping. 

56.36. Distribution of Points of Bend. Where the longitudinal bars are bent up to form the web 
reinforcement, the points of bending of the serial bars shall be distributed along a portion of the length 
of beam in such a way as to give a web reinforccmen t over the portion of the length of the · beam in 
which it is needed. 

In connection with bent up rods, and in addition to them, vertical stirrups shall be usc.d to act in 
combination with the bent up lOds. 

56.37. Stirrups. The longitudinal spacing of stirrups or diagonal members, or the distribution of 
the points of bending ad jacent bent up bars sha ll not exceed three-fourths of the depth of the beam. 

Where negative lllOmcnt exists, aR in the case of a continuous beam at the supports, web reinforce
ment shall be looped over or wrapped around or be connected with the longitudinal reinforcing bars at the 
top of the beam. 

56.38. Columns. Oolumns are compression members of which the ratio of unsupported length to 
least width exceeds four, and whicb arc provided wi th reinforcement of one of the forms hereinafter de
scribed. 

(a) Ratio of Length to Width. The ratio of \U1supported length of ~olumn to its least widtb shall 
not exceed 15. 

(b) Effective Ar"'L. The effective area of hooped columns or columns reinforced with structural 
' hapes shall be taken as the area wi thin the circle enclosing the spiral or the polygon enclosing the struc
tural shapes. 

(c) Composite Columns. Composite columns or str uct.url'll steel and concrete in whirh the steel 
forms a column by itself shall not be 'classified as a r~i n [o'rced concrete column. 

When this type of column is used the concrete shall not he relied upon to tie the steel units together 
or transmit stresses from one unit to another. 

(d) Spacing of Col"mn Reinforcement. In columns having longitudinal reinforcement only, ·the 
rods shall be securely tied together at in tervals not exceeding 20 diameters of the rods. In columns 
having circumferential reinforcement the clear spacing of such shan not exceed 1/6 the diameter of the 

. enclosed column, and preferably be not g reater than 1/ 10 and in no case be marc than 2t inches. 
, 

(e) Hooping. Hooping shall be circular and the end s of bands united in such a way as to develop 
their full strength . 

Adequate means must be provided to hold the bands or hoops in place so as to form a column, the 
core of which will be straight and well centered. 

Where hooping is used the total amount of such reinforcement shall not be leSS than 1 per cent of 
the enclosed column. 

Hoops or bands shall not be counted on directl y as adding to the strength of the columns. 

(f ) L ongit"dirwl R einforcement. In all cases longitudinal reinforcement shall be assumed to ca~ry 
its portion of stress in acc;ordance with Paragraph 44.1. T his reinforcement shan be straight and have 
sufficient support to be held securely in place unti l the concrete has set. 
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56.39. Special Reinforcement. Slabs reinforced for strength m one airection only shall be rein
forced to prevent shrinkage cracks by wire mesh or fabric. 

MATERIALS. 

56.40. Classes of Concrete. Unless otherwise specially indicated on the plans, there will be 3 classes 
of concrete known as Class A, Class B, and Class C. 

(a) Olass A Oonc,·ete. Class A Concrete shall be composed of 1 part Portlanil cement, 2 parts fine 
aggregate, and 4 parts coarse aggregate. 

(b ) Class R Ooncrete. Class B Concrete shall be composed of 1 part Portland cement, 2! parts 
fine aggregate, and 5 part.; coarse aggregate. 

(c) Class 0 Oonc,·ete. CJass C Conereteshall be composed of 1 part Portland cement, 3 parts 
fine aggregate a.nd 6 parts coarse aggregate. 

56.41. Nature of Concrete Materials. Cement, water, fine aggregate and coarse aggregate shall be 
as specified in Paragraphs 54.7 to. 54.13, inclusive. 

56.42. Concrete Reinforcement Bars. The Reinforcement shall meet the requirements specified un
der Item 14. 

56.43. Material for Piling. The material for Piling shall meet the requirements specified under 
Item 55. 

56.44. Material· for Forms. 'fhe rna terlal to be used in the forms shall meet · the requirements of 
Paragraph 54.15. 

5.6.45. Use of Classes of Concrete. (a) Olass A Ooncrete. All reinforced concrete, and all plain 
concrete Illilsonry m.easuring less than 10 inches in thickness, except for the floors of steel bridges, shall 
be of Class A concrete unless otherwise shown on the drawings or directed in writing by the Engineer. 

(b ) Owss ·R Concrete. Unless otherwise specified, Class B Concrete shall be used in all plain con
crete abutments, piers, and wing walls, and shall also be used elsewhere as may be provided for on the 
plans or by the written direction ·of the Engineer. 

(c) Olass 0 OonC1·ete. Class C Concrete · sha ll be used in all unreinforced footings and at all other 
places provided for on the plan. or specified in writing by the Engineer. 

MIXING AND PLACI NG CONCRETE. 

56.46. Unit of Measure. The unit of measure sha ll be the cubic foot. A bag of cement contain
ing 94 lbs., shill be considered 1 cubic foot. 

The measurement of fine and coarse aggregate shall be by loose volume. 

56.47. Devices for Measuring Material. The devices for measuring malerial shall be as specified 
in Paragraph 54.16. 

56.48. Consistency. The consistency of.. the concrete shall be as specified in Paragraph 54.17. 

56.49. Mixing and Placing Concrete. The contractor shall mix and place the concrete in strict 
accordance with the requirements of Paragraphs 54.19 to 54.22, inclusivc. 

56.50. Instructions Regarding Plain Concrete. For plain concrete abutments, retaining walls, etc .. 
the following instructions shall be followed : 

(1) Each layer must be left rough to insure bonding to the layer above ; and if it be already set. 
shall be thoroughly cleaned and scrubbed with coarse brushes and water before the next Jayer is placed 
upon it. 
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(2) Concrete shail be deposlte<i in the forms 10. iaycrs 0/ such thickness and positi on as shall be 
specified by the Engillcer, but in no case shall work on a section stop within 18 inches of the top. 

(3) Temporary planking shall be placed at ends of partial layers so thut llOllC shall run out to a 
thin edge. In general, except in arch work, all plai n C01W;l'e te must be deposi ted in horizontal lay~rs 

throughout. 

(4) The work shall be carried up in sections of convenient length and each section completed with
out intermission . 

56.51. Instructions Regarding Reinforced Concrete. In placing reinforced cOllcret~. ;t is deairrib!e 
to cast the entire structure at one operation. Whenever this is not possible on account of the size of 
the structure, joints should be made in such places as to have the least effect on the strength of the struc
tine. See Paragraph 54.23. 

56.52. Arches. The centers of arches must be lowered sufficiently to allow all the arch r ing to as
sume its permanent set before the spandrel walls are poured, in order to reduce the possibilities of cracks 
in spandrel walls due to exees'sive settlement in the arch ring crown. . 

56.53. Protection of Concrete. The contractor shall protect the concrete as specified in Paragrdph 
16.20. 

56.54. Removal of Forms. Forms shall be removed as specified in Paragraph 54.25. 

-56.55. Defective Work. Any defective work discovered after the forms have been removed, shall 
be remedied as specified in Paragraphs 3.24 and 54.25 . 

56.56. Finishing Concrete. The Contractor shall finish the concrete as specified in Paragraph 
.54.26. 

56.57. Instructions Regarding Miscellaneous Auxiliaries. Sidewalks and curbing, drainage and 
weep holes, pipes and conduits, anchors, bolts, grillages, waterproofing, and refilling shall be constructed 
and placed as indi caied on plans or as directed by the Engineer. 

EXPANSION DEVICES. 

56.58. General. Unless otherwise shown on the plans, all reinforced concrete through or deck gir' 
der bri~ges, classed and designed as unrestrained structures shall be provided with expansion rockers at 
one en~ of each span, see I tem 54.27 . 
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, ITEM 57. GENERAL REQUIREMENTS. 

57.1. Use Of. In general, plans for steel bridges will not be approved except for structures span
ning navigable channels, and for locations where the cost of concrete structures would be prohibitive. 

~ '57.2. Materials. Rolled ;tructural steel will be used in general for all structures, Rivet steel will 
J be used for rivcls, Cast ,tc.,,1 will be used for ~hoes of long plate girders and important details of draw

bridge machinery. Cast iron may be used for minor details upon the written approval' of the Engineer, 

57.3. Types of Bridges. The following types of bridges are preferred: 

, _ I ....--For spans up to 30 feet-Rolled beams. 
T For spans 30 to 80 feet-Plate 'girder or riveted trusses. 

For spans 80 to 180 feet-Riveted trusses. . 
For spans over l80 feet....:.Either riveted or pin connected trusses. 

Trusses shall preferably have single intersection web systems, and in through trusses the hip verticals 
shall be rigid members. 

Viaducts, shall consist, usually, of a1ternaic tower spans and free spans supported on trestle bents, 
However, neither longitu?inal nor horizontal bracing shall be used below high water: 

, .. \ 57.4. Drawings. The State Highway Engineer will furnish designs, showing details preferred 
witl) usual conditions, 

J 57.5. Alternate Designs. Bidders may submi t altornate 'designs when agreeable to the State High-
way Engineer and when so provided for in the ::C<otice ,to Contractors. Alternate designs shall have as 

' great strength and general merit as the designs furnished by the State Highway Engineer. Bidders 
submitting alternate designs shall furnisl] stress sheets and general plans which shall show all dim'ensions 
and sectional areas. 

I 
" 57.6. Del'th Ratios. Trusses shall preferably 1""0 a depth of not less than one-tenth of the span 

and plate girders a depth of not less than one-twelfth of the span. If shallower trusses or girders are 
used, the section shall ' bc increased so that the maximum deflection will not b. greater than if the above 
limiting rat.ios had not been exceeded. 

57.7. Size of Drawings. All drawings shall be 22x36 inches over all; with a margin of 2 inches on 
the left hand edge and one-half inch margins on the' other edges. 

57.8. Approval.of Drawings. Upon the acceptance and execution of the contract, the Contractor 
wall prepare and furnish Standard Size working drawings showin'g complete detai ls of all parts of. the 
structure, Blue prints, in duplicate, of these drawings shall be submitted to the State Highway En
'gineer ' for his approval beforc any material is' ordered or work begun in the shop. All , details shall 
be' subject to his modification vI' approval. 

The Contractor alone shall be responsible for the correctness of the rlrawing, although the drawings 
:may' ha~e .'b'een approved by the Engineer: ' 
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J 57.9. Prints for the State Highway Department. After drawings have been approved, the Con
tractor shall furnish the State H ighway Department, without cost, three (3) complete sets of prints and 
two (2) sets of all shop bills. 

57.10. Dimensions for Calculations. The following dimensions shall be used in designing steel 
superstructures : 

Span of beam 0 1' g irder} distance center , to center of bearings. 
Span of truss, distance center to center of bearings or end pins. 
Span of floor beam, di sta nce center to center of trusses. 
Span of stringer, distance center to center of fioor beams (one panel length) . 
Depth of girder, distance between centers of gravity of fianges. 
Depth of truss, el istanee between centers of gravity of chords or between centers of pins. 

57.11. Overhead Clearance. The overhead clearance for bridges on a straight line and having a 
16-foot roadway shall not be le.ss than fourteen (14) feet for a distance of one-l.lalf the width of the 

~ roadway. For roadways greater than sixteen (16) feet no more space shall be obstructed than is per
missible for a 16-foot roadway. 

57.12. The Width of Roadway for bridges all n straight line shall generally be not less than six
---+- teen (16) feet. If end spans or approaches of a bridge are on a curve the width shall be increased suffi

ciently to permit safe and. easy passage of vehicles. 

57.13. Minimum Distance Between Trusses. The distance between centers of trusses shall be suffi
cient to provide for the designated width of roadway and shall in no case be less than one-fifteenth of 
tlie length of span. 

57.14. Roadway Floor. For the roadway single thickness of fioor planks shall be not less than four 
( 4) inch nominal thickness. It shall be laid to conform to the section shown. on the plan. 

Whenever a solid fioor is specified, it shall be the subject of special specifications or shall be in ac
cordance with requirements contained elsewhere herein under "Roadway Pavement." 

Rough plank shall be carefully grad ed as to thickness before laying, and be laid so that no two ad
jacent planks vary in thickness more than 1/ 16 of an inch. 

All fioors shall be cut to a straight line along the sides of the roadway and walkway. 

Floor planks shall be laid heart side down with one-quarter (t) inch openings and be spiked to 
each stringer and naili ng strip wi th at lea,t two seven (7) inch spikes for four (4) inch plank and two 
six (6) inch spikes for three (3) inch plank. 

57.15. Wheel Guards. Wooden wheel gua rds having a cross-section not less than six inches by four 
inches shall be provided on each side of the roadway. They shall be spl iced with haI£ and half joints 
and six-inch lap. They shall be separa ted from the floor planks by blocks three inches by six inches, by 
twelve inches long, spaced not more than five feet apart, center to c€:nter, and fastened in place by a five
eightJls-inch bolt passing through the center of each block anel attached to the stringer below. Each 
block is also to be fasteneel to the wheel guard by one spike. 

57.16. Footwalk Floor. For the foo!walk, if any, plauks not less than two inches in thickness shall 
be provided, and firmly nailed to the nailing strips with quarter-inch openings. All planks shall be laid 
heart side down. 

57.17. Position of Footwalks. Where footwalks are required they will genorally be carried by steel 
strjngers on steel brackets outside of the main girders or trusses. 

57.18. Floor Stringers. Floor stringers will be steel I -beams unless otherwise specified on the 
drawings. 
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,"Voodon joists, when allowed for floor stringers, shall have a width of at least three inches and a 
ICII!.,!th g ivi ng Il heari ng of the full width (I[ the floor beam.,;, and separated onc·ha lf inch nt the ends for 
free circulatioll of ai l'. 

'rhe distance h~tween centers of stringcrs shall 
floo!' plank. 

in no ca~e exceed twelve <::t) times the thickness of 

"-- 57.19. Proportioning Wooden Stringers. Wl>cn wooden stringers are used, they shan be of ,,!ii'e 
~ long leaf Southern yellow pine of grade Iterein specified, and shall be proportioned for ~he sum 
of the 'dead and live loads, with0i1t impact, with a maximum bending fiber stress of 1,200 pounds per 
square inch, benTing :-• .:..ross the fiber 350 pounds per square inch, and shearing with the fiber 150 pounds 
per square inch . 

57.20. Bridging for Wooden Stringers. Wooden stringers which have a width less than one-third 
their depth ' shall be braced by two by four inch bridging, two lines of which shall be in each panel. 

57.21. Washers. All bolt heads and nuts in contact with wood shall have washers under heads and
nuts three inches in diameter by one-quarter inch thick. 

57.22. Lumber. All lumber shall be of the kind specified on plans, free from loose knots, knots 
111 clusters, knots greater than one and one-half inches ill diameter, worm holes, wind shakes, decayed 
or unsound portions, bark edges, wanes exceeding one-fifth of face and one-third of length, sap on more 
than one edge or other defects ill\pairing its stren!!th or dll rabili ty. The lumber shall be cut from green 
standing timber, straight grained, sawed true, and sl laU be subject to the inspection and acceptance of 
the Engineer. 

57.23. Joists and Stringers. 
steel stringers shall preferably be 
at least 7/16 inch thick. 

Steel joists shall be securely fastened to the floor cross-beams, and' 
riveted to the webs of the floor-beams by means of conncction angles ' 

'Vhere end floor-beams cannot be used, stringers restJng on masonry shall have cross frames near 
their ends. 'O<~se fj:llmes shall b~ Jiyeted to girder or trllss shoes where practicable. 

9tJt'lj / A ..... ~ 
57.24. ~<\''''''''e of steel or iron, well made for its purpose, shan be placed on each side of 

/file bridge, except where plate gi rder; serve the same purpose, and be rigidly attached to the snperstruc
ture. 

57.25. Trestle Towers. Each bent of high trestles shall preferably be composed of two columns 
;lUd the bent. united in pairs to form towers, each tower thus formed of four columns shall be thorough
I." braced in both directions and have struts bOtll ways between the feet of the columns. , A II columns 
shall have an anchorage capable of resisting one and one-half times the specified wind forces . 

Each tower shall have sufficient base longitudinally to be stable when standing a1one. 1.'ower 
'pans for high trestles shall not be less than thirty feet. 

57.26. Bolts. Bolts may not be used in place of rivets except by the special permission of the 
Engineer. 

57.27. Drainage. Provision shall be made for drainage clear of all parts of the metal work. 

57.28. Name Plates. One or more cast iron name plates of an approved design, giving the date 
(I f construction, the names of the State ,Highway Engineer, County Engineer, County Commi?sioners 

! Court and the Contractor for the superstructure, shall be securely bolted to the superstrncture at the 
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STEEL SUPERSTRUCTURES-Continued, 

ITEM 58. LOADS. 

58.1. Arrangement of Loads. All structures shall be designed to carry the dead load and live loads 
of the required 'reight1 either un iform or (;ol1ccntl'atcd as specified, so placed as to give the greatest stress 
in eacL part of thc structure. The dcad load shall compri se the actual weight of the completed structure. 
The dead load ll sed in figuring stresses must not vnr)' more than 5 per cent from the actua.l estimated 
weights made from the completed design. 

