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COUNTY OF TRA VIS--ST A TE OF TEXAS 

SPECIFICA nONS 

ITEM 1. DEFINITION OF TERMS 

1.1. Definition of Terms. Whenever in the specifications or contract the following terms, 01 

pronouns in place of them, are used, the intent ion and meaning shall be interpreted as follows : 

Engineer .... 

County 

Contractor ................. .. ................. .. 

Inspector .. ........... .......... .. .. .. 

Bidder .. _ ................................. . 

. ... ...... ...... Engineer of Travis County, duly authorized by the 
County acting directly or through an assistant . 

.......... Party of the first part to this agreement. 

....... Party of the second part to this agreement. 

.. .............. .. ..... An authorized representative of the Engineer as-
signed to make any or all necessary inspection of 
the work contracted for . 

. ..................... Any individual, firm or corporation sp bmitming a 
proposal. 

Plans ........... .. ... .. .................. .............. ........ ......... ........... ..... ..... ............ ............. .All drawings, or reproductions of drawings; profiles, 

Proposal . 

Specifications .. 

Contract 

Contract Bond ... 

etc., pertaining to work or to any structure con­
nected with the work, which have been prepared 
by the Engineer and approved by the Com­
missioners Court. 

.. ... . ................ The offer of the bidder made out on the prescribed 
form giving prices for performing the work de­
scribed in the plans and specifications. 

. n . ...... The directions and requirements, contained herein, 
together with all written agreements made, per­
taining to t he method or manner of performing 
the work or to quantities Or quali ties of materials 
to be furnished under the complete contract. 

................... The agreement between the party of the first part 
'and the party of the second part, including the 
advertisements for ProposaLs, Proposal, Instruc­
t ions to Bidders, Approvcd Plans, General and 
Detail Specifications, tbe Specific Contract and 
Contract Bond, are intended to form a single 
instrument defining the agreement entered into 
between the two parties thereto . 

. ... ..... ....... The approved form of security furnished by the 
contractor and his Surety as a guaranty of good 
faith on the part of the Contractor to execute the 
worK in accordance with the terms of the Contract. 



ITEM 2. INSTRUCTION TO BIDDERS 

2.3. Estimate of Quantities. The quantities listed in the estimate are the result of careful 
calculations, but are to be considcl'ed as approxim"te only. 

Final payment to the Contractor will be made only for thc actu"l amount of work of each class 
performed (which amount shall be determined after the completion of the contract) subject to the 
limitations hereinafter noted, and at the prices fixed for the same. 

And it is understood that the quantities of \\"ork to be done and matel'ials to be furnished for each 
item of construction may be increased, or decreased, not exceeding in value twenty-five per cent of the 
total amount of work and materials, without in any way invalidating the bid prices. Should an increase 
or decrease of materials 01' quantities of work be m"de greater than twenty-five per cent of the cstimated 
quantities shown in the contract, then adjustments in the payment for the portion of increased quantities 
over the twenty-five per cent mentioned above or the quantities as decreased, shall be made in accordance 
with the provisions of Par. 3.7. 

2,4. Examinations of Plans, Specifications and Site. All biddcrs are required before submitting 
bids on the proposed work to visit the site of such proposed work and familiarizc themselves with local 
conditions, the nature and extent of the work. They must also carefully examine the plans, specifica­
tions, special provisions, form of contract and bond before submitting bids on the work to be done . 
Professions of ignorance regarding the requirements of the work will in no way serve to modify the pro­
visions of the contract. 

2.5. Certified Check to Accompany Proposal. No proposal will be considered unless ,,"ccompanied 
by a certified check, or cashier's check on a State or National Bank of the State of Texas payable to the 
order of the party named and to an amount stated in IlNotice to Contractors." 

If no award is made, all proposals will be rejected and all checks returned. 

2.6. Proposal Form. Proposals must be made upon forms which may be obtai\led at the office 
of County Engineer, Austin, Texas. These proposal forms ,,~ll state the location and will show the 
estimated quantities of the work to be performed, the t ime in which the work must be completed and 
the amount of certified check or cashier's check . 

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 received until the 
time and date indicated in the "Notice to Contractors," at which t ime they will be publicly opened and 
read. Each bidder must state in his proposal (in writing and in figures, without interlineations, " Itera­
tions, or erasures) the sum of money for which he will supply the materials, and perform the work 
required by the general instructions, conditions, and specifications, and state the time by whieh he will 
complete the work, should his proposal be accepted; and must sign his proposal with his fu ll name and 
give his address. 

In case where a firm or corporation submits a proposal, the proposal must be signed with the full 
name of each member of the firm or the full n"me of each officer of the corporation, in addition to the 
firm or corporation signature, with official corporate seal thereto, and the addresses must be given. 

2.8. Irregular Proposals. Proposals may be rejected as being irregular if they show any omission, 
alterations, additions not called fOf, conditional bids or irregularities of any kind. 

2.9. Delivery of Proposals. Proposals may be delivered in person by the Contractor or his repre­
sentative, or may be sent by mail, and when sent by mail, must be enclosed in an addition"l envelope 
marked as indicated under "Notice to Contractors." 
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2.10. Withdrawal of Proposals. No bid shall be withdrawn aftcr having becn filed, unless the 
reques t. is made in wl'it,ing prior to the opening of bids. 

2.11. Opening of Proposals. Bids will be opcncd at the t ime and place indicated in "Notice to 
Contractors." Bidders or their authorized agents urc invited to be present at the opening of the 
proposals. 

2.12. Disqualification of Bidders. No bidder shall submit morc than onc proposal for anyone 
piece of work outlined in the specifications and contract unless alternate bids are callcd for. All pro­
posals not submitted in regular form and also unbalanced proposals will be rej ected. Only sealed bids 
will be accepted. 

2.13. Award of Contract. Contracts may be awarded by the party of the first part, at the time 
and place indicated in tlNotice to Contractors," or if deemed advisable, at a time and place fixed by 
the party of the first part at the t ime of opening of bids. 

2.14. Return of Guaranty. Certified checks or cashier's checks will be returned to the unsuccess­
ful bidders within ten (10) days after contracts have been awarded. 

2.15. Contract and Bond. The Contractor must execute and file a contract and a bond conform­
ing to the requirements of Item 3.36 of these specific a tions, both executed on t he forms hereto attached, 
with the party of the first part within fifteen (15) days after written notification of award of contract. 

2.16. Failure to Execute Contract. It is hereby expressly understood and agreed upon that, 
should the successful biddcr refuse or ncglect to execute the contract and bond within fifteen (15) days 
after being notified to do so, the amount of the certified check or cash ier's check shall become the property 
of the party of the first part, not as a penalty, but as liquidated damages for such neglect or refusal. 



ITEM 3. GENERAL PROVISIONS 

3.1. Subletting or Assignments. No work is to be ·sublet or assigned by a Contmcto" without 
the written consent of the Engineer and written approval of the Commissioners Court. 

3.2. Patent Fees, Royalties, and License. If the Contractor is required or desires to use any 
design, dcvice, material or process covered by letters patent or copyright, he shall provide for such use 
by suitable legal agreement with the patentee or owner, a copy of which agreement shall be filed with 
the Engineer; if no such agreement is made Or fi led as noted, the Contractor and the Surety shall in­
demnify ana save harmless the Co,!nty from any and all claims for infringement by rcason of the use 
of any such patented design, clevice, trade mark, copyright, material or process, in connection with the 
work agreed to be performed under the contract, and shall indemnify the County for any costs, expenses 
and damagrs which either may be obliged to pay and shall defend all suits arising by reason of any such 
infringement, at any t ime during the prosecution of or after 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 thc finished lines, grades and cross-sections, and shall do such additional 
or incidental work as may be considered necessary in the opinion of the Engineer to complete the work 
in a substantial and satisfactory manner. 

3.4. Permits and Licenses. The Contractor shall procure and pay for allState and local licenses 
or permits required, and shall give a ll notices and pay all charges and fees incident to the lawful prose­
cut ion of the work. 

3.5. Interpretation of Plans. Where there is any discrepancy between the figures shown on the 
plans and those written in the specifications, the figure dimensions on the plans shall govern. 

3.6. Alteration of Plans. The right is reserved by t he Engineer with the approval of the Com­
missioners Court, to make from t ime to t ime such alterations in the plans or in the character of the 
work as may be considcrcd necessary or desirable to complete fully and perfectly the proposed construc­
t ion provided such alterations do not change materially the original plans ftnd specifications, and such 
alterations shall not be considcred as a waivcr of any condi t ions of t he contract or bond nor to invali­
date an y of the provisions thereof. Should such alterations in the plans result in un increase or de­
crease not to exceed twenty-five per cent as mentioned in Section 2.3 of the quantity of work to be per­
formed, the Contractor shall accept paymcnt in full at t he cont ract unit pri ces for the actual quantities 
of work done. No a llowance will bc made for anticipated profits. 

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 quant ities beyond the 
limits set out in Par. 2.3 are made or whenever, to complete fully the work as contemplated, it is deemed 
necessary or desirable and such extra work shall be clone in accordance with the specifications therefor, 
or in the best workmanlike manner as directed. This extra. work will be paid for at a unit price or 
lump sum to be agreed upon previously in writting by the part ies to t his contract, or where such a price 
or sum cannot be agreed upon by both parties 01' where this method of payment is impracticable, the 
Engineer may order the Contractor to do such work on a "Force Account" basis. 

All ext ra work done on a " Force Account" basis will be paid for in the following manner: 

(a) For all labor, teams, and forcman in direct charge of tbe specific operation, t he Contractor shall 
receive the current local rate of wage, to bc agreed upon in writing before starting such. work, for each 
and every hour that said labor, teams and foremen are actually engaged in such work, to wl1ich shall 
be added an amount equal to fifteen per centum (15%) of the sum thereof. No chargc shall be made 
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by the Contractor for org:l nizatiol1, overhend expense, nor shall any charge for superintendence be 
made except when there 8ha.1I be ncccs::;arily employed on the proposed extra work at any time and in 
one place six (G) In.borers 01' more in whi ch case a foreman may be employed and his actual expense to 
the Contractor cha.rged to the extra. work foJ' the actual timc employed. 

(b) For all materials used, t he Contractor shall receive the actual cost of such mc>teri als including 
freight charges, as shown by original receipted bills. 

(0) For any machine power tools or equipment, including fuel and lubrica nt.::;, which it may be 
deemed necessary or ctci:)il'able to use, the Engineer shall allow the Contra.ctor a ron.sollable rental price, 
to be agrced upon in writing before such work is begun, for each and cvery hour that said tools or equip­
ment arc in use on such work and to which sum no percentage shall be added . 

The compensation as herein provided shall be received by the Contractor as payment in full for ex­
tra work don,c on a force account basis, and shall include superintendencc, use of tools and eq uipment 
for which no rental is allowed, alid profit. The Contractor's representative and the Inspector shall 
compare records of extra work done on a force account basis at the e.nd of each. day. Copies of these 
records shall be made upon suitable forms provided for this purpose, by the Inspector and signed by 
both the Inspector and the Contractor's representative, one copy being forwarded, respectively, to the 
Engineer and one to the Cont(actor. All claims for extra work done on a force account basis shall 
be submitted to the Engi'ncer, by the Contractor upon certified statements to which shall be attached 
original receipted bills covering the cost of and the freight charges on all materials used in such work, 
and said statements shall be filed not later .than the tenth (10th) day of the month following that in 
which the work was actually performed, and shall include all labor charges, etc., and material charges 
in so far as they can be verified. 

3.8. Unauthorized Work. Work done by the Contractor not authorized under the plans and 
specifications or by the Engineer in charge in writing will not be paid for under the provisions of this 
Contract. 

3.9. Prosecution of the Work. The Contractor shall give his cons.tant personal attention to the 
,,-ork while it is in progress, or shall place it in charge of a competent and reliable superintendent who 
shall have full authority to act for him, and who shall be acceptable to the Engineer, and shall prosecute 
the work at such points and in such order as the Engineer may from time to time direct. If at any 
time during the work, progress satisfactory to the Engineer shall not have been made, the Contractor 
shall increase the force, tools, and equipment as directed by the Engineer, but the failure of the Engineer 
to give such directions shall not relieve the Contractor of his obligations to complete the work at the 
time and in the manner specified in this Contract. 

3.10. Character of Workmen and Equipment. Whenever the Engineer shall determine that any 
person employed by the. Contractor is, in his opinion, incompetent, unfaithful, disorderly or insubordi­
nate, such person shall upon ~otice be discharged from the work and shall not again be employed on it 
except with the written consent of the Engineer. Any machinery furnished by the Contractor which 
6h,,11 be deemed by tbe Engineer as being unfit fo r use on the work shall be removed at once upon due 
notice to the Contractor by the Engineer. 

3.11. Co-operation of Contractor. The Contractor shall have in hi& possession a copy of all 
plans and specifications and shall familiarize himself with same. At all times and places where work 
is in progress the Contl-actOl' shall have a superintendent 01' head workman in charge upon the site as 
the Contractor's representative to receive and obey the orders of the Engineer. 

3.12. Laws and Ordinances. The Contractor and those under him shall conduct the work in 
such manner as to fulfi ll the requirements of the Federal, State, County, and municipal laws and ordi-
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nances applying to the work in hanel. He shall maintain all camps and quarters for men according to 
the special rules and regubtions of the State, County and town boards of health. 

3.13. Public Convenience and Safety. Thc Contmctor, at all times shall conduct thc work in such 
a manner as to insure the least possible obstruction to traffic. l\1aterials stored upon the highway shall 
bc placcd so as to causc as Iittlc obstruction to thc tr"veling public as possible. The Contractor will be 
requ.ired to maintain in a passable and safe condition such temp!?rary 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 crossings of intersecting 
highways unless otherwise provided in the specifications and contract uncleI' HSpecial Provisions." The 
ContrttCtor shall provide, erect, and maintain all necessary barricades, suitable and sufficient red lights, 
danger signals, and signs; provide 3. sufficient number of watchmen and take all necessary precautions 
for the protection of thc work and safety of the public. Highways closed to traffic shall be protected 
by cffcctive barricades, on which shall bc placed acceptable warning signs. The Contractor shall provide 
and maintain acceptable warning and detour signs at all closure:;, intersections, and along the detour 
routes, directing t)1O traffic around the closed portion 01' portions of the highways, so that the temporary 
detour route or routes shall be indicated clearly throughout its or their ent ire length 01' lengths. All 
barricades and obstructions shall be illuminated at night and all lights shall be kept burning from sun­
set unt il sunrise. When the use of explosives is necessury for the prosecution of the work, the Con­
tractor shall UtiC the utmost care, so as not to endanger life or property and whenever directed the num­
ber and size of the charges shall be reduced. All explosives shall be stored in a securo manner and 
all such places shall be marked clearly "DANGEROUS EXPLOSIVES" and shall be in care of com­
petent watchmen at all t imes. (Subject to Federal regul ations.) 

3.14. Property Damage and Replacements. In case of any di rect or indirect injury or dam­
ages being done to public or private property by or because of the work or in consequence of any accident 
or omission on the part of the Contractor, his employees or agents, the Contractor shall, at his own 
expense, restore such property to a condition similar and equal to that existing before such damagc was 
done, by repairing, rebuilding or otherwise restoring 'as may be directed, or he shall make good such 
damage or injury in a satisfactory manner, and in case of failure on the part of the Contractor to restore 
such property or make good such damages or injury, all paymcnts may be withheld until such work 
shall be completed to the satisfaction of the Commissioners Court. 

3.15. Responsibility Before Acceptance. All depressions, defccts and imperfections \vhich may 
become evident in any portion of the roadway or structures before final acceptance of the work by t he 
Engineer, whether due to poor workmanship or material, public travel, rain, snow, ice, frost, or other 
causes, shall be repaired and made good by the Contractor at his own expense. I ssuance of any esti­
mate on any part of the work done shall not be considered as a final acceptance of any work completed 
up to that time. The Contractor will be required to replace any portion of any pavements adjoining 
the work which may have suffered through his operation, and it shall be left in a neat, workmanlike 
manner in a condition equai to that obtaining before the Contractor started the work. . 

3.16. Inspection. The Engineer or his representatives shall have at all times, free access to all 
parts of the work to all factories and warehouses, where materials are in process of manufacture, handling 
or stored. The Engineer may secure such samples as he desires. The Contractor shall give the Engineer 
adequate notice of the place of manufacture or purchase of materials so that they may be inspected 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
tecting and keeping in good condit ion all 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, " 'ith the approval of the Engineer, 
may use in the constrllction of the work any sand , gravel, or stone found in the excavations, but whenever 
deemed necessary shall replace any material so removed with other satisfactory material. If it is not 
necessary to replace this material, the Contractor shall not be paid [or the excavation. 

3.19. Disposition of Old Material. Thc Contractor shall disposc of, as directed by the Engineer, 
aU structures and ma.terials found on the work and not specified to be used to complete the work con­
templated 0 1' found necessary under the contract. 

3.20. Lines and Grades. The Contractor shall be furnished by the E ngineer with all lines, grades 
nnci measurements necessary to the proper prosecution of the work contracted fOI: under these specifica­
t ions. Thc Contractor will be held responsible for the proper preservation of all marks and stake~. If 
in t hc opinion of the E ngineer any marks or stakes should be wilfull y or cMelessly disturbcd or destroyed 
by the Contractor or his employecs, thc cost of replacing them shall be charged against the Contractor, 
to be deducted from any money due him. 

3.21. Engineer as Referee. It is agreed by both parties to this Contract that the Engincer shall 
act as referee in all questions arising under the terms of this contract between ,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 County road work the Contractor 
shall permit memQcrs of Commissioners Court to inspect the work at any time and shall ) when requested, 
furnish them with any information pertaining to ttie work that they may desire. 

3.23. Examination of Work. The Engineer, as provided in Pars. 2. 1 and 2.2, shall be furnished 
"'ith every rcasonable facili ty for ascertaining whether or not the work is being done in accordance with 
the requirements and intention of this Contract , even to the extent of uncovering and removing portions 
of finished work. Should the work thus exposed or examined prove satisfactory, the uncovering or 
removing and the replacing of the covering or the making good of the parts removed shall be paid for 
~l S additional '\'ork1 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. 

3.24. Defective Materials and Work. All materials not conforming to the requirements of these 
; peeifications shall be considered as defective and all such materials, whether in placc or not, shall be 
rejected and shall be removed immediately from the highway, unless otherwise permitted. No material 
" 'hich has been rejectcd, thc defects of which "'ave been corrected or removed shall be used unt il approval 
has been given. All work which has been rejected or condemned shall be remedied or, if necessary, 
removed and replaced in an acceptable man'ner by the Contractor at his own cxpense. Upon the fai lure 
of the Contractor to remove and properly dispose of rejected materials or work, ancI to replace the same 
immediately after receiving formal notice, the Engineer may employ labor and remove and replace such 
material or work a nd charge the cost of same to the Contractor, which shall be deducted from any money 
due hiln. 

3.25. Order and Sequence of Work. The work shall be done 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 upon the project. 

3.26. Final Cleaning Up. Before the work is accepted as fully complete, the Contractor shaH 
complete the work in such a manner that the finished road will be smooth and true to cross-section, 
grade and alignment. All rubbish and surplus material shall be removed from the' roadway, shoulders, 
culverts and ditches, leaving the roadway in a neat and presentable condition from end ,to end. 
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3.27. Suspension of the Work. The Engineer 1TI!'y stop any portion of the work if in his judg­
ment the wcn.thcl' 01' other conditions, such as labor troubles, poor ma.teria.ls, etc., are such as to prevent 
the same being done properly. Such not ice 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. If on account 
of bad weather or for other rcasons not contl·olled by the Contractor, or through no act or faul t of the 
Contractor, the work should be delayed or impeded, then the total number of days resulting from such 
delay shall be excluded from t he abovc mentioned computation. When the execution or completion 
of the contract requires work or material in greater amounts Qr quantities than those mentioned and 
set forth in the estimates, the time may be increased a proportionate amount as dctermined by the 
Engineer. In all cases the Engineer shall determine the number of days that the Contractor has been 
unavoidably delayed. 

3.29. Time of Completion and Liquidated Damages. It is further agreed by the parties hereto 
that in case all the work callcd for under this contract, in all parts and requirements, is not finished or 
completed within the time specified in the Proposal and Contract, damage will be sustained by the 
party of the first part and that it is and will be difficul t or impossible to ascertain and determine the 
actual damage which tile party of the first part ,,~Il sustain in the event of and by reason of such delay; 
and it is therefore agreed that said Contractor, party of the second part, will pay to the pa rty of the 
first part as liquidated damages as providcd in the following schedule : 

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

$5,000 or less.... . ... .............. .... ......... ....... ..................... ....................... $ 5.00 
More than $5,000 and less than $10,000 .. .. .. ... .............. ............. .... ............... ..... ... ........................ ..... ......... 10.00 
$10,000 or less than $20,000.... 15.00 
$20,000 or less than $50,000 . ... ..................................... 20.00 
$50,000 or more... ... . .. ...... .. ........ ...... . .................... .... ................................... ............. 25 .00 

Unless otherwise specified the amount of liquidated damages mentioned above shall be deducted 
from money due the Cont ractor. 

3.30. Annulment of Contract. If the Contractor fails to begfn the work under contract within 
the time specified, or fails to perform the work with sufficient workmen art.d equipment or with sufficient 
materials to insure the prompt completion of said work, or shall perform the work unsuitably or shall 
neglect or refuse to remove materials or perform· anew such work as shall be rejected as defective or 
unsuitable, or shall discontinue the prosecution of the work, or if the Contractor shall become insolvent 
or be declared bankrupt, or commit any act of bankruptcy or insolvency, or allow any final judgment to 
stand against him unsatisfied for a period of forty-{)ight (48) hours, or shall make an assignment for the 
benefit of creditors, or from any other cause whatsoever shall not carryon the work in an acceptable 
manner, the Engineer shall give notice in writing to the Contractor and his Surety, of such delay, neglect 
or default, specifying the same, and if the Contractor, within a period of ten (10) days after such notice 
shall not proceed in accordance therewith, then the Commissioners Court shall, upon written certificate 
from the Engineer of the fact of such delay, neglect or default and the Contractor's failure to comply 
with such notice, have full power and authority, without violating the contract, to take the prosecu­
tion of the work out of the hands of the Contractor, to appropriate or use any or all materials and 
equipment on the ground as may be suitable and acceptable and may enter into an agreement for the 
completion of said contract according to the terms and provisions thereof, or use such other methods 
as in their opinion shall be required for t he completion of said contract in an acceptable manner. All 
costs and charges incurred by the County, together with the costs of completing the work under con­
tract, shall be deducted from any money due or which may become due said Cdntractor. In case the 
expense so incurred by the County shall be less than the sum which would have been payable under 
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the contract, if it had been completed by s[tid Contractor, then the said Contractor shall be entitled 
to receive the difference, and in case sueh. expense shall exceed the sum which would have been paya.ble 
under the contract, then the Cont ractor and the Surety shall be liable and shall pay to the County the 
amount of said excess. 