58.2. Assumed Loads Given on Drawings. 'i'he loads assumed for tIll! design of each structure 
shall be shown on the drawing or stress sheet. 

58.3. Dead Loading. rr he <lead load is the weight of all materials ill the s~ructure assumed at 
the following unit weights : 

Steel 
Concrete ..... .. ................ _ ._ .... . 
Earth fill (sand and clay), dry .. .................. .. 

.................... .... ................... 490 Ibs. 
....................... 150 Ibs, 
........................ 100 Ibs, 

Earth fill (sand and day), wet... .......................... ..... . ... 120 Ibs. 
... 120 Ibs. 

............... ........ .... .... ............ 140 Ibs. 
Ballast ...... . 
'Mac:adam or gravel, rolled ... .............................. . 
Brick ......... .. ......................................................... .. . 
Asphalt paving ...... 
Untreated lumber ........................... . 
Treated I um ber 

......... ............. 150 Ibs. 
..... . ......... 130 Ibs. 

4 lbs. 
5 Ibs. 

per cu . ft . 
per CU. ft. 
per cu. ft. 
per cu . ft. 
per cu. ft. 
per cu . ft. 
per cu. ft. 
per cu . ft. 
per ft. B. M. 
per ft. B. M. 

58.4. Uniform Live Loads for Trusses and Girders. In designing all trusses and plate girders the 
following uniform live loads, arrangc-d ill such position as to produce the maximum stress in the mem
ber or detail under consideration, shall be used. For sidewalks use the same uniform live loads as for 
the road way surface : 

Spans 100 ft. long or less, 80 pOlmds per square foot. 
Spans 110 ft. long, 78 pounds p CI' squa re foot.' 
Spans 120 ft. long, 76 pounds per square foot; 
Spans 130 ft. long, 74, pounds per square loot. 
Spans 140 ft. long, 72 pounels per square foot. 
Spans 150 ft. long, 70 pounds per square foot. 
Spans 160 ft. long, 68 pounds per square foo t. 
Spans 170 ft. long, 66 pounds per square foot. 
Spans 180 ft. long, 64 pounds per square foot. 
Spans over 180 ft . lonl!, 64 pounds per square foot. 

58.5. Concentrated Live Loads. The concentrated live load shall consist of r. truck weil!hinl! 15 
ton s. A truck 80hall he assum.ed to have two-th i l'd~ of it.s weight on one axle, axl('s ]0 feet between ('en 
ters, and wheels 6 feet between centers. 

The space assumed to be occupied by a truck shall be 20 feet Ion;>: an(1 9 feet wide. 

Each steel and concrete bridg-c having a road way of 16 feet or l c~s ~hall be (lcsigJlerl for ] trnck, 
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and each concrete bridge havi ng a roadway of more than ] 6 feet shall be designed for 2 trucks of the 
weight specified. 

58.6. Impact. All "l lo", ,,nce for impact shall be made to the extell t of 25 per cent of all live load 
stresses. 

58.7. Wind Loads. The top lateral bracing i n deck bridges and the bottom lateral bracing in 
through bridges, shall be desigI,ed to resist a latera l wind load of 300 Ibs. for each foot of span, and 
not less than 150 Ibs. per linEar foot of bridge for the unloaded chord . All wind is considered as a 
moving load . 

58.8. Distribution of Loads on Stringers. (a ) Wooden Floor. For bridges having a wooden 
floor and longitudinal stringers· spaced 2 feet between centers, each in teri or stringer shall be designed 
to carry one-hall of the full specified wheel loads, and when spaced three feet between centers, each in
terior stringer shall be designee! to carry three-fourths .of the full specified wheel loads which can come 
over it, and proportionally for other spacing. Each wheel load shall be considered as applied to the 
stringer at a point. Generally, str ingers shall not be spaced les~ than 18 inches Hor more than 27 in
c:hes between centers. 

(b) Cone,·ete Floor. For longitudinal stringe rs of steel or reinforced concrete carrying a concrete 
fioor and stringers spaced four (4) feet between centers, each interior stringer shall be designed to 
carry two-thirds of the full specified wheel loads and when spaced 6 · feet between centers each stringer 
shall be designed to carry the full wheel loads whi ch can come over it, and proportionally for other 
spacing. Each wheel load shall be considered as applied to the stringer at a point. 

NOTE.-Outside stringers shall be designed to provide fully for the most unfavorable position of the 
live load possi ble with the arrangements adopted. For usual conditions outside stringeT' should not be 
placed inside the curb lines and should have at least as much strength as interior stringers when Rpac
ing center to center is forty (40) inches or more, and greater strength than interior str ingers when the 
spacing center to cenler is less than forty (40) inches. 

58.9. Distribution of Loads on Floor Beams Without Stringers. For bridges with concrete fioor 
slab carried on steel floor beams without stringers. when spacing of beams is from five to ten (5 to 10) 
fcel, each beam shall be assumed to carry the full axle load . When spacing of bc>amR is less than five 
(5) . feet the .portion of wheel load on each beam shall be represented by a fractio', whose numerator is 
the spacing of beams in feet and the denominator is five. 'r hese loads shall be assumed as uniformly 
di,lributed along the floor beam as follows : 

Dcpth of Ballast or Paving. 

8 inches or less ... 
9 to 17 inches, inclusive ......... . 

Length of Distril1lltion. 

9 feet • •••••••••••• • ••• 0,.,: ••••••••••• 

. .. .1 0 feet 

58.10. Concrete Floors. I n designing reinforced concrete fl oor slabs cach whcei load shall be con
sidered as uniformly dist.ributed over a four-foot sQuare for a depth of ballast 01' paving 8 inches or les8 
and over a five-foot square for a depth of 9 to 17 inches, inclusive. 
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STEEL SUPERSTRUCTURES-Continued. 

ITEM 59. UNIT STRESSES AND PROPORTION OF PARTS 

59.1. Permissible Stresses. All part. of structures shall be so proportioned that the sum of the 
maximun1 stresses produced by dead load, wind, li"e load, and impact shall not cxceod the following 
amounts in pounds per square inch except as mny be Inodified in the succeeding paragraphs. 

Axial and bending tension on net section of : Lbs. pcr sq. inch. 
Structural steel .......... ................................... .. ................... ........... ................. . ...... 16,000 
Upset bars and rods whcre not annealed ill "ccord""ce with specifications ......... .12,000 

Axial compression on gross sectioI1 ................... r... .. . ............................................................................ . 

L 
..... 16,000-70-

R '.(i. , L3 C<;O
L = Unsupportcd length of member in inl'!lCs. 
R == Corresponding radius of gyration of member in inches . 

Direct compression on : 
Cast steel bearing and structural steel plates ... 
Cast iron blocks ............................................................ . 

Bending on: 
Extreme fiber of pins 

Shearing on; 

. .... 16,000 
. .. 14,000 

.24,000 

Rivets and turned bolts in floor connections, .hop "nd field. 8,000 
Pins a.nd shop rivets except in floor connections..... . .... .............. 12,000 ____ 
Turne,l bolt. and field rivets except in floor connections .................................. ...................• . 10,000 
'Veb of girders, net section.. ........... ................. . .. , . .12,000 
Web of gi rders, gross section... . .......... .10,000 

Bearing on: 
Rivets and turned bolts in floor connection s, shop I1nd fleW .. 
Pins and shop rivets except in floor connections ... 
rrurned bolts , and field rivets except in floor cOlmectiollf:: ..... 
Expansion rollers, per linear jnch ...................... . 

d = The diameter of the roller in inches. 
Masonry plates on POTtland cement concrete ................. . 

. ......... .16,000 
. ............... 24,OOO~ 

.20,000 
600 d 

400 

59.2. Wind Stresses. For stresses in girder flanges, tTUSS membeTs or tTestle columns due to wind 
pTessure comhined with those fTom dead load, l ive l ~ad and impact, the un it stresses given in the table 
may be increased 25 per cent, but the section shall not be less than required fOT dead load, live load and 
i~'Pact. When the lateral forces alone or in combination with other forces can neutralize or reverse the 
stress in any member it shall be proportioned. in accordaJJce with the requirements for Alternate 
Stresses. . 

In trestle towers, the columns and bracing shall be proportioned to resist the following lateral 
forces in addition to thc dead and live loads and impact : A horizontal fOTce of 450 pounds per linear 
foot of span applied at the column caps and a latpr.l pressure of 100 pounels fOT each vertical linear 
foot of trestle bent. 
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59.12. Plate Girders. Plate girders shall be proportioned either by their moment of inertia or by 
assuming that the flanges are concentrated at their centers of gravit,Y; in the latter case onc~eighth of the 
gross sectioll ,of the web, if properly spliced to resist moment, may be used aR flange area. 

59.13. Compression Flange of Beams and Girders. rrhc -gross Rcctioll 0·£ the compression flange 
of beams and plate gi rd ers shall not be -less than th e gross section of the tension flange . Flanges of gir
oers and built members without cover plates shall have a minimum thickness of 1/12 of the width of the 
outstanding leg. 

59.14. End Stiffeners. Plate girders shall ha ve stiffener angles over end bearings, the outswnd· 
ing legs of which shan extend as nearly as pracHcable to the outer edge of the flange angles. These 
end stiffeners shan be proportioned for bearing on th E' flange angles, and shall be so connected as to trans
mi t the end reaction to the web. 

59.15. Intermediate Stiffeners. The webs of plate girders shall be stiffened with angles in pairs 
at intervals not greater than the depth of the girder, nOr exceec1in~ six (6) feet. The spacing of in
termediate stiffeners for a dishmce of one-sixth of the length at each end of the girders shall not exceed 
three·fourths of the depth of the girder. Stiffeners shall he plared at web spli ces and at points of con· 
cen tra ted lORding. 

59.16. Webs and Covers. Plate girders shall preferably be built with cover plates, and the top 
eO\'er plate shall extend the full length of the girder. If no cover plates are -used the web pJate shall 
project one-eighth (~) inch beyond the flange angles. 

59.17. Lateral Support of Compression Flanges. Th. laterally unsupported Jength of beams and 
girders shall not exceed forty (40) times the width of the compression flange. When the unsupported 
length (1,) exceeds twelve (12) times the width (B) of the compression flange, the stress per square 

1, 
inch in the compression flange shall not exceed 20.200- 350 '-, nor shall it exceed 16,000 pounds. 
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STEEL SUPERSTRUCTURES-Continued. 

ITEM 60. DETAILS OF DESIGN. 

60.1. General Requirements. All parts shall be so designed that the st.resses coming upon them 
can be accurately calculated. 

60.2. Open Section. Structures shall be so designed that all par ts . will be accessible for inspec· 
tion, cleaning, painting, and repairs, and to shed water and not retain dirt, dust, leaves, or other for
eign matter. vVherever angles are 11 sed either s.inp:ly or in pairs they shall be plarcd with vertical legs 
extending downward. Closed sections shall not be used. After steel work is erected and palllted any 
solidly enclosed pocket shall be filled with good Portland cement concrete so formed that water will be 
drained away from the steel work. 

60.3. Symmetrical Sections. ~'laill members shall be so designed that the neutral axis will be as 
nearly as practicable in the centcr of section, and the neutral axes of intersecting main members of 
trusses shaH meet at a common point. r-{~ '. 

60.4. Adjustable Counters. Rigid counters are preferred; and where subject to reversal stress shall 
preferably have riveted connections to the chord,. Adjustable counters ,hall have open turnbuckles. I n 
a truss only one diagonal in any panel shall be adjustable. 

60.5. Splices and Connections. The splices i n compre.sion members . hall be localed as near the 
panel points as . practicable. Splices in comprC13sion members, in a straight linc and not subject to bend
ing, having milled joints and the abutting enels held in close contact on four sides, shall .provide at 
least seventy-five (75) per cent of t.he full strength of the member. In all other cases, the splices or 
connections shall develop the full strength of the member, even though the computed stress is Jess, the 
kind of stress to which the member is subjected being considerccL 

60.6. Minimum Thickness of Material. Material for main members Jess than live-sixteenths of an 
inch shall not he used, except that in channel webs 2·1/ 100 of an incn is allowed. For laterals, lacings 
and railingR mnterial one-quarter inch thickness may be used . The mi nimum size of angle used except 
for rai lin.z' sha ll bc 2Jx21xI. 

Rods, if used. shall have a li1inimum net section of one ( 1) square inch. Rods with screw ends 
shall be upset. 

NOTE.··--'Vhere structural steel is to be .completely encased in concr~te the above minimum sizes of 
materi al> do not appl\" . 

~ 

60.7. Size of Rivets. Ri ve ts of 'I- inch and t-inch diametcr shall generally be used . In cer tain 
approved cases, ho\\"e ... er, ~-inch riYCLq wi ll be allowed in the flanges of channels or in sroan angles. In 
no cases, except for fenc." , hall ,hapes be selected that do not permit of ~-ineh r ivets being used . 

60.S. Pitch of Rivets. The minimum pitch shall be not less than three diameters of the rivet ~nd 
preferabl], not less than the follow ing: 

For ~·inch 

P OI' ~.i n ch 

For ·~·i n ('h 

ri yet:;:. 
riw,ts, 
ri ycts, 

11l1mrnnrn pitch-3 inches. 
minimum pitch---:-2t inches. 
mi nimum pitch-2t inches. 
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The pitch of ri vets in the direction of: the strc!:s shall not exceed six (6) inches in any caso, and 
shall not exceed five (5) inches in material ollc~qull. rter (}) inch or Ics~ ill thickll(,SS. For angles with 
two gauge lines and rivets staggered the maximum shall be ten (10) inches in each 1ine. 

60.9. Stitch Rivets. Whcre two or more plates arc used in ron tad, thcy sha ll bc held together by 
rivC'ts spaced not exceedi ng ten (10) inches in either direction; the lines being at right angles to each 
other . 

60.10. Edge Distance. rrhe mmllnum clis.tant·() from the ('cnter or any rivet ho10 to a sheared 
edge shall be: 

I t inches for ii- inch rivets. 
Ii inches for ii-inch rivets. 
It inches for ~-inch rivets . 
For rolled edges~ except fl nnges of I-beams and channels: 
I t inches for i -inch rivets . . 
Iii inches for J -inch rivets. 
I inch for i -in ch rivets. 

The maximum distancc from any edge shall be eight (8) times the thickness of the outside plate. 
but shall not exceed five (5) inches. 

The diameter o(the riycts in any angle carryillg ca lculated stres3 shall not exceed one-quarter (-1) 
the width of the leg in which they are driven. In mino.r pltrts ~ -inch rivets may be used 'in three (3) 

j inch angles, and i -inch rivets in two and one-half (2t) inch angles. 

~0.11. Fillers. Rivets carrying calculated stress and passing through fillers shall be increased in 
. . ! : number twenty-five (25) per cent for each filler. 

. " \ \ 60.12. Rivet Spacing in Compression Members. The pitch of rivets at the ends of built compres-
. ion members shall not exceed four diameters for a length equal to one and one-half (it) times the 
maximum width of the member. Beyond thi s pain t the r ivet pitch may be gradually increased for a 
length equal to one and one-half (It) times the maximum width of the member until the maximum 
spacing is reached. 

60.13. Compression Members. In compression members, the metal shall be (·oncentrated as much 
as practicable 111 the webs and flanges, and the renter of gravity of the s('ction brought as ncar the cen

. ter line of the member as practi cable. Thi ckness of webs shall not be less than one-fortieth (1/40) of 
the distance between their connection to (he flanges and thickness of cover plates , hall not be I ~ss than 
one-fiftieth (1/ 50) of the distan ce between the nearest rivet lines. 

60.14. Tie Plates. 'rhc open 'ides of compression members shall be luttice(\ and shall have tie 
plates as near the ends as practicable and at intermediate points where the lattice is interrupted.. End . 
tie plates shall have a length equal to the width of the m ember on the connected side and intermediate 
ones not less than one-haH (t) th is distance. Their thickness shall be not less than one-fiftieth (1/ 50) 
of the distance between the rivets con necting them to the member. The minimum thickness shall be one· 
fourth (:0 inch. 

An sections of bui lt tension members shan he stayed at or near the ends by the plates having ·a 
length at least equa l to the greatest width of the member, with a rivet spacing of the preferred mini· 
mum, and bctween the end tie plates by tie platcs having at leaRt t\\'o rivets in each end. Tie plates 
shall be spaced not more than three (3) feet ),etween centers. The thickness of tie plates shall be not 
less tha n one~fifti eth (1/50) of the distHnce between rivet Jines. 

'rh? minimulll wi(lths of lntt ice bars and sizes of ri vets, nrC' as follows: 

For 15-inch chall nels, or built sections wi th angles larger than 3-inch angles, 2~x!-inch bar, -A-- inch 
ri vets. 
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For 12, lO, !) aud 8·il1 ch channels Or built sections with thrC'e and 2t·iIlrh anglcs-2{.x~.inch bnl', 
~·ineh rivets. 

For" '(-inch channels, 2xt-inch bar, t -inch rivets. 

Single hltticc bHs shan have an inclination of approxinul.tcly GO dC"gr{'l"s with the flxis of the main 
member and shal1 have a minimum thickness of one-fortieth of the distnnce between rivets, connecting 
them to the member. When the distance between rivet line, execeds ]5 inches, oouble lattice hars with 
:1 n inclination of approximately 45 degrees shal1 be m::cd. 'rhC' minimum thickness shall be one-fift ieth 
0.1 the distance between the rivets connecting them to the member and they shall be riveted at the inter· 
~cction . 

60.15. Pins. Pins shall be placed as nearly ·in the neutral axis of the member as practicable. Pins 
up to seven inches in diameter shall be made of roiled steel, and those exceeding seven inches in diameter 
shall be for~ed from blooms of at least three times the sectional area of the finished pins. Pins shall 
he long enough to insnre a full bearing of a11 parts connected upon the turned hoily of the pin. The~' 

~hall be secureo by chambered HutS. The screw ends shall he long enough to admit of hurring the 
threads. 

60.16. Pin Plates. Pin holes shall be reinforced by plates if necessary, and at least one plate 
s.hall be as wide as ihe fhmges will allow . and be on the same side as the angles. These reinforcing 
plates shall eOIltain sufficient r ,vets to distribute thei r portion of the pin pressure to the full eross·see· 
tions of the member and at least one plate on e~ch side of the member shall extend not less than six (6) 
inches beyond the t ic plate. 

60.17. Shape of Nuts. Nuts for pins shall be chambered and shall be hcxagonal in shape. All 
ot.her nuts and the heads of bolts shull be ,quare. 

60.18. Packing. Eye·bars shali be packed symmetrically about the center line of the truss as 
nearly as practicable, but no bar shall diverge more than one (1) inch in sixteen (16) fect. They 
,hall be packed as closely as practicable and lateral movement shall be prevented by filling rings: Bars 
in the same panel shall not be in contact. 

60.19. Indirect Sillices. Where splice plates arc not in direct contact with the parts "'hich they 
connect, rivets shall be us.cd on each side of the joint in excess of the nllmhcl' thcnretiC'ftlly required to 
tho extent of one·third of the number for each intervening plate. 

60.20. Gusset Plates. The thickness of gusset plates connecting the various members of the· truss 
s.hal1 bE' proportional to the stress to be transferred, due allowance being made for eccentricity of con
nection. 

60.21. Forked Ends. Forkcd ends of compression mcmbers ,hall ha vc a total compression strength 
'15 per rent greater than lhat of the body of the member. 

60.22. Compression Splices Milled. The surfaces of all compression member., shall be truly faccd. 
Joints in compres.sion mE'mber~ shall be spliced on four (4) sides. 

60.23. Column Ends Milled. Columns of trestle bents shall havc the ends milled to take hearing; 
Cllld the holes for an chor bolts slotted for the proper amount of expansion and contrrtction. 

60.24. Width of Trestle~Bents. The distance betwecn column centers at the top of a bent shall 
not be less· tha" the clear width of rOAdway. 

60.25. Expansion. Proyi siOll fOI" expansion to 
(]O) feet of length shA ll be made for ~ll structures. 
rnd sh!lll he' free to mo'rc upon planed Stlrfaces. 
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60.26. Rolle rs. All ·br .idgcs exceedillg cigthy (80) rC0t ill l {~ngth Hhn ll have pin-bearing :.;hocs, and 
a.t Olle end a llest of turned fri ction rollers of structural -"tec l rUllning between planed :.; url'accs o( strLlc
tural steel or c;u;t ",tee!, or cast steel rockers. 

For I'pan~ on C' Illllldr<'fl (100) feet or I('f.;s ill l(,ll.~.d· h til" minill ltllll diflllll'fN of roller:": 1'11<111 be th roe. 
(3) indlcR and the (liamctc r 8ha1l he i l! (',r(,: I ~ {'d 01](' (1) i!l('h ror (':H,h OIIt'-hUlldt'rd ( 100) feet increl1f;.c 

of 8p<lll and proportionally for int.t'r1rtcdi(l/{' ,"P<I ns. 

60.27. Pedestals. Pedestals, boif;.tcrs alld shoe I' :-;hall he of r iveted plates ;\1u1 ang-If'S whenever pos
si bJe, and shall be so cOllstrncte(l that the load will he distrihllh.)(l over Ole CIltire Lear ing. 

60.28. Wall Plates. Wa ll plates may be cast Or huilt up and sha ll he <0 designed as to di str ihu te 
the load un iform ly over the entir.e bearing. They shall be secured agninst displacement. 

60.29. Anchor Bolts. Each bear ing of all main girders and trusses shall hare anchor bolts rou7h
PIled or swe<:lged and set in holes drilled in masonry, in Porthlll fl C('mcllt mor tar, not less than the fol
lowing: 

For spans less than 50 feet in length, 2 bolts, ] inch in rlinmetcl', sct 10 in ches in mSU::Ol1l'Y. 
For ~pa ll s from 50 to 100 feet in length, 2 holts 11 inc-h E'S in (liameter. set. 12 inchc--s in masonr:v . 
For spans f rom 100 to 150 feet in length, 2 holt;':. 11 in(·hc~ in iliamdcr , ~(\t 15 in<.>lws in mason ry. 
Fot spans from 150 to 200 feet in length ,. 4 holt~ 1 ~ jl1('h(>~· ill (liamrtcr , ~('t 18 inches in rnasonry. 

60.30. Anchorage. Anchor bolt~ for riaduct tmrf"l'~ flllel similar ~trl1dnl'(,~ ~ha l l he long' ellough to 
engage a ma~s c)f ma~Ol1l'y the w(light of. which is fI t , le;l~t OBC' aJl(l ollC'·hal f (11) times the uplift. 

60.31. Inclined Bearings. Bridges on an inclined l!Tade ,,·ithoul pin shoes shall have the sole 
plat€'5: beveled so that the' masonry and expansion su rfaces may bE' level. 

60.32. Floor Framing. All floor beams shall he steel in the form of rolled heams or riveted plate 
girders, and shfl Jl be r igid ly connected to the trll~S0s. 'Vhereyer pos~ible rigid plate :md angle knee 
braces or· brackets shall be placed between and efficienth· riveted to floor beams ano truss verticals or 
girder st iffeners. 

Gcnerally, floor heams shall be square to th\.' trusses. 

Th readed floor beam 01' s tringer hangers shall not be used. 

60.33. End Struts. Wherever possihle eno floor heam.' or end struts are required for all truss 
spans. 

60.34. Stringers . Stringers shall he :;;C'cul'el.y raskllul to floor beam::: flnll end strut.s. 

60.35. Corrugated Arches. COTJ'ui!ated sheet nwtal arch,,, or Steel Bncklecl Pl ates shall not be 
used in floor constr u(·tio!! excC'pt by spcria l permi ssion . 'Vhf'11 u~E'cl. thorough rl'o\'i~ ion shall be mack for 
latera I thru,t. 

BRAOTNG. 

60.36. Rigid Bracing. An latera l, sway anel portHl 1J1'<1(·il1~,t, find , all hracing in treJ::tlc towers anfl 
bents sha ll preferably be mnde of shapes capable of resisting ·compres.sion as well as tenJ::ion ·anel shall 
have riveted connections. 

60.37. Laterals . T ru5:s mHl girder spans 4!i feet or mor(' ill length shall IHlvt~ a system of hottom 
latera.l bracing. 

60.38. Low Truss and Through Girder Spans. The top chonls of low trusses and through girders 
shall be sccllrC'l .y helil at ('ach pfilH'l point h,v mNIll J:: of gusset plflte~, plate ann angle brackets, or wine 
W~~O mcmbcrn with web plateR wh ich shall he cffiri clltly eOIlIlC'ri<xl to C'aeh floor bcam and to (!TId struts . 
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60.39. Deck Truss Spans. 'frusses in deck bridges shall be provided with complete systems of 
bracing as nearly as practicable in the planes of the top and bottom chords. At each panel point there 
shall be sway bracing sufficiently strong to carry one-half of the wind pressure on the chord farthest 
from the plane of support. 

60.40. Deck Girder Spans. Deck girder spans shall have In teral bracing in the planes of both the 
lOp and bottom flanges. Cross frames for deck gi l'dcl's shall have top and bottom struts and two 
d iagonnls, and shall be used at ends and at intermediate points not more than 20 fect apart. 

60.41. Through Truss Spans. Through truss spans shall be provided with complete systems of 
bra cing ns nearly as practicable in the planes of the top and bottom chords. The trusses shall be deep 
enough to permit 'of the construction of adequate rigid portals, and the end posts shall be proportioned 
to resist the bending stress produced by that part of the wind load delivercd by the top lateral system, 
Sway bracing, or struts with knee braces, as deep a~ the required clearance will allow, shall be provided 
at all intermediate panel points sufficiently strong to ca rry one·half (1) of the top chord wind load to 
the plane of the bottom chords, and intermediate posts shall be designed to resist bending thus produccd, 

60.42. Longitudinal Bracing. Longitudinal brncing of trestle and viaduct towers shall be propor
t ioned to resist the sa me 'forces as provided for by the transverse bracing. In towers of ~nore than two 
yerHeal panels there shall be diagonal bracing in n. horizontal plane at the top, bottom, and alternate in· 
termediate panel points, 

CAM'BER. 

60.43. Plate Girders. If desired, plate girder spans over 50 feet in length shall be bui lt with cam· 
bel' at 'I rate of 1/16 inch per ten (10) feet of length, 

60.44. Trusses. Trusses carrying concrete floors shan be cambered by making the top chor.l or 
it. hori7.ontal projection longer than the bottom cho rd by 3/ 16 inch to every ten (10) feet. 

,Trusses carrying plank floors shall be cambered by makin~ the top chord or it. hori7.ontal projec
tion longer than the bottom chord by k inch to every ten (10) feet, 
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STEEL SUPERSTRUCTURES-Continued. 

ITEM 61. MATERIALS · AND WORKMANSHIP 

(a) MATERIALS. 

61.1. Description. Struclural steel shall be manufactured and fabricated in accordance with these 
specifications and the plans, and shall include plain structural shapes, fabricated structural steel, ,teel 
castings and iron castings. 

61.2. Materials. Steel for plain structural shapes, fabricated structural steel and for rivets shall 
meet the requirements of the "Standard Specification s for Structural Steel for Bridges" of the American 
Society for Testing Materials, Seria l Designation A7-16 . 

Steel Castings shall meet the ·requirements of the Standard Specifications of the American Society 
. for Testing Material, for Steel Castings, Serial Designa tion A27·16, and shall be Class B. medium grade. 

Iron Castings shall meet the requirements of the Standard Specifications of the American Society 
for Testing Materials for Gray Cast Iron, Serial Designation A48·05. 

(b) WORKMANSHIP. 

6Y.3~ Gimeral. All parts forming a structure shall be built in accordance with approved drawings. 
The workmanship and finish shall be equal to the best practice in modern bridge works. 

61.4.' Straightening Material. Material shall be thoroughly straightened in the shop, by methods 
that will n~t injure it, before being laid off or worked in an)' way. 

61.5. Shearing. Shearing shall be neatly and accurately done and all portions of the work ex
posed to view neatly finished . 

61.6. Edge Planing. Sheared edges or ends shall, when required, be planed at least one-eighth 
(t) of an inch. 

61.7. Size of Rivets. The size of rivets, oalled for on the plans, shall be understood to mean the 
actual size of the cold rivet before driving. 

61.8. Rivet Holes. When general reaming is not required, the d,iametC'l' of the punch shall not be 
more than 1/ 16 inch greater than the diameter of the ril'ct; nor the diameter of thc die more than 1; 
inch greater than thc diameter of the punch. Material more tlian 1 inch thick shall be subpunehed and 
reamed or drilled from tho solid. 

61.9. Reaming. Where subpunehing and reHm;ng Hre required, the punch used shall have a 
diameter not less than 3/16 inch smaller than the nominal diameter of the rivet. Holes shall then 
be reamed to a diameter llot more than 1/ 16 inch hrger than the nominal diameter of the rivet. All 
reaming shan be dOlle' with twi ::.t drills. 

61.10. Burrs. The outside burrs on reamed holes shall he removed. 
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61.11. Rivet Holes. Rivet. holes must be carefully spaced and punched, and in all cases where the 
cold ri vet cnn no t. be entered w.jthout the aid of drift pillS the hole::; sllall be rf:il.mcc1 with u. twist reamer: 

61.12. Field Connections. Holes fo r floor beanls and stl'i ngel' cOlllleetions shan be subpunched and 
reamed according to Plll':J.gruph 61.9 to a steel templet QIle illCh thick. If required, all other field con
nections, except those for lutcralE and sway bracing, shall be assembled in the shop and t.he unfair holes 

. reamed; and when so reamed, the pieces shall be match-marked before being taken away . 

. 61.13. Assembling. Riveted members shall ha ve all parts wcll pinned up and firm ly drawn to· 
gether with bolts, before rivcting is commenced. Contact surfaces sha ll be painted. 

61.14. Lattice Bars. Lattice bars shall have neatly rounded ends, unless otherwise specified. 

61.15. Web Stiffeners. Stiffeners'shall fit neatly betwecn flanges of girders. Where tight fits are 
called for, the ends of stiffeners shall be faced and shall be brought to a true contact bearing with the 
flange angles. 

61.16. Web Splices. ' Web splice plates and fillers under stiffeners shall be cut to fit within one
eigh th (i) inch of flange angles. 

61.17. Web Plates. Web plates of girders, which have no cover plates, shan project above the 
backs of flange angles onc-eighth (t) ·of an inch. When web plates are spliced, not more than one
quarter (i) of an inch clearance betwcen "nds of plates will be allowed. I 

I 61.18. Connection Angles. Connection angles for fioor beams and stringers shall be flush with 
each other and correct as to posi tion and length of girder. I n case milling (of all such angles) is needed 
or is required after riveting, the removal of mOre than 1/ 16 inc!) from their thickness will be cause for 

rejection. " ~ I~~I 
61.19. Driving. Rivets shall be dri~en by pressure tools wher~£~..\::sible. Pneumatl ~~mmers 

shall be used in preference to hand driving. , The finished rivets shalb-; neat a1!<i!B".l>eq" with heads 
of approved shape, full, and of equal size. They shall be central 6n shank, and grip tile assembled I 
pieces firmly. Recupping and calking will not be allowed. Loose, burned, or otherwise defective rivets 
shall be cut out and replaccd. In cutting out rivets, great care shall be t aken not to injure the adjacent 
nietal. If necessary, they shal : be drilled out. 

61.20. Bolts. Bolts shall not be used in place 01 rivets for field connections except by special per
Illi ~sion . \-Vhere permission is given by the Engineer for the use of bolts in place of rivets whieh trans
mit shear, and unless otherwise specified, the holes shall be su bpunched and reamed to an iron templet 
or with the severa l parts HssemLlcd,ynd the bolts tumcd to a driving fit. A washer not less than one
quarter (f) inch thick· shall be used under the nuts, and the bolts shall be threaded to such a length 
that the thread will ·end inside the washer and not extend into the effective grip of the bolt. 

61.21. Bolts for Simple Beam Spans. Where a bridge is composed entirely of simple beam'spa!)s, if 
permission is given by the Engineer, field connections for bracing und railing may be" made with stan
dard bolts ha ving squ are heads and nuts, providcd thc bolts are the proper size to fi.! l the holes within 
1/16 inch (that is, ,!·inch bolts shall be used in holes punched with 13/16-inch punch) . They shall be pro
rided with washers not less than one· quarter (!) in ch nor more than one-half 0) inch in thickness un
der the nut. 'I'he use of more than one washer under the nut to make )lP .for deficiency in length of 
thread will not be allowed. After adjustment the ends of the bolts shall be effectively headed down 
to the nuts to prevent any boit from losing a tight grip of the parts connected. 

61.22. Members to Be Straight. The several pieces forming OUe built member shall be straight and 
fit closely together, and finished members shall bp. free from twists, bends, or open joints. 
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61.23. Finish of Joints. Abuttillg joints shall be cut 01' circs!;;cd true and straight and fitted close-
ly togcihcl', especially where 0])('11 to vicw. 1n compl'c!-:sioll joints, depending 011 cOlltact bearing, the 
::;UrJ'il(;{' ..... sha ll be t r uly fa<.:t'd, sou as to have even bcaJ'in~s a ftR r the} arc riveted lip ('olllplctt! and when 
pcrfectly aligned. 

61.24. Eye-Bars. J~ye-bars shaJl uc straight and true to size, and shall be free from twists, folds 
in the neck or hcad, Or lUly other rlefect. Heads shall he upset on the solid har. Welding will not be 
allowerl. The form of heads will be determined by the dies in use at the works where thc eye-bars 
are 111H<1e, i f satisfactory to the Engineer, but the manu facturer shall guarantee the hars to break in the 
body w11('11 tested to ruptlll'c. The t.h ickncRs of head and llcck shall 110t vary more than 1/ 16 inch from 
that spcci fled. 