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

3.32. Scope of Payments. The Contractor shall receive and accept the compensation as herein 
specified in full payment for furnishing all materials, labor, tools, and equipment and for doing all the 
work contemplated and embraced. in these specifications, also for all loss or damage arising out of the 
nature of the work aforesaid or fr01n the action of elements Or from any unforeseen difficulties or obstruc­
tions which may arise or be encountered in the prosecution of the work until its approval by the Engineer 
a.nd its acceptance, and for all risks of every description connected with the work, also for all expenses 
incurred by 0 1' in consequence of the suspension or discontinuance of said work as herein specified, and 
for any infringement of patent, trademark, or copyright, and for completing the work and the whole 
thereof in a satisfactory manner and according to the plans, specifications, and contract. All such 
payments do not constitute acceptance of said work. 

3.33. Partial Payments. At the earliest possible date after the first day of each month , the 
Engineer will make current estimate in writing of the materials in place complete and the amount of 
work performed during t he preceding month or period and the value thereof at the unit price cont racted 
for, as shown in Proposal and Contract. In addition to the above, an estimate may be made for pay­
ment of seventy-five per cent of the value of the reinforcing steel, structural steel, crushed stone, gravel 
and paving brick delivered on the work and not used at t he time of such estimate. From the amount 
so ascertained, shall be deducted ten per cent, to be retained until after t he completion of the entire 
work to the satisfaction of the Engineer, and ninety (90) per cent of the amount so ascertained shall 
be paid the Contractor. 

The Contractor shall fully and promptly pay all bills incurred for labor performed or materials 
furnished on his contract 01' in connection therewith. 

3.34. Final Payment. (a) The Engineer shall, as soon as practicable after the completion of this 
contract, make a final estimate of the amount of work done thereunder, and the value of such work, 
and the party of the first part shall, at such time, within thirty days from and after the date of said 
estimate, as the county may elect, pay the entire sum so found to be due hereunder, after deducting 
therefrom all previous payments and all amounts to be kept and all amounts to be retained under the 
provisions of this cont ract. All prior partial estimates and payments shall be subject to correction in 
the fillal estimate and payment . 

(b) It is mutually agreed between the part ies hereto, that no estimate or payment made under 
this contract, except the final estimate Or final payment shall be conclusive evidence of the performance 
of this contract , either wholly Or in part , against any claim of the party of the first part, and then not 
unti l the lapse of thirty days after the acceptance of the work by the party of the fi rst part; and no 
p:lyment shall be construed to be an acceptance of any defective work or improper materials, nor a 
release from any claim for damages. 

(c) And the said Contractor hereby further agrees that the payment of the final amount due 
under this contract , and the adj ustment and payment of the bill rendered for any work done in accordance 
with any alterations of the same,_ sball release t he party of the first part, and the E ngineer fro;" any and 
all claims or liability on account of work performed under this contract, or any alterat ions thereof. 



• 
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3.35. Waiver of Legal Right. No decision or discovery of error 1I1 plans, estimates, or speci- I 
fications, or contra.ct shall in a.ny way invalidate the contract. 

3.36. Contractor's Bond. The Contractor shall file as a guaranty of his faith ful performance 
of said contract, and the payment of .all obligations incurred for material and labor in the performance 
of this work a good and sufficicnt bond in compliance with Article 5623-A, SemIte Bill No . 79, Chapter 
143 of thc 34th Lcgisbture, 1915, which rcquircs that for contracts less than $1,000 a bond for full 
amount of contract be given ; for those over SI,OOO'and not over 85,000, three-quarters of contract price; 
those over $5,000 and not ovcr $100,000 one-half of cont ract price; those over 100,000 one-third contract 
price be given. Said bond to be furnished by a Surety Company authorized to do busincss in the State 
of Texas, or responsible persons acceptable to the party of the first part. In thc latter instance it is 
necessary that thosc signing the bond be certified as financially solvent to thc full amount of bond. 

3.37. Work Limi(ed (0 Amo\m( of Money Available. Before starting the work therc shall be 
appropriated by the Commissioners Court out of the proper fu nds, an amount of moncy which will in 
the judgmcnt of the Engineer and Contractor pay the cost of the proposed work at thc unit prices listed 
in the contract. This appropriated money will in no case be reduced or increased unless said reduc­
tion or increase shall be t.\.greed to in writing by the Commissioners Court, and a copy of such agreement 
shall be furnished the Contractor. Provided, however, the increase or reduction in quantities as pro­
vided in Sections 2.3 and 3.7 may be madc whenevcr the total cost of the work is not increascd beyond 
thc money appropriated for the work without such written agreement . If a reduction of appropriation 
is made in a manner other than hereinabove mentioned thc Contractor shall have cause for court pro­
ceedings against thc Commissioners for misappropriation of funds, and the said Commissioners shall 
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be subject to penalties covering misappropriation of funds. The Contractor is hcreby cautioned and 
warned and agrees that he will rcceive no greater amount for the work done t han the amount appro­
priated therefor and all work done beyond t hat quantity which can not be paid for from appropriated 
money, shall be' done at the Contractor's expcnse. Should the Engineer fail to keep the Contractor 
acquainted with the amount of money available then the Contractor should requcst such information 
whenever it is thought that the work done has ncarly ut ilized the money availablc so that he may have I 
sufficient t ime to stop the work beforc the appropriated money has been utilized. In case such informa­
tion is not furnished the Contractor, hc will be permitted to stop the work until the required informa­
tion is obtained. 

I 

I 
3.38. Opening and Maintaining Sections of Highway. Whenever, in the opinion of the Engineer, 

any 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 wayan acceptancc of thc roadway or I 
any part of it, or as a waiver of any of the provisions of these specifications and contract. Necessary 
repairs or renewals made on any section of the roadway, due to its being opened to travel under instruc­
tions from the Engineer, to defective materials or work, natural causes, to ordinary wear and tear or I 
otherwise, pending completion and acceptance of the roadway, shall be performed at the expense of the 
Contractor. The Contractor shall harrow, drag or otherwise maintain the completed sections of the 
road, until final acceptance of such sections, in a manner approved by the Engineer. Work on this I 
contract will be accepted in sections as shown on plans, but the retained percentage amount will not be 
paid on any section u'ntil completion and acceptance of the entire project. 

3.39. Freight Rates. In the event that during construction the freight rates on materials entering I 
into the completed work should be increased, the County will compensate the Contractor the amount 
of such increase, but 'should the freight rates bc decreased the County shall deduct the amount of such 
decrease from the amount due the Contractor. 
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ITEM 4. CLEARING AND GRUBBING 

CONSTRUCTION DETAILS 

4.1. Clearing. The right-of-way must be cleared to the width shown on the plans, or to such 
width as shall be designated by thc Engineer ; all structures, fences, trees, brush, and all vegetablc matter 
within the space design'ated shan be cut down, and thc same, together with all logs, brush, wood, and 
trash shall be removed from the ground and disposed of, as the Enginccr may direct, so as not to injure 
the adjoining lands Or to obstruct the line of the fences along the boundaries of tho. said right-of-way. 
When thc embankment exceeds two fcct 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 inch-es below surface of the subgrade. 
Payment for clearing shall be made 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, paymcnt shall be made at the unit price bid pcr 100 foot 
station for light clcaring. Thc removal of weeds;vines and small undergrowth from the right-of-way 
prior to starting of grading shan not be classed as clearing or light clearing, but shall be included and 
paid for under grading. The rebuilding of fences is not to be included in clearing, but will be done by 
the County's forces or by the Contractor under a separate agrecment with the County. 

4.3. Grubbing. All stumps, roots, wood or vegetable mat ter imbedded in the ground, within 
the space occupied by the roadbed and side drains, 01' any additional space deemed necessary by thc 
Engineer, shall be grubbed up, removed and disposed of as the Engineer may direct; except where em­
bankments are two feet or more in hcight, the stumps, roots, etc., may be cut close to the ground, and only 
the areas 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 gruobing 
is of a very light nature, and whcre indicated on the plans, payment sball be made according to the 
unit price bid per 100 foot station for light grubbing. 

4.5. Basis of Payment. Payment for "Clearing" shall be made at the unit contract price per 
acre ; payment for "Light Clearing" shall be made at the unit contract price per 100 foot station ; pay­
ment for "Grubbing" shall be made at the unit. cont ract price per acre ; payment for "Light Grub­
bing" shall be made at the unit contract price per 100 foot station. 
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ITEM 5. EXCA V A TION AND EMBANKMENT 

5.1. Description. Excavation i nd Embankment shall consist of grading the ro",dway, stripping 
material pits, ditching, changing channels of streams and all other grading work in conformity with 
the plans, true to the lines and gradcs given. This work shal include all excavating for cuts, ditches, 
channels, etc" forming embankments, shaping and sloping, compacting and other work that may be 
necessary in bringing the roadway and its appurtenances to the required grade, alignment and cross­
section, also the grading of all intersecting roadways, driveways and approaches. This work shall be 
done in accordance with these specifications. 

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

Solid rock excavation. 
Loose rock excavation. 
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-haJf cubic yard each. 

Loose rock excavation will include all slate or other rock which can be quarried or removed without 
blasting, also all detached rock or boulders measuring not less than one and one-half cubic feet nor 
more than one-half cubic yard each . 

Earth excavation will include all loose stones, boulders, and other material of eve ry description as 
found, which are not it;cluded in the above specifications as solid or loose rock. 

5.3. Roadway Excavation. Roadway excavation shall include the removal and satisfactory 
disposal of all materials taken from within the limits of the work contracted for, necessary for the con­
struction and preparation of the roadbed, embankment, sub-grade, shoulders, slopes, side ditches, trenches, 
waterways, int.?rsections, approaches, private entrances, etc., as indicated and directed by the Engineer. 
All suitable materials removed from the excavations shall be used as far as practicable in the formation 
of the embankment, subgrade, shoulders, etc., and at such other places as directed by the Engineer. 
All breakage 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 may be 
indicated and directed by the Engineer. No payment will be made for any excavated material which 
is used for purposes other than those designated. During the construction of the roadway the roadbed 
shall be maintained in such a condition that it will be well drained at all t imes. 

5.4. Embankments. Embankments shall be formed of suitable material placed in successive 
horizontal layers for the full width of the cross-section, and shall be compacted by distribut ing the neces­
sary hauling uniformly over each succeeding layer. Stumps, trees, rubbish, sod or any other unsuitable 
matter 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 embankment is to be placed, shall be plowed or cut into 
steps before the filling is commenced. All such embankment so made shall be thoroughly compacted, 
as stated herein. The Contractor shaH be responsible for the stability of all constructed embankments, 
and shall replace any portions which, in the opinion of the Engineer, may have become displaced due 
to carelessness or negligence on his part. 

5.6. Disposal of Surplus Excavation Material. All excavated material not required in the embank­
ments shall be used for widening the shoulders and other purposes if directed, or this material and all 
material not permitted in the embankment, shoulders, etc., shall be removed from within the limits of 
the roadway and deposited at such point, or points, preferably below grade line, as directed by the 
E;nglneer. All surplus material shall be removed and disposed of before the subgrade rolling has been 
completed and before any construction materials shall be placed upon the roadway. 
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5.7. (a) Borrow Excavation, Borrow shall include the removal and satisfactory disposal of 
material in addition to that found in the excavation within the limits of the work cdntracted fOf, necessary 
to form or complete the embankment, subgrade, berms, etc. It will be paid for at the contracted price 
per cubic yard for Excavation, which price will include all necessary work incidental thereto. When 
the amou'nt of the embankment exceeds the amount of the excavation within the limits of the work 
contracted for, s~fficient s~itable materials to form or complete the em~ankment, subgrade, berms, etc., 
shall be obtained by the Contractor from borrow pi ts as directed by the Engineer, and included under 
the items of Excavation. The right of way for borrow pits will be furni shed by the County. Borrow 
pits shall be excavated so that they can be properly drained. 

(b) In general the amount of Borrow Excavation shall be arrived at by measurement of borrow 
pits. In cases where it is not practicable to measure the borrow pits to determine the yardage of Borrow 
Excavation, payments for this class of work shall be based upon the amount of the computed yardage 
within the embanlunent, as determined by cross-sections of the roadway taken before the borrowed 
material is placed, to which amount, in order to compensate for shrinkage, there shall be added the 
following percentages depending upon the height of the e.mbankment. 

The maintenance of embankments during construction shall be at the Contractor's expense. 

5.S. Haul and Overhaul. The average length of haul shall be determined by locating the center 
of volume of the cut and the center of volume of the corresponding fill. If t he center volume of the 
cut is more than two hundred (200) feet from the center of volume of the corresponding fill, overhaul 
will be allowed for the entire amount of ;naterial in the cut for the distance between the centers of 
volume in excess of two hundred (200) feet. 

5.9. Ditch and Channel Work. All ditches and channels shall be excavated true to lines, grades 
ancl cross-sections as shown on plans or as ordered by the Engineer. Excavated material removed from 
ditches Or channels. and used in levees or embankments will be paid for once only and no Htwo w;ay pay" 
will be allowed on this class of work. Overhaul on this material will be allowed on the same basis as on 
other grading work. 

5.10. Road Grader Work. Where the material is suitable and the natural ground surface is 
fi\iri:- even and practically parallel to the subgrade line, the roadway and side ditch grading may be done 
with a road grader provided that the subgrade line is to be not over ten incbes above, and the side ditches 
are not to be over eighteen inches in depth below the natural ground surface. Before the road grader 
,,'ork is started, all weeds, grass or rubbish of any nature shall be removed from within the limits of the 
section to be graded and disposed of as directed by the Engineer. Road grader 'work will include the 
cOMtruction of roadway ditches, but shall not include surface ditches and channel work outside the 
roadway proper, which work is provided for in Paragraph 5.9. All sections of road grader work shall be 
indicated on the plans, and no section shall be less than five consecutive stations. 

5.11. Graded Section. The bottom of tbe excavation and the top of the fill when completed shall 
be known as the graded section and at all places shall be true to the lines, grades, and cross-sections as 
shmm on t he plans. All work in connection with the preparation thereof will be included in the con-. 
tract price for HExcavation/' or as BRoad Grader "Vork." 

5.12. Method of Determining Excavation Quantities. All 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 
materinl removed, which cross-sections will include all breakage or slides, 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: 
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a. Excavation. All tlroadway excavation," including excavation of intersecting roadways, drive­
ways, approaches, 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," IlLoosc Rock Excavation" 
and "Earth Excavation," as the case may be, which price will include all excavation within the limits 
of t he highway formation of embankments from cxcavations, disposal of surplus material., and the 
furnishing 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,lI 

c. Overhaul. Overhaul of excavation will be paid for at the contract unit pricc for over-haul 
excavation per cubic yard per one hundred (100) feet computed in the manner specified under the head­
ing "Haul and Overhau1." 

d. Road Grader Work. Road Grader Work will be paid for at the contract uni t price per 100 foot 
station. 

I 
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e. Rolling Embankment will be paid for at the contract unit price per cubic yard for "Embank- I 
ment Rolling" and this price shall be in addition to the price paid for "Excavation." 

I 
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ITEM 6. UNDERDRAINS. 

STONE UNDERDRAIN. 

6.1. Description. This undcrdrain shalt consist of a t rench of the dimensions shown on plans 
or as directed hy the Engineer, fill ed wi th sto nes to the required depth, so as to produce voids through 
which water will drn.in. 

6.2. Materials. The bottom coursc shall consist of approved , sound, hard, durable, rough slabs 
of stonc from eight (R) to tcn (10) inches in depth, fr~m one (1) to threc (3) inches in width, and a 
length greater than thc depth . The top course sh"JI consist of sound, hard, durable slabs of stone from 
one (1) to three (:l) inches in thickness. If sufficient local stone of the above quality is not aVi1il able 
for top cour8C ~tonc, there may be sub..,titutcd wholly or.in part, approved, clean, hard, durable crushed 
or napped rock, crushed slag, or gravel of such size [\,5 will p:tss through a t wo and one-half (2V2) inch 
circular opening and be retained on a three-quarter (~) of an inch opening. 

6.3. Construction Methods. Where indicated or directed, the Contractor shall excavate a trench 
of the required dimensions. The bottom of the t rench shall be finished to the grade given, shall be 
smooth and firm, and tamped if necessary . 

The bottom course stone shall be set carefully by hand, longitudinally with the trench, in vertical 
position, side by side, so as to give maximum voids. The vertical joints be~ween ends of bottom course 
stone shall be staggered, and the bottom course in place shall be from eight (8) to ten (10) inches in 
depth. 

The top course stones shall be placed over the bottom course to fill the trench to the required depth. 
T he slabs shall be laid flat over the bottom course stone, to cover it as completely as practicable, with 
joints close and staggered and necessary voids filled carefully with stone or gravel, or the crushed or 
""pped 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 with suitable earth, which shall be compacted thoroughly 
by tamping in four (4) inch layers. Suitable outlets shall be provided and protected with headwalls 
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 
ilStone Underdl'ain" complete in place, which price will include all materials, equipment, tools, labor and 
"wk incidental thereto, 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. This underdrain shall consist of vitr ified clay pipe of the diameter shown on the 
plans laid with open joint s covered with tar paper on a layer of stone or coarse gravel in a trench of 
dimensions shown on the plans or as directed by the Engineer. After which the trench shall be filled 
"ith broken stone or coarse gravel for an additional depth as shown on the plans or as directed by the 
Engineer. 

6.6. Pipe. The pipe shall be of first quality, 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 
sufficiently tough so that it may be cut with a chisel and hammer. Unless otherwise specified or directed, 
the pipe shall be four (4) inches in inside diameter. 

6.7. Stone. The stone for the bottom of the trench shall be composed of clean, tough, durable, 
approved, crushed rock or gravel of such size as will pass over a revolving screen having circular open-
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• 
• ings not less than fivc-cighths (~) nor more than three-quarters (%') of an inch in diameter and through • 

a revolving screen having circular openings not morc tha.n onc and one-half (1Y2) inches in diameter. 
Stone for filling the remainder of the trench shall be composed of material similar in quality to 

that described above, of such size as will pass over a revolving screen ha.ving circular openings not less 
than three-quarters (%') of an inch nor more than one and one-quarter (17.() inches in diameter and . ' 
through a revolvi ng screen having circular openings t hree (3) inches in diameter. 

6.S. 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 lind 
shall be true to grade. I' 

The pipe shall then be bedded firmly on the bottom course of stone, 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 the ends 
being turncd outward and laid Aat 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 to dis­
place the pipe or joint covering, around and over the pipe to the required depth above the bottom of the • 
pipe. The remainder of the trench shall be filled with suitable earth which shall be tamped in layers 
of four (4) inches. Lateral connections of the 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. . 1 

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 (10) inches above the bottom of the pipe and only stone of the size specified for the bot- . 
tom of the t rench shall be used throughout t his underdrain. _ ' 

6.9. Basis of Payment. This work will be paid for at the contract 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 t rench to top of the stone fill, and the disposal of the surplus 
material. • 

VITRIFIED TILE OUTLETS FOR UNDERDRAINS. 

6.10. Description. Vi trified Tile Outlets for Underdrains shall consist of vitri fied cfay pipe, four . 
(4) inches in diameter, laid with cemented joints in a tre!lch refi lled with c",rt.h. These outlets shall 
be constructed in accordance with. the plans and in conformity with these specifications. 

6.11 . Pipe. 
dra in." 

This pipe shall meet the requirements of Paragraph 6.6 for "Vitrified Tile under- . 

, 6.12. Mortar. The mortar for cementing the joints shall be composed of aIle (1) part of port- . 
land cement, meeting the requirements of Item 13 and two (2) parts of approved, clean, hard, durable 
sand of such size as will pass a one-eighth (t) inch screen, mixed with a sufficient quantity of water to 
form a plastic mortar. 

6.13. Construction Methods. The trench shall be excavated to the lines and grades given, and . 
the bottom of the trench shall be uniformly firm and smooth, and recesses shall be excavated to receive 

~~. • 
The pipe shall be laid' carefully and firmly upon the bottom of the t rench with the hub end upgrad!' 

and the spigot end fully entered into the adjacent hub. The joints shall be calked with cement mortal 
and after each joint is fi lled and finished on the outside, it shall be wiped clean on the inside. 
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After the pipe as laid has been approved, the trench shaH be refiHed carefuHy with suitable earth, 
which shaH be tamped firmly around and over the pipe in layers of four (4) inches. 

Lateral connect ions shaH be made with suitable "Specials." These outlets shaH be protected with 
headwalls and screens as required. 

6.14. Basis of Payment. This work wiH be paid for at the contract uni t price per linear foot for 
"Vitrified Tile Outlets" complete in place, which price will include aH materials, equipment, tools, labor 
and work incidental thereto, also the screens for the ends of the outlets and all excavations, refilling and 
disposal of surplus material. 

Headwalls will be paid for at the unit price for the class of concrete or masonry used, which price 
will include the necessary excavation. 
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ITEM 7 . SAND-CLAY SURFACING I 

7.1. Description. Sand-clay Surfacing shall consist of an intimate mixture, either natural or 
artificial, of properly proportioned sand and clay, applied in one or mo,'e layers and constructed in 
accordance wi th these specifications. I 

7.2. Materials. The material to be used for the surfacing shall be sand and clay of suitable char­
acter and thoroughly mixed, either naturally or artificially, and in the proper proportions. 

(a) Natural Sancl-Clay Surfacing. The Engineer will designate suitable places for obtaining 
natural sand-clay mixture for surfacing. Stones over 2 inches in diameter must be removed. 

I 
I 

(b) Sand. For an artificial mixture of sand and clay, or where the sand must be added to a natural 
combination , the ~and shall be sharp, clean, free from dirt or loam, and not too fine. It must be ap- I 
proved by the Engineer. 

(c) Clay. For 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 shr~nking satis- I 
factory to the Engineer, and shall have good binding qualities. 

7.3. Preparing Material Pits. When necessary, after clearing and grubbing, the surface shall be I 
stripped off and removed; and this work will be paid for at the unit price bid for HExcavation. 1I 

7.4. Preparation of Subgrade. The graded roadbed shall be shaped to the elevation, alignment, 
and cross-section indicated for subgrade on the plans, and shall be maintained free from ruts and other I 
depressions until covered 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. I 

'Where it is necessary to bring the sand and clay on the road separately, and mix them in place, a 
trench shall be formed with the grading machine to receive the bottom layer, which may be either the 
sand or clay. A trench also shall be formed where a natur,,1 mixture is to be used. 