61.25. Piled Head Eye-Bars_ Piled head eye-bars will not he allowed. 

61.26. Loop Bars. Loop bars will not be allowed. 

61.27. Boring Eye-Bars. Before boring, each eye-bar shall be properly annealcrl and carefnlly 
straightened. Pin-holes shan be in the center lin c of bars alld in the center of heads. Bars of the 
same Icngth shan be bored so accurately that when placed together pins 1/ 32 inch smallcr in diameter 
than the pin-hoIes can be passed through the holes a both ends of the bars at the same time without 
forci ng. 

61.28. Pin-Hole~ . Pin-holes shall be bored true to gauges, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. IT) the case of a riv- . 
eted member the boring shall he done after the member is riveted up. 

61.29. Variation in Pin-Holes. The distance center to center of pin-holes shall be correct within 
1/32 inch and the diameter of the holes not more than 1/50 inch larger than that of the pin for pins 
up to five (5) inches diameter, and 1/ 32 inch for larger pins. 

61.30. Pins and Rollers. Pins and Rollers shall be accurately turned to ganges and shall be 
straight, smooth and entirely free from flaws. 

61;31. Upset Rods. Thc sectional area at root of thread of upset rods shall be greater than lIie 
arca of tl10 rod at least 15 per cen t . 

61.32. Screw Threads. Screw thrcads shall make t ight til' in the nuts and shall 1)c U. S. Stan
(1 H l'fl , ~xr('pt above the dimnetcr of ]~ inches, when they sha11 be made with six threads per inch, 

61.33. Annealing. Steel, except in minor details, which has IKcn heated, · shall be annealed in a 
suitable annealing furn ace by heating to a uniform dark red heat and allowing to cool slowly. All steel 
castings shall be annealed. 

61.34. W elds. Welds ill steel will not be allowed . 

61.35. Checking. 'l'hreaded ends of all pins and bolts shall be long enough to project through 
the nut at least one-eighth (k) of an in ch, and they shall be effectually burred or checked after adjust
ment. 

61.36. Bed Plates. Expansion bcd plates shall be pIaned true and smooth. Cast wall plates shall 
he planed top anel bottom. 'rho cut of the pIaning tool shall correspond with thc dil'ection of expansion. 

61.37. Pilot Nuts. Pilot driving and permanent nuts shall be furnished for e.ch size of pin, in 
such numbers as may be nec('ssary to protect from injury, th!Z threads on an pins. 

126 

f§~ti· ~d::('. ~~ 
A ,. A ,."'-- hJ;J r_ 



61.39. Shipping Detniis. Pills nuts bolts rivets and other ,mall details shall be boxed or crated. , , , 

61.40. Weights. 'I'hc weight of every pieee and box shall be marked on it in plain figures. 

(c) SHOP INSPEC'l'ION AND TES'rING. 

61.41. Starting Work. The Engineer shall be notified well in advance of the start of work in the 
shop in order thnt he may have an inspector ou hand to inspect material and workmanship. 

61.42. Inspection. When all inspector is furnished by the Engineer, he shall have full access, at 
all timl28, to all parts of the shop where material IDlder his inspection is being manufactured. The 
mallufacturer shall furnish all· facilities for inspecting and testing the weight and quality of workman· 
ship, and when required shaH furnish a suitable testing machine for testing full sized members. 

61.43. Accepting Mater;al. The inspector shall stamp each piece accepted with private mark. 
Any piece 1I0t '0 marked may be rejected at any timc and at any stage of the work. If the inspector, 
through an oversight or otherwise, has accepted material or work ·, which is defective or contrary to the 
specifications, this material, no mattcr in what sta!"e of completion, may be rejected by the Engineer. 

61.44. Shipping Invoice. Complete copies of shipping invoices shall be furnished to the Engineer 
. with each shipment. These shall show thc scale weights of individual pieces. 

61.45. Eye-Bar Tests. Full-sized tests on eye· bars and similar members, to. prove the workman
ship, shall be made at tho II",uufacturer's expense, and shall be paid for by the county at the contract 
price, if the tests are satisfactory. If the tests are not satisfactory, the members represented by them 
\I'ill be rejected. 

In eye_bar tests, the miuimum ultimate strength shall be 55,000 pounds per square inch. The 
elongation in ten (10) feet, including fracture, shall be not less than 15 per cent. Bars shall gen· 
erally break in the body and the fracture shall he silky or fine granular, and the clastie limit as indi· 
·cated by the· drop of the meremy shall be recorded . Should a bar break in the head but develop the 
specified elongation, ultimate strength and character of fracture, it 811a11 not be cause for rejection , pro
vided not more than olle·thi rd of the total number of bars break in the head . 

(d) SHOP PAINTING. 

61.46. Cleaning. Steel work, before Icavi ng the shop, shall be thoroughly cleaned. All rust, mill· 
!'(Oa!e, dirt, oil, alld grease: sl1al! be removed, leaving it perfectly clean surface to receive the paint. 

61.47. Painting Conditions. Painting shall be done only when the metal is free from frost and the 
surface is perfectly dry. No pninting shall be done in wet or freezing weather, except under cover, 
in a building so cllclosed that the metal may be kept dry and the L:mperature above freezing. Material 
painted undcr CO\'er sha ll bc kept under 'cover until the paint is dry. All paint must be thoroughly dry 
before any succeeding cont. of paint is applied. 

61.48. Applying Paint. Paint shall be applied in a good, heavy coat completely covering every 
part of the sudace. It shall be well worked into all joints and open spaces, and be so thoroughly and 
e"only spread that no excess of paint will collect at. any point. No two succceding coats of paint shall 
be of the same tint. 

61.49. Shop Paint. Sho!, paint shall have the following composition: 

Twenty·two (22) pounds of Red Lead. 
One (1) gallon of Linsced OiL 
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ll\Hll' (4) OUlH.':<.'ti of Lalllpblack llIay L)(~ used Ull k,,,~ otiH'l'wise specified. 

Hed Lead shall eOlltai l1 not !e:-;.-; tllllll DO pel' eCllL t. rue rl'd ICi-ul (Pb:IO~) and tht' J'( 'lllaindel'. shall be 
practi cally pitre lead mOJlox ide (1)hO) . .It sl1all lloi eOlltaill illore tha n O.JO PCI'. ten t (}[ metallic lead 
Hlld sha ll bo {n'c (rolll CHll:;l i( : alkali::;, vitrified par/i ell's alld other adu lterants . 

Linseed Oil shall wcct til{' requirements or the "Standard ::)pcciiications for Purity of Raw IJin
seed Oil frolll North American Becd ," of the .Ameri ca n Society for 'rcsting Materials, Serial Designa
titon D-15, 1\d optcd '1915 (lllcl revised '19] 8. 

Lnlll1Jblack shall be t.he rllll.Y calcillC'd product of oils only, free from acids, g rit or other adulterants. 
It shall contain not less than 98 per cent of carbon, and no t marc than 0.5 per cent 01 oils, tar or pitch. 

61.50. Shop Painting. In riveted work, surfaces coming in contact shall each be painted before 
being assembled. Hefore leaving the shop steel work shall be given one coat ·of the paint s})eeified in 
Paragraph 61.49 and pieces Hnd parts no t accessible for painting after erection, including tops of s tring
ers, eye-bar heads, ends of posts and chorus, etc., shall receive an additional coat of the same paint. 
Machine fin ished surfuces shall be coated with white lend and tallow before shipment or before bein~ 
put out in the open. 

(e) EREC'rION. 

61.51. Falsework. If the Contractor erects the bridgc he shall, unlcss otherwise 'peeified , furnish 
all stagjng and falsework, erect and adjust all metalwork, and shall frame and put in place all floor tim
bers, g uard , timbers, trestle timbers, etc., complete, ready for traffic. Aftt~r the erecti911 of the bridge the 
Contractor must. remove an fa]sework, p il ing and other obstructions Or m~sightly materia l produced by 
his operations. 

61.52. Setting Anchor Bolts. The 
attaching the steel work to the masonry. 
all bolts with neat Portland cement. 

Contractor shall put in place all stone bolts and anchors for 
He shall drill all the necessary holes in the masonry and set 

61.53. Hauling. rrhe croction will also include all necessary hauling from the railroad station. 
the unloading of the materials and their proper care until the erection is completed . 

61.54. Old Structures. Whenever new structures arc to replace existing ones, the procedure will 

he n.-: olltlinerl in P nragraph 52.13. 

(f) FIELD PAINTING. 

6\.55. First Field Coat. While the metal work is being erected ill place, all "brasions of the shop 
pa int iWfl all fiel<l ri vet.s and' bolts find locat ion marks shall he thoroughly cleaned and be given one coat 
of the paint Rpecificd in Pnragraph 61.49 pr epal'a to r'y to the fi rst field coat. After the st ructure is com
plete in place and tlw " touching up" described above is thoroughly (I TY, it shall he given a complete 
(;Qat. o r a kind of pnint to he s pecified by the Engineer. 

61.56. Second Field CQat. After the first field coat is thoroughly dry 
sisting of a killd of paint to be specified by the Engineer, shall be applied . 
.in wet or freezing weather. 

t he second fi eld coa t, C011-

No paint shall be applied 

61.57. Protecting Steel Stringers. In addition to the painting 'pecified in Paragraphs 61.50 and 
61.55, the top f1anges of stringers and floor beams, which are to be in contact with wooden floors, shall 
be protected by n covering composed of a layer of bitum inous materia l, acceptable t.o the Engineer, and 
one thickness of two-ply t.a l' popel'. The bituminous material shall be applied directly to the top of the 
flanges, the tnr paper, wide enough to project s'ix (6) iqches beyond the edges of the flange, shall then 
be placed and the edges bent. down to shed water. The wooden nailing strips may then be attaehe~ .. 
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61.58. Bolts. Bolts which are to pass throllf!h hard \~ood or hemlock shall receive two coats o( a 
kind of paint to be specified by the Engineer, which shall be allowed to become pcrfectly dry before the 
bolts are used. (Yellow pines are not considered hard woods in this sense.) 

61.59. Samples of Paint and Oil. If required by the Engineer, and before ordering . the paint, 
samples shall be furnished the Engineer, which sha ll be used in determining the merits of the paints 
furnished for the work. These samples should be secured at least twenty-one (21) days bcfore it is 
desired to apply pain t to the work. 'fhis applies equally to paints and oi ls [or shop and field painting. 

(g) PAYMENT. 

61.60. Basis of Payment. This work will be paid for either on the (a) "pound price" or (b) 
" lump sum" basis. The method that will prevail will be stated in the Proposal Form. Partial pay
ments will be made as ind ieated in ]'aragraph 3·.33. (a) Pound Price. Steel superstructures will be 
paid for at the contract unit . prices for the various items entering . into the construction, which prices 
!'hall include material, fabrication, erection and painting and R.ll work find materials incidental to the 
completion of the structure, ready foJ' traffic, in accordance wi th ihe plans aJld specifications, or as di
rected. Scale weights of steel and iron shall govern except that when they exceed the calculated weights 
as shown on the plans by more th>yl 2 per cent, the calculated weight plus 2 per cent will be paid for. 
(b ) Lump Sum. Steel superstructures will be paid for at ~contract lump sum pri ce for the supe" 
structure complete in place, ready for traffic, which price will include all materials, fab rication, erection-. 
flooring, and painting and _all work and materials necessary to complete the structure in accordance with 
the plans and specifications or as directed. 
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ITEM 62. RAILINGS FOR STRUCTURES 

62.1. Description. Railings for Bridges, Wing Walls, Retaining Walls, etc., shall include aIr work . 
ereeled above the top of the curb for the protection of traffic. 

CONCRETE RAILINGS. 

62.2. Materials. Unless otherwise noted railings shall be constructed of "Class A Concrete" and 
the materials shan fulfill the requirements for materials for "Class A Concrete," except that the coarse 
aggregate shall all pass a revolving screen having circular openings i of an inch in diameter. 

62.3. Construction Methods. For "cast in place" railings the forms shall be made of good quality 
tongued and grooved luntber and be of first class workmanship throughout. They shan be accurately 
built to the designs and dimensions shown on the plans, and all mouldings, panel work, and bevel strips 
shall be straight and true with neatly mitered joints. Forms shall be erected to exact line and grade 
and be so rigidly braced that they will maintain true aJignment during the placing of concrete. Each 
section of the work shall be cast complete to It" below the top in a single operation. The top shall be 
linished with Ii" of mortar, of the same mix as used in the concrete, struck off with a templet moved 
on guides attached to the forms . This mortar shall be placed within lO .minutes .fter the concrete un
derneath is depo,ited. Railings shall be very carefully finished, the forms shall be carefuJly Temoved 
as soon as possible (in not less than 12 nor more than 48 houTs) and all porous spots and places dam
aged in removing the forms repaired and the entire surface rubbed with clean water and a wooden float 
until all form marks are removed and the surface assumes a uniform sandy appearance. 

62.4. Precast Railings shall be made in accordance with the designs and dimensions shown on the 

I "plans or as directed, and shall be erected true to line and grade in. a thoroughly workmanlike manner. 
;J-V The members shan be straight and true to form and free from jmP<l.rfections or damaged places. They 

~)Y (v~an be set In place in full beds of 1:3 cement and sand mortar, and shan be thoroughly bonded toI ~/ YJf'ther as shown on the plans or as directed. 

~/ PIPE RAILING. 

I 62.5. Materials. Pipe and fittings for pipe railings shan consist of standard galvanized iron or 
steel pipe of the size designated. 
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62 .. 6. Construction Methods. Railing shall be erected in a workmanlike manner, straight and true 
to line and grade. When used on steel work the fastenings of rails and posts shall be as shown on the 
plans. In other locations the posts or anchor bolts for same shall be set in concrete or masonry and 
grouted in place with J to 2 cement grout. 

IRON RAILING. 

62.7. Materials. This railing shall include all types of metal railing other than pipe rail and un
less othenrise specified the materials shall conform to the requirements for structural steel. 

62.8. Construction Methods. The railing, including posts, fastenings, etc., shan be manuiac
tured in accordance with the plans and specifications, and shall be erected true to line and grade. The 
wurkmanship ahall 00 of the best throughout. . . 

62.9. Basis ·of Payment. Railings will be paid for at the contract price per foot. for railing com
plete in place, which price will include furnishing all- forms, bracing, tools, equipment, and materials, 
including fas.tenings, anchor bolts and reinforcement. ete., and doing all work necessary to complete the 
railing in accordance with the plans and the specifications. 
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ITEM,,63 . 

. ([\ 
TIMBER '~iRUCTURES 

-
63.1. Design and Workmanship. Ail structures shall be built in accordance with approved plans. 

The .design and workmanship shall be equal to the best modern practice. 

DESIGN. 

63.2. Live Loads for Timber Trestles. Timber trestles shall be designed for a concentrated 
live load of one typic:al 10-ton truck (see plan WT-1 for arrangement which iQ")of weig. h.t on one axle 
and same wheel ~d axle spacing , as given in .Paragraph ~.5) without impact. 'Le t r-"::.; -fz.;JIC.D . . U 

63.3. Live Loads for Timber Truss Bridges. 'I'he floor systems of tiinber truss bridges shall be 
designed· for a concentrated live load of one typi cal 10·ton truck, and t.he trusses 'for a uniform live 
load of 80 Ibs. per square foot of roadway surface or one typical 10-ton truck. , . 

63.4. Impact for Timber Trusses shall be 25 per cent of the live load stress for each member. 

63.5. Table of Working Stresses Per Square Inch for Longleaf Yellow Pine. 

Axial tension and bending stress ........ __ ................... .. ........................................... 1600 Ibs. 
Hori.zontal shear in bending.. ............................... .. ......... _ ......... _ ............ _ ........ _ .... _ ..... . 120 
Compression parallel to grain end bearing ................................................. _ .................... _ ... __ ...... 1200 
L/ D 0-10 feeL ......... , ........................ _ .... -' __ .. _ ....... _ .............................................. _ .................................... 1000 
L./D 10-30 feeL .. _ ........... _ ............. _ ...... _ .... _ .... _ .......... _ ............................................ _ ......... _ .......................... 1200-20 LI D 

Where L is the length in inches and D is the least dimensio,? in inches. 
Compression perpendicular to grain........... . .................... 250 
Shear parallel to grain .................................................... ....... _ ................................. .-........ 180 

WORKMANSHIP. 

63.6. Material. .Each part of the structure shall be made of the kind of timber shown on the 
plans and shall be "treated" or "untreated" as noted. All timber shall be of the dimensions given on 
the plans and shall fulfi ll tHe requirements for "Iumbe!"," Item 64. . 

63.7. P ile Caps. Pile caps shall be level and have fu ll even bearing on al l piles in the bent and ~. 

be secured to each pile by· a !/" diameter drift bolt extending at least 9" into the pile. Parts ofpile
heads projecting beyond the cap must be adzed off to a slope of .45 degrees. 

63.8. Framing. 'I'russ 3lld bent t imbers shall be accurately cut, and framed to a close fi t in such 
manner that they will have even bearil1g over the entire contact surface of the joint. No blocking or 
shimming of any kind wiU be allowed in making joints, nor will open joints be accepted . . Mortises shall 
be ~ue . to size for their full depth and tenons shall make snug fit thi'rein. 

63.9. Bolt Holes. All bolt holes shall be bored with an auger 1/ 16" smaller in diameter than 
the bolt. Mortises and tenons shall be "draw bored." 

63.10. Stringers. Stringers shall be sized at hearings. Outside stringers may have butt joints. 
but interior stringers shall be framed to bear over t he full width of floor beam or cap at each end. The 

131 

.' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

('nos sball be separated nt least 1 inch for the circulation of all' and shal l be securely fa stelled to the 
timber on whi ch they rest. 

63.11. Floor Plank. Hoadway floor plank shall havc a nominal .th ickncss cilhcr of 4 or 3 in ches 
fl ~ specified, and an actual width of not less than 9-} inche~. Sidewalk floor plank shall be surfaccJ to 
uniforlll thickn ess. It shall have an actuHI minimum wid th of 5·} inches illld thickness of 1 ~· inches. 

63.12. Laying Floor Plank. Floor plank shall bc la id hear t side down with i·inch opcnings and 
be spiked to each stringer or uailing strip with fit least two 7-il1ch spikes for 4-inch phmk and two 6-
inch spikes for 3-i 11 ch plnnk . nough plank shall be carefully graded as to thickness he fore layi ng, and 
be laid so that no two adjacent planks vary in thickn ess more U,an 1/ 1(; of an inch. All floors shall 
be but to a straight li ne al on~ the sides of the roadway and walkway. 

63.13. Wheel Guards. Wheel guards, as sholrn on the plans, shall be const.ructed on each side 
of the road. T hcy shall be ra ised f rom the floor by blocks 3 inches thick by 1 foot long, spaced about 
5 feet apa rt center to center, llnd be fastened in place by a ~· - i n ch bolt passing throngh ihc wheel guard l 

each block al1(1 the floor plank. 

63.14. Railing. Hailing shall be built in accordance with the designs shown un the plans, nnd shall 
be constructed in a workmanlike and substan tial manner. Ulllesfl otherw ise noted all railing material 
shall be dressed on four sides (S4S ). 

63.15. Bolts. Bolts shall be of the sizes speci fi ed and Inust be pcrled in every respect. They 
shall have square heads and nuts and screw threads shall make close fits in t l,e nuts. All bolts shall 
be effectually checked after the nuts are adjusted. 

63.16. Washers. Washers shall be used between all bolt heads and nuts, and wood. Cast wash
ers shall have a thickness equal to the diameter of t he bolt and a diameter of four t imes the th ickness. 
Por plate washers the si?;e of the square shall be CQ ua.1 to four times, and the thi ckness equal to one- . 
half, the diameter of the bolt. 

PAINTING. 

63.17. Treated Timbers. All timbers sJlall be cut and fram ed before t reatment. No cutting or 
trimming will be allowed after treatment except th e boring of the necessary bolt holes. H ot creosote 
oil shall be pored into the bolt holes befow the insertion of the bolts, in such a manner that the enti re 
surface of the holes shall receive a coating of the oil. The heads of piles, after the necessary cutting a.nd 
trim.ming ha.s been clone to receive the cap, sha.ll be sa turntpcl with hot creosote oil and then covered 
with hot asphaltum herore putting the cap in place. 

63.18. Untreated Timbers. I n structures of untreated timber t he fo ll owing surfaces shall be 
thorough ly con ted with· hot tar, hot asphaltum, or hot c:reosote resid uum, before assembling : 

Heads or pi les, ends, tops, and all contact surfaces of pi le caps, floor beams and stringers, ends, joints. 
lind all contact surfaces of truss members, laterals, and braces. 

The back facc of bulkheads and all other timber in contact with ear th shall be thoroughly coated 
with one of thc mater ials specified above. 

63.19. Railings. Unless otherwise specified railings shall be made of untreated dressed lumber 
3J1d shall be painted with two coats of paint composed of 85 per cent pure white lead and 15 per cent 
zinc whi te mixed in pure raw linseed oil. All materials fo r paint shall meet the respective require
ments given under "Paint." 

63.20. Bolts. All bolts passing through non-resinous wood shall be painted with two coats of red 
lead paint as specifi ed for " shop paint," Paragraphs 61.46-61.50. 

·63.21. Basis of Payment. Unless otherwise specified paymcnt will hc made ,.s callcd for in Pnra
graph 59c, Lumber for rl'i mber Structures. 
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ITEM 64. LUMBER FOR TIMBER STRUCTURES 

64.1. Description. rri llluer ~tructllres shall be built where shown on the plans or directed by the 
Engineer and shall he constructed in accordance with the plans and specifications. T his ilem shall in
clude on ly such lumber as is a part of the completed work. All lumber for construction purposes, as 
false-work, fo rms, bracing, sheeting, etc., shall be furnished by the Contractor at hi s own expense. 

I 

/ , . 

(a) Lumber. All lumber shall be strictly fir st quality of the kind specified or di rected. It sha:il ct; . •. 
be sawed or hewn straight and out of wind with square corners and show at least eighty.five~V per ,";> , /~ , 
cent heart wood on any girth; and shall be close grained and free from worm hole" largc unso~und or .--r.-.:" f 

64.2. Materials. 

loose knots, knots in clusters, wind shakes, decayed or unsound portions, or any defecb; whatever that 
might impair its strength or durs'9ility. ~shan be furnished in the sizes shown on the plnns or 
as di rected, and for dim,ensions of four ("4) inches or less shall not be more than one·quar ter (t) inch 
scant and for rl imensions of mO.re than four (4) inches shall not be m ore than one-hal! (t) inch scant 
from the nominal size. All !limber shall b. furnished rough, unless otherwi;e direded. When surfaced 
lumber is ordered, it .shall not be more than one·quar ter 0) inch under the nominal size speci fied for 

each surface dressed, and shall be uniform in thickness. 

(b) Treated Lumber. Treated lumber shall be of the kind specified and shall meet the ~. 
; tJ n . It shall be treated for preservation in accordance with the spe-cificntions for .aPre-

r;~ ,v~ ' scrvative '['reatmen or Timber" (Item GO) , using the method specified or directed. 

M' 64.3. Basis of Pa ent. This work will be paid for at the contract unit price per thousand feet 
board measure for lumbe or treated lumber, as the cnse may be, complete in place according to the 
plans or as directed by t Engineer, which pri ce win include all materials, excavation, equipment, tools. 
labor, painting and all w rk incidental thereto. No add iti onal allowance will be made for spikes, nails. 
bolts, washers, drift bolt; etc. In computing the Quantity of lumber nominal sizes will be used . 
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ITEM 65. PRESERVATIVE TREATMENT FOR TIMBER 

65.1. General. Whenever specified or directed lu n,ber and piles shall be treated for preservation. 
This trea.tment shall consist of impregnating or coating the timber with a dead oil of coal tar or coal tar 
crcosote, either by pressure, dipping, or brushing. The method to be used will be stated in the special 
provisions. 

65.2. P ressure M ethod· 

<a) Materials. The oil shall bc a pure product obtained from coal gas tar, or coke Qven tar, and 
sh all be free from any tar, oil or residue obtained from petroleum, or any other source, including coill 
gas tar or coke oven tar. It shall be completely liqil.!d at 35 0 C. and shall be free from suspended 
matter. The specifi c gravity at 38 0 C. shall be at lea's\ 1.03. When distilled by the con\ITlon method. 
t.hat is, using an 8 oz. retort, asbestos covered, with thermometer, bulb ~ inch above surface of the oil. 
the creosote,_ calculated on the basis of dry oil, shall give not morc than 8 per cent distillate below 
210 0 C. nor more than 35 per cent below 235 0 C., and the residue above 355 0 C., if it exceeds 5 per cent 
ili Cjuantit,v shall be soft. The oil shall not contain morc than 3 per ccnt water. 

(b) Method. P ile, shall be peeled, and timbers shall be prepared for use so far as is practicahle, 
in order to reduce cutting after treatment to a minimum. The timber shall be impregnated with at least 
J2 pounds of preservative oi l per cubic foot of material. 

T he sap shall be vaporized and removed by subjecting the timber to steam pressure of not less than 
30 nor more th~n 50 pounds per square inch for a period of not less than i3 hours nor more than Ghoul's, 
as the condition of the wood and the season of the year requi re. Immediately upon t.he completion of 
the steRming process the apparatus shall he cleared of all steam and liquids and a vacuum of at least 24 
inches created as quickly as possible which shall be maintained until moisture and gaSes cease to come 
from the cylinder. Immediately thereafter and while the vacuum exists the oil at a temperature of be
tween 180 0 and 200 0 F ., shall be run into the cylinder and forced and maintained to such pressure 
for such t ime as is necessary to imprcgnate the timber with the amount of oil specified . At no time 
shall t.he temperature in the cylinder exceed 240 0 F . 

65.3. Open Tank Method.' 

(a) Material. The oil shRII be a pure product obtained from coal-gas tar or coke oven taT, and 
~hall be free from any tar, oil, or residue obtained from w~troleum or any other source, including coal 
gas tar or coke oven tar. It shall have a specific I'ravity of hetween 1.08 and 1.12 at 15 0 C. There 
shall be not more than k per cent of insoluble mat ter left upon extractio!, with hot. benzol. The origi
nal oil shall contain not over 2. per cent of wa.ter, nor more than 8 pC'r cent of tar acids. It shall be 
miscible in ahsolute a.lcohol volume for volume. Th e residue remaining upon sulphonating a portion of 
the total dist illate Rhall not exceed 1 per cent. Two hundred grams of the oil distilled in accordance 
with the requirement. of the specifications for the analysis of coal tar dead oil or coa l taj· creosote, and 
the result.< calculated to water free oil shall show: 

No oil shall distill up to 205 0 C. 
Not more than 10 per cent up to 235 0 C. 
Not more than 80 per cent up to 3150 C. 
Coke residue Rhall not exceed 2 per .cent. 

The disti llate between 205 0 ann 235 0 C., shall neposit naphthaline on cooling- to 15 0 C. 

(b) M~ethod. All timber shall be well scasoned and free from m.oisture. Piles shall be peeled, 
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and timbers shall be framed before being treated. Ifl event of any timber being altered after treatment, 
the cut portions shall receIve a brush coat of the 0;1 used in the treatment. The timber shall first be 
ilmn£r,"" for a period of 2 to 4 hou", (depending on the si7'" u1 the individual timbers) in a bath of the 
oi l which is maintained at a tempera.ture of not less than 200 0 nor more than 220 0 F. Immediately 
lijJon removal from the hot bath (without allowing timber to cool) it shall be placed in a bath of the oi l 
thc temperature of which shall be maintained as nearly as possible at 100' F. The timbers shan be 
allowed to remain in this bath unti l a penetration of from J to i· of all inch shall have becn attained, and, 
if necessary to obtHin this penetration, the length of time in the hot bath shall be increased, 

65.4. Dipping and Brush Treatment. 

(a) MatM·wl. The preservative shall be a dead oil of coal-tar or coal tar creosote, which meets 
the requirements of the specifications given for the oil for open tank treatment, or . a carboli neum. 

(b) M .thod. '1'he timber must be dry and well seasoned. Piles shan be peeled, and all other 
. timbers shall be framed before being treated. If i t is necessary to cut timbers after they have been 

treated all cut portions must be thoroughly coated with the preservative. The timber shall be itnmersed 
for 5 to 15 miuut"" in the preservative which shan be ma.intained at a temperature of 200' F. for the 
creosote, or at 100' F. for the carbolineum, or it may be given two heavy brush coats or the preserva
tive maintained at the above temperatures. In brush treatment the first coat must be perfectly dry 
before the second coat is applied and care must be exercised to fill thoroughly all checks, cracks, and 
other defects in the wood. 

65.5. Basis of Payment. Unless othen vise provided payment for preRervative treatment, includ
ing all materials, tools, equipment, labor and work incidental thereto, will be includ~d in the price paid 
for treated piles or freated lumber. , 
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CONTRACT 

'rhis agreement made this ..................................... day of. . .............................................................................. , 192 ..... . 

by and between ............................ . ......................... County, Texas, represented by the Cummissioners' 

Court, party of the first part, .nd 

................................................. , his their ex(;,cutor, administrators, heirs, success

ors or assigns, party of the second part; and suhject to the approva l of the Texas State Highway Com

mission. 

WHEREAS, the said Coun ty, known as I he pa rty of t.hc first part, desires to ................. . 

.................................................... .... for the improvement of the 

Job No ..... .in the said county, commencing at St.ation 

Road 
B .d No. 

n ge 

near ...... : ....... _~ .. .... and extending thence to Station 

. ............ or as far as thc money available will construct in accord-

ance with the provisions of the State Statutes :;Lnd of the notice to contractors, specifications, pro-

posal, and plans marked ..................................... annexed hereto, and made part hereof, and 

WHERBAS, the party of the second part has heen engaged in and now does such work and repre

sents that he is fully equipped, competent, and capable of perform.ing the above desired anrl outlined 

work, and is ready and willing to perform such work in accordance with the provisions of the attached 

notice to contractors, specifications, proposal and pJans, marked ... . ..................................... ~ ............. , now 

WTTN.ESSE'rH: That for and in consideration of the prices and ' agreement!!mentioned in the 

proposal hereto attached and made part of this contract, the said contractor agrees to do, at" his own 

proper cost and expense, all the work necessary for the improvemen t of Road 
Bridge No .................................. .in 

........................................................................ _ ....... _ ......... County, in accordance with the provisions of the 

attached notice to contractors, specifications, proposal and plans which are made part of- this contract, 

and in full compliance with all of the terms of the specifications aDd the requirements of the Engineer.' 
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The said contractor inrther agrees to begin the work on or before 

19 .......... , to complete same not later than ................................................................... .. 

Road 
the 11 'd rI ge 

.... .... ..... during construction. 

...... , 19 ............ , and to keep 

And said County, in consideration of the full and true performance of the said work by said con
tractor, hereby agrees . arid binds itself to pay to said contractor the prices ·set forth in the attacned 
proposal, and in the manner provided in the attached specifications. 

The cont.ractor expressly warrants that he has employed no third person to ,olicit or obtain thi& 
cont.ract in his behalf, or to cause or procure the same to he obtained upon compensation in any way 
contingent, in whole or in part, upon such procurement, and that he has not paid , or promised or 
agreed to pay, to any third person, in consideration of such procurement, or in compensation for Rerv
ices ill connection therewith, -any brokerage, commission, or perrentage upon the amount receivable by 
him hereunder ; and that he has not, in estimating the contract price demanded by him, included any 
sum by reason of any such brokerage, commission or percentage; and that all moneys payable to him 
hereunder arc free from all obligation of any other person for services rendered, or supposed to have 
been rendered, in the procuremeItt of this contract . . H e further agrees that any breach of this warranty 
sh&ll constitute adequate cause for the annulment of this contract by the party of the first part, and that 
the party of the first part may retain 10 its own use from any sums due or to become due thereunder 
an amount equal to any brokerage, commission, or percentage so paid or agreed to be paid. 

In the employment of labor,in the performanre of this contract, preference shall be given, other 
conditions being equal, to honorably discharged soldiers" sailors, and marines, but no other preferc'!1ce 
or discrimination among citizens of the United States shall be made. (Section 6 of the Act of Con
!tress, approved February 28, 1919, entitled "An Act making appropriations for the service of the Post 
Office Department for the fiscal year ending June 30, 1920, and for other purposes,"-(PubJic No. 299, 
65t.h Congress). ..... 

IN WITNESS WHEREOF, the parties hereto have set their hands the date herein named. 

Approved . ..., 19 .......... .. 

.......................................... .. .. ............................... County, Texas. 
P arty of the First Part. 

By ........... .. 
County Engineer. County Judge. 

Recommeniled for approval by: ................. . 

County Commissioners. 
Title. 

Approved .... , ..... .. ..................... _ ................. , 19 .. 
State H ighway Commission. P arty of the Second P ar t. 

By _ .... : ................... .. By 
Stete Highway Engineer. critle) 
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CONTRACTOR'S BOND 

KNOW ALL MEN BY THESE PRESENTS, That we, ... 

of .. ........................... County, and State of Texas, as · 

Principal... ...... , and 

of . 

as Surety, are held and firmly bound unto the County of 

.......... , State 9f Texas, 

in .the penal sum of ......... . Dollars, 

($ .... _ .................................................... ), lawful money of the United States, to be paid to said County or to its cer-

tain attorneys or assigns, for which sums of money, well and truly to be paid, we bind ourselves, our 

heirs, successors, executors, anc1. administrators, jointly and severally, firmly by these presents. 

SEALED with our .eals and dated this ............................................ day of .. 