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

(a) Clay with Sandy Subsoil. After the roadbed has been shaped as specified in Paragraph 7.4 I 
the clay shall be spread over the part of the roadway as indicated on the plans in such qu"ntities and to 

such a depth, that when mixed with the sand, a compacted surfacing of... .... inches in thickness and I 
....... ..... ...... .. ... ..... . .feet in width will be obtained, as shown on the plans. The proper amount of clay shall I 

be added to fill the voids of the sand. After the clay has been spread t he Contractor shall then plow up 
.sand from beneath and add sand from the sides, so that the nct proportion of sand and clay is about two 
to one, or in sufficient quantity so that the cby will slightly more than fill the void, of the sand. It 
is better to have too litt le than too much s(lnd, for it is easier to add sand from thc roadbed than to haul I 
additional clay. After plo\~5ng, the material shall be thoroughly mixed with a disk harrow. The 
operations of plowing and harrowing shall be repeated until the sand and clay are mixed thoroughly and 
uniformly in the proper proportions. After the mixing is completed, the Contractor shall shape the I 
roadway with a road machine or road drag and permit traffic upon it. After the first soaking rain the 
Contractor shall plow and harrow the surfacing material until it practically 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 
compacted. I 
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(b) Sand with Clay Subsoil. This process is exactly similar to that in Paragraph 7.5 (a), except 
that the surface shall be plowed to· a depth of four inches after which it shall be harrowed until com­
pletely pulverir.ed and then sand is spread over t he graded roadbed, and cby is plowed up from be neath, 
if of the approved qualitYJ or hauled in when necessary, to mix with it. The sn.ncl shall be spread over 
the part of the roadway as shown on the plans, to such a depth t hat when mixed with clay, a compacted 

surfacing of... ..... .... .. ..... inches in thickness will be obtiained, as shown on the plans. The depth to 
which the sand should bc spread will depend upon the amount of sand contained originally in the clay 
of the roadbed. It should be borne in mind that in this 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 Clay on a Different Subsoil. Where it is necessary to bring the sand and clay on 
the road separately, t he trench should be filled with the bottom layer of material (which may be either 
the sand or t he clay) to such" depth , and then ha~e the top layer spread upon it, to such a depth, so 
that when mixed together the sand and clay will show a properly proportioned and uniformly mixen, 

compacted surfacing of... ...... .. ......... ....... .... ..inches in thickness and ....... ... .. ..... .............. .feet in width, as shown on the 
plans. Ordinarily, the best ""ndi.tion" nrc obtained when the clay just fills the voids of the sand. Where 
the roadbed material consists of clay which, in the opinion of the Engineer, is not considered suitable 
for use in the surface, the sand layer shall be spread first, and of a depth more than is sufficient for use 
in surfacing. The surplus sand which remains under the completed surface will serve to improve the 
drainage of the road. The plowing, harrowing, shaping, and other work shall be as specified in Para­
graph 7.5 (a). 

(d) Top Soil or Other Natural Sand-Clay Mixture. After the roadbed has been graded as speci­
fied above, and t he portion to be surfaced has been trenched, as indi""ted on the plans, the surfacing 
material sha ll be immediately spread on the prerared subgrade to such a depth , that w~en compacted, it 

will be ................ .................. inches t hick, and... . ......... .feet wide, as shown on the plans. The Contractor 
shall throw out all stones ove!" 2 inches in diameter. The plowing, harrowing, shaping, and other work 
shall be as specified in Pnragrnph 7.5 (a) . 

In all cases, in order to obtain thc best results, only sufficient clay to fill t he voids of the sand shall 
be used, the clay serving :lS ::t binder to prevent the sand grains from- moving under traffic. On sections 
of road that a re not expC':-;ed to t he sun and wind, as in dense woods, deep cuts, or on low boggy sections, 
a smaller perccntage of clay is required, as water will partially fill t he voids between t he sand grains. 
On heavy grades, especially when exposed to the sun and wind, a greater percentage of clay is desired. 

The construction of a ll surfacing shall begin at the point on t he road nearest the source of material, 
:1ncI be continued from such point. In hauling over t he sand and clay material, wagons will be required 
to use t he entire wi dth of surfa cing. The teams will not be permitted to follow a single track or to form 
ru ts. 

7.6. Maintenance During Construction. All depressions, defects, " lid imperfections which may 
appear before acceptance shall be t re"ted with a properly proportioned sand-clay mixture so that tbe 
fini shed surface will conform to t he cross-section specified, and, when directed by the Engineer, the Con­
tractor shall, at any t ime during the term of t his contract apply additional sand or clay, as the case may 
be, to the road surface, in order to obtain t he proper mixture of sand and clay. The Contractor shall 
maintain the sand-clay surface true to the cross-section specified, as herein provided, until final acceptance, . 
by the use of a road m:1chinc, road drag, or other satisfactory means. 

7.7. Measurement of Materials. Sand, clay, natural sand-clay or other surfacing material 
hauled to the work and incorporated in the surface shTdl be paid for by the cubic yard. Measurement 
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of this material shall be made at the end of the haul and immediately before the material is unloaded or 
dumped on the road. No allowance will be made for waste or shrinkage of material during its t rans- I 
portation from the pit, 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 sat­
isfactory material delivered at the unloading point, the checker will give to the driver a check or receipt I 
upon which shall be written the correct yardage delivercd in his load and the stat ion numbers between 
which the load was delivered, and each receipt shall bear the full signature of the checker issuing it. 

The Contmctor shall so space his unloading ppints that the required amounts of material, as ordered 
by the Engineer, shall be delivered in each IOO-rOot station and he shall be responsible for the uniform I 
distribution of the material throughout the length of the station. 

7.8. Basis of Payment. The sand, clay, natural sand-clay or other surfacing material used upon I 
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 specified in Paragraph 7.7. 

Hauling surfacing will be paid for at the unit price per cubic yard per one-fourth mile haul, and 
t he price for the first one-fourth mile haul will include the loading, unloading, spreading, shaping, mix- I 
ing, all preparation 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 listed 
separately. The price for hauling the ninth and additional quarters above the ninth quarter shall be I 
listed together and bid on as "Addi tional cubic yards-U-mile haul above and including the ninth U 
mile." 

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

Where clearing and grubbing of material pits is necessary it will be paid for at the contract unit 
prices for "Clearing" and "Grubbing" as listed in the "Proposal." I 

"Stripping" of Material Pits will be paid for at the contract unit price per cubic yard for "Excava­
tion Borrowed." 

I 
I 
I 
I 
I 
I 
I 
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ITEM I O. GRAVEL 

10.1. Description. Gravel roads shall be construed to mean all surfacing of gravel, or of earthy 
material in the composition of which gravel predominates, not included under HWaterbou'nd Macadam ll 

surfacing. The surfacing may be built in one or morc layers. Preferably the surfacing shall be placed 
in only one layer except where different kinds of material are to be used for the diffcrent 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 material into a uniform and compact road surfacing. 

10.2. Gravel. The gravel shall consist of hard, durable particles of stone mixed with sa'nd and 
clay or other binding material, at least 95 per cent of which will pass through a 3V2-inch mesh screen. 

Not less than ........ . .. ..... ... per cent nor more thaiL . ,.per cent, by weight, of the gravel shall consist of 
stone particles suffieiently large to be retained on a ~-inch mesh screen. Gravel materi,,1 shall be ap­
proved by the Engineer -before being used in the work. 

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

The material retained on a ~ -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 three-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 shall 
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 3Yz-inch mesh screen exceeds 5 per cent, then the Contractor will be 
required to screen all of the material, which work will be paid for at the prices 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 
remove 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 taken from the pit, contains an excess of clay, the Contractor shall add sufficient sandy gravel or s~nd 
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 nature that it cannot be properly bonded, 
then sufficient clay or other binding material shall be added to secure a proper bond. The binding 
material shall be either intimately mixed with the gravel at the pit, or it shall be spread uniformly over 
the graveled surface before harrowing has been finished and before the surface 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 thiclmess of the gravel surfacing, as hereinbefore provided for, and which shall 
be measured and paid for as gravel. 

10.4. Preparation of Snbgrade. 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 supgrade shall conform to the dimensions shown on the 
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plans. The shoulders throwll up on either side of the subgrade shall be at least as high as the gravel 
will reach when loose, and the Contractor will be required to maintain them at this height until all the 
gravel . hus been placed. 

10.5. Sledged Stone, Crushed Stone, Gravel. In localities where suitable material is available 
and where the nature of the material composing the subgrade is such as to make it desira.ble, a sub-base 
may be constructed upon the subgrade before the gravel surfacing is placed, if so specified. (,,) Sledged 
Stone Sub-Base. Material for this work shall be approved by the Engineer and shall consist of spauls 
or stones of medi um hardness, and when delivered on the work shall not contain morc than 20 per cent 
of dust or fine material which will pass a Yz-inch mesh screen. This inaterial shall be spread uniformly 
over the prepared subgrade after which the stone shall be broken with sledges until there shall remain 
no stones larger than six inches in their largest dimension. When the sledging has been finished, the 
surface shoji be gone over and stones rearranged so as to restore t he uniform distribution of the material 
after which the surface 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-base are as follows: (b) Crushed 
Stone, Par. 11.17; (e) Gravel, Item 10. 

10.6. Measurements of Materials. Gravel, clay, sand, stone, or other material hauled to the 
work and incorporated in the surface shall be paid for by the cubic yard. Measurement of this material 
shall be made at the end of the haul and immediately before the material is unloaded or dumped onto 
the roael. No allowance will be made for waste Or shrinkage of material duri'ng 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 arrivcs at the unloading poi·nt. For each load of satis­
factory material delivered at the unloading point, the checker will give to the driver a check or receipt 
upon which shall be written the correct yardage delivered in his load and the station numbers between 
which the load was delivered, and 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 delivered in each lOO-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 sub-

grade, prepared as hereinbefore described, the gravel, which shall have an average loose depth of... 
inches, and which, after compacting, shall produce a surface of the required thickness as shown on plans. 
The depth may be slight ly varied at the discretion of the Engineer, and with the approval of the Com­
missioners Court, depending upon the nature of the soil encountered in the subgrade. The gravel 
surface shall be constructed of the width shown on the plans. 

After the gravel has been dumped upon the road as specified under Item 10.6, the Contractor shall 
carefully spread the material, preferably with shovels, by hand. Material must be spread on same day 
as hauled. If so specified the stones Ia.rger than 3Yz inches may be worked to the sides of the prepared 
subgrade and placed in a specially 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 subgrade is shaped and rolled, and shall be approximately four inches dceper than the pre­
pared subgrade. 

• 
I 
I 
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The gravel surface shall be shaped and maintained to the specified cross-section by dragging and 
grading until the traffic has caused it to properly set up. Should any depressions or weak spots develop I 
during the process of setting up a second or pat.ching course shall be added and tlie whole surface shall 
be maintained with grader or drags until it is uniformly smooth and firm and until the work is received 
by the Engineer. 

After the gravel has been harrowed, mixed and shaped, should the material or the traffic conditions 
make it advisable, and if ordered by the Engineer, the surface shall be thoroughly compacted. 
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10.8. Two-Course Gravel Surfacing. The two-course gravel surfacing shall be constructed 
between the pointg shown on the plans or as directed by the Engineer. The first course shall have an 

average loose depth of ................ inches, and tlle second course a loose depth oL .. ,. . ......... .... ..inches, 
both of which courses after being compacted shall produce a surface of the average thickness shown on 
plans. The depth of the bottom course may be slightly varied at the discretion of thc Engineer, and 
with the approval of thc Commissioners Court, depending upon the nature of the soil encountered in 
the subgrade. 

(a) First Course. The gravel for the first course, hereafter designated as "No.1 Gravel," shall 
not contain any particles which would be retained on a 4-inch mesh screen. This gravel shall be spread 

uniformly to average depth oL...... . ......... .... ..inches which depth shall compact to not less than .. . 
inches. This specified depth shall be obtained by spreading uniformly upon each 100-foot station of 
prepared subgrade, the yardage of gravel necessary to make up this depth . After the gravel has been 
spread, as abovc specified, it shall be harrowed with a tooth harrow until the different sized particles 
and the cementing material are evenly distributed through the mass. It shall then be carefully shaped 
to the specified cross-section, and maintaincd to this section by the usc of grading machines or road 
drags until the surface has set up smoo'th and firm. Shduld it be considered by the Engineer advisable 
to place the second course immcdiately after placing the first course and before same has been sufficiently 
subjected to traffic to compact it thoroughly, the first course shall be rolled until no further compacting 
is possible . The rolling must be donc only after the road has been wetted b.)' sprinkling or after rains. 
All irregularities and depressions that may develop shall be corrccted immediately and No.1 gravel 
added as may be necessary, and the rolling continued until the surface is uniformly smooth and hard 
and everywhere parallel to t he surface of the finished road. The crown shall be maintained duri!\g con­
struction by the occasional use of the grader or other suitable tools. Ruts formed by hauling over the 
gravel shaIl be kept filled by using the harrow twice or more every day, preferably just before quitting 
time, both noon and night. The bottom course of gravel shall- be completed a sufficient time in advance 
of the second course to be thoroughly compacted before the second course is placed. 

(b) Reshaping Shoulders. After spreading and rolling the first course as specified abovc, the 
shoulders shall be rebuilt, if necessary, true to line and to such height that the second course ca.n be 
spread between them without overlapping the earth at the sides. 

(c) . Second Course of Gravel. The gravel for the sec~nd course, hereafter designated as "No. 2 
Gravel," shall not contain any particles which would be ~etalned on a screen having circular ope,nJngs 

two lnches in diameter. No.2 gravel shall be spread uniformly to a depth oL... . .................. .5nches as 
shown on plans or as directed by the Engineer as for first course gravel. This gravel shall be harrowed 
and compacted in the same manner prescribed for the first course. Any irregularities or depressions 
that may be formed during the rolling shall be filled with No . 2 gravel and the road re-rolled until the 
surface is uniformly smooth and hard and everywhere conforms to the proposed grade and cross-section 
of the road. Material in both courses must be spread on same day as hauled. 

10.9. Side Drains. In clay soils, or at any placc as directed by the Engineer, side drain trenches, 
or bleeders, shall be cut through the shoulders at right angles to the center line and not more than 100 
feet apart . The trenches shall be cut 10 inches wide and three inches lower than the bottom of the sub­
grade at the shoulders and shall have a good fall all the way to the ditch. They· shall be filled to a 
depth of four inches for their whole length with first-course material and covered with sod, grass side 
down, or with hay or straw. The remaining depth of trench shall then be filled with earth until flush 
with the shoulders, the ditch end of the drain being left open. On hills over four per cent in grade, 
side drain trenches shall be cut seventy degrees with the center line downhill and shall be cut through 
to the center of the roadbed. 
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10.10. Manner of Rolling. Rolling shall be done when the gravel has been thoroughly wetted by 
sprinkling or recent rains, and shall at all times begin at the sides, rolling lengthwise of the road, but 
gradually working toward the center. In the final rolling, 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 side 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 
sprinkled, if directed by the Engineer, the surface shall be sanded with course sand. The roller shall not 
weigh less than 10 tons . 

.\0.11. Crown. The finished road shall have a uniform crown as shown on plans. 

10.12. Basis of Payment. 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, unload­
ing, spreading, harrowing, shaping, mixing, all preparation of subgrade other than rolling and the main­
taining of the finished surface: Tbe price for the second, third, fourth, fifth, sixth, 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--~-mile haul 
above and including the ninth ~ mile." 

Sprinkling will be paid for per 1000 gallons for first one-mile haul, including cost of water. Each 
additional mile hauled will be paid for at the contract unit price for "1000 gallons additional I-mile 
haul." 

Rolling subgrade, surfacing and shoulders will be paid for at the contract unit price bid per hour of 
actual time roller is working and this price shall include all machinery, tools, fuel, equipment, lahar and 
expenses incidental to operating the roller. 

Where side drains . are constructed, the ditching, placing the stone and filling with earth, sad or 
straw, shall be paid for at t he unit price bid per linear foot for "constructing side drains. " The stone 
or gravel filling material will be taken from the material hauled onto the road for surfacing and will 
be paid for at the same rate as for surfacing gravel. 

Sledged Stone Sub-Base or other Suh-Base Material will be paid for at the unit price bid per cubic 
yard on the same 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 under Item 10.6. 

Surfacing material furnished by the Contractor whether shipped or taken from local pits, will be 
paid for at the contract unit price per cubic yard and measurement will be made at point of delivery 
upon the work as provided under Item 10.6. 
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I ITEM 11. CRUSHED STONE BASE AND SURFACING 

I WATERBOUND MACADAM BASE. 

11.0. Definition. Waterbound :Macadam Base shall be construed to mean all surfacing of stone 

I intended to serve as a base for' a bit uminous surface treatment built in successive co~rses of crushed and 
screened material, bound by the interlocking of the coarse parts through rolling, the fi lling of the voids 
with the finer material, and the cementation of the whole by flushing with water. 

I 
I 

The following sizes of crushed and screened stone are standard : 

No.1 stone ranging in size from 2 in. to 3Yz in. 
No . 2 stone ranging in size from %: in. to 2 in. 
No . 3 stone ranging in size from ~ in. to %: in. 
No.4 stone ranging in size from dust to %: in. 

11.1. Materials. Thc material for waterbound macadam b~se shall consist of broken stone of . 

I uniform quali ty throughout, free from thin or elongated piece" soft or di,iutegrated stone, di rt, or other 
objcctionabl" matter. The materi al shall possess a French coeffi cient of wear of not less than eight (8) 
and a compressive strength of not less than 8500 pounds per square inch. 

I Screenings shall consist of No.3 and 4 stone, and shall further be described as being that portion of 
the product of the crusher inclnding the dust of fracture, which, when tested by means of laboratory 
screens will meet t he following requirements : 

I Passing %: -inch screen not less than 95 per cent. 
Total passing ~ -inch screen, 40 to 80 per cent. 

I 
The top course shall consist of No.2 stone and when teoted by maans of laboratory screens shall 

meet the following requirements: . 

I 
Passing 2-inch screen, 95 per cent. 
Total passing lYz-inch screen, 25 to 75 ·per cent. 
Retained on %:-inch screen, not less than 85 per cent. 

, 
The bottom courde shall consist of No . 1 stone, and when te3ted ·by means of laboratory screens I shall meet the following requirements : 

Passing 3Yz-inch screen, not less than 95 per cent. 

I 
Total passing 2Yz-inch screen, 25 to 75 per cent. 
Retained on 2-inch screen, not less than 85 per cent. 

11.2. Rolling. Whenever it is provided in these specificat ions that the road, subgrade materials, 

I 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 longitudinal direction, beginning at the sides and moving 
gradually to the crown of the roadway. . 

I 11.3. Trench and Shoulders. After the road has been graded and shaped to the required dimen­
sions, the sUbgrade or trench shall be cut in the finished grade of a sufficient width and depth to retain 
the surfacing materials as shown on the standard cross-section sheet showing construction details . . This 

I work shall be classified and paid for under "Placing Surfacing." In no case are the shoulders to be built 
upon top of the grade unless so ordered by the Engineer. 

I 
11.4. Hand Work. After all possible road machine trenching has been done, t he edges of the 

trench shall be tri=ed straight and the bottom shall have a uniform longitudinal gl'ade and shall con-
form to the cross-section shown on the plan. . 

I 
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11.6. Sledged Stone, Crushed Stone, and Gravel. In localities where suitable material is 
available and where the nature of the material composing the subgrade is such as to make it desirable 
and where specified on the plans, a sub-base may be constructed upon the subgrade before the stone 
surfacing is placed. (a) Sledged Stone Sub-base material for this work shall be approved by the 
Engineer and shall consist of spauls or stones of medium hardness. When delivered on the work, stone 
shall not contain more tlum 20 per cent of dust or fine materiai which will pass a Yz-inch mesh screen. 
This material shall be spread uniformly and to the required depth over the prepared subgrade after 
which the stones shall be broken with sledges until there shall remain no stone larger than six inches 
in its longest dimension. When the sledging has been finished, the surface shall be gonc over and stones 
rearranged so as to restore the uniform distribution of the material. The surface shall then be thoroughly 
rolled to the satisfaction of the Engineer with a roller weighing not less than ten tons. Should any 
depressions or hollows develop during the process of rolling they shall be filled with stone material and 
again rolled until the surface is uniform, smooth and firm. The specifications for thc other types of 
sub-base are to conform to the following: (b) Crushed Stone, Par. 11.17, (c) Gravel, Item 10. 

11.7. Side Drains. In clay soils, or at any place as directed by the Engineer, side drain trenches 
or bleeders shall be cut through the shoulders at right angles to the center line, at intervals designated 
by the Engineer. The trenches shall be cut ten inches in width and three inches lower than the bottom 
of the subgrade at the shoulders and shall have a good fall all the way to the ditch. They shall be 
filled with such material and in such amount as is designated by the Engineer. For t'1e filling material 
for side drains payment shall be made for hauling and placing on the same basis as for surfacing material. 

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

uniform loose depth of... (... .... . ) inches and to a width of ............ ....... ( ......... .) feet, after which it shall 
be rolled until it is shaped and compacted. Should any unevenness or depressions occur upon rolling 
the first course, they shall be filled and levelled immediately with first course material and re-rolled. 
In no case shall first course material be placed upon a muddy subgrade. 

11.9. Second Course. The seco!,d COU l'se shall consist of a layer of No.2 stone spread evenly 
over the bottom course in a qlrantity sufficient to fill all voids. Any excess of stone shall be removed 
from the surface which shall then be rolled until the stone is thoroughly keyed together and the surface 
conforms to the cross-section shown on the plans. Rolling shall continue until the stone does not creep 
or wave ahead of the roller. 

11.10. Third Course. During the finishing process of dry rolling described ahove, a mixture of 
screenings (No.3 stone) and dust (No.4 stone), shall be applied gradtially over the surface in such an 
amount as will completely fill the voids. The screenings shall not be dumped on the surface of the stone, 
but shall be cast thinly with a sweeping motion of the shovel from piles at the roadside. The rolling 
shall continue while the screenings are being spread, so that the jarring effect of the roller will aid them 
in settling to the bottom. The screenings shall not be allowed to cake or bridge on the surface of the 
stone in such a manner as to prevent the perfect filling of all voids and the direct bearing of the roller 
on the face of the stone. The screenings shall be swept in with rattan or other fiber brooms. The 
spreading and rolling shall continue until no more screenings will go in dry. No excess of screenings 
shall be used before applying water. Immediately after the voids of a section of the maqadam have 
been filled with screenings the macadam shall be sprinkled until saturated, the sprinkler being followed 
by the roller. More screenings shall be added if necessary. The sprinkling, sweeping and rolling shall 
continue until a grout has been formed of the screenings and water, that will fill all the voids and will 
form a wave of grout before the wheels of the roller. The macadam shall be kept wet at least twenty­
four hours before the final rolling, and it shall he puddled as many times as may be necessary to secure 
satisfactory results. 
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11.11. Closing the Road. Travel shall be kept off of the newly finished port ion of the roadway 

[

nti! the surface is, in the opinion of the Enginezr, compacted and cemented enough to use. 
After t he road is thrown open to traffic, the sprinkling and rolling shall continue unt il , in the opinion 

of the Engineer, t he road is thoroughly compacted and cemented. 