A. D, 19 ........... . 

The condition of this obligation is such that if the said bounden principal 

shall in all things well and truly perform all the terms and cond itions of the aforcgoing contract, to be 

by them him performed, and within the time the,ei n menyioned'id shall pay all lawfnl claims for la-
. . . ~""-"""1 <=/., 'ftvvl- ' . . Road . 

bor . performed and matenal furn~h(-d lJ}...and.aiaot the construe IOn of saId R.d , and shall have paId '- ---__ -~ 11\' -: -_. . rl gc 

and discharged all liabilities for injuries which have been incurred in and about the said construction, 

under the operation of the Statutes of the State, then thi s obligation is to be void ; otherwise to be and 

remain in full force and virtue. 

Done in the preoence of: 
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................. (Se. l ) 

................................. (Seal) 

............. _ ............................................ (Seal) 

......................................•......................... (Seal) 



PROPOSAL 

TO 

FOR BUILDING A .................................. •..................... .. ........... -. ROAD 

IN .................... COUNTY, TEXAS. 

The undersigned, as bidder ...... , deelare .... that the only person or par ties interested in this ·proposal as 

principals are those named herein; that this proposal is made without collusion with a.ny other person, 

firm, or corporation; that ... : .. he... ha .... c"arefully examined the form of contract, instructions to -bidders, 

profiles, . grades, specifications, and the plans there;n referred to, and ha .... carefully examined the loca· 

tion, conditions and classes of materi~fs of the proposed work; and agree .... that ...... he ...... will provide all 

the necessary machinery, tools, apparatus, and other means of construction, and will do all the work 

and furnish all the materials called for in the contract and specifications in the mauner prescribed there· 

in and according to the requirements of the Engineer as therein set for th. 

It iR understood that the following quantities of work to be done are approximat...only, and are in· 

tended principally to serve as a guide in figuring out the bids. 

It is further agreed that the quantities of work to be done and materials to be furn ished may be 

increased Or diminished as may be considered necessary, in the opinion of the Engineer, to complete 

the work fully as planned and contemplated, and that all quantities of work, whether increased or de· 

creased are to be performed· at the unit prices set forth below except as provided for in the speeifica. 

tions. \ 

NOTE.-Unit prices must be gJven on each item checked in the following schedule, regardless of 

whether quanti ties are .shown, and should any items be omitted, the right is reserved to apply the low· 

pst prices submitted by the other bidders in payment for ·work dOlle \lnder this proposal. 
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Item Approximate 
No. Quantities 
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Items With Unit Bid Price 
Written in Words 

Brought forward 

Acres clearing (new right-of-way) for 

Pcr acre 

One hundred foot stations light clearing (new 
right-of-way) for 

Per 100 ft. station 

Acres grubbing (new right-of-way) for 

Per acre 

One hundred foot stations light grubbing (new 
right-of-way) for 

Per 100 ft. station 

Cu. Y ds. Earth Borrow Excavation for 

Per cu. yet. 

Carry forward ............... .... . 

HO 

Unit Bid Price 

Dollars I Cent s 

Amount Bid . 

Dollars , Cents 



Item Approximate 
No. Quantities 

5 

5 

5 

5 

5 

5 

Items With Unit Bid Price 
Written in Words 

Brought forward ... .................... ..... .. 

Cu. Y ds. Solid Rock Excavation for 

Per cu. yd. 

Cu. Y ds. Loose Rock Excavat~on for 

Per cu. yd. 

Cu. Y ds . Earth Roadway Excavation for 

Per cu. yd. 

Cu. Y ds. Embankment Rolling for 

Per cu. yd. 

-Cu. Y ds. of Over-haul Excavation per one 
hundred foot station for 

Per cu. yd. 

One-hundred foot stations of ·road grader work 
for 

1 .... 

Per 100 ft. station 

Carry forward ... ..... ....................................... . 
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Item Approximate II 
No. Quantities I 
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Items With Unit Bid Price 
Written in Words 

Brought forward ....................................................... . 

Cu. Yds . . Gravel Surfacing furnished for 

Per eu. yd. 

Cu. Y ds. Sledged Stone Base fur nished for 

Per CU, yd . 

Cu. Yds. Screening Gravel for 

Per cu. yd. 

Cu. Yds. Crushed Stone or Gravel unloaded 
from cars to storage pile for 

Per cu. yd. 

Wooden Guard Fence, furnishing, placing, 
. painting, etc., complete, for 

Per lin. ft. 

Carry forward 
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Unit Bid Price Amount Bid 

Dollars I Cents Dollars I Cents 



Item Approximate 
No. 'Quantities 

14 

'. 

14 

14 

14 

14 

Items With Unit Bid Price 
Written in Words 

Brought forward ........................... . 

Pounds Plain Steel Ba~3 (reinforcing) complete 
in place for . 

Per pound 

Pounds Deformed Steel Bars (reinforcing) com
plete in place for 

\ 

Per pound 

Pounds Plai,n Structural Steel used ~ rein
forcement for 

• 

Pcr pound 

Square feet Expanded Metal for 

Per sq. ft. 

Square feet Wire Cloth for 

......... .......... ............. ...................................... .. .. ; 

Per sq. ft. 

Carry forward ... 
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Unit Bid Price 

Dollars I Cents 

Amount Bid 

Dollars I Cents 
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Item 
No. 

54 

54 

55 

55 

~pproximate 
Quantities 

Items With Unit Bid Price 
Written in Words 

Brought forward ....... ... .... ..... . ; ... ..... .. ... .... . 

Cu. Yds. Class "A" Concrete for 

Per cu. yd. 

Cu. Yds. Class "B" Concrete for 

Per cu. yd. 

Cu. Yds. Class "e" Concrete for 

Per cu. yd. 

Linear feet of Timber Piles complete in place 
for 

Per linear ft. 

Linear feet of Concrete Piles complete in place 
for 

Per linear ft . 

. Garry forward .. 
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Unit Bid Price 

DolIa... I Cents 

Amount Bid 

Dollars'J Cents 



jj 
• 

Item 
No. 

Approximate 
Quantities 

Items With Unit Bid Price, 
Written in Words 

Brought forward .......... ....... : ...... ............. ................. .. . 

Cu. Y ds . Crushed Stone Surfacing hauled first 
one-fourth mile including loading, un
loading, spreading, rolling of 8ubgrade, 
etc. , for 

Per cu. yd. 

Cu. Y ds . Surfacing hauled first one-fourth mile 
including loading, unloading, spreading, 
etc., (or 

Per cu. yd. 

Cu. Y ds. Surfacing hauled second one-fourth 
mne for 

• 

Per cu. yd. 

Cu. Yds. Surfacing hauled third one-fourth 
mile for 

Per cu. yd. 

Cu. Y ds. Surfacing hauled fourth one-fourth 
mile (or 

Per cu. yd. 

Cu. Y ds. Surfacing hauled fifth one-fourth mile 
for . 

Per cu. yd. 

Carry forward .. ... 
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Unit Bid Price 

Dollars I Cents 

. 

Amount Bid 

Dollars I Cents 
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Item 
No. 

Approximate 
Quantities 

Items With Unit Bid Price 
Written in Words 

Brought forward .. ... ..... . 

Cu. yds. Surfacing hauled sixth one-fourth mile 
for 

Per cu. yd. 

Cu. yds. Surfacing hauled seventh one-fourth 
mile for 

Per cu. yd. 

Cu. Yds. Surfacing hauled eighth one-fourth 
mile for 

Per cu. yd . 

Cu. yds. Surfacing hauled one additional one
fourth mile above and including the ninth 
one-fourth mile for . 

Per cu. yd. 

1,000 gallons water furnished, hauled one mile 
and distributed on road for 

Per 1,000 gallons 

1,000 gallons of water hauled each additional 
mile for 

Per 1,000 gallons per mile 

Carry forward .......... .... .......... . 

14G 

Unit Bid Price Amount Bid 

Dollars I Cents Dollars I Cents 
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I u.r. Approximate 
t..:. Quantities 

7 

8 

9 

9 

10 

Items With Unit Bid Price 
Written in Words 

Brought forward ...... ... ..... -., ...... .. ... ...... .......... . 

Cu. Y ds. Sand for Sand Clay Surfacing Mate
rial furnished for 

Per cu. yd. 

Cu. Y ds. Clay for Sand Clay Surfacing Mate
rial furnished for 

Per cu. yd. 

Cu . Yds. Shell Surfacing material furnished for 

• Per cu. yd. 

Cu. Yds. Limestone Shale Surfacing material 
furnished for 

Per Cll . yd. 

Caliche Surfacing mater ial furnished for 

Per Cll. yd. 

Lin. Ft. Side Drains constructed for 

Per lin. ft. 

Carry forward ... .... . 
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Unit Bid Price Amount Bid 

Dollars I Cents D.ollars I Cents 



Item 
No. 

12 

15 

16 

6 

6 

6 

6 

61 

Approximate 
Quantities 

Items With Unit Bid Price 
Written in Words 

Brought -forward .... .. ... .. .... .. . 

Sq. Yds. Scarifying and reshaping old surfacing 
for 

Per 100 ft . station 

Cu. Y ds. Gravel or Stone Surfacing Material 
for 

Per Cu. Yd. 

Sq. Yds. Plain Cement Concrete Base Course 
,in place for 

Sq. 

Per Sq. Yd. 

Y ds. Combination Cement Concrete 
Header Curbing Base Course furnished 
for 

Per Sq. Yd. 

Linear feet Stone Underdrain for 

Per lin . ft. 

Linear feet ........ diameter Vitrified Tile Under-
drain for 

Per lin. ft. 

Linear feet ... ... .. diameter Vitrified Tile Founda-
tion Underdrain for 

Per lin. ft. 

Linear feet ........ diameter Vitrified Tile Outlest 
for 

Per lin. ft. 

Linear feet ........ diameter Vit~ified Clay Pipe 
in place for 

Per lin. ft. 

Carry forward .. 
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Uriit Bid Price 

Dollars I Cents 

. 

Amount Bid 

Dollars I Cents 



Item 
INo. 

51 

51 

34 

34 

51 

51 

51 

17 

17 

Approximate 
Quantities 

Items With Unit Bid Price 
Written in Words 

Brought forward 

Linear feet ........ diameter Semi-circular Culvert 
in place for 

Per lin. ft. 

Linear feet ........ diameter Semi-circular Culvert 
in place (or 

Per lin. ft. 

Sq. Y ds. Plain Rip Rap in place for 

Per sq. yd. 

Sq. Y ds. Grouted Rip Rap in place for 

Per sq. yd. 

Linear feet 
place for 

diameter Cast Iron Pipe in 

Per lin. ft. 

Linear feet ...... .. diameter Corrugated Metal 
Pipe in place for 

Per lin. ft. 

Linear feet ........ diameter Reinforced Concrete 
Pipe in place for 

Per lin. ft. 

Sq. Yds. One Course Concrete Pavement in 
place for 

Unit Bid Price 

Dollars ! Cents . 

Amount Bid 

Dollars I Cents 

Per Sq. Yd. 
- 1·-------1------1-----1----

Sq. Yds. Two Course Concrete Pavement in 
place for 

Per Sq. Yd. 

Carry forward ... ..... ........ . 

1(9 
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I 
I 
I 

I Unit B id Price Amount Bid 
Item Approximate Items With Unit Bid Price 
No. Quantities I Written in Words Dollars I Cents Dollars 

I 
Cents 

Brought forward .. ... ... ... . .. .. ...... .. .... 
--

I 17 Sq. Yds. One Course Reinforced Concrete 
Pavement in place for 

................. .... .. .. .. ........ . 

I Per Sq. yd. 

17 

I Sq. Yd, . Two Course Reinforced Concrete 
Pavement in place for 

....... .. ....... ... .. .. . .... ... ..... .... .. .... .. .. 

I Per sq. yd. 

--
18 Sq . Yds. Monolithic Vitrified Brick Pavement 

I 
in place for 

.. .... ............ . . ........ 

Per sq. yd. 

I 
I 
I . 

I . 
--

I 
I 

--

I 
I 
I 

- -

I 
Carry forward .... ........ .... .............. .......... . ...... .. ......... . 
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Item Approximate 
No. Quantities 

62 

63 

Items With Vnit Bid Price 
Written in Words 

Brought forward 

Linear feet of Type ...... . 
complete in place for 

.,Railing 

Per linear ft. 

One thousand feet Board Measure of Lumber 
complete in place for 

~"'¥"""""" ••••••••••••••••••.•••••••.••••••••••••.. ••• ••.•• •• ••••. 

• 

Per 1000 F. B. M. 

Unit Bid Price 

Dollars 1 Cents 

Amount Bid 

Dollars I Cents 

----1------ ------ --1----1·--'---- 1--- - -
65 

61 

• 

61 

One thousand feet Board Measure of Treated 
Lumber complete in place for 

Per .1000 F. B. M. 

.. ....... Pounds Structural Steel furnished and 
erected complete in place for 

Per pound I 

... ........... Pounds Cast Steel furnished and 
erected complete in place for 

Per Pound. 

Carry forward ........ . 
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I 
I 
I 

The undersigned agree .... and pledge ...... himself themselves to complete the work in full by ............ __ .. 

................................................... ............... .......... , 19 

'rhe bond, givcn by the undersigned, in the amount oL .......................................... . . ............................... Dollars 

($ .... ), to secure a proper compliance with the tcrms and provisions of this contract, and to 

insure and guarantee the work until final completion and acceptance, is hereto attached and madc a part 

hereof. 

Accompanying this proposal is a· certified check payable to the order of the ........................... . 

........................ ................................................... County, for ..... .. . . ............ Dollars, 

($............ ..), said cheqk to be returned to the bidder, unless in case of the acceptance of ·the pro-
posal ...... he ..... shall fail to execute a contract and file a bond within ten days of its acceptance, in which 
case the check is to hecome the property of said county, and is to be considered as payment for damages 
due to delay and other inconveniences suffered by said county on account of failure of the bidder to 
execute contract. It is understood that the party of the first part reserves the right to reject any and 
all bids. 

The work proposed to be done shall be accepted in sections of ..................... _ ....................................... miles each, 
when fully completed and finished to the entire satisfaction of the State Highway Engineer and after 
having been subject to public team traffic for its entire length for a period of not less than thirty (30) 
days (except when the weather conditions have been such that the surfacing material could not be 
properly bonded and compacted, in which case the date of acceptance shall be delayed until ten (10) 
days after date of such rains as will in the opinion of the Engineer be sufficient to thoroughly bond ann 
compact the surface). 

For the construction of this work the undersi!(ned expects to use material from .. 

furni shed by ...... . . ........................ ......................................... _ ................... ... _ ...................................... from the 

quarry pit at ......... .................... . 

The undersigned wishes to list in addition work of a 8imilar character completed by him. 

Signed 

Address ... 

NOTE.-Sirrnatures to comply with Paragraph 2.7 of the specifications. 
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SPECIAL PROPOSAL FOR BIDDERS 

........ , 19.2 .. 

To the ... ....... 0L . ..... COllnty, Texas . 

The undersigned fiS bidder .... , declare .... that the only person or parties interested in this proposal 
as pri~cipals arc those named herein; that ,this proposal is made without collusion with any other per-

son, firm, or corporation; that ...... he ...... ha ....... carefu lly examined the atbtched form of contract, instruc-

tions to bidders, specifications, and the following plans ........................ . 

for proposed bridge over. n ••• • ••••••••• • • • • • •• • •••••••••••••••••••••••••••••• •••••••• •••••••••••••••••••••••• near... ..... .............. . ............... . 

and ha ..... carefully examined the location of the proposed work ; and agree .... . that ...... he .. ... will provide 
all the necessary machinery, tools, apparatus and ot her meaps of construction. and will do all the work 
and furnish all the materials ('alled for in the can tract, specifications and plans, in the manner pre· 
scribed therein and according t.o the requi rements of the Enginecr as therein set forth [or the follow
IIlg prIces: 

Item L For the copstruction of a... . ..... bridge in accordance wit.h t.he accompanying 
plans and specifications, complete in every detail, based on the quantities shown on the plans and Para· 

g raphs 3.6 and 53.15 for the lump sum oL............. . ................... ................. Dollars ($........ . . ............ ). 
As the final quanti tiE' may vary from those gi ven above for the basis of thc lump bid, each con

tractor shall ~Iso' quote schedule prices for each of the items . shown in the form ';f proposal following, 
and final settlement with the contractor will be made by adding to or subtracting from the lump !;um 
bid an amount equal to the sum of the costs "f the di fference hetween actual quantities and those 
eDumerat~d on plans or given herewith at the schedule prices quoted. 

SCHEDULE OF PRICES. 

'1. Concrete in bases of all piers and abutments......... . ................. dollars per cu. yd. 

2. Concrete in walls of abutments, shafts and webs of all piers.. . ............ ... ...... clollars per cu. yd. 

3. Concrete in fl oor . Iab. curhs and parapets... . ........... dollars per cu. yd. 

4. 

5. 

6. 

7. 

8. 

9. 

Hand ra.il , including reinforcing ... 

Concrete pil ing, in cluding reinforcing ..... 

. . ..................... dollars per lin. ft.. 

...... dollar. per lin. ft. 

Timber pili ng ... . ............................. cents per lin . ft. 

Dry eXC3yation for piers ....................... ................. ........ dollars per cu. yd. 

Wet excavation for abutment and all piers .............................. donor~ per cu. 

Steel reinforcing bars and wire mesh, excepting that in pi1ing and hand 
cents per pound. 

10.· Cast steel for expansion joints ... 

11. Cast iron drains and guards ... 

. ..... cen ts per pound . 

. .... ............ cents per pound. 

12. Structural steel for ................................ cpnt s per pound. 

yd. 

rails .................. . 

Item 1 ~. Should it be fOlmd necessary to make extra fil] on approaches, in addition to the ma-

I 
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terial excavated from the foundati o n~, Rur.h graning 

measured in the embankmen t and shall be done for ... 

of approaches fiR orONen by the ]~l1gin('er Fohall be 

. ...... <lollars ($... .... . .... ) per 

cu. yd. 
Item 14. S hould it he foun d necessa ry to build alld IlUlilltain a tcmpol' a.r ,Y brid~c there shall be 

added to the lump SlI,m mentioned <t hovc, the Ru m of.. . ... oollars ($... . .. ). 

ftem 15. Tf 'H.w,\rilcd thi::-: contrad r we agrl'p lo bt'gin wOI'k witll ilL....... . .. .... oay ...... , and 

to complete the work rel'loy for lise within ... . ..... day f rom receip t of approve<l copy o( 
contr act, and I we further agree to fnrniRh bond H(:('f'ptab le to the Texas State Highwa.~t Department 

and the Commissioners Court of... ......... . . .. COHnty, find to enter in to contract within fifteen (15) 

days after receipt of notice of acceptance of this proposal. 
Accompanying this proposal is a certified check payable to the order oL .. .................................................. . 

of... . ..... County, for. .. . ..... do11ar8 ($........ . ........... ), which check is to become 
the property of the party of the firs t. part as liqui n atcd dnmages in lieu of actual damages, if, in case 
this proposal is accepted, the undersigned shall fail to furnish hond and execute contract with thc party 
of thc first part under the condition of this proposal and within the time provined, otherwise said check 
is to be rcturned to the undersigned. - .' : - -. 'I .. 'I - " - , . ' 

It is understood that the party of the firstpart res~rves the ril'ht to reject any and aH bids. 

(Signed) 

(Address) 

NOTE.-Copies of the above proposal may be secured at the office of State Highway Engineer, State 
Office Building, Austin; Texa.s, 'When alternate bid s are r eceived , or bids on more than one bridp:e, each 
bid shall be made out separately, one to each sheet, and shall be distinctly marked to conform with the 

notation on the plans. 
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II":JDEX 

A 

AWARD AND EXECUTION OF CONTRACT: 
Item 3 

Award of Contract ....... _ ... .. ..... . 

Paragraph 
2.13 

Contractor's Bond ...... ', ............ . . . 
Execution of Contracts _ . ..............•... 
Failure to Execute Contract. 
Patented Products or Processes. 
Return of Guaranty .. . 
Right to Reject Bids . . . 
Sublet,ting of Assignments . 

B 

BITUMINOUS. SURFACE TREATMENT: 
Item 12 

Application of Bituminous Material . 
App lication of Cover MateriaL .... 

. Basis o"{ Payment. 
Bitumi~ous Material 
Cleaning Surface 
Cover Materia 1 .. 

3.36 
2. 15 
2.16 
3.2 
2.14 . 
2.5 
3.1 

12.7 
12.S 
12.11 
12.2 
12.6 
12.3 

Description 12.1 
Maintenance' During a.nd After Treatment . . 12.9 
Rock Asphalt ..... _ . . . . . . . . . . . . . . . . . 12.10 
Scarifying and R~shaping Old Surfacing. . 12.4 

BRIDGES, DEFINITIONS : Item 52 
Bridges 
Bridge Complete 
Substructure 
Superstructure 

BRIDGES, FOUNDATIONS: Item 53 
Abutments 
Basis of Payment. 
Batter ....... ...... . . . 
Cofferdam 
Depth of Footing. 
Dimensions of Pits. 
Drainage 
Extra Founda.tion Work. 

52.1 
52.4 
52.3 
52.2 

53.13 
53.16 
53.14 
53.5 
53.6 
53.6 
53.10 
53.15 

Footing 
Foundation Soils 
General 

. ~ 53.11 

Loads on Footings. 
Maintaining Batter . ... . .... . 
Method of Determining Quantities .. 
Methods of Designing Reinfor.ced Concrete 

Abutments 
Placing Concrete Under Water . .......... . 
Refilling 
Wet E:-;c;:avation 

53.2 
53.1 
53.12 
53.14 
53.6 

53.13 
54.21 
53.7 
53.6 

IS5 

BRIDGES, GENERA L CLAUSES: Item 52 

Approval of Drawings. 
Basis of Payment . 
Detail Drawings 
Discrepancies 
Erection 
Estimate of Quantit ies .. 
Examination of Site. 
Final Test ... . ... ' ...... . 
Forms for Bids. 
Material from Old Structures. 
Removn,} of Temporary Work. 
Risks ........... . 
Stakes and Bench Marks. 

Paragrl.ph 
52. 11 
52. IS 
52.10 
52.12 
52.15 
52.9 
52.6 
52.17 
52.5 
52.13 
52.14 
52.16 
3.20 

Standard Drawings ............ . .. , . . ... . 52.7 
Stress Sheets 
Unusual Changes 

BRIDGES, CONCRETE-ALLOWABLE 
STRESSES: Item 59 

Allowed Unit Stresses. 

BRIDGES, CONCRETE-CALCULATION OF 
STRESSES: I tern 56 

Assumption for Calculations. 
Beam and Slab Formulas. 
Bond Unit Stress. 
Depth of Beams. 
Floor Slabs Supported Along Four Sides. 
Maximum Shearing Unit Stress .. 
Reinforced Columns 
Shear Allowance on Web ... . 
Spacing of Stirrups. . ............ . ..... . 
Temperature Stresses ..... ............. . . 

BRIDGES, CONCRETE-CONSTRUCTION 
DETAILS: Item 56 

A nchoragc of Bars. 
Beams and Girders. 
Cantilever Beams 
Columns 
Compression Reinforcement 
Contraction of Joints .... 
Dead Loads 
Distribution of Points of 
Floor Slabs 
High Bond Resistance. 
Impact 
Joints 
T.Ave Loads 

Bend. 

Number of Layers Permitte!i. 
Spacing of Rein forcing Bars .. 
Special ReiQforcement 

52.S 
3.6 

59.1 

56.13 
56.1~ 

56. IS 
56.15 
56.20 
56.16 
56.21 
56.19 
56.17 
56.22 

56.30 
56.32 
56.29 
56.38 
56.2S 
56.24 
56.4 
56.36 
56.27 
56.31 
56.6 
56.23 
56.5 
56.34 
56.33 
56.3V 
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BRIDGES. COl'CRETE-CONSTRUCTJON 
DETAILS: Item 50-Contiuucd 

Spl ices in Rcinfm-ccmcnt . 
St irrups 
Tee Beams 
'V('b Reinforcemen t 
Wheel Loads ....... ... . 

BRIDG]~S, CONCRE'I'E- EXPANl)lON 
DEVICES; Item 5G 

Asphalt for Rocket. PockcLs. 
Bearing P late 
Bituminous Felt 
General 
Placing Rockers 
Rockers 
Rocker Pockets 

Paragraph 
56.25 
56.37 
56.26 
!)G.35 
56.8 

[(, 
409.6 

. .J1, 4lJ.3 

... JtMl.7 

••• ~ .. :~8 
. . . ¥.1.2 
.... ib.4 

BRIDGES, CONCRETE-GENERAL RE· 
QUIREMENTS, Itt·m 56 

General 
Roadways 
Types 

BRIDGES, CONCRETE-LOADS, Item 56 
Dead Loads 
General 
Impact 
Live Loads 

BRIDGES, CONCRETE-MATERIALS, 
Item 56 

Classes of Concrete . . 
Concrete Reinforcement Bars . 
Material for Forms . . ....... . 
Material for Piling. 
Nature of Concrete Materials. 
Usc of Classes of Concrete ... . 

BRIDGES, CONCRETE- MIXING AND 
PLACING CONCRETE: Item 56 

Arches 
Cons istency 
Defective Work 
Devices for Measuring Material. 
Bxpansion Device .. 
Finishing Concrcte 
Instructions Regarding Miscellaneous Aux· 

iliaries 
Instructions Regarding Plain Concrete. 
Instruction Regarding Reinforced Concl."ete. 
.i\1ixing and Placing Concrete. 
Protection of Concrete . 
Removal of Forms. 
Unit of Measurc. 

BRIDGES, ST.EEL-DESIGN: Item 57 
Alternate Design 
Approval of Plans . 
Bridging for Wooden Stringers .. 
Clearance 
Depth of Ratios. 

56.1 
56.2(d) 
56.2 

56.4 
56.3 
56.6 
56.5 

56.40 
56.42 
56.44 
56.43 
56.41 
56.45 

56.52 
56.48 
56.55 
56.47 
56.53 
56.56 

56.57 
56.50 
56.51 
56.49 
56.53 
56.54 
56.46 

57.5 
57.8 
57.20 
57.11 
57.6 

166 

BRIDGES, STEIl L- DES IGN, Hem 5i -Coll 'd. 

Drainage 

Floor ileams 
Floo r Planks 
F'oot Wldks 
Forlll!'! of Trll s~es . 

G(!IH!ral DCfI;c l"iptiotl 
I rand Railing 
.Toi."ts and Stringers . . 
Lah"'ul Bra.cing 
L(,ll~th of Spa n . 
Name P lates 
Propol'Uoning 
Roadways 
Sol id Floors 

Woodell Joists . . 

Spacing of Trusses. 
Standard Drawings 
Steel ,Joists 
Stress Sheets 
Timber 
Trestle Towers 
Types of Various S pans. 
Wheel Guards 
\\'ooden Joists 

ra.ragntph 
57.27 
57.2:1 
57.14 
57.16 
57.3 
57.1 
57.24 
57.18 
60.36 
57.10 
57.28 
57.19 
57.12 
57.14 
57.13 
57.7 
57.23 
57.5 
57.22 
57.25 
57.3 
57.15 
57.19 

BRIDGES, STEEL-DETAIL OF DESIGN, 
Item 60 

Anchorage 
Bolts . . . 
Bracing 
Camber 
Corrugated Arches 
Compression Members 
Edge Distance 
End Bea.rings 
Expa nsion 
Eye Bars 
.Faced J oints 
Fillers Other Than for Indirect Splices. 
General Requ irements 
Girder Spans 
Incli ned Bearings 
Indircct Splices 
Lattice Bars 
Latcrals 
Long Rivets 
Maximum Diameter 
Minimum Angles 
M inimum Thickncss 
Open Sections 
r edestals and Base 
Pins 
Pin r'latcs 

Platcs ........... , . 

Pi tched a.t E nds ...... • . .. . .. .. 
Pi tch of Rivets. 
Roller ;; 
Stitch Ri\'cts 
Strcngth of Coryllcctions. . .. ..• .•. 
Symmctrical 1:)ections ...... .. . , . ... . 
Tie Pla tefl; .. 
Trusses 
\:Vall Plates 

60.30 
57.26 
60.36 
60A3 
60.35 
60.13 
60.10 
60.25 
60.25 
60.18 
61.24 
60.11 
60.1 
60.40 
60.3 1 
60.19 
60.14 
60.37 
60.12 
60.10 
60.6 
60.6 
60.2 · 
60.27 
60.15 
60.16 
60.8 
60.8 
60.26 
60.9 
60.5 
60.3 
60.14 
60.44 
60.28 



BRIDGES, STEET~LOADS, Item 58 

Dead Load 
Di:;tribu tion of Loads on Stringers .. 
General 
Impact 
J~ive Load 
Wi nd Loads 

BRIDGES, STEEL-1L,\TERTALS AND 
WORKMANSHIP, Item 61 

(a) Materials 
Allowable Percentage of Phosphorus. 
Cast I ron 
Pins 
Rivet Steel 
Stamping 
Steel Castings 
Tensile Strength 
Tliick Mate r ia l 

(iJ) Workmansh ip 
Allllealing 
Assembl ing . 
Bed Plates 
Bolts 
Boring Eye-Bars 
Burrs 
Connection Angles 
;Edge Planing 
Eye Bars 
Field Connections 
Field Rivets 
Fini~h 

Finish of Joints. 
Finished Weight · 
General 
Lattice Bars 
Members to be Straight .. . 
Pilot Nuts 
Pin Holes 
Pins and Roll ers. 
Punchi ng 
Reaming Field Connect ions . 
Rivets 
Riveting 
Rivet Holes 
Screw Thread ;; 
Shearings 
Shipping Detail s. 
Size of Ri vets. 
Splice P lates and Fillers. 
Straightening Material 
Sub'Plinching and Reaming . 
Upset Ends 
Variation in Pin Holes . 
Web Plates 
Web Stiffeners 
Welds 

(c) Shop Pain t ing 
Cleani ng 
Contact Surfaces 
Condition of Surfaces. 

ParagJ'<\.ph 
58.:3 
58.9 
58.1 
58.6 
58.4 
58.7 

G1.2 
61.2 
61.30 
6 1.2 
61.2 
G1.2 

59.1 
60.7 

G1.33 
61.13 
61.36 
61.20 
61.27 
61.10 
61.18 
61.6 
61.24 
61.12 
61.38 
61.23 
61.23 
G1.60 
61.3 
61. 14 
Gl.22 
61.37 
61.28 
61.30 
61.9 
61.!J 

61.19 

GI.l9 
61.11 
6I.:l2 
G1.5 
61.39 
61. 7 

61.16 
61.4 
6 1.9 
61.31 
61.29 
61.1 7 
61.15 

.. . 61.34 

61.46 
61.50 
·61.47 

157 

BRIDGES, STEEL-MATERIALS AND 
WORKi\'fANSHIP: Item 61-Cont inued 

(e) Ship P:tinii'ng-Coniinueu 'Paragmplt 
] nacee:,;s ible Surf:lC(,i' 61.50 
Machine li"in ishcd Surfaces. 6l.50 

(d) Inspection 
J;-abrication 
F'aeiliiies 
Test Pieces 

... ...... ... . ~ .... 

Testing Machinc ....... . ... . .•• ' . .. . . . . . . 
Test of Largc Picccs. . ...... . 

(e) ,Erection 
Erection 
Painti ng after Erection. 

BRTDGllS. STEEL-PAINTING, Item 55 
Determination of Per Cent of Pigment ... 
l;' inal Sample 
Lin~ecd Oil .......... . 
Quantity of Pigment .... . 

BRTDGP.S, STEEL-UNT'f STRESSES AND 
PROPORTION OF PARTS , . Item 59 

Allowable St,resses ............... .. . 
Alternate Stresses 
Angles Fastened by Both Legs .. . 
Combined Stresses ......... . 
Counters 
Chords of Long Bridges . 
Depth Ratios 
Flange Splices 
Flange Ri vets 
Limiting Lengths 
Net Section at Rivets. 

61.41 
6 1.42 
61.45 
61.41 
Gl .45 

61.51 
61.57 

61.49 
61.50 
61.49 
61.49 

59. 1 
59.4 
59.6 
59.5 
60.4 
59.10 
57.6 
59.8 
59.8 
59.3 
59.6 

Plate Girders .......•......•. . ..... 59.12 
Rolled Beams .......... ' 59.11 
Stiffeners 59.14 
Stress Due to Weight alld Eccentric Loading 59.5 
Unit Stresses . ..... ... ... . 59-.1 
Web Plates 59. 16 

C 

CA LICHE AND LIi\fESTONE SHALE SUR· 
FAClNG; Item!) 

Basis of Payment. 
Description 
Definition 
Finishing the Surface. 
j\'feasurement of Materials. 
?vlaterial 
Method of Construction. 
Preparation of Subgrade .. 

CONCRETE STRUCTURES, -Item 54 
Basis of Payment ... .... .... . 
Class "A" Concrete. 
Class <tn" Concrete. 

9.11 
9.1 
9.6 
9.5 
9. 10 
9.7 
9.9 
9.8 

54.28 
54.2 
54.2 

Class "e" Concrete. . . ... .. ' . . . .. 54.2 
Coarsc Aggregate Class "A" Concrete ...... 54.0 
Coarse Aggregate for Class "B" and Class 

"C" Concrete 54.9 
ConnectiOll$ of New and Old Concrete. 54.23 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CONCRETE STRUCTURES: Item 54-Cont'd 
Para:.rraph 

54.17 Consistency 
Curing Concrete 
Descrip t ion 
Devices for Measur ing Materials. 
l'~xpansion J oin ts 
Fine Aggregate for Class " A" COlH~rct~ .. . 
[(~jllc Aggregate for Clas!; "B" ltnd elMS "C:" 

Concrete 
Finishing Concret e 
Forms 
Freezing Weather 
Hydrated Lime 
Measurement of Concrete . 
Mixing Conditions 
Mixing Concrete 
Placing Anchors, Bolls. Grillages, Etc. 
Placing Concrete 
Portland Cement 
Removal of F orms. 
Test s 
Warm and Dry Weather P rotection. 
Wa ter 

D 

DEFINITION OF 'mRMS, Item I 

E 

54.24 
54.1 
54. 16 
54.27 
54.7 

54.7 
54.26 
54.15 
54.22 
54.0 
54.16 
54.18 
54.19 
54.23 
54.21 
54.4 
54.25 
54.S 
54.24 
54.5 

EXCAVATION, CLEARING, GRUBBING AND 
EMBAnKMENT: Item 5 

Basis of Payment. 
Borrow ..... 
Classification 
Clearing 
Disposal of Surplus Material. .. 
Drainage Di tches .. 
Embankments 

Excavation 
Grubbing 
Overhaul 
Quantities of Excavation .. 
Removal of Obi;t ructions. 
Road Grader Work . 
Roadway Excavation 
Shoulders 

G 

GENERAL PROV IF:llONS: Item 3 
Additional Work 
Alteration of Work .. 
Annulment of Contract. 
Changes in Plans and Specifications . . 
Character of Workmen and Equipment .. 