I 11.12. Trimming Shoulders. After the road is thoroughly compacted and cemented, any screen­
ngs or other material not used shall be removed from the side of the road, and as soon as the flushed 

portion is dry enough, the shoulders shall be brought to the specified slope and width and rolled as fa r 
.,ut from the center as is practicable and safe. No portion of the shoulders shall be left higher than 
Irhe finished surface of the stone at the outer edge. After trimming, rolling and removing surplus mate-

ria l, the finished road shall have the dimensions called for on the cross-section drawings for this work, 
and shall be left in a neat and presentable condition. 

I CRUSHER-RUN, CRUSHED STONE SURFACING. 

I 11.13. Definition. Crusher-Run Crushed Stone Surfacing sha ll be construed to mean all stone 
-urfacing. construc~d of crushed ston~ ~s~d as i t comes fro~ the crusl~er, wit hout screening, or with 
only part ial screerung, and by methods sImIlar to those used In const ruqinng a gravel surfaced road. 

I 11.14. Material. Stone for this class of construction shall have a crushing strength of at least 
8500 pounds per square inch and a French coefficient of wear of at least eight (8). Stone shall be of 
such a nature that its dust of fracture, including all material passing a 74:-illch mesh screen will, when 

I tested ill the manner described in Bulletin No. 347 of the U. S. Department of Agricult ure, show 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 

I
than 40 per cent nor less than 20 per cent will pass a %: -inch mesh screen. All stone shall pass a 3-inch 
screen. 

11.15. Preparation of Material. Stone for this class of surfacing shall be crushed to such sizes 

I that all will pass a 3-inch mesh screen. Over size stones shall be screened out and eit her wasted or again 
passed through the crusher. A quantity of the crushed stone passing a %:-inch mesh screen, to be known 
as screenings, not to exceed 10 per cent of the whole crusher product under 3 inches in size, shall be 

I screened out or secured from other sources arid stored in separate bins or piles to be used as a filler. 

11.16. Placing Surfacing . . After the subgrade has been prepared as specified under Items 11.3, 

1
11.4, 11.5 and if necessary 11 .6 and 11.7, the crusher run stone materia l shall he delivered on to t he 
road in slat bottomed wagons and uniformly dumped upon the base in such quantities that when spread 

a surface oC ........ .......... ..inches thick, loose measurement will be produced. In case the surfacing is to be 

1 constructed wider than 12 feet the material shall be dumped upon the subgrade in t wo rows. After 
being dumped upon the road the m"terial shall be spread and carefully shaped to a uniform thickness and 
cross-section and to the satisfactio n of the Engineer. Each day's hauling of stone sha ll be spread t he 

I
same da.y. . 

After being carefu lly spread and shaped the material shall be thoroughly rolled with a roller weigh­
ing not less than 10 tons nor more than 12 tons, and the first rolling shall include the rolling of the 
shoulders. After the first rolling, screenings shall be hauled, dumped upon the shoulders or shoveled 

I directly from the wagons and spread over the surface in sufficient quant ities to fill all the voids and to 
brmg up to the proper elevation all the depressions that may have developed during rolling. In no case 
shall the screenings be dumped from the wagons onto the surface 'of the stone but they shall be cast 

I thinly with a sweeping motion of the shovel, Rolling shall cont inue while the screenings are being 
spread. Should the weather conditions and the condition of the surfacing material be such t hat , in the 
oplmon of the Engineer, sprinkling is necessary, t he surface shall be thoroughly wetted during the final 

I 
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rolling and the rolling and sprinkling shall continue until the 'Ul"£ace is thoroughly compacted and 
bonded to the sati,faction of the Engineer. The Contractor shall maintain the surface until the final 
acceptance of the work. 

The provisions and requirements of I tems 11.12 and 11.11 ,hall apply also to the construction of 
Crusher-Run Crushed Stone Surfacing. 

CRUSHED STONE BASE FOR BITUMINOUS PAVEMENTS. 

11.17. Foundation. After the subgrade has been completed, the foundation of broken stone 
consisting of stone that will pass through a ring three (3) inches in diameter, and be retained on a ring 
one and one-half (IYz) inches in diameter, shall be deposited in a uniform layer having a depth as shown 
on plans or as directed by the Engineer, and rolled repeatedly with a ten (10) ton st~ridard self-propelled 
macadam roller until compacted to the satisfaction of the Engineer. 

Pieces of stone larger than. above specified may be used provided they are separated and laid in a 
layer at the bottom of the foundation, and the surCace dre""ed with stone of the sizes above specified . 

The depth of loose stone in this course must be measured by blocks the required thickness of said 
loose stone. These blocks must be placed at frequent intervals on subgrade when the loose stone is 
being spread: 

11.18. Binder. After thorough rolling of the foundation a quantity of stone screenings or sand 
shall be spread in a uniform layer, and the whole rolled until the stone ceases to sink or creep in front 
of the roUer. The quintity and quality of this binder is to be subject to the approval of the Engineer. 
Gravel found along the line of the road or furnished by the contractor, of a quality approved by the 
Engineer, may be used instead of the stone screenings or sand as a binder. No binder shall be applied 
in such a quantity as will completely cover or form a coating upon this course of stone, but the angular 
particles of stone In the first course shall protrude above the binder, making an angular surfaced founda­
tion to form a bond for the wearing surface. 

MEASUREMENT AND BASIS OF PAYMENT-CRUSHED STONE PAVEMENT WORK. 

11.19. Measurement of Material. Crushed stone, stone screenings, or other surfacing material 
hauled to the work and incorporated in the surface shall be paid for by the cubic yard. Measurement of 
this material shall be made at the end of the haul and immediately before the material is unloaded at the 
roadside or dumped onto the road . No allowance will be made for waste 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 will inspect each load and check its yardage as it arrives at the unloading point. 
For each load of satisfactory material delive,:ed at the unloading point, the checker will give to the 
driver a check or receipt upon which shall be written the correct yardage delivered in his load and the 
station numbers between which the load is delivered, and each receipt shall bear the full signature of 
the checker issuing it. 

The Contractor shall so space his unloading poin.ts that the required amount of material, as ordered 
by 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. 

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 "Hauling 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, sur­
facing of stone and brooming. 

(c) In case the Contractor furnishes the material, Item 11.20 (a) and 11.20 (b) shall be combined. 
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I 
(d) The "Haul" "in the second, third, fourth, fifth, sixth, seventh and eighth quarters shall be 

l listed and paid for separately at the unit contract price for the haul in each respective quarter. The 
yardage hauled through t he ninth and additional quarters above the ninth quarter shall be listed to­
gether and bid on as additional cubic yards one-fourth mile hauled above and including the ninth one-

I

fourth mile. . 

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

I con tract price per 1000 gallons hauled additional one mile. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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(f) "Side Drains" shall be paiCI for at the contract unit price per lineal foot for "constructing 
side drains." 



ITEM 12. BITUMINOUS SURFACE TREATMENT AND INVERTED 
PENETRATION TOP 

12.1. Description. Bituminous Surface Treatment and Inverted Penetration Top shall consist 
of treating shell, gravel, waterbound macadam, and othcr types of road surfaces with one or more appli­
cations of bituminous material or with a surfacing course of rock asphalt in accordance with one of 
the following: 

(a) Single bituminous application using bituminous material as specified under Par. 12.2 ..... 

and cover material as specified under Par 12:3 ........... ............................ . 

(b) Two or more bituminous applications, using for the first application bituminous material 

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

and using for the second application bituminous material as specified under Par. 12.2 ... 

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

(c) Limestone Rock Asphalt Surfacing of ............. t hickness using bituminous p:1aterial as 

specified under Par. 12.2 ..... ..... ............... ... ....... as a flux. 

12.2. Bituminous Material. The Bituminous Material to be used in this work shall be of ap­
proved 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 COAL TAR PRODUCTS. 

(Hot Applications.) 

1. The tar shall be homogeneous and free from water. 
2. Specific gravity 25° C.j25° C. (77° F./ 77° F.) from 1.20 to 1.27. 
3. Consistency.- Float test 50° C., 35 seconds to 80 seconds. 
4. Total bitumen (soluble in Cs,,) not less than 85 per cent. 
5. Free Carbon.- Not more than 15 per cent. 
6. Total 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. 

(b) REFINED COAL TAR PRODUCTS. 

(Cold Applications.) 

1. The tar shall be homogeneous. 
2. The specific gravity 25° C.j25° C. (77° F./ 77° F.), 1.14 to 1.18. 
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3. Specific viscosity (Engler) 50° C., 5 to 15. 
4. Free carbon from 4 to 12 per cent. 
5. Total bitumen (soluble in CS2), 88 to 96 per cent. 
6. Total distillates by weight: 

Up to llO° C. not to exceed 1.0 per cent. 
Up to 1700 C. not to exceed 5.0 per cent. 
Up to 3000 C. not to exceed 30 per cent. 

METHODS OF TESTING. 

I Tests of the physical and chemical properties of the tar shall be in accordance with the following 
mctbods : 

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

(c) ASPHALTIC OIL-CLASS A. 

The oil asphalt shall be homogeneous, free from water, and shall not foam when heated to 1750 C. 
k:l47° F.) 
I 1. Specific gravity 250 C.j25° C. (77 0 F./77° F.), not less than 1.000. 

2. Flash point not less than 2000 C. (3920 F.) 
3. Melting point 300 C. (860 F.) to 500 C. (1220 F.) 
4. Penetration at 250 C. (770 F.), 100 g., 5 sec.- 250 to 300. 
5. Loss at 1630 C. (3250 F.) 5 hours-2 to 5 per cent. 

(a) Penetration of residue at 250 C. (770 F.), 100 g., 5 sec.-not less than 150. 
6. Total bitumen (soluble in carbon disulphide), not less than 99.5 per cent. 
7. Material for anyone contract shall not vary more than 0.020 in specific gravity nor more than 

100 C. in melting point within the test limits above specified. 
8. Organic matter insoluble-not more than 0.2 per cent. 

(d) ASPHALTIC OIL-CLASS AA. 

It shall meet the following requirements : 
The oil asphalt shall be homogeneous, free from water and shall not foam when heated to 1750 C. 

(3470 F.) 
1. Specific gravity 250 C.j25° C. (77 0 F.j77° F.), not less than 1.000. 
2. Flash point not less than 2000 C. (3920 F.) 
3. Melting point 300 C. (66 0 F.) to 500 C. (1220 F.) 
4. Penetration at 250 C. (770 F.), 100 g., 5 sec.-250 to 300. 
5. Loss at 1630 C. (3250 F .), 5 hours-less than 5 per cent. 

(a) Penetration of residue at 250 C. (770 F.), 100 g., 5 sec.-not less than 150. 
6. Total bitumen (soluble in carbon disulphide), not less than '99.5 per cent. 
7. Organic matter insoluble-not more than 0.2 per cent. 
8. Material for anyone contract shall not vary more than 0.020 in specific gravity nor more than 

100 C., in melting point within t he test limits above specified. 

(e) ASPHALTIC OIL-CLASS B. 

The oil asphalt shall be homogeneous and free from water. 
1. Specific gravity 250 C./Z5° C. (770 F ./77° F.), not less than 0.990. 
2. Flash point not less tban 1500 C. (3020 F.) 
3. Float test 500 C. (1220 F.), 100 to 150 seconds. 
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4. Loss iLt 163° C. (325° F.), 5 hours, from 4 to 8 per cent. 
5. Total bitumen (insoluble in c"rbon disulphide), not less than 99.5 per cenl 
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. 

(I) ASPHALTIC OIL-CLASS C. 

1. The oil shall be a fluid product free from w:tter. 
2. Specific gmvity 25° C./25° C. (77° F./77° F.), not less than O.OS. 
3. Flash point not less than 100° C. 
4. Specific viscosity at 100° C., 15 to 45. 
5. Float test, 50° C., 35 to 120 seconds. 
6. Loss iLt 163° C., 5 hours, not more than 15 per ceItt. 

(a) Float test of resid'ue 50° C. (122° F.), not less than no seconds. 
7. Total bitumen (insoluble in 86

0 

B. Napbtba), 15 to 25 per cent. 
8. Total bitumen (soluble in CS,), 99.5 per ce'l:t. 
9. Ductility after volati lization to 100 penetration, not less than 75. 

(g) ASPHALTIC OIL-CLASS D. 

1. The oil shall be a fluid product free from water. 
2. Specific gravity 25° C./ 25° C. (77° F./ 77° F.), not less than .95. 
3. Flash point not less than 45° C. 
4. Specific viscosity at 50° C., 10 to 75. 
5. Loss at 163° C.-5 hours, not over 30 per cent. 

(a) Float t est of residue at 50° C. (122° F .), not less than 90 seconds. 
6. Total bitumen (soluble in CS2), 99.5 per cent . 
7. Bitumen insoluble in 86° B. Naphtha, 10 to 20 per cent. 
S. Ductility after volatilization to 100 penetration, not less than 75. 

METHODS OF TESTING. 

Tests of the physical and chemical properties of the oil asphalt shall be made in accordance with 
the following methods : 

1. Specific gravity, U. S. Department of Agriculture, 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 36-161'. Proceedings 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 sample. 
6. Total bitumen, U. S. Department of Agriculture, Bulletin 314, p. 25. 

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

(a) Coarse sand. (c) Crushed limestone. 
(b) Pea gravel. (d) Crusbed trap rock. 

Cover material shall have a French coefficient of wear of at least 8, shall be free from dust or other 
foreign material, and shall be well graded and of such sizes t hat 100 per cent will be retained on No. 20 
laboratory sieve. Cover material when tested by laboratory screens witb circular openings shall be 
designated by numbers, as follows: 

No. l.- PMsing 1Yz-inch and retained on %;-inch . 
No. 2.-Passing l-inch and retained on Yz-inch. 
No. 3.- Passing %;-inch and retained on %:-inch. 
No. 4.-Passing 3/ 8-inch and with dust removed. 

32 

• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 



I' 

I 12.4. Preparation of Old Gravel Surfaces. Should tile surface to be treated be so uneven as to 
require r('shaping the Contractor shall thoroughly scarify the old surfacing by means of n. mechanical 

I :,c:lI'ifirr of :lPPl'ov('d type', or by hand picking. " Then a. rollcr with spiked whl'('is is used, the surfacing 
J1)\I~t he furthr!' hroken hy ha.nd picking, or plowing and harrowing. In all case:; the method to he 
u:.:( ·d IlII1 ~t be a.PPl'ovcd hy the gnginCf'L 

I 
Nf'\\' mntpria.i of qll tl li ty nt, k:lst as good as that used for the top course of the original ~urf:tcin.g , 

:111(1 ha\'in~ rill ::-(011(, or IH·hbJr.s over two in~hes in sillo removed, shall ~~c added in qu::ntity sufficient to 
hring: till ' rOfld to the crown and cross-sectIOn shown on the plans. [he new mateI'm} shn II be added 
at the pi:l(,C'S flnd in the manner as directed by the Engineer, ' 

I 'The :o:c:ll'ifipd material , :1ftel' having the necessary new material added to it, :-;hn.ll be raked over 
or h:11TO\\'ed,:15 dil'f'cted by t he E ngineer; after which the surfacing: material shall be compacted by rolling 
with a :-:C'lf-propelled roller weighing not less than ten tons, and in the manner a..<:; outlined in Paragraph 

110,8 (c), If necessary, in order to compact the surfacing satisfactorily, it shull be sprinkled during the 
process of rolling, :lS directed by the Engineer. 

12.5. Preparation of Shell Surfaces. Bituminous surface treatment preferably shall not be 

I applicd to surfaces com.po~('d C'ntirf'ly of mud shell, but before treating such a surface a course of gravel 
or stone "I Icost tIme (:3) inches in thickness may be added and thoroughly bonded to the shell surface. 

I (a) GRAVEL RESURFACING. 

o 1":1 \"c1 for this purpose shall conform to specifications for seeo.nd course gravel material, Para .. 

I graphs 10,2, 10,?' lind 10,8, Before spreading gravel upon the roadway the shoulders shall be brought 
lip to till' propCl" <'ievatioll fo r receiving: the material and the shell surface shall be thoroughly scarified 
to a dcpth of at least t.hree (3) inches. The gravel shall then be spread to the depth specified and the 

I 
entire surfnce shall be rc-sca rifieo to a depth at least three (3) inches more than the depth of the gravel. 
After being re-searified the surface shall be reshaped and thoroughly rolled with a self-propelled roller 
weighing; not less than 10 tons. Should weather conditions be such as to make it necessa.ry the surface 
shall be sprinkled with water before rolling is begun as directed by t he Engineer, 

I (b) BROKEN STONE RESURFACING, 

I Stone for t.his work shall conform to specifications for No.2 stlme, Paragraph 11.1. The specifi­
cations for scarifying, pbcing of material, and rolling arc the same as for Gravel Resurfacing, Para­
graph 12,5 (a), ..If tel' rclling the surface it shall be covered with a mixture of No, 3 stone in sufficient 

I 
quantities to fill all remaining voids, the surface thoroughly watered and rolled until it is thoroughly 
bonded and t.o the satisfaction of the Engineer. 

I 
(c) SHELL RESURFACING. 

Shell for this work shall co nform to shell surfacing material, Paragraph 8,2. The specifications 
for sca rify ing, placing of material , roll ing and sprinkling arc the same as for Gravel Resurfacing, Para-

I graph 12,5 (a), 
No surface treatment shall be applied to any surface which is not uniformly firm and hard and in 

such a condition that it will withstand the hardest sweeping with a good fiber rotary street broom without I removal of any appreciable amount of surfacing material. 

I 
I 
I 

12.6. Cleaning Surface. All surface to be treated shall be swept clean of all dust, dirt, or other 
loose material. If the bituminous t reatment is to be a hot application, the sweeping shall be continued 
until the "oids in the surface are slightly exposed; for a cold application, all dirt, dust, or other foreign 
mat ter, shall be removed, but the sweeping shall not be continued until the voids in the surface are 
exposed. 
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The sweeping shall bc done with It rotary street swecper of approved type and with street hand 
brooms as finishers, or some other method which will, in the opinion of the Engineer, give as good results. 
When, in thc opinion of the Engineer, the dust can not be sufficiently removed by the above method, 
he shall cause the surface to be sprinkled lightly, just prior to th" application of tile bituminous material, 
at the time and in the manner as directed by him; or else the dust shall be removed to the satisfaction 
of the 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 
tile 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 shall not be less than 1/6 
nor more than 6/ 10 gal. per square yard , the exact quantity depending upon the character of the surfacing, 
the bituminous material, and local condi tions. 

Especial precautions shall be observed to the enel that an even and uniform distribution of bitwni­
nous material shall be obtained, and the distributing machine shall be so adjusted and opemted as to, 
at all times, evenly distribute the class of material being applied. Excessive deposits of bituminous 
material upon the road's surface, caused by stopping or starting the distributing machine, leakage, 
or otherwise, 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 applicd in more than one application, the first applica-

tion shall consist of material as specified in Paragraph 12.2. .. ....... . using ... ...... gallons 

pcr square yard. The second application shall consist of material as specified in Paragraph 12.2 ... 

using .................... ......... gallons per square yard. 

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

shall be used, and the amount shall be ............. .... .... .. ..... gallon per square yard. 
When a hot application is to bc made, it shall be at a temperature of not less than 175 0 F. for tar 

products specified in Paragraph 12.2 (a), not less than 300 0 F. for asphalt . oils specified in Paragra.p)l 
12.2 (c) and 12.2 (d), not less than 250 0 F. for asphalt oil specified in Paragraph 12.2 (e), and not less 
than 215 0 F. for asphalt oil specified in Paragraph 12.2 (f) , and not less than 1000 F. for oil specified 
111 Paragraph 12.2 (g). 

12.8. Application of Cover Material. After the bituminous material has been applied, the 
coyer material shall be distributed over the bituminated surface in an amount such that a slight excess 
of cover material will remain upon the surface after all bituminous material has been absorbed. 

In case the first coat of more than one-course application is intended to act as a "penetra.tion" 
coat, and traffic conditions will permit, the bituminated surface may be lelt uncovered for a period not 
exceeding 24 hours, at or before the expiration of which time the cover material shall be distributed 
or the other applications of bituminous matcrial made, and the section finished by placing the cover 
material. 

In general for a treatment of more than one application the cover material shall be applied after 
each application of bituminous material unlcss otherwise noted on t he plans. 
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I 
In every case cover mate:l'in.l shall be applied in sufficient quantity to prevent tracking or bleeding 

10f the ,urface. 
Rolling 8holl bc donc where specified and when required it shall bc thoroughly donc with a roller 

weighing not Ir88 than 5 tons. 
The cm"(' I' coa.t must be evenly and accurately distributed over the entire road by a mechanical 

l:-oprr!LdPl' or otherwise, if sprcn.d I~y han:l the work must be done by cxperienccrl workmen to the end 
th:lt il l1 ('Y{'11 flnd smooth surf:lce IS obtmncd . 

I 12.9. Maintenance During and After Treatment. Thc application of thc bituminous material shall 
1/(' confined to one side of the road for any continuous length ~ reated under this contract, to as great an 
extent it~ the economical distribution of material from onc delivery point will permit, leaving the opposite 

I 
side of the rond frce for traffic, unless permission to do otherwise is given by the Engineer. For a period 
of three months after thc acceptance of the road, the Contractor shall maintain the surface of the road 
which ha s 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 

I of the ground or other appreciable sinking from natural causes, from floods, or the breaking down of the 
treated slu'face due to the washing away of the base. • 

I 
12.10. Limestone Rock Asphalt. Cold Treatment (7\i-inch th ick or over.) 
(a) Material. The material to be laid shall be composed of uniform, well-graded natural rock 

asphalt, consisting of 10 to 12 per ccnt asphalt and 88 to 90 per cent limestone. 
(b) Preparation and Mixing of Material. The natural rock asphalt shall be crushed from 

I inch to dust. A sufficient amount of the dust shall be removed therefrom to be used to spread over the 
t reoted , urf:1ce after the crushed limcstone rock asphalt has bcen laid and properly rolled. 

After the dust has been t"ken from the crushed limestone rock asphalt, an asphaltic base oil having 

I a specific gravity from .97 to 1.00 at 25° C. and showing approximately 50 per cent asphalt shall be added 
to the cru,hed asphalt rock in a quantity approximately four gallons to a ton of rock asphalt. 

After the asphaltic oil has been added to the crushed rock, the aggregate shall be thoroughly mixed 
in n. revoh-jng mixer similar to a concrete mixer until all the particles of crushed rock asphalt are thorough1y 

I coated with the asphaltic oil. In order that the mixtme shall be uniform, each batch of crushed rock 
ospha lt ond the asphalt ic oil flu;.; shall be weighed or measured before being incorporated in the mixture. 