Contractor's Bond . 
Cooperation of Contractor. 
Defect ive Material s and '~lork. 

Disposition of Old Ma.terial ... 
E ngi ncer as Referee. 
Examination of Work. 
Extr a. ';York, or Forcc Accounts. 
Failure to Complete Work on 'l'ime. 

5. 13 
5.7 
5.2 
4.1 
5.6 
5.9 
5.4 

5.3 
4.3 
5.8 
5. 12 
5.2 
5.lD 

5.3 
5.t! 

3.7 
3.6 
3.30 
3.6 
3.10 
3.36 
3.t! 
3.24 
3.19 
3.21 
3.23 
3.7 
:1.29 

GENERAL PROVI SIONS: Item 3-Contin\l ed 
Paragraph 

3.24 

168 

Fail\lre to Remove Defective "Ma terial ... 

l<' inal Cleaning Up ... 
Fina l Payments 
Fre ight Rates 
J nspection 
r nspection of Materials. 
Interpretation of P lnns. 
Laws and Ordinances. 
Lines and Grades. 
Measurement of Quantities. 
Order of "'"ork. . ....... . 
Opening Sections of Highway .. 
Partia l Payments ........... . 
P ermits and Licenses ..... . 
Property Damage and Replacements. 
Prosecution of the Work ... 
Public Convenience and Safety .. 
Responsibility Before Acceptance. 
Restoration of Surfaces .. 
Scope of Payments .. . 
Scope of Work ....... . 
Special Work 
Storage of Materi a ls. 
Suspension of Work. 
Time of Completion .. 
U na uthorized Work 

3.26 
3.34 
3.39 
3.16 
3.22 
3.5 
3.12 
3.20 
3.31 
3.25 
3.38 
3.33 
3.4 
3.14 
3.9 
3.13 
3.15 
3.14 
3.32 
3.3 
3.7 
3.17 
3.27 
3.29 
3.8 

Use of Materials Found on Work. 3.18 
Waiver of Legal Right.. .. 3.35 
'''ork Limited to Amount of Money Avail · 

able 3.37 

GRAVEL SURFACING , Item 10 
Basis of Payment . .... 
Crown 
Defects Before Acceptance. 

Description 
First Course 
Gravel 
Ma nner of Rolling .. 
Measurement of Materials. 
P er Cent of Clay in Gra.vel. 
R eshaping Shoulders 
Seconei Course of Gra vel . 
Side Drains 
Sub·base 

I 

· r · · ·· . 

INSTRUCTION TO BIDDERS, Item 2 
Award of Contra.ct .. 
Certified Check to Accompany Proposals .. 

Contract and Bond. 
Disqualification of Bidders. 
Delivery of Proposals . . 
Estimate of Quantities .. 

10.12 
10.t! 
10.S 
10.1 
10.7 
10.2 
10.10 
10.6 
10.3 
10.8 
10.8 
10.9 
10.5 

2.13 
2.5 
2.15 
2.12 
2.9 
2.3 

Examination of Plans, 

S ite 

Specifications and 

Federal Part icipation 
Fa ilure to E xecute Contract .... 
Irregular Proposals 
Method of Submitting Proposals and Time 

to Complete 

2.4 
2.2 
2.16 
2.8 

2.7 



INS1'RUCTION TO BIDDERS, Item 2-:-Cont'd. 

Opening of Proposals. 
Proposal Form 
Retu rn of Guaranty ... 
State Participation 
Withdrawal of Proposals .. 

IRON PIP E FENCE : Item 62 

Paragr:\ph 
2.11 
2.6 
2. l 4 
2.1 
2.10 

Basis of Payment... 62.0 
Construction Methods 62.3 
Description 
Materials 

L 

LUMBER FOR TI MBER STRUCTURES, 
Item 64 

Basis of Payment. 
Description 
Materials 
Treated Lumber 

o 
ONE COURSE CONCRETE PAVEMENT , 

Item 17 
Approval of Material Sources of Supply .. .. 
Basis of Payment', . 
Coarse Aggregate ... 
Composition 

. Consistency . . ' 
Check ing Cement 
Devices for Measuring Materials. 
Description 
Fine Aggregates .... 
Finishing Concrete 
Forms 
Hand Mixing 
Joint Filler 
Mixing Conditions 
Mixing Concrete 
Placing Concrete 
Placing Transverse Joints. 
Placing Reinforcement 
Portland Cement 
Protection of Concrete. 
H('inforcing Material 
Sl·a.li ng Transverse .Toin ts. 
Subgrade 
\\" ater 

r 
PIP1~ CULVERTS : It('m t)l 

Dusis of Payment . ... .. . .. ... . . 
Cast Iron Pipe. 
Cement Mortar 
Corrugated Metal P ipe. 
Deseription 
Forming Bed for Pipe. 
Laying Pipe .. .. ...... . 
Refilling Around Pipe .... ..... , 
Re inforced Concrete Pip(' . . . .. . .. . . . . . . 
Relaying Pipe .. .. ... . . 
Vitriiied Clay Pipe . 
Vitrified Scgment Block . 

62. 1 
62.2 

64.3 
64.1 
64.2 (a) 

64.2(b) 

17.7 
17.27 
17.4 
17.19 
17.10 
17 .14 
17.12 
17.1 
17.3 
17. 17 
17.9 
17. 13 
17.6 
17.11 
17.12 
17.15 
1 7.1~ 

17.26 
17.2 
17.18 
17.25 
17.16 
17.8 
17.5 

51.24 
51.2 
51.19 
51.3 
51.1 
51.20 
51.21 
51.22 
51.17 
51.23 
51.18 
5 1.25 

1511 

PLAIN CEMENT CONCRETE BASE COURSE 
AND COMBINATION CURBING: 
Item 15 

Basis of PILymellt . . . 
Constrnctioll of Subgradc. . . ...... . 
Coarse Aggrcgate " ' , " ...... . . . .. . 

Paragraph 
15.16 
15.3 
15.6 

Composition . . ................. . 
Cons.isten ~y . . . . . • . . . . . . .. . .. • • ..... 
Description .... . . . . . . . 
Description 
Fine Aggregate 
Forms 
Measuring 
Mixing Conditions 
lVlixing ......... . .. .. ' . . .. . .. .... . . . 
Placing Concrete. 
Protection of Concrete . . 
Portland Cement 
Water 

PLAIN CONCRETE CURBING AND AR· 
MORED CONCRETE CURBING, 
Item 30 

Armor Bar . ..... .. ............ . 
Basis of Payment . . .......•....... 
Composition ' ...... . ....... . 
Description . .... ' ....... ' ........ . ... . 
Excavation for Curbing ...... .... . .. . . . .. . 
F inishing .............. .. . ..... . . . .... . 
Forming Joints ......... . .. . ....... . ... . 
Forms ..... . .. . 
Materia ls for Concrete ..... . . .... . 

15.9 
15.l1 
15.1 
15.2 
15.5 
15.8 
15.10 
15.12 
15.13 
15.14 
15.15 
15.4 
15.7 

30.3 
30.13 
30.5 
30.1 
30.6 
30.10 
30.9 
30.4 
30.2 

P lacing Concrete .......... . . .. . ....... 30.7 
P lacing Armor Bar.. . . . . . . . . . . . . . . . . . . . 30.S 
-Refilling .... \........................ . 30.12 
'l'angent Joints .......................... 30.11 

PLAIN CONCRETE GUTTER AND COMBI· · 
NATION CURBING AND GUTTER , 
I tem 16 

Basis of Payment. .. ...... 16.6 
Description ... . . . . .. . . . 16.1 
l\-htterials for Concrete. .......... . ... 16.2 
Placing Concrete 
Protection 
Refilling 

PLAIN AND GROUTED RIPRAP , 
Application of Grout Filler .. . 
Basis of Pa.yment ... . . .. .. . 
Construction Methods 
Description 
Stone 

PORTLAND CEMEN'r: Item 13 

Item 34 

PRESERVATIVE TREATMENT FOR TIM· 
BER: Item 65 

Basis of Payment . . ........ . .... . 
Dipping and Brush Treatment . 
General . .. 
Opened Tank Method ............ . .. .. 
Pressure Method 

16.3 
16.4 
16.5 

34.4 
34.5 
34.3 
34.1 
34.2 

65.5 
65.4 
65. 1 
65.3 
65.2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
1 
I 
1 
I. 
1 
1 
I 
1 
1 
1 
I 
1 
I , 

I 
\ 
! . I 

1 
1 
1 

R 

REI NFORCEMENT: Item 14 
Basis of Payment. . ........ . 
Deformed and Plain Bars . . . 
Description 
Expanded Metal and Wire Cloth ... 
Materia ls 
P lacing Reinforcemen t 
Structural Steel Shapes. 

RESETTING CURBING, Item 32 
Basis of Payment . .. 
Construction Methods 
Description 
Materials 

S 

SAND·CLAY SURFACING, I tem 7 
Basis of Payment. 

Pnra.g raph 
14.7 
14.1 
14. 1 
14.3 
14.2 
14.5 
14.4 

32.4 
32.3 
32.1 
32.2 

Description ........ • . 
Maintenance During Constru~tion . 
Materials 

7.8 
7. 1 
7.6 
7.2 
7.5 
7.3 
7.4 

Method of Construction. 
Preparing Material Pits .. 
Preparation of S ubgrade ...... . 

SHELL SURFAC}NG, Item S 
Basis of Payment .. 
Description 
First Course 
Maintenance During Construction . 
Material 
Preparation of Subgrade. 
Resbaping Shoulders ..... . . . . •. •. . • .. 

8.10 
8. 1 
8.4 
8.8 
8.2 
8.3 
8.5 
8.6 
8.7 

Second Course 
Top Course ... 

STONE CURBING, Item 3 1 
Basis of Payment. 
Curved Stone Curbing. 
Descrip t ion ... . . ... . . . 
Excavation for Curbi ng .. . 
P lacing Curbing ........ . 
Straight Five Inch Stone Curbing .. 
Straight S ix Inch Stone Curbing . 

STONE UNDERDRAI N : Item 6 
Basis of Payment ... 
Construction Methods 
Description . . .... .... .. . 
Materia ls 

TIMBER STRUCTURES-DESIGN 
WORKMANSHIP: Item 63 

Basis of Payment ... . . . ..... . 
Bolts .. 
Bolt Holes ... 
Design 
Framing 
F loor P lank " 
Impact for ... Timber Trusses. 
Live Loads for Timber Trestles. 
Live Loads for Timber Truss Bridges. 
Laying Floor Plank . 
Material 

AND 

3L7 
31.4 
3Ll 
31.5 
31.6 
31.2 
31.3 

6.4 
6.3 
6.1 
6.2 

63.2 1 
63.20 
63.9 
63.2 
63.8 
63. 11 
63.4 
63.2 
63.3 

.'63.12 
63.6 

, 
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T IMBER STRUCTURES-DESIGN AND 
WORKMANSHIP : Item 63-Continued 

Paragraph 
63.7 P ile Caps ........... . 

Railing .. • . •.• ..... . .. . .. 
Railings .. . ..••.........• . 
Stringers ... ... . .. ' ... ' .. . 
Treated Timbers .............. . 
Table of Working StresRes Per Square Ineh 

63.14 
63.19 
63.10 
63.17 

for Long Leaf Yellow Pine ............ .. 63.5 
Untreated Timbers .............. 63. 18 
Washers ................ . ....... 63.16 
Wheel Guards........... . ....... 63.13 

TIMBER AND CONCRETE PILING, Item 55 

Basis of Payment ........ . .. . 
Description .... 
Driving Piles 
Materials 

TWO COURSE CONCRETE PAVEMENT, 
Item 17 

Approval of Material Sources of Supply . 
Basis of Payment ................ . 
Coarse Aggregate for Bottom Course .. 
Coarse Aggregate for Top Course .. . 
Composition ........ . 
Description . ............... . . 
Devices for Measuring. Material ..... . 
Fine Aggregate for Bottom Course .. 
Fine Aggregate for Top Course .. ..... . 
Forms 
Joint Filler ....... . 
Mixing and Placing Concrete ..... .. . _ . • .... 
Placing R einforcement ............. _ . ... . 
Portland Cement .................. ..... . 

55.2( d) 
55 
55.2 
55 (a) 

17.7 
17.27 
17.4 
17.22 
17.19 
17.20 
17.12 
17.3 
17.21 
17.9 
17.6 
17.24 . 

17.26 
17.2 

.. Protection of Concrete ........• • .. . .... · .· 17.18 
Reinforcing Materials . .-... ........... . 17.25 
Sealing Transverse Joints ..... . • . . _ .. . .... 17.16 
Water ... ......... .. .. . .. 17.5 

V 

VITRIFIED BRICK PAVEMENT, SAND· 
CEMENT BED, Item 18 

Approval of Material Sources of Supply .. 
Basis of Payment. 
Conerete Base 
Description . ... .... . 
Devices for Measuring Materi.als. 
Expansion Join t Materi a l . 
Laying Brick 
Materials for Cement-Sand Bed .. 
Materials for Grout. Filler .. 

18.9 
18.20 
18.3 
18.1 
18.11 
18.7 
Hi.15 
18.4 
18.5 

Materials 
Mixing 

Filler 

for Bit uminous-Mastic F iller .... 18.6 
and Apply ing Bituminous-Mastic 

Mixing a nd Applying Grout F iller ... _ .... . 
Mixing a nd Placing Cement-Sand Bed .. ... . 
Placing Expansion J oints ............. . 
Protection .................. . 
Rolling Br ick ......... . ...... . 
Side Forms .... . • . •. • •• __ . . .. . ..... . 
Vitrified Bricks 
Water .. 

......... ~ ............. .. 
...... . ...... . 

18.18 
18.17 
18.12 
18.1<l 
18.19 
18.16 
18.10 
18.2 
18.8 



VITRIFIED BRICK PAVEMENT, MONO· 
LITHIC CONSTRUCTION, Item IS 

Basis of Payment. 
Cement Grout Filler . 
Description 
Finishing Day's 'W ork . 
Laying Brick 
Material 

Paragraph 
l S.3l 
l S.2S 
18.2 1 
l S.29 
IS.26 
IS·.22 

Measuring, Mixing and Placing Concrete 
Base 18.24 

Placing the Cement·Sand Coating. . 18.25 
Protection 18.30 
Rolling 18.27 
Side Forms .. . 18.23 

VITRIFIED TILE OUTLETS FOR UNDER· 
DRAINS : Item 6 

Basis of Payment . 6.14 
Construction Methods 6.13 
Description 
Mortar 
Pipe 

VITRIFIED TILE UNDERDRAI N AND 
VITRIFIED TILE' FOUNDATION UN
DERDRAIN: Item 6 

Basis of Payment. 
Construction Methods 
Description 
Pipe 
Stone 

6.l0 
6.l2 
6.ll 

6.9 
6.S 
6.5 
6.6 
6.7 

w 

WATERBOUND MACADAM, Item: II 

Basis of Payments . . . 
Closing the Road. . . . . . ....... . 
Crusher-Run Stone Surfacing . 

Paragraph 
11.20 
11.11 
lU3 

Crushed Stonl} Base for Bi tuminous Pave-
mellt 

Defects Before ' Acceptance . ... . 
Definition 
Firs t Course 
F:lushing 
Hand Work 
Material s 
Measurement of Materials ... . 
Reshaping Shoulders . . 
Rolling S ubgrade 
Second 'Course 
S ide Dra ins 
Sub·base 
Third Course 
Trench and Shoulders ... . . 
Trim~ing Shoulders ... . .. , .. 

WOOD GUARD FENCE, Item 33 

16 1 

Basis of Pay ment, 
Construction Methods 
Description 
Paint 
Wood Posts 
\"Vood Rails 

, 

l1.17 
lU6 
11.0 
1l.S 
IUO 
11.4 

11.1 
11.l9 
ll.12 
11.5 
11.9 
lL7 
11.6 
IUO 
lL3 
11.l2 

33.6 
33.5 
33.1 
33.4 
33.2 
33.3 

1 
1 
I 
I 
1 
.1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