(c) Preparation of Base. Before the rock asphalt, as described above, sball be pl aced upon the 

I roadway, the surface shall be thoroughly cleancd of dust or dirt to the satisfaction of the Engineer aiter 
which there shall be applied to the surface a treatment of hot asphaltic oil, the samc as used for fiux, 
in an amount from .2 to .25 gallons per square yard of surface put on i"n two applications, the first appli-

I 
cation consisting of from 0.1 to .15 gallon to be made not less than three days prior to placing the rock 
asphalt and the second application of aPl?roximately 1/ 10 of a gallon to be made immediately before 
thc rock asphalt is placed. This a~phaltic oil shall be heated and applied. as specified under Paragraph 
12.6 and 12.7. Great care shall be taken that the oil t reatment is regularly and evenly distributed. 

I The amount of flux shall not vary more than five per ce.nt on any square yard of compacted pavement. 
(d) .-\pplication of Prepared Rock Asphalt. The crushed and treated rock asphalt shall bc spread 

l over the base to a uniform thickness such that, after being thoroughly rolled a mat of.. ... ........ .... ...... . 
inches in thickness will be obtained; shall be thoroughly raked so that all lumps shall be separated; and 
thoroughly rolled with a self-propeJled tandem roller, weighing not less than eight tons. After rolling, 
should any low or unevcn places develop, they shall be filled with the same mixture and re-rolled. I After t he entire surface has been satisfactorily rolled and brought to the required cross-section, a 
thin coat of limestone rock asp]"tlt, free from any flux sh~lj be spread over the entire surface and the 
surfacc shall be again rolled and the rolling shall continue until the surface is thoroughly compacted 

I fln"d to thE' cross-section as shown on the plans. . 

I 
I 

No traffic shall be allowed on the roadway while pavement is being laid and for such t ime there­
after, as ill the judgment of the Engineer may be necessary fOl' the proper setting of the surface t reatment. 
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12.11. Basis of Payment. 

Scarifying and Reshaping Old Surfacing will be paid for at the unit price per 100 foot station, and 'I 
will include all scarifying, hand-picking, plowing, harrowing, reshouldering (re.'3haping shoulders in 
proper section), and all work necessary to prepare the old surface to receive the material necessary to 
be added to bring t.he road surface to the proper condition for receiving the bituminous treatment. 

The Gravel or Stone Surfacing Material is to be paid for at the unit price bid per cubic yard, to 
include all stripping and removal of unacceptable material. When the county owns tile deposit or is 
furnishing material in thc pit the stripping and removing of unacceptable material will be paid for on 
the unit price bid for borrow excavation, but no more work of this character shall be done than is necessary 
for the completion of this contract. 

Hauling Surfacing Material will be paid for at the unit price per cubic yard per onc-fourth mile 
haul, and the price for the first one-fourth mile haul will include the loading, unloading, spreading, 
harrowing, shaping, mixing, a.ll preparation or subgrade, other than rolling, and the maintaining of the 
fini shed surface. The price for the second, third, fourth, fifth, sixth, seventh and eighth quarters shall 
be bid on and listed separately. The price for hauling the ninth and addit ional quarters above the ninth 
quarter shall be listed together and bid on as "Additional eubic yards-~·mile haul above and including 
the ninth ~-mile." 

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 under Paragraph 10.6. 

Surfacing Material furnished by the Controctor, whether shipped or taken from local pits, will 
bc pnid for at the contract unit price per cubic yard and mea~urement will be made at point of delivery 
IIpon the work 0., provided under Paragraph 10.6. 

The Bituminous Material with the exception of the rock asphalt will be paid for at the unit price 
per gallon furnished and applied and will include all heating, mixing, te"ming, distributing, and all 
material, labor, tools and machinery incidental to the application of same. 

The Rock Asphalt will be paid for at the contract unit price per square yard of surface t reated, 
unless otherwise stated, for "Rock Asphalt Surface Treatment," and will include all heating, mixing, 
pulverizing, teaming, distributing, rolling, all material , labor, tools, and machinery incidental to tbe 
application of same. 

The Cover Material wi ll be paid for at the unit price per cubic yard, unless otherwise stated, and 
will include all sand, gravel, or stone, furn ished and applied, all teaming, distributing, rolling and all 
material, labor, tools, and m'achinery incidental to the application of same. 

Sprinkling. SprinKling will be paid for at the contract unit price per 1,000 gallons. This price 
is to include all fuel, teams, labor and equipment necessary to satisfactorily do this work . 

. Rolling. Rolling the base will be paid for at the unit contract price for rolling per hour including all 
fuel, labor, and equipment necessary to satisfactorily carryon this work Where rolling of cover material 
is required 0., specified under Paragraph 12.8 the price for rolling shall be included in the price bid per 
cubic yard for cover material in place. 
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ITEM 13. PORTLAND CEMENT 

I 13.1. Portland Cement. All ~ement used in this work shall be Portbnd cement, which shall be 
tested &('cord!ng to methods prescnbcd by and shall conform to the reqUlrements of the report of a 
Joint Conference representing the United States Government, Amcrican Society of Civil Engineers and 

I thc A.meriean Society for Testing Materials, published in the "1918 Standards of the American Society 
for Testing IVlateriais, page No . 503, Serial Designation C 9-17," etc. " 

I 13.2. DeEnition. Portland cement is the product obtained by finely pulverizing clinker produced 
by calcining to incipient fusion an intimately and correctly proportioned mixture of argillaceous and 
calcareous materials, with no additions subsequent to calcination excepting water and calcined or 

l
uncalCined gy~sum. 

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

I Properties- Percentage. 

Loss of Ignition ...................................................................... ...... ..... 4.00 
Insolublc Residue.. . . ...................... ........ ....... ...... ....... .. ....... ...... . 0.85 

I Sulfuric Anhydride (S03) ........... .. ..... ..... .. ......... ..... 2.00 
Magnesia (MgO) .... ............................. ............................... ......... ................................................ ................ 5.00 

The physical properties of the cement shall meet the following require-

I 
13.4. Physical Properties. 

ments: 
(a) Specific Gravity. The specific gravity of cement shall be not less than three and ten one­

hundredths (3.10). Should the test of cements as received fall below this requirement, a second test 

I may be mnde upon an ignited sample. The specific gravity test will not be made unlcss specifically 
ordered. 

(b) Fineness. The residue on a Standard No. 200 laboratory sieve shall not exceed twenty-two 

1
(22) per cent by weight. . 

(c) Soundness. A pat of neat cement shall remain firm and hard, and show no signs of distor­
tion, cracking, checking, or disintegration, in the steam test for soundness. 

(d) Time of Setting. The cement shall not develop initial set in less than forty-five (45) minutes 

Iwhen the Vicat needle is used, or sixty (60) minutes when the Gilmore needle is used. Final set shall 
be attained within ten (10) hours. . . 

(e) Tensile Strength. The average tensile strength in pounds per square inch of not less than 

I three (3) standard mortar briquettes composed of one (1) part of cement and three (3) parts of "Stand­
ard" Ottawn sand, by weight, shall be equal to or be higher than the following: 

I Age of Test (Days). 

7 
28 ... 

Storage of Briquettes. 
Tensile Strength 
Lbs. per sq. in. 

. ... ...... 1 day in moist ail', 6 days in water.... . ......... 200 

.......... .1 day in moist air, 27 days in water .... .......................... .. 300 

I The a,-erage tensile strength of standard mortar at twenty-eight (28) days shall be higher than 
the streng! h at seven (7) days. 

I 13.5. Packages and Marking. The cement shall be delivered in suitable bags or barrels with the 
brand and Ilame 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. 

I 13.6. Storage. The cement shall be stored in such manner as to permit easy access for suitable 
inspection and identification of each shipment, and in a suitable weather-tight building which will pro-
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tect the cement from . dampness. When permission is given to store in the open, a platform and ample 
waterproof covering shall be provided, as directed . 

13.7. Inspection. Every facility shall be provided for careful sampling and inspection at eil·her tbe 
mill or at thc site of the work, as may bc directed 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 when directed at 
least thirty-one (31) days shall be allowed for the completion of the twcnty-eight (28) day test. The 
cement shaH 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 thc fineness re­
quirement if upon retest, after drying at one hundred (100) degrees C. for one (1) hour, it meets this 
requirement. 

(b) Soundness Test. Cement failing to meet the test for soundness in steam may be accepted if 
it passes a retest, using a new sample at any time within twenty-eight (28) days thereafter. 

(c) Weight. Packages varying more than five (5) per cent from the specified weight may be 
rejected, and if the average weight of packages in any shipment as shown by weighing fifty (50) pack­
ages taken at ramdon, is less than tbat specified, th~ entire shipment may be rejected. 
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ITEM 14. REINFORCEMENT 
1 

14.1. Description. All concrete reinforcement shall consist of square twisted, deformed or plain 

I
s, oxpanded metal, wire cloth or st ructural steel shapes, as called for on the plans or as specified. 
, sizes of bars shown on the plans [\.I'C, in n.1l cases, for the side of a square ba.r. If other sections are 

., d the area shall be equivalent to that indicated. On all deformed bars the minimum sectional area 
, t.hc bar wi ll bc considered t he effective a rea. 

1 14.2. Material. Unless otherwise specified all square twisted, deformed and plain bars shall meet 
10 requiremcnts of the Standard Specificat ions for Billet-Steel Concrete Reinforcement Bars of the 

'

erican Society for Test ing Materials, Serial Designation A 15-14. 
'Vhere purchased from warehouses in small lots, reinforcement may, at the discretion of the Engineer, 

accepted subject to the bending test only. 

114.3. Expanded Metal and Wire Cloth. Expanded metal or wire cloth shall be manufactured 
1\ materia l fulfilling t he requirements of the Standard Specifications of the American Society for 

'osting Materials for Billet Steel Concrete Reinforcement Bars, Serial Designation A 15-14. 

• 14.4. Structural Steel Shapes. The steel for structural shapes shall fulfill the requirements of 
~ Standard Specifications of the American Society for Test ing Materials for Structural Steel for 
" idges, Serbl Designation A 7-16. 

I 14.5. Placing Reinforcement. When placed all reinforcement shall be free from dirt, oil, paint, 
;rcasc, mill-scale and loose or thick rust . 

I Where bending is required, it shall be accurately done and all reinforcement shall be placed in the 
ct position shown on the plans, and shall be so securely held in position by wiring to and blocking 

rom the forms and by wiring together at intersections, that it will not be displaced during deposit ing 

r compacting of the concrete. Shop bending fo r reinforcement is preferable. All bending shall 
done cold. 
Placing and fastening of reinforcement in each sect ion of the work shall be approved by the Engineer 

lefore any concrete is deposited in the section. 

I 14.6. Splicing Reinforcement. Whenever it is necessary to splice reinforcement at points other 
han those shown on the plans, drawings showing the location of each splice shall be submitted and 
. proved before the reinforcing steel is ordered. Splices shall be avoided at points of maximum stress; 
I'Y shall, where possible, be s.taggered, and shall be designed to develop the st rength of the bar without 
'xcecding the allowable uni t bond stress. I n splicing bars, a minimum lap of forty (4.0) diameters shall 
)Ie used and ,,,hen not clipped or wired together, shall be separated at least one (1) inch. No welds will 

allowed. 

14.7. Basis of Payment. This material will be paid for at the contract uni t price per pound 

I per square foo t, as the case may be, for "D eformed Steel Bars," ('Plain Steel Bars," "Expanded Metal" 
"'''ire Cloth," or IIPlain Structural Steel," complete in place, which pricQ will include furnishing 

md placing the material and all equipment, tools, labor and work incidental thereto. No allowance III be made for the clips, wire or other mechanical means use~ for fastening reinforcement in place. 

I 
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ITEM 17. PORTLAND CEMENT CONCRETE PAVEMENT I 
17.1. Description. Tll is pavement shall consist of one or two courses of Portl,md cement concrete, 

with or without reinforcement, constructed on the prepared subgrade, having the dimension'3 and cross­
section shown on the plans, and in accordance with these specifications. I 

17.2. Portland Cement. All cement used in this work shall be Portland cement which shall be 
tested according to methods prescribed by and shall conform to the requirements published in the "1918 
Standards of the American Society for Testing Materials, Serial Dosignation C 9-17," and given in 
Item 12 of these specifications. 

I 
17.3. Fine Aggregates. The fine aggregate shall consist of sand, or a combination of stone grit I 

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 I 
deleterious substances. When dry, it shall pass a laboratory screen having circular openings one-quarter 
(X) of an inch in diameter, while not more than twenty-five per cent (2.5%) by weight, shall pass a stand-
ard No. 50 laboratory sieve, nor more than five (5) per cent by weight, shall pass a No. 100 sieve. It I 
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 54.7-1-C shall have I 
a tensile strength at the age 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 made of the same cement 
and Ustandard" Ottawa sand. 

(b) Stone Grit . Stone grit shall consist of clean dustless stone screenings, resulting from the I 
crushing of tough, durable rock equal in quality to that specified for coarse aggregate, Paragraph 17.4 
and prepared by screening through a revolving screen having circular opening.s not larger than threc­
eights (3/8) of an inch in diameter and by passi ng over a dust jacket to remove the dust of fracture. I 
Not more than 25 per cent, by weight, shall pass a standard No. 50 laboratory sieve. This stone grit 
shall be used only in combination with sand, each measured separately and accurately by volume, and 
in such proportions as may be directed by the Engineer. 

. (c) Combination of Stone Grit and Sand. The stone grit shall conform to t he requirements of I 
Paragraph 17.3 (b), and the sand shall conform to the requirements of Pamgraph 17.3 (a), except as t o 
strength in mortar briquettes and grading requirements. Combinations of stOlle grit and sand in the 
same proportions as directed for use Oil t he work, shall contain not leos thall seventy-five (75) per cent I 
nor more than ninety (90) por cent by weight of the particles passing a No . 10 laboratol"y sieve 110r more 
tlmll twenty-five (25) per cent, by weight, of particles pas.;illg a standard No. 50 laboratory sieve, and 
not more than seven (7) per cent by weight, passing a No. 100 sieve, and which in combination with the I 
coarse aggregate, cement and water~ shall make an easily workable mixture. 

Strength. Mortar composed of one (1) part, by weight, of Portland cement and three (3) parts, 
by weight, of the combination of stone grit and sand, mixed, in accordance with the methods referred 
to in Paragraph 54.7-1-C, shall have a tensile strength' at the age of seven (7) and twenty-eight (28) I 
days of not less than one hundred (100) per cent of that developed by mortar of the same proportions 
and consistency, made of tbe same cement and "standard" Ottawa sand. 

17.4. Coarse Aggregate. The coarse aggregate shall consist of clean, tough, durable crushed I 
rock or gravel, having a French coefficient of wear of not less than eight (8) and a crushing strength of 
not less than eight thousand five hundred (8,500) pounds per square inch unless otherwise specified. 
The material shall be free from dust and excess flat and elongated pieces. It shall be graded uniformly I 
from the maximum size to pieces one-quarter of an inch in diameter. The maximum size shall be such 
that all will pass through a revolving screen having circular openings two and one-half (2).':i) inches in 
diameter, 95 per cent passing 2-inch screen and 40 to 75 per cent passing I-inch screen. Not more than l 

40 



fivc (5) pcr cent, b'y weight, shall pass a laboratory screen having circular openings one-quarter (~) 
of nil inch in diameter. 

17.5. Water. The water used for this work shall be subject to the approval of the Engineer and 
shall be reasonably clean, free from oil, acid, alkali, or vegetable substances, and neither brackish nor 
salty. 

17.6. Joint Filler. The filler to be used in the transverse joints in tbe pavement sball consist 
of tin approved asphalt filler suitable for pouring or of an approved prepared tar or asphalt filler baving 
" thickness of not less than one-quarter (~) nor more than one-half (7'2) of an inch and a depth of not 
I,',s th"n one (1) incb more than the depth of the pavement. 

17.7. Approval of Source of Supply of Material. Sources of supply for Portland cement, fine 
and co"rse aggregates, and joint fi ller shall be approved by the Engineer before the delivery of materials 
is started. Samples of fine and coarse aggregate shall be as follows : 

(a) Fine Aggregatc Samples. A fine aggregate sample shall weigh approximately twenty (20) 
pounds. 

(b) Coarsc Aggregate Samples. The quality of the stone will be determined by tests made on a 
sam pic consisting of approximately twenty-five (25) pounds of pieces not less than one and one-half 
(J 7'2) inches nor more than three (3) inches in diameter, and of two small slabs preferably four (4) to 
six (0) inches in depth. Acceptability of the coarse aggregate in other respects will be determined by 
test upon a. snmple of the crushed stone of the same sizes as is intended for lise in the work having a 
\\'eil>;ht of not less than twenty-five (25) nor more than fifty (50) pounds. 

Heprc,entative samples of both fine and coarse aggregates shall be forwarded to the State Highway 
Depa.rtment, Testing Laboratory, Austin, Texas, unless materials from the same sources of supply 
have boen tested and approved during the year preceding the award of the contract. Aggregate samples 
sha ll be accompanied by :1 statement giving the type of material, name of the producer, location of the 
plant and diameter of openings in screens used in their preparation", 

17.8. Construction of SlIbgrade. It shall bc the object to construct the subgrade so that it 
shall be as nearly as possible of uniform density throughout its entire width. Wherever the roadway 
extenels outside the limits of the old traveled way, the Contractor shall loosen the compacted portion 
of this traveled way, reshape and then tamp so as to bring all materi"l within the limits of the subgrade 
to the s"me density. 

The subgrade shall be brought to a true shape, and after tamping, shall be tested, and if not at the 
proper elevation at any point, material shall be shoveled away or added, as the case may be, to bring 
that portion of the subgrnde to the correct elevi\tion. All soft and yielding spots and all vegetable 
substance or unsuitable material shall be removed and the space refilled with approved material. The 
subgrade shall be tamped again and the process of reshaping and tamping shall be repeated until no 
ci('prcs:o:;ions appear. 

Should the old roadbed consist of gravel 01' madadam and the pavement extend outside the limits 
of snme, the Contractor shall loosen the old gravel or macadam, reshape and then tamp so as to bring 
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. 

In locations where soil conditions are unsuitable and it is desirable to construct a sub-base, same 
shall be constructed as shown on the plans or as .directed by tbe Engineer. The material used may be 
of crushed stone or gravel. The trench for the sub-base shall be arranged so that the top of sub-base 
material will be the same elevation as the established subgrade. 

The specifications for the materials, methods of construction and basis of payment shall be in 
accordance witb Items for same as follows : (a) Crushed Stone, Item 11; (b) Gravel, Item 10. 

Immediately before the concrete is placed upon the subgrade it shall be tested for elevation by the 
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usc (If fl, tempiet) furnished hy the Contractor. In the lower edge of the templct there shall be dJ'iven 
nails six (6) inches apart and to such depths that the heads will just come to the true position of the 
subgrade when the templet is riding on the forms. Testing the elevation of the subgrade shall be done 
by moving the templet back and forth on the forms. On those areas of the subgrade found to be too 
high by as much as one-fourth (!4) of lin inch , ad'dit ion"'l 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 sh"l1 be filled with' concrete making an integral part of the slab proper, all expense 
for this extra concrete including both labor and material being borne by the Contractor. 

Hauling by teams, t rucks or otherwise, over the finally completed subgrade for a distance of more 
than five hundred (500) feet will not be permitted. If hauling over the subgrade for such distance 
results in ruts 0 1' other objectionable irregularities, the Contractor shall reshape and rerol1 the subgrad'e 
before materials are deposited upon it. 

I 
I 

The subgrade shall be clear of all materials that may have fallen upon it and if dry it shal1 be 
t horoughly wetted before the concrete is placed, but not to the extent of forming mud or pools of water. 

,17.9. Forms. Outside forms for this work shall be made of wood or metal, of the depth of the 
concrete, straight, free from warp and of suffi cient strength, when staked, to resist the pressure of the 
concrete without springing. If of wood, they shall be of two (2) inch surface plank, if of metal they 
shall be of approved section and shall have a flat surface on top of not less than one and three-quarters 
(1%,) inches. The forms 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, and shall be cleaned thoroughly 
and greased or soaped before any concrete is placed against them. 

I 
I 
I 

17.10. Consistency. 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 water for each batch being careful1y measured. I 
There will not be tolerated a consistency that would tend to separate the fine particles from the coarse. 

The consistency of the concrete shall be determined by the fol1owing test: A frustum of a cone, 
four (4) and eight (8) inchcs in diameter, top and bottom, respectively, and twelve (12) inches in length 
shall be filled with concrcte which shall be tamped until all voids are filled and a slight film of mortar I 
appears on the sllrhce. The cylinder shal1 then be removed and the vertical scttlement or "slump" 
of the concrete noted. This settlement shall not exceed one (1) inch when the mechanical finishing 
machine is to be used and shall not exceed one and one-half (l)1) inches when the finishing is to be done I 
by other methods permitted in the specifications. 

17.11. Mixing Conditions. No concrete shall be mixed while the air temperature is at or lower 
than thirty-five (35) degrees F. , and no materials containing frost shall be used . Bags of cement or fine I 
aggregate containing lumps or crusts of hardened material shall not be used. The concrete shall be 
mixed only in such 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. I 

17.12. Mixing Concrete. Unless hand mixing is specifically permitted by the Engineer the 
mixing shal1 be done in a batch mixer of approved type which will insure the uniform distribution of the 
materials throughout the mass so that the mixture is uniform in color and smooth in appearance. The I 
mixing shall continue for a mInimum t ime of one (1) minute .after all the ingredients are assembled in 
the drum, during which t ime the drum shall revolve at the speed for which it was designed but shall 
make not less than fou rteen (14) nor more than twenty (20) revolutions per minute. The mixer shall I 
be equipped with an attachment for satisfactorily locking the discharging device so as to prevent the 
emptying of the mixer 'until all the materials have been mixed together for the minimum time required. 
The entire contents of the drum shall be discharged before any materials are placed therein for the 
succeeding batch . ~ I 

17.13. Hand Mixing. When hand mixing is permitted it shall be done on a watertight platform. 
The fine aggregate and cement shal( first be mixed until a uniform color is attained and then spread I 
over the mixing board in a thin laver. 
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The coar:::.e 3ggregatc, which :;hall ha.ve been previously drenched, shall then be spread over the 

/
finc agC;l'C'gak and cement in fl. unifo rm hyer a.nd the whole mass turned as the water is a.dded . 

After the water has been added, the mass shall be t urned at least six (6) times, and more if necessary, 
to make the mixture uniform in coloI' a.nd smooth in appearance. Hand-mixed batches shall not exceed 

r ono-half (Y:!) cubic yard in volume. 

17.14. Checking Quantities of Cement Used. The Engineer shall ascertain by calculat ion and 
test.s, the amount of cement required for each section between transverse joints, according to these 

r SIWcific;ltions, and as the work progresses, the Engineer shall compare the amount so ascertained with 
t he amounts :lctually used in each. section of concrete between successive transverse joints, as determined 
by actual count of the number of sneks of cement used in each section. 

I If t.he amount of cement used in any three (3) adjacent sections (between transverse joints) is less 
b.'" more than four (4) per cent, or if the amount of cement used in anyone section is less by more than 
five (5) per cent of the amount required as mentioned above, th.e Contractor shall remove all such sections I and replace the same with new materials, according to these specificatiOl\s and at hi~ own expense. 

17.15. Placing Concrete. The placing of concrete shall 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 means of a discharging device which does not cause separation of the mortar and the coarse 
aggregate and shall be distributed to the required depth and for the entire width of the pavement by 
sht,,·cling or other approved methods. Rakes shall not be used for handling concrete. This operation 
shall be continuous between transverse joints without the use of intermediate forms or: bulkheads . In 
<.;a:;e of an unavoidable interruption, a transverse joint shall be placed as herein specified at the point 
of stopping work, provided that 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 length shall be removed. 

17.16. Placing Transverse Joints. Transverse joints shall be formed at right angles to the center 
line, at inten'als indicated on the plans to the full depth and width of the pavement. They shall not 
be leo. than one-quarter (Xl) not more than one-half (Y:!) of an inch in width as specified. All joints 
shaH be formed during the placing of the concrete by securely staking an iron bulkhead at right angles 

I to the center line and perpendicular to the surface of the pavement again,t which the preparcd joint 
fillcr, if specified, shall be placed before the concrete is deposited against it. The iron bulkhead shall 
be at least three-<lighths (3/8) of an inch in thickness, of a width at least one (1) inch more than the greatest 

I 

depth of the pavement and of a length one-half (Y:!) of an inch less than the width of the pavement. 
When the concrete has been pbcecl on both sides of the joint, the iron bulkhead shall be carefully removed 
!em·ing the prepared filler in place. The concrete shall be sufficie;'tly tamped to make it fill the space 
previollsly occupied by the bulkhead. After the pavement is completed, the filler shall be cut off. above 
the surface of the pavement to the height designated . . 

If a poured filler is to be used, the space for the filler shall be formed as above described, except 
that the iron bulkhead shall not be withdrawn unt il after the concrete has sufficiently stiffened to preserve 
the . hape and width of the joint until setting takes place. The filler shall be heated to a suitable con­
sistency and shall be poured in the joint after the concrete has become dry. The slot left by the bulk­
head shall be entirely cleared of all debris and loose material and the joint shall be poured to project 
above the concrete about one-half (Y:!) of an inch and about one (1) inch on each side of the joint. 

17.17. Finished Concrete. 

(1) Slope Walls. The slope walls shall be poured of dry concrete that will stay to cross-section 
shown on plans and sball first be tamped and then struck off with a template giving desired section. 
The final finishing shall be done with a wooden float. 

(2) Roadbed. After concrete is poured to grade as shown on plans, it shall first be tamped and 
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then struck off with a templet which shall be shaped to the desired cross-section and shall have sufficient 
strength to retain its shape under all working conditions. 

This template shall be moved with a longitudinal and crosswise motion in the direction in which 
the work is progressing. 

The final finish shall be with a wooden. float. 
If an earth covering is used, it shall be at least two (2) inches thick, and shall be thoroughly watered 

twice each day at intervals of about twelve hours for two (2) weeks, and t he covering shall remain upon 
the road for at least fourteen (14) days from the t ime of its application and for a longer period of time 
if weather conditions, in the opinion of the Engineer, make this desirable. 

Before the final acceptance of the work, and at least six days before traffic is permitted on the pave­
ment, the earth covering shall be scraped off by the Contractor and spread over the earth shoulders, 
as directed by the Engineer, on either side of t he concrete in a thin uniform layer. 

The pavement shall be kept closed to t raffic for fourteen (14) days, or if, in the opinion of the Engineer, 
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 surface or metal shoulders until 
the pavement has been cleaned of all eartb 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 six (6) parts of fine and coarse aggregate, each measured separately and accu­
rately by volume. The concrete shall approximate a 1:2:4 mix but the Engineer may vary the relat ive 
proportions of fine and coarse aggregate in order to obtain a concrete of maximum density. 

REINFORCED CONCRETE PAVEMENT 

17.26. Placing Reinforcement. The reinforcement shall be placed two (2) inches below and 
parallel to the finished surface, unless otherwise indicated on the plans or directed, with the mai~:members 
laid at right angles to the center line of the pavement or at such an angle as is considered most advan­
tageous for the kind of fab ric used . The 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 (4) 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 two course concrete pavement the reinforcement shall be placed on the bottom course immediately 
after it 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 price per cubic yard for 
H01.le Course Concrete Pavement," or HOne Course Reinforced Concrete Pavement" as may be specified, 
which price will include the preparation of subgrade, all material, forms, labor, equipment, tools and 
work incidental thereto, except the reinforcing material and labor and equipment incidental to placing 
same, and stone, excavation or fill. 

Reinforcing material shall be paid for at the cont ract unit price per pound for "Reinforcing Material 
in Place" which price will include all material, labor, and other expense incident to placing same. 

When additional depth of concrete pavement is required over trenches, etc., it will be paid for at 
the proportionate cubic yard price per inch of depth for the class of concrete involved. 

Stone excavation or fill shall be paid per cubic yard, but no two way pay will be allowed. 
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ITEM 20. DRY RUBBLE MASONRY. 

I 20.1. Description. Dry Rubble Masonry shall be composed of approved rubble stone laid with­
out the aid of mortar so as to fi t neatly and firmly, and shall be constructed in such shapes and at such 

I plaees a' indicated on the plans and wbere directed in accordance with these specifications. 

20.2. Stone. All stone for this work shall be rubble stone of approved qu"lity, sound, durable, 

I
frC'c from structural defects, and shall be free from rounded; worn or weathered surfaces and clean of 
earth, d :t,- or other foreign substances. All weak points and angles shall be removed. Selected stone, 
roughly , quared and pitched to line, shall be used at all angles and ends of walls. No stone shall be 
ll ~l'd which has a minimum thickness of less than six (6) inches, a minimum width and length of less than' 

Itwclve (12) inches, and the le~gth shall not exceedthree (3) times the thickness. Small stones of similar 
quali ty may be used for pmmng and filhng mterstICes III the heart of the wall. 

I 
20.3. Construction Methods. All dry rubble masonry shall be constructed by experienced masons. 

Thc stones shall, where necessary, be dressed to a reasonably true face and bed shall be laid true to the 
shape and dimensions of the structure, aB shown all the plans. The stones shall be laid on their natural 
"eds and so placed as to break joints and (arm a mechanical bond. The stone placed in the foundation 

Ishall not be less than twelve (12) inches in thickness or have less t han six (6) square feet of bed. The 
stones shall be laid so as to form a substantial wall and shall fit neat ly. Headers shall be distributed 
uniformly through the walls of the structure so as to form approximately one-quarter (7:i) of the exposed 

I fa c!' ; and shall extend through the face wall and into the backing a distance at least equal to their tbick­
ne,". Where a wall is less than two and one-half (2Y2) feet in thickness the headers shall e,,'tend ent irely 
through, from front to back face. Where a wall is two and one-half (270 feet or more in thickn"ess 

I 
the headers shall either extend entirely through or over-lap at least six (6) inches. The interior of the 
wall shall be built up so as to leave no appreciable open spaces, and only sufficient spawls shall be used 
to wedge the larger stones in the place. No spawls shall be used in the front face of a wall, and the 
stones shall be so well bedded that none will be needed. The top of the wall shall be" finished with a stone 

I coping of roughly scappled stones approximately eight (8) inches thick, and not less than eighteen (18) 
inches wide and in length four (4) inches greater than the top thickness of the wall. The top shall be 
screeded sufficiently to drain water. 

I 20.4. " Refilling. The excavated areas which are not occupied by the masonry structure shall be 
refilled with acccptable material in layers of not more than six (6) inches in depth. Each layer shall be 
tampcd thoroughly and until the refilling is level with the original ground. 

I 20.5. Basis of Payment. This work will be measured in accordance with dimensions shown on 
the plans, except where changes are ordered during construction, and will be paid for at the contract 

I unit price per cubic yard, unless otherwise noted, for "Dry Rubble Masonry" complete in place, which 
price will include all cxcavation and backfill, materials, equipment, tools, labor and work incidental 
thereto. 

I 
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ITEM 31. STONE CURBING 

31.1. Description. This curbing shall consist of approved granite, limestone, sandstone Or other 
:tpprov{'d stone of the required dimensions· placed in accorda.nce with these specifications. 

31.2. Straight Five·Inch Stone Curbing. This stmight five (5) inch stone curbing sl1:111 consist 
of approved stone, free from structural defects. It sha.1l be five (!» in chr:;:: in thicknpss, not less than 
twenty (20) inches in depth "nd in lengths of not less than fou r (4) nor more than eight (8) feet. The 
top surf"ce shall be dressed and beveled one-quarter (U) inch, the face shall be dressed and the end cut 
square to a depth of not less than twelve (12) fnches below the top and the back dressed to " depth of 
th'ree (3) inches. The top and dressed face shall be free from depressions, projections or other irregularities 
and defects. 

I 
I 
I 
I 
I 31.3. Straight Six-Inch Stone Curbing. This straight six-inch stone curbing shall consist of 

approved stone, neither laminated nor stratified. It shall 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 " depth of three (3) 
inches on the back. The end s shall be cut square for the full depth " nd width of the stone. This curbing 
shall be six (6) inches in width on the top, not less tham twenty (20) inches in depth "nd not less th"n 
eight'(8) inches in width "t the base. 

I 
If eight-inch curbing is specified it shall be of the same quality as straight six-inch curbing and eight 

(8) inches in widt h 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 less than six (6) feet , except when 
neccss"ry for closures, where no piece shall be less th"n four (4) feet in length. 

I 
I 

31.4. Curved Stone Curbing. All curved curbing shall consist of approved, first quality stone 
having a width "t the top of six (6) or eight (8) inches as specified and the bottom shall be not less than 
two (2) inches wider than the top. It shall be dressed and of the depth as specified for the straight 
curbing, and in lengths of not less than five (5) feet. It shall be cut exactly true to the radius specified 
and with a tangent or tangents if required . 

I 
31.5. Excavation for Curbing. Excavation shall be made to the required depth and the subgrade 

or base upon which the curb is to be set shall be compacted to a firm, cycn surface . 
I 

. Where foundation underdrain is to be placed under the curbing, the excavation fol' the curbing shall I 
be made in conjunction with the excavation for the underdrain. 

31.6. Placing Curbing. The curbing shall be set on edge in straight lines a.nd t he top surface 
shall conform to the lines and grades given. I 

All joints and curbing adjacent to inlets and other structures, shall be straight and true throughout 
the ent ire depth. 

The joints in the straight five-inch stone curbing, whether set or reset shall not exceed one-quarter I 
(U) 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 shall not exceed one-quarter (U) of an inch for the full depth. 
All joints shall be pointed and made water-tight from t he base to the top of the curbing with a stiff I 

mortar composed of one (1) part of Portland cement and two (2) parts of approved sand. 
Where indicated or directed, dminage ope-nings shall be made through the curbing at the elevation 

and of the size required. I 
The curbing shalr 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 F ive-Inch Stone CUl'bing/' (IStraight Six-Inch Stone Curbing," "Straight Eight-Inch Stone I 
Curbing," "Curved Six-Inch Stonc ,Curbing," or HCurved Eight-Inch Stone Curbing/' as the case may 
be, complete in place, which price will include all materials, equipment, tools, labor and work incidental 
thereto, also all drainage openings, excavation for the curbing, refilling and disposal of surplus material. ,-
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ITEM 33. WOOD GUARD FENCE 

I 33.1. Description. Wooden fencing shall consist of wood railings supported hy wood posts erected, 
I.dH'rp ilHlh'ntpci or dIrected, ll'l accordance with these speCIficatIOns. 

l 33.2. Wood Posts. All ,,"ood posts used for t his railing shall be made of seasoned, stmight, yellow 
rart pill<' IUIHl:r r , mountain cedar or other approved material, a.t no place less than six (6) inches in 

li:ull(' tt'r elr ;-;ix (li) inches sqUl1.l'C, but both round a.nd square posts shall not be used on onc contract. 

r
'h")' ,h,,1! I,, · "(1t. less than six frct six inches (0'6") in length and the bottom shall be sawed off square, 
Ill' hark 1"('I11m'('(\ flnd all knots hewn flush With the face and the surface shaved smooth. 

(,,) Treatment of Posts. The lower port ion of all posts shall be coated with approved creosote 

Ilil I)('for(' bring set. The creosote shall be applied, by means of a brush, in a full free coating, covering 
I)(' bottom end and extending up the sides for a distance of four and one-half (4Ye) feet. The posts 

,h,,1! not be trrnted until thorough ly dry. 

I 33.3. Wood Rails. The wood rails shall be made of well seasoned,. straight, sound yellow pine, 
nr ot h(>1' :1pproved \Yood , free from loose or unsound, knots, or other defects and shall be surfaced on all 
·id,,>,. The t.op mils shall be four (4) inches wide by four (4) inches thick and the side rails shall be 
f iX (6) incl!!'s by two (2) inches, nncl both rails shall be in lengths of sixteen (16) feet or in multiple of 
cip;ht (8) Iott. 

I 33.4. Paint. The material for painting the fence after erection shall be composed of from sixty­
kiv(' (Oii) to s('venty (70) per cent, by weight, of pigment in paste form and from thirty-five (35) to 
t hirt)' (:10) prr cent of vehicle; or sixty (60) to sixty-five (65) per cent, by weight, of dry pigment. 
I (a) Pigl>!"nt. The pigment shall be composed of not less than sixty-five (65) per cent of pure 
t" hit e Ir:1<1 nnd not less than twenty (20) per cent of pure zinc white, all finely ground. Not more than 
fiftern (I ,i ) 1)('1" cent of inerts shall be permitted. 

(b) \ '.hicle. The vehicle shall be composed of not less than ninety (90) per cent of pure raw 

t i n~('('d oil nnd sufficient first quality Japan or other approved drier to cau5C the applied paint to dry 
n approximately three (3) days, but in no case sha.ll the drier exceed ten (10) per cent. 

I 33.5. Construction Methods. Thc guard rail or fencing shall be constructed in accordance with 
~hc standard plan. Thc posts shall be set plumb in straight lines, spaced eight (8) feet apart on centers, 
thrrr and one-half (3Y2) feet in the ground and three and one-half (3Ye) feet above the ground and to 

f
' nes and grade given. The top nnd sidc rails shall break joints and be fastened securely to each post, 
s shown on the plans. All joints of the fence shall be painted before being fastened together and after 
rediun the entire fence shall be painted with two coats of the specified materials, which shall be brushed 

111 thorough I,'. 

I 33.6. Basis of Payment. This work will be paid for at the contract unit price per linear foot 
for "\Vooden Guard Fence" complete in pla.ce, which price will include all materials, equipment, tools, 
rhOr nnd work incidenta l thereto, also all excavation, refilling and disposal of surplus material. 
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ITEM 5 J . PIPE CULVERTS 

51.1. Description. These culverts shall consist of sections of cast iron, corrugated metal, rein­
forced concrete, or vitrified clay pipe, of the diameter shown on the plans, laid on a fi rm bed true to 
line and grade in accordance with these specifications and ""'.11 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 thc Engincer. 

TABLE OF MINIMUM DEPTHS OF GOOD FILL OR BALLAST OVER PIPE CULVERTS. 

On center line of roadway (C) and outer edge of shoulder (S), 

-
Inside Cast Iron Corrugated Metal Vitrified Clay Concrete Inside 
Diam. Diam. 

C S C S C S C S 

12" 1'-0" 8" 1'-6" 1'-0" 1'--6" 1'-0" 1'-0" 8" 12" 

14" 1'-0" 8" 14" 

15" 1'-6" 1'-0" 1'-6 11 1'-0" 1'-0" 8" 15" 

16" 1'-0" 8" 16" 

18" 1'-0" 8" 1'-6" 1'-0" 1'-61/ 1'-0" 1'-0" 8" 18" 

24" 1'-0" 8" 2'-0" 1'-0" 2'-0" 1'-0" 1'-0" 8" 24" 

30" 1'-3" 8" 2'-6" 1'-0" 2'-6" 1'-0" 1'_3" 8" 30" 

36" 1'-6" 8" 3'-0" 1'_0" 3'-0" 1'-0" 1'-6" 8" 36" 

42" 1'-9" 8" 42" 

48" 2'-0" 8" 48" 

NO'l'E : If the material in the fill contains much clay, silt or loam, increase the above minimum 
depths by 4". 

51.2. Cast Iron Pipe. This pipe shall be made of cast iron of good quality and of such character 
as to make the metal strong, tough and of even grain, but soft enough to ad mit of satisfactory drill ing 
and cutting. The met,,1 shall be made without any admixture of cinder iron or other inferior metal and 
shall be remelted in a cupola or air furnace. The pipe shall be hub and spigot style, smooth, free of 
scales, lumps, blisters and other defects impairing its strength or durabili ty. It shall be manufactured 
in lengths of not less than three feet, the inner and outer surfaces sball be true, whole, concentric cylinders, 
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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I 
Normal Inside Diameter, Thickness, Weight per Foot, 

I Inches Inches Pounds 

12 7/16 50 
14 7/16 60 

I 
16 1/2 80 
18 1/ 2 90 
20 1/ 2 120 
24 9/16 160 

I 30 11/16 220 
36 13/ 16 300 

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

•
weight. 

Each section of cast iron pipe shall be coated inside and outside with coal-tar pitch varnish, to 
which sufficient linseed oil has been added to make a smooth coat, tough and tenacious when cold, with I no tendency to scale off . 

51.3. Corrugated Metal Pipe. Two classes of base metal for use in corrugated metal pipe are 
I'('cognized in these specifications, Class "A" and Class "B." Class itA" includes the metals commonly 

I designated as pure irons, which are the prodUct of the open hearth furnace in which the refining opera­
t ion is ""rried forward unt il the impurities are reduced to a relatively low percentage. 

CIn,s "13" inchides those metals commonly designated as copper bearing steels which are the normal I product of the o'pen hearth furnace with which is alloyed a small percen,tage of copper. 

51.4. Quality of Metals. Class "A" base metal shall contain not more than thirty hundredths 
(.30) per cent in the aggregate of the following metaUoids,-carbon, sulphur, phosphorus, silicon and 

• manganese-nnd shall contain not more than four hundredths, (.04) per cent of carbon, thirty-five 
tholl",ndtl1s (.035) per cent of sulphur, and six thousandths (.006) per cent of phosphorus. 

An allowance may be made in the aggregate amount of the five metalloids specified above of foUr 

I hundredths (.04) per cent. 
Class "B" base metal shall contain not more than seven-tenths (.7) per cent in the aggregate of the 

following metalloids- carbon, sulphur, phosphorus, silicon and manganese-and shall contain not more 

• 

than fif teen hundredths (.15) per cent of carbon, four hundredths (.04) per cent phosphorus, and five 
hundredths (.05) per cent sulphur. 

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 

· accepted under these specifications for either class until the manufacturer has filed with the Commis­
sioners Court a certified typical analysis setting forth the percentage of each of the above metals, tbe 

I 
name and brand of the metal to be furnished and the class for which submitted, nor until the brand 
has been approved by the Engineer and the Commissioners Court. 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 

showing the brand, name of the manufacturer and the gauge, and these shall be placed by the sheet 
manufacturer in such a way that t hey shaU appear on t he outside of t he finished pipe. Pipe not having 

I 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 specifications, and shall be identified as required, and that all metal bearing bis 

I 
brand not complying with the specifications shall be replaced without cost to the purchaser. 

51.7. Zinc Coating. The metal sheets shall be galvanized with not less than two ounces (2 oz .) 
of prime Bpelter per square foot of exposed surface, and this shall be applied in such a manner as to 
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form a continuous, impervious coating free from imperfections. Sheets having spots, holes, blisters or I 
other defects in the galvanizing shall be rejected. Tests for t he zinc spelter shall be made by the lead 
acetate method. 

51.8. Types of Culverts. Unless otherwise 'specified, culverts submitted shall be of the full circle I 
riveted type with lap joints. 

51.9. Sizes. For roadway culverts the minimum diameter permitted shall be eighteen (18) inches. '. ' 
Corrugated metal pipe over thirty-six (36) inches in diameter shall not be used. 

51.10. Gauge of Metal. The gauge shal\'be U. S. Standard. The gauge and weight per foot of . ' 
pipe shall be not less than the following: 

Dia.meter, Gauge, Wt. Per 
Inches. U. S. Standard. Ft. 

12 16 10.2 
15 16 13.3 • 18 16 15.7 
20 16 17.5 
24 14 25.6 I 
3IJ 14 30.9 
36 14 38.2 I 

51.11. Corrugations. The corrugations . hall be not less than two and one-half (2Y2) inches nor 
more than three (3) inches, and shall have minimum depths, respectively, of one-half (Y2) inch and five- .­
eighths (5/8) inch. 

51.12. Joints. Longitudinal laps shall be not less , than two (2) inches on culverts fifteen (15) 
inches in diameter and under, two and one-half (2Y2) inches for culverts eighteen (18) and twenty (20) .­
inches in diameter, three (3) inches for twenty-four (24) inch culverts, and four (4) inches for larger 
sizes. Circumferential laps shall be not 'less than two and one-half (2Y2) inches, and not less than one 
full corrugation. I 

51.13. Rivets and Riveting. All rivets shall be of the same material as specified for the wlverts or 
of other approved material, and shall be thoroughly tinned or galvanized, and shall be not less than five­
sixteenths (5/16) inch in diameter . All rivets shall have sufficient lengt.h to draw the sheets tightly I 
together and allow the forming of full hemispherical or other standard shaped heads. Rivets shall be 
driven without bending and shall entirely fill the hole. 

Longitudinal seams shall be riveted with One rivet in each corrugation. Circumferential seams I 
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 rei'nforced I" 
iii an approved manner, and t he method of reinforcement shall be stated in the bid. . 

Field, joints shall be made of the same material as used ,in the culverts, and shall be not less than 
eight (8) 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 I 
great to he handled economically ; but for culverts twenty-six (26) feet or more in length, pipe may be 
furnished in twelve (12) foot lengths if joints are included free of cost. 

51.15.. Field Inspection. The field inspect ion shall he made hy the Engineer, who shall be fur- 'I 
. nished an itemized bill of the shipment . 

The material shall. be so handled that,the zinc coating shall ,not he bruised or broken, in the shop or , ' 
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I 
in shipping, and aU pipe shall be rcjected if the zinc coating is bruised, broken or blistercd or if the 

1"01 kman,hip is not first-class thrOUghout. . . . .. . 

51.16. Test. The right is reserved to have any plpC tested, and all pIpe faIlIng m any partICular 
to tn(·et th(':">(' ~I )('cificn.tions shall be rejected. 

I 51.17. Reinforced Concrete Pipe. Reinforced concrete pipe shall be of the hub and spigot or 
01 h"r "pprowd style. The ends sha.ll be at least as strong as the body of the, pipe, and all pipe shall 

I
l>e "lIre,1 properly and aged at least two (2) wceks before being used. Each section of pipe shall be 

. slr;li~hl ,mel of t rue circular form. It shall have a uniform thickness throl}ghout and shall be free from 
IH>rIII" ,mel sca ly spots and spalled edges. Pipes having defective spots patched or plastered over will 
not be accepted. 

1 (a) Man ufacture. The materials and methods used in the manufacture of this pipe shall be 
a"proYed, and specifications covering them shall be submitted by the Contractor beNre purchasing pipe. 

I (b) Strength. The pipe when tested without lateral support (the c!,ntact points at support and 
application of load not to exceed a width of three (3) inches measured on the circumference) shan show 
a l"nd supporting capacity per linear foot at least equa.! to that expressed by the formula: 

I W=lOOOXD 

in which " W" equals the breaking strength per linear foot of pipe and "D" the diameter of the pipe 
cxpr<.'~"'(·d in feet. I This test shall be made on a section of pipe from which the hub has been removed. 

5\.18. Vitrified Clay Pipe. Vitrified clay pipe shall be of the hub and spigot style, of first 
quality, sound, thoroughly and perfectly burned, without warps, cracks or other imperfections, and 

I ghall be fully and smoothly salt-glazed over the entire inner and outer surfaces, except that the inside of 
·thc hub ~nd t he outside of the spigot may be unglazed for two-thirds (2/3) of the depth of the hub. 
On all ot hcr port ions of the pipe, the glazing shall completely cover and form an integral .part of the 

I pipe body. If glazed, the inside of the hub and the outside of the spigot shall be scored in three (3) 
p~rallcl lines extending completely around the circumferences. This pipe shall be manufactured at a 
:"uitnhlc temperature to secure a tough, vitreous material, which, when broken, shall show a dense and 

I
SOlid body, without detrimental cracks or laminations. It shall be of such toughness that it may be 
cut wit.h a chisel and hammer, and when struck with a hammer shan give a metallic ring. 

The minimum length of sections, thickness, and the depth of hub shall be as follows: 

I Size, Minimum Length, Thickness, Depth of Hub, 
Inches. Feet. Inches. Inches. 

12 2 1 3 

I 
15 2 1)11 3 
18 2 1~ 3)11 
20 2 12/ 3 3~ 
22 2 15/ 6 3%, 

I 24 2 2 4 
27 2~ 2)11 4 
30 2~ 2~ 4 

I 33 2~ 25/8 5 
36 2~ 2%, 5 
42 2~ 3~ 5 

I 51.\9. Cement Mortar. The mortar for cementing the joints in the pipe shall be composed of 
onc (I) part of Portland cement , meetIng the requirements of Item 13, and two (2) parts of approved, 

. clcan sand, mixed with sufficient water ' to form a plastic mortar. . 
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51.20. Forming Bed for Pipe. Where the pipe is to he laid helow the ground line, a trench shall 
be exeavat,cd to the required depth ,,,,d the hottom of the trench ,hall be shaped to eonfonn to t he bottom 
of the pipe and shall afford fl, unifol'lnly finn .hed throup;hout its entire length, and rcccs~cs :-;haH be excavated 
to receive the hubs. " 'hrre rock is encountered the trench shall be excava.ted foul' (4) inches below the 
bottom of the pi p<' and this ex('css d<'pth sh[lll b<' I'<'fillrd with suitnblc mat<'ri [t\, which ~hnll hr tamped 
thol'oug;hly. Any f.:,oft 01' yi(' lding mat(\rinl ::;hn.ll be J'('moved :lnd r<'pbccd with suitahl(' m:tLeriai, which 
shnll be tamp('d thoroughly in place. 

\¥here pipe is not lflid in :t trrnch, n. uniformly f"il'm beel shall lw made a,s hC'l'cin :-;pccificcl for the 
bottom of the tren ch. 

51.21. Laying of P ipe. The pipe shall be laid c'Hefully, hubs up~r"de, spigot ends fully entered 
into the adj:1crnt hub, and true to linc:s and gr[tdes !!ivcn. All C:l.st iron , rpinforc('d ('.oncrctc and vitrifird 
clay pipe shnll he laid with c('mentcd joints. 13dorc :-:iuccccciing sections of pipe arc hid, the lower por­
tion of the hub of the prccf'ciing pipe :·dudl be plastered on the in:-;i<ll' with cement mortar of su-rficient 
thickness to bring the inner ~ urff\c(,s of the :\uutting pipes AU!-3h :\11<1 even. After the pipe is laid, the 
l'(,ITIn.inder of the joint shall he filled with similar mn.terinl, a.nd sufficic'nt n.dditionn l mn.tcrini shall be 
used to form a bead around tIl<' joint. The inside of the joint sh,,11 be wiped "nd fin i, hed smooth. After 
initial set, the cement on the out~idc shall be protected from th(' nil' :\Ild sun with an earth covering. 

"Vhen corrugated metal pipe sections nre joined on the work, t11P ('nels shnll be hutted together and 
the sections joined with a band, made of the sa.me material as the pipe, of a width of lap as specified 
in Par"gmph 51.14, which band shall be bolted firmly in place. The bolts sh,,11 be of the same m"terial 
as that used in the manufacture of the pipe and shall be painted with red lead 01' other approved materi,t!. 

Any pipe which is not in true alignment or which shows nny sett.lement nfter laying, shall be taken 
up and relaid -wit.hout extra compensation. 

51.22. Refilling Around Pipe. The filling mound the pipe shall be m"de in layers with "pproved 
material free from rock, und e[lch byer shall be tamped thoroughly around and over the pipe. 

51.23. Relaying Pipe. Where indic"tec\ or directed old pipe culverts sh"ll be removed and relaid, 
extending or renewed in the snme manner ftS Rpccified for new pipe culvert.s. 

51.24. Basis of Payment. This work will be paid for as follow" 

I 
I 
I 
I 

I 
I 
I 
I 
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(a.) New pipe culverts will be paid for at the contract uni t price per linear foot indicated in the 
contract for IICa!;t Iron Pipc," ((Corrugated 1\1rtnl Pipe," "Reinforced Concrete Pipe," or "Vitrified Clay 
Pipe," as the case mn.y be, complete in place, which price will in clude a.ll materials, equipment, tools, 
labor unci work incidentnl thereto, nJ::;o all cxcav:\tion and refill ing and the disposal of surplus material. • . 

(b) Where existing pipe eulve rts are relaid, they shall be p"id for "I, the contract unit price per 
linear foot fo l' uRelaid Pipe" complete in plnce, which price \dll include:tIl rnatrrinls, tools , equipment, 
labor and work ineidcntnl thereto, also nil excavation, refilling and disposa.l of surplus materials. 

I 

VITRIFIED CLAY SEGMENT BLOC}; CULVERTS. I 
CIRCULAR CULVERTS. 

51.25. a · 1. The material used in this construct ion shall be Vitrified Cloy Segment Blocks, I 
uniformly made and hard burned, without warps, cracks, or other imperfections. The longitudinal 
joints sh"ll be scarified the entire length of the block. The ends sh"ll be shiplap jointed with abutt ing I 
webs 01' surfaces to form" bed for mortar to insure water-tight joints in the end of the block. 

a·2. Dimensions. All blocks used shall conform to the detailed dr:twings and table shown on plnn 
SB 1 of the State High",,,y Drpnrtment. 

a·3. Construction. The t rench , 111111 be excavated to a width equ"l to the inside diameter of the I 
circle plus twice the thickness of the rc ' pcctive blocks and to " depth that will bring the i!,ner surface 
of the first course of blocks on a linc with the natural watcrw:\y. In new excava.tion, and when possible I 
in old exeava.tion, the bottom of the trench shall be rou,llded out to fit the curvature of the blocks. 
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The blocks in the lower invert shall he laid to a li lW and t<>rnplct !\nd loose earth firmly packed 
I>d.\\'<'('n the outer surface aml lim' of excavation :t:; (':tell course is I:lid in placp. Special C'l.I'C must be 
u:-;cd in tamping the bnek fill to :w uid any po:-:si hility of forcing the blocks out of :Ilignmcnt. All blocks 
in the lower invert sha.ll be hid lip in this JIl:lmwr. 

The blocks in the upper inv('l't ~ha ll be !:tid with :t collapsible form to prevent any serious dcf"lectioll 
frulIl the trU(~ circle ucfoJ'c mOl'tnr joint.:; ll:we had t.imr, to ~et . 

a -4. Mortar Joints. Th e block:-; shall be honded together with thoroughly lIlix('d mortal' of One 

part Portland cement to two p:l.rts screened s[l.nd and cure taken to see that all join t:-:; :1.1'0 well filled. 
After co ll"p~ing the (trch form, the mdinl joints sh:dl be pointed up. 

a-5. Excavation Depth Minimum. This typc of culvert should not be used where excavated 
depth of the t reneh is less than one-half (Yz) t he outside di :uneter of the culvert. 

a-6. Unstable Foundations. \ ·Vhcn thi:s type of culvert is uticd On a soft ull:;table foundation, ft 

four-inch la.yer, Or morc if neces:::;:try in the judgment of the Engineer, of 1 :2)1:5 concrele ~ ha.ll be laid 
around the lower half of the culvert . 

SEMI-CIRCULAR CULVERTS. 

51.25. b-l . Location. Th is type of culvert is especially designed for low wide w:tterwnys, and 
whc1'c t. here is insufficient dirt fill over the culvert to permit t he use of n. round opening large enough 
to provide nmple drn.inngc. 

b-2. Arch Construction. The :semi-circular arch i:::; to be constructed of Vitrified Segment Blocks, 
to conform with t he specifications given in 51.25 a-I , and sha.ll be constructed in the snmc manner as 
the arch of the circular culvert. 

b-3. Conerete Base Construction. The base shall be constructed of Cbss A concrete, in accord­
ance \\-ith the requirements of Item 54, Paragraphs 54.3 to 54.12, inclusive, and according to plan s of the 
State Highway Department . 

b-4. Reinforcing. The reinforcing bars sh,dl be used as indieated on plans and conform to the 
requirements of Item 14. 

c. Backfilling. Loose earth shall be used in making the back fill around and over t he culvert. 
Every four inches of fill shall be thoroughly tamped until the fill reaehcs the top level of the culvert . 
The fill from the top of the culvert to the permanent road level shall be thoroughly tamped every six 
inches. 

d. Minimum Fills. The minimum fill over the culvert on dirt roads shall be not less than eighteen 
inches in the center when good compact soil is used. If only light shifting soil is available for the fi ll , 
the minimum fill shall in no case be less than twenty-four inches over the center of the culvert. See 
t able on P lan SB-1 of the State Hi ghway Department. 

On hard surfaced roads of brick , concreto, macadam, gravel, etc., the minimurn. fi ll over the culvert 
ma.y be reduced to the actual thickness of the paving, plus twelve inches in the center of the culvert tp 
six inches at the side to allow for a thoroughly compacted sand or earth cushion between the pavement 
and the top of the culvert. 

e. Head Walls. All s('gment block culverts shall be provided with head and " 'ing walls at e"eh 
end to conform with the stnnc1 f\l'd Desig ns of the State Highway D epa.rtment for pipe culverts . See 
plans of State Highway D ('pa rtmcnt. 

f. Basis of Payment. The basb of payment for segment block culverts shall be pel' lineal foot in 
place for culvert of a specified diameter and type. It must be stated whether the type is Circular or 
Semi-Circular and the price bid for each kind shall be payment in full for all joint ma terial and for a ll 
labor employed in laying the block, and filling the joints, excavati ng "!ld backfilling. The concrete in 
headwalls and base construction shall be paid for at the price stated per cubie yard for the respective 
elasse, of concrete as stflted in Paragraph 54.28. The reinforcing steel in headwalls and base construc­
t ion shoji be paid for at the price stated per pound in place. 
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ITEM 52. GENERAL 

BRIDGES 

52.!. Bridges. Drainagc structurcs ,,·ith span lengt hs grcater than 10 feet will be c1assificd as 
Bridges; less than 10 fcet, Culverts. 

52.2. Superstructure. The superstructurc shall includc thc furnishing and placing of all steel, 
iron, lumber, cement, sand, stone, a.nd all other material required: the construction of all reinforced 
concrete, forms, false work and other temporary supports; all fabrica.tions, erection, and painting, etc. 
-of all p",ts of the structure above the bridgc seats (except the parapets or wing walls of abutments) , 
complete and ready for usc. 

52.3. Substructure. Thc substructure shall include the making of all necessary excavations and 
pumping; the furnishing and placing of all steel, iron, lumber, cement, sand, stone and other materials 
required ; the construction of a ll masonry, cofferdams, forms, false work and temporary supports, etc.­
of all parts of the structure below the bridge seats and also the parapets or wing walls of abutments, 
complete and ready for usc. 

52.4. Bridge Complete. Thc bridge complete shall consist of both the superstructure and sub­
structure. 

52.5. Forms for Bids. Bids shall be made upon the standard proposal forms . 

52.6. Examination of Site. Each bidder shall, by personal examinat ion, 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. 

52.7. Standard Drawings. When possible, the County will furnish standard drawings showing 
in general the details prepared for usual conditions. Designs other than the Department Standards 
shall be made according to the Design Specifications of, and for the loadings prescribed by, the Depart­
ment. 

For bridges requiring the approval of tbe Secretary 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. W110re bids are submitted On other than standard designs, t he Contractor 
shall furnish a stress sheet for each structure, showing all calculated stresses and the proposed size and 
grade of all materials with each bid submitted . 

52.9. Estimate of Quantities. Estimate of quantities for the substructure, and for the super­
structure, if it is to be of reinforced concrete, shall be shown in the plans. These estimates are to form 
the basis for thc bids. Adjustments to the contract price bid for the bridge shall be made by additions 
to, or deductions from it, at the contract unit price for additions to, or deductions from the quantities 
on tbe plans. 

52.10. Detail Drawings. Drawings sbowing complete details of all parts of the steel structures 
mustjbe furnished for bridges exceeding 20 feet. Shop and minor details may be submitted after the 
contract is awarded, but must be checked and approved by the County Engineer before work is begun 
on materials. 

52.12. Discrepancies. In the event of any discrepancy between any drawing and the figures 
written thereon, the figures shall be taken "-" correct. In the event of any discrepancy between any 
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drawing and the specifications, the specifications shall govern. Any deviation from these specifications 
shall be specifically not.ed on the plans as an exception thereto. 

52.13. Material from Old Structure. Unlcss otherwise providcd for, the Contractor will be 
allowed to use in building temporary work for the new structure, any matcrial of an old structure t hat 
is to bc removed. Such material of the old bridgc must, however, upon completion of the job, be neatly 
pilcd on the bank where it is accessible for reloading with teams. 

Unless otherwise provided for, stone from old abutments and piers) may be used in any plain con­
crete piers or abutments of the new structure. 

52.14. Removal of Temporary Work. All material uscd in co nstructing thc bridge, which may be 
classcd as temporary work. must be removed and disposed of by the Contractor. leaving the waterway 
clear and unobstructed. 

52.15. Erection. The Contractor shall erect all parts of the structures complete and rcady 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. Thc Contractor shall 
furnish all false work and piling necessary for the erection of the strud ure at his own expense. 

52.16. Risks. The Contractor shall assume all risks from floods and storms and casualties of 
every description. 

52.17. Final Test. Before final acceptance, the Engineer may make a thorough test. by pa.>sing 
over the structure the specified loads, or other equivalent, or by (esting twice the maximum load upon 
the structure for 12 hours. After each test the structure shall return to its original position without 
showing any permanent deformation. 

52.18 Basis of Payment. The basis of payment, whether a lump sum, or a unit price, will be 
specified in the attached proposal. Ordinarily the letting will be on a lump sum basis with unit prices for 
additions or deductions. 
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ITEM 53. SUBSTRUCTURES I 

FOUNDATIONS. 

53.1. General. Stone ma::ionry and pla.in or reinforced concrete abutments, piers, and (,Ilel walls I 
for all bridges and culverts shall be designed in accordance with the best modem practicc. So-called 
tube foundations will not be considered. 

53.2. Foundation Soil,. The soil material upon which piers Md abutments must be founded is 
divided 

(a) 

(b) 

(c) 

into the following classes : 
Rock. 
Hard ground, such n.s hard pan, gravel, compact sand held laterally, and hard dry cby. 
Soft ground, such as soft or wet clay, silt or mud, where sustaining power must largely depend 

on the frictiona l resistance of piles; or of piling driven through the soft ground to an under­
lying material of harder character. 

EXCAVATION. 

I 
I 
J 
I 
I 

53.3. Description. Excavation shall consist of the removal of the old structures, unlcss othcr­
wise specified, including the abutments, piers, wings, and all other materials, obstructions, etc., necessary 
to the placing of concrete and masonry founda.tions for structures, in conformity with the plans or as 
may be directed. It shall include all clearing and grubbing, the necessary removing of materials, furnish­
ing 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 been 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 t hese specifications. I 

53.4. Removal of Excavation. The Contractor shall notify the Engineer a sufficient time in 
advance of the beginning of excavation for structures, so that the cross-sectional elevations and measure­
ments may be taken of the existing ground 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 wing 
walls which is to be torn out and which is suitable for use in the new work shall be so used by the Con­
tractor, unless otherwise specified, and the removal of any such material in the substructure will be 
considered as excavation. 

53.5. Timber and Metal Cofferdams when used, shall be sunk to a depth well below the bottom 
of the excavation, shall be substantially braced in all directions and of such construction a~ will permit 
them to be pumped free of water and kept free until the concrete has set. They shall be of such size 
that leakage can be kept out of the concrete or masonry area. Unless otherwise shown on the plans 

I 
I 
I 
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Or agreed upon, cofferdams and all shecting and bracing shall be removed after the completion of the 
concrcte or masonry. Whcn the bottom is of sandy or other porous material which will not, in the I 
opinion of the Engineer, permit the cofferdam 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 shall be pro­
portioned as directed and shall have twenty-five (25) per cent of additional cement as herein provided 
for concrete placed under water. I 

53.6. Method of Determining Excavation Quantities. All excavations will be measured in its 
original position by the cross-section method, to ascertain the amount of material removed, which crOS8- I 
section will includc the removal of all concrete and masonry walls, etc. No allowance will be made for 
foundation excavation in excess of one foot beyond the outer limits of thc foundations. Clearing and 
grubbipg and the rcmoval of obstructions, etc., will not he measured, but will be included in the price I 
for excavation. 
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"Dry Excavation" shall include all materials excavated above the water line shown on the plans . 
"'Vet Excavation" shall be measured from the waterline as shown on the pInns to the bottom of 

the foundation ; 0 1" where thc excavation begins, below the waterline, it shall be measured from the bottom 
of the stream to the bottom of the foundation. 

53.7. Refilling. After the stl'llcture hlls been completed, the areas "round the walls shall be filled 
with a.pproved material in layers of not more than six inches in depth and compacted satisfactorily 
to the level of the origina.l surrounding surfttce. lvlaterials which will not compact readily shall not 
be used in this work. In no case shall surplus material be dumped in the channel of the stremn. 

53.S. Basis of Payment. This work will be paid for at the contract unit price pel' cubic yard 
for "Dry Excavation" or "'Vet Excavation" as the case may. be, which price will include the removal 
of the excavated material, refilling, disposal of surplus Inaterial and all equipment, machinery, tools, 
labor and work incidental thereto. No additional compensation will be made for clearing and grubbing, 
cofferdams, bracing, shoring, pumping, or bailing, or for any materials or labor nece8::)ary on account 
of ,,·ater. 

DESIGN AND CONSTRUCTION. 

53.9. Abutments to be Self-Supporting. Abutments, except for reinforced concrete slab bridges, 
shall be designed as self-supporting with the approacb 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 t he footing. 

53.10. Drainage. Adequate drainage for the backs of abutments and wings, shall be provided 
by ti le or other pipe drains running through the walls at the lowest elevation which will provide free 
outlets. 

53.11. Footing. The footing width of all plain and reinforced concrete abutments, wing and 
retaining walls, shall not be less than 1/ 3 of the height of t he wall in all cases where the stability of the 
wall with regard to overturning depends upon the widtb of footing. 

53.12. Loads on Footings. Footings, floors of paved culverts, and abutment walls shall be 
designed so as to distribute the loads over the full length and width of tbe main wall foundation. 

The pressure on ordinary soils shall not exceed 1.5 tons per square foot average, or 3 tons per square 
foot maximum for abutment, wing, or pier footings. Wing footings shall not be considered as taking 
an)' of the superstructure load . 

When piles are used they sball be considered as carrying the entire load. They should orclinarily 
be spaced not less than 3 feet, nor more than 5 feet, center to center. 

53.13. Methods of Designing Reinforced Concrete Abutments. In properly designed reinforced 
concrete abutments, when the wing walls are located at an angle of 45 0 or more with the face of the 
abut.ment wall , advantage rnay be taken of the mutual support afforded by the main and wing walls 
\l'hen properly tied together by reinforcing steel, by designing all par~s of such abutmen~s to resist a 
pressure, imposed upon the vertical projection of all walls, figured as that wbich would be caused by a 
fluid having the same depth as that of the earth fill and weighing not less than 21 pounds per cubic foot . 

Retaining walls and reinforced concrete abutments and wing walls making an angle of less than 
45° with the face of the ~butment, shall be designed to resist a pressure, imposed upon the vertical pro­
jection of sueb walls, figured as that which would be caused by a fl uid having the same depth as that of 
t1'c earth fill and weighing not less than 25 pounds per cubic foot. In this case the wiclth of footing 
shall not be less than 0.4 of toe height of t he wall. 

In designing concrete abutments for slab bridges, where clear height of abutment from ground 
surface to under side of slab does not exceed 15 feet, if satisfactory arrangement of materials and details 
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nre prov iliNI, it. may be a .... ;-:ulnHi that thl" , .. lab of OIl" ,'"iurerstrur:ture Slipport:-; t he top of tiw Illai n w[I. \1 
as rcgal'(b thp oy{·rtllrning (·ff(:tt ()f earth nr(',.;:-;ure. 

FU(Jtinp;:s of reinfurccd t(mr:rr'tc abutr~ ('nt:-; , win~ walls, and reta ining: wall~, shall be ::;0 proportioned 
that the I'l':-:;u lta.nt of all f(jrte.~ . indudint; thn weight ()f COllcret!', weight of carth fi ll di rectly over the 
footi ng, \wight of :,upcrslruttuf(' (in main wall only ) and the tJ r)rizontal equivalent fl uid pre~urc, shall 
fall at or back of th(: forward <:rlg!· of th<: rnidd le third of the fo()ting ba.'".>C . 

53.14. Maintaining Batter. ~houlrl it he found necc..;:;arYl in the judgment of the Engineer , to 
inc l'c:l::;c or dccrca:'H' the depth (If lh(~ foundation fl'fJln that shrlwn on the plans, the thickncd~ of the 
wall whcre said wall joins the f(J(Jting :.;h 0. 1I be inc!'(:a:-: (:d or clecr('a:-;ed th . dame amount p ur foot as the 
main wall increase;:; per foot of it:-: he ight a ~ :-;hr)wn (H) the pl:ms. 

53.15. Extra Foundation Work. .-\ddition:d foundation n(,t (·xcoeding three (3) feeL of the depth 
below that shown rm the plan:-: ~hall he paid fot' at thl! Gontl'act unit price fur each ~Lddi t ionn. 1 cub ic yard 
of mas onry. Beyond an additirmal depth of thJ'('" (;3) fc~ t ) Ol '! hundati~n W':>I'1.:: a nd materials shall 
be classified a" ICExtl';l ' Vork," a n' l shall b· g :)vern ': rl by th '! :i f) :cificu.ti.)tl"i c;)vcri ng: ;;;tllne under Para­
graph 3.7. 

53.16. Basis of Payment. For Concrete and Piling, basi, of payment wi ll be made as out lined 
under IIConcrcte Structures" and I'T imber a nd Concrete Piling)" respectively. 
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ITEM 54. CONCRETE FOR STRUCTURES 

54.1. Description. Concrde for stl'uc:tUI'US lS hall be composed of Portland cement, water, fine and 
CO:lI':-iC a~gr('ga.t(' and whpr(' spccifu:d hydrat('d lime f.:.hall ue added. The proportions of fine nnc! coarse 
aggrcgate:-; :spct.:if"icd may be varied slightly by the Engineer in order to make concrete of ma.ximum 
density, but the PI'OPOl'tiO.l of cement to total agl!: l'cgatc, oach mc'asured separately, shall not be changed. 
The concrete shall be deposited in such places and of thc form nnd the dimensions shown on the plans, 
or as directed. 

54.2. Classes. In general only three classes of Gonercte will be used. Special structures req uir­
ing other classes of concrete, OJ' requiring moclific:ttions in the material~ used, will be provided for hy 
means of notes 0 11 the plans or special cla uses in the specifications or both. 

a. Class "A" Concrete. Cl:lss "A" Concrete shall be com po:;ed of one (l) pa,rt of Portland cement, 
two (2) parts finc agg;regatr, and four (4) parts coa.rse aggregate, each measured separately. 

b. Class "B" Concrete. Cb ss "B" Concrete shall be compo,ecl of one (I) pa,rt of Portland cement, 
two and one-ha lf (2;4) parts fine nggrcg;ate, a nd five (5) parts coa.rse aggregate, each measured sepa ratcly. 

c. Class "C" Concrete. Clnss "C" Concrete shall be composcd of one (I) port Portland cement., 
thrce (3) parts fin e :1.gp;rega.te, a nd six (6) parts coarse aggregate, each mea.,-;ul'cd separately. 

54.3. Uses. Thc class of concrete requircd for each part of the structurc will gener"lly be noted 
On tht" pl n.n~, and when not ::;0 indicated the following requirements sha ll govern: 

a. Class "A" concrete shall be used for superstructures, reinforced concrete, a rch rings a.nd con­
crete dt>posited in water. 

b. Class "B" concrete shnJI be used for all unreinforced concrete except foot ings. 

c. Class "C" concrete s.hall be used for all unreinforced footings, or foundations except when 
depo~ited in ,vater. 

54.4. Portland Cement. The cement used for this work shall conforIll to the requirements specificd 
in American Society of Testing Materials, Standards 1918~'3erial Designation C9-17 and sha.!l also 
conform to the U. S. Bureau of Standards, Circular 33. 

54.5. Water. All water uscd in concrete shall be su bj ect to the approval of the Engineer and 
shall be rcasonn.bly clenr, fr r(' frorn oil, acid, a lka li, or vegeta.ble substances, and neither brackish nol' 
s"lty. 

54.6. Hydrated Lime. Hydrated Limc shall meet the requirements of the Stand"rd Specificat.ions 
for I-I~'d r:lterl Lim p. of the Amr ricall Soeiety for T esting 1\1atc l'iais, Serial Designa.tion: CG-15, a nd sha ll 
be of t he class kI10'''11 as. "Calcium." 

54.7. Fine Aggregate for Concrete. The fine aggregate for concrete shall consist of (1) sand , 
(2) a. combination of sand and stone screenings, or (3) stone screenings conformi ng to the following 
requirements : 

I -a. Sand. Sand shall eonsist of clea n, hard, durable, uncoated grains, free from lumps, soft or 
flaky p;lrt.icieoti , suit, alka li , org:lIli c IIl.atter, loam or other deleterious substance. 

I -b. Grading. Sand shall be well graded from coarse to fine and shall all pass a 7<'-inch laboratory 
screen :lI1d not more than 5 per cent shall pass a 100 mesh "Standard" sieve. Not morc than:; per 
ccnt b,' weight shall be remoyed by the e)utriation test. 
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I-c. Strength. Morta r composed of one (I) part, by weight, of· Portland cement " nd three (3) 
parts, by ,,"eight, of :-5:l llti , mixed and tc:;tcd in accordance with methods referred to in the U. S . B urea.u 
of Standard:.;, Circular No. 33, shall have a. tensile strength :It the age of seven (7) and twenty-eight 
(28) <bys of one hundred (100) per cent of that developed by mortar of the stUne proport ions and con­
sistency, made of the same cement and ('Standard ') Ottawa ~undJ except t ha.t sand giving n. strength 
r"tio <It seven (7) ,md twent)'-cight (28) days of less thall olle hu ndred (100) but not 1<'" than eighty­
five (85) per cent, will he ncc('pt('d fo r u:-;c in concrete subject to the use of addi tional cement . The 
additiona l proportion of ccrnent required wi ll be determined by laboratory tests aJ1cl ::ihall be the per­
centage required to increase the tensile strength ratio of the mortar to not lc:-58 than one hundred (100) 
per cent at "even (7) and twenty-eigh t (28) days. 

2-a. Combination of Sand and Stone Screenings. A combinat ion of sand and stone screenings, 
each me:umrcd ::;eparately and accurately by volume may be used in such proportions [l,S shall be directed 
by the Engineer. Snnd for t his pu rpose shall conform to the requirements of Paragraph 54.7-a. Stone 
screenings shall consist of ('lean, dustless screenings resulting from the cru~hing of tough, durable rock, 
having a F rench coeffi cient of wear of not less than eight (8) . It shall be free from thin, elongated 
or laminated pieces, disintegr:1.ted stone, salt, alka li , vegetable or other deleterious matter. 

2-b. Grading. The combint1tion shall be well graded from coarse to fi ne and shall all pass )/z-inch, 
and not less than 85 pCI' cent shall pass ~-inch laboratory screens, the portion passing the ~-inch screen 
when tested by means of laboratory sicves shall meet the following requirements : 

Material-
Passing a 20 mesh IISt:1ndarcl" sieve, not less tha n 50 per cent, not more than 85 per cent. 
Passing a 50 mesh "Standard" s ieve, not more than 35 per cent. 
Passing a 100 mesh "Stnndard" sieve, not more thnn 8 per cent . 
Weight removed by the elut riation test, not more than 3 per cent. 

2-c. Strength. The combination of sand and stone screenings when tested in accordance with 
Paragraph 54.7-1-c shall have a strength of 125 per cent. 

3-a. Stone Screenings. Stone screenings shall conform to the requirements of Paragraph 54.7-2-a. 

3-b. Grading. T he stone screenings shall be \Yell graded from coarse to fi ne and shall all pass 
Y2-inch, and not less than 85 pCI' ccnt shall pass ~-ineh , laboratory screens. The portions passing the 
~-inch screcn when tested b)' means of laboratory sieves sh'1l1 meet the following requirements : 

Materials-
Passing a 20 mesh "Stnnclarcl" sieve, not less than 50 per cent.) not more than 75 per cent. 
Passing a 50 mesh I'Sb1 ndard" sieve, not more than 30 pCI' cent. 
Passing a 100 mesh "Standard" sieve, not more than 5 per cent. 

3-c. Strength. Stone screenings when tested in accordance with Paragraph 54.7-1-c shall have a 
strength of 125 per cent . 

54.8. Tests. Preliminary acceptance samples shall be subjected to both the seven (7) and twenty­
eight (28) day tests and acceptance based thereon. D uring the progress of the work material will be 
accepted subject to seven (7) clay tests. 

54.9. Coarse Aggregate for Concrete. The coarse aggregate for concrete shall consist of crushed 
stone or gravel free from soft, th in, elongated or laminated pieces, disintegrated stone, salt, alka li , veg­
etable or other deleterious matter. 

a. Crushed Stone. Crushed stone shall be obtained from clean, tough, durable rock having" 
French coefficient of wear of not less than eight (13). 

b. Gravel. Gravel shall consist of clean, hard, durable and uncoated pebbles of high resistance to 
abrasion. 
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54.10. Sizes. The coarse aggregate shall be gmdrd uniformly from the maximum size to pieces 
one-quarter (J4) inch in diameter. The maximum size will generally be given on the pi11ns, but if not 
givcn the following shall govern: 

For Class "A" concrete the aggregate shall nll pass a screen having circular openings one and onc­
half (lY2) inches in diameter and for Class HB" and Class "e" concrete the aggregate shall all pass a 
screen having circular openings two and one-half (2Yz) inches in diameter. 

For slabs less than six (6) inches thick, the maximum size screen openings shall not be morc than 
one (1) inch in diameter. 

54.11. Grading. Coarse aggregate shall be well graded from the largest to the smallest pieces 
and when tested by means of laboratory screens shall meet the following requirements: 

PERCENTAGES OF COARSE AGGREGATE PASSING THE VARIOUS LAJ30RATORY 
SCREENS. 

Circuln.r Openings. Passing screen 
lvfaximum having circular 

size of I openings J4 Ill. 

aggregate 3" 2Yz" 2" lYz" IX" I" ~" Yz" in diameter 
not more than 

3 .. 100 ........ .. ..... .. ..... ....... 40-75 ........ . 15 
2Yz 100 ... .. 40- 75 15 
2. 100 40- 75 15 
1)1 100 40- 75 1.1 
IX 100 35- 70 15 
L .. .. ... .... -.. .. .... ............ 100 40- 75 15 
y, . 100 15 

54.12. Samples and Tests. On large or important structures samples of concrete materials, or of 
the concrete may be required for testing. If required, samples of concrete materials for testing pu;­
pOSC':3 shall be supplied to the Engineer free of charge. l\1aterial shall be delivered far enough in advance 
of u,ing to allow the Engineer to select samples and to forward them to the laboratory for testing. The 
laboratory will usually need at least 10 days for 7-day tests and 31 days for 28-day tcsts. 

54.13. Strength. Cylinders of concrete from these samples made and tested in accordance with 
met hods prescribed by the Engineer shall develop compressive strength as follows: 

CRUSHING STRENGTH IN POUNDS PER SQUARE INCH. 

Mix 1 : 2: 4 1 : 2)1 : 5 1 : 3 : 6 

Strength per square inch: 
Age 7 days .. 1,600 1,300 1,000 

Age 28 days. 2,000 1,600 1,300 

If the specimens f"'il to fulfill the requirements for 7-day tests the concrete may be accepted if 
specimens fulfill the requirements for 28-day tests. 
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54.14. Falsework. Falsework shall be built, on good firm foundation and be of sufficient strength 
to carry the loads without apprccial;le deformation. It shall bc constructed with 1/ 20-inch camber for 
each foot of ~pan a.nd if ncce~sary, wedges shall be kept dri ven as the weight of concrete is n.c1dcd so 

j 

that thc bottom of 010 slah will not drop below the lines shown on the plnns. If apprrci"ble settlc- I 
mcnt occurs in tlw fnis{'work the Enp;inecr shall stop the work and require [t thorough )'<'modciing to \! 

insure a. firstel:1$~ pl'()duct. For continuous girders, :tI'ChCR having; spans of over 50 f('('t and large 
structuJ'f'S, and for 1'.1'1 [:-;:-;('(\ centers 0 1' other special mC:1ns of support dctnil drawings of the fn.lscwork 
shall be submitt.f'd for :lpprovnl. 

54.15. Forms. Forms 8h,,11 be so dcsigned and constructed that they may be removed without 
injuring the concretr. 

The material to hp u:"cd in the forms for exposed surfaces shall be sized and dressed lumber, or 
metal in which all bolt. and rivet hrnds arc counter-sunk, so tha.t in either case a plain, smooth su rface of 
the dcsircd contour i:-; obt.ained. Unci rcssrd lumber may be used for backing or other unexposed surraces. 

The form s shall he huil t true to line, and braced in a substantinJ nnd unyielding manner. They 
shall be mortar-tight nnd , if necessary to close cracks clue to shrinkage, shall be thoroughly soaked with 
water. Forms for re-rntrnnt nng-Ies shall be chamfered nnd for corners ~hn ll be filleted. Dimensions 
affecting the construl'lioll of subsequent portions of thc work shall be c"rcfully checked after the forms 
are erected ".nd br fo)'e any ce ncrete is placed. The interior surfaces of the forms shall be adequately 
oiled, greased 01' soaped to insure the non-adhesion of mortar. Form lumber which is to be used a second 
time shall be frec frem bulge or wnrp and sl",11 be thoroughly cleaned. The forms shall bc inspected 
immediately preceding the placing of concrete. Any bulging or warping shall be remedied and all 
dirt, sawdust, shavings or other debris within the forms shall be removed. 

54.1S. Measuring. All materials shall be accurately measured by volumc. The cement shall be 
measured as packcd by the manufacturer, a sack containing not less than 94 pounds net being considered 
one (1) cubic foot .. Fine and coarse aggregate shall bc measured loose. The Contractor shall furnish 
and use an approved water measuring and discharging device, also boxes or pans of such dimensions 
as will give, when fillrd and struck, the exact volume of aggregate required for the cbss of concrete 
specified. 

Hydrated lime, when required, shall be incorporated in the mixture in the amount specified. This 
amount, given as a percenta.ge of the cement, shall be treated as additional material and not a.s replacing 

• any cement. Gcnerally the hydrated lime shrtll not exceed 10 per cent, by voIUlr.c, of the cement. 

54.17. Consistency. Sufficient water shall be used, in mixing plain concrete to preduce a mixture 
which will flatten and quake '\Then deposited in place, but not enough to cause it to flow, .and in mix­
ing concrete in which reinforcement is to be imbedded, to produce a mixture which will flow sluggishly 
when worked and which at the same time can be conveyed from the mixer to the forms wi thout separa­
tion of the coarse aggrcg"te from the mortar. In no case shall thc quantity of water used be sufficient 
to cause the collection of a surplus in thc forms . 

54.18. Mixing Conditions. The concrete shall be mixed in the quantities required for irrunediate 
use and any which has developed initial set, or which does not reach the forms within thirty (30) min­
utes after thc water has been , dded, shall not be used. No concrete shall be mixed while the air tem­
peraturc is at or bclo\\' thirty-fivc (35°) degrees F. without the approval of the E ngineer, and only when 
adequate means are employed to heat the aggregates and water. 

54.19. Mixing. Unlcss hand-mixing is specifically permitted by the Engineer the mixing shall be 
donc in a batch mixer of approvcd type which will insure the uniform distribution of the materials 
throughout the mass so that the mixture is uniform in color and smooth in appearance. The mixing 
sb,,11 continue for a minimum time of one (1) minute after all the ingrcdients are assembled in the drum 
during which t ime the drum shall revolve at the speed for which it was designed, but shall makc not 
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less than 14 nor more than 20 revolut ions per minute. The mixer shall be equipped with an attach­
ment for automatically locking the discharging device so as to prevent t he emptying of the mixer until 
all the materials have been mixed together for the minimum time required. The entire contents of the 
drum shall be discharged Lefore any materials a rc placed therein for the succeed ing batch. 

54.20. Hand~M.ixing. When hand-mixing is permitted it shall be done on a wn.ter-tight platform. 
The fine ap;gr('vn.te and cement shall first be mixed until a uniform color is attained and then spread 
over the mixing board in a thin layer. 

The coarf'C 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 smooth in appearance. Hand-mixed batches shall not exceed 
one-half (1) cubic yard in volume. 

54.21. Placing. Concrete shall be placed in the forms immediately after mixing. It shall be so 
deposited that the aggregates are not separated . Dropping the concrete any considerable distance, 
depositing large quantities at any point and running or working it along the forms, or any other practice 
tending to cause segregat.ion of the ingredients will not be allowed. It shall be compacted by continuo 
ous tamping, spading, or slicing. Care shall be taken to fill 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 
displacing 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 thc Engineer 
and under his supervision. 

When depositing in water is allowed, the concrete shall be carefully placed in t hc space in which it 
is to remain in a compact 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. No concrete shall be placed in running water, and forms 
which are not reasona.bly water-tight shall not be used for holding concret.e deposited under water. 

54.22. Freezing Weather. Concrete shall not be placed when freezing temperature prevails or 
t hrentens, except upon written permission from the Engineer, which will not be granted until satis­
factory provision has been made for protecting t he work. Concrete placed under these conditions shall 
be thoroughly protected until set., and will not be accepted until after thirty (30) consecutive days, 
during which the temperature does not fall below 40' F. 

54.23. Construction Joints. Wherever the work of placing concrete is delayed until the concrete 
shall have t aken its initial set, the point of stopping shall be deemed a construction joint . So far as 
possible the location of construction joints shall be planned in advance and the placing of concrete carried 
conti nuously from joint to joint . These joints sha ll be perpendicular to the principal lines of stress 
a.nd in general be located at points of minimum shear. 

,Vhere dowels, reinforcing burs, or other adequate ties are not shown on the plans or required by 
t.he E ngineer, keys shall be made by imbedding water-soaked beveled timbers of a size shown on the 
details. or as directed by t he Engineer, in the soft concrcte, which shall be removed whcn the concrete 
has set. In resuming work, the surface of the concrete previously placed shall be thoroughly cleaned 
of dirt, scum, laitance or other soft material, with stiff wire brushes, and if deemed necessary by the 
Engineer, shall be roughened with a steel tool. The surface then shall be thoroughly washed with clean 
water and painted with a thick coat of neat cement mortar after which the concreting may proceed . 

No concrete work shall be stopped or temporarily discontinued within 18 inches of t hc 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 :tttf'ntion shnll he given hy the Contractor to the propel' (;U1'inp; I 

o f til(' tO IH'I'('l{'. Hnndrni \:"; , fl oor::., a nd t·rowcllcd surfaces shall be protrct('d from the ~ lln, and in 
drying \Y('at.lwl' 1.1)(' \\'1tol<' stirlH:.tur(' :-;hall be kept \\'ct for:1 period of on(' (1) weck. CO I1<:rC' te Hool' s labs 
may \)(' ('overed with ([,unp !-land as soon a~ the cancrd o has taken hnrd ~('t and tiwl1 k('pt W('t for one .1 
( ] ) \\'('ck. ()t.lwl' pr('c:!'uti()J1 s to insure' thorough cur ing of the concrete 8hnl1 1m tnkr I1 I>)' tlu' Contract.or ! 
:1.') directed hy t,hc Engin('('l'. 

54.25. Removal of Forms. In 01'<1('1" to lnak(' possihle t,he ohtn ining of n. ~f1.t,i:.;;;fn.('.tory Slll'fn.c0. J 
fini~h, forms 011 orll:1llwntnl work, rail ing:.;, para.ppt:;;., !lnd vC'J'tirnl surf:1('(';'i that do not carry load:-; and 
which will h(' ('xposrd in til(' fi.nishrci work shnllu(' rrmovNI in not Ic:::,s than twplv{' ( 12) nor more than 
fort~·-pight (48) h01lrs, d<'pending upon wpatlwr condit ions. Forms under slnhf-', beflm:.;, girdrrf-', :lnd 
arches shall rr lll:'Lin in pln ('(' nt. k:1st t.\\'('nty-onc (2 1) dnY:-i in Wfl.rm wPftther, and in ('old w('f'LtlH'r n.t t.lw 
di:-icl'rtioll of the Engineer. Forms shall :dw:1Ys hr n'ITlovcd from columns ]wfol'c l'Pllloving shoring 
from j)(,l1ea.th heams find giniPl':-; , in order to d(,tf'l'milH' the conditions of colurnn conel'rte'. 

No form:-; whatrv(' 1' ~!tall he removrd nt any timr \\'ithout the cousrnt of the Engin('('r. Such COI1-

spnt shn II not r(,li cv<.' the Contracto r of responsibi li ty for the' sn.frty of the ·work. As soon as t he fOITHS 

an' I'PInovccl all rough plaers, haIrs, nnd porous spoh shall bp filled, flnd nil blots, wires, or oth('r ap­
pliances used to hold the forms nnd whieh pn:-;s through the concr<'tc shnll he cut. off 01' set bfl.ck 0 11('­

h:1lf (Y2) ineh i){'low t.he surface and til<' ends cov('fed with cement mOl'tfll' o f tlw 8:unc mix as lISCO In 

tli" hody of t he work. 

54.26. Finishing Concrete. All ('ollcl'rtc surface:.:; sha.ll be rensonably true and eV(,11, free from 
slant' pocket.s, exc('s$:.iv(' dcpl'c::;sions or pl'ojretions beyond the surface. The concrete bridge srats [tnd 
tops of walls a nd curbs shall be brought flush with the finished top surfnce and generally struck off 'with 
n. stra ight edge and flo[ttecl. Unle~s othcl'wi::;c specified the forms of nIl ornnmenta.i work, ra.iiings, pn.rn­
pC'ts and all exposed vertical slll'f:tc('s shall be removed as soon as snfety of the work will permit (usually 
in not 1(,8S thall 12 nor more than 48 hours) and any small cavities filled with mortar of the sam e mix, 
as usccl ill the concretr. The whole $:.urfncc shall then be rubbed with n wooden ftoat and clean water 
until fl.1l form marks nrc removed, iC:1.ving thr surface pln.in, smooth ancI uniform in color and appearancc. 
('('mcnt wnsh will not be nllow('(1. 

54 .27. Expansion Joint.s. Expansion :1ncl co nt l'flct.ion of concrete structures sil nJ I be provided for 
as shown on t.he plans. For Wfl.lls and lon~ n.l)Utmpnts, ('xpnnsion joint:"> sh:'LH be locntrd nt intcrntl:"l 
nGt. ('xcecding fOl:ty (40) fcrt for pbin wa.lIs, nor righty feet for reinforced wnlls . 1"0 be considered 
reinforced, thc longitudinal stccl sholl be at !cost ('quol to one-half (Yz) of one (I) per cent of the eross­
sectio nal 1l1'l'f'L of t.he wall. 

In pn.rfl.pct~, railings, ancl othel' light \York stlpC'rimposcd on heavy \York, t he cxpansion joints shrill 
be placed "t in tervals not exceeding twenty (20) feet. 

54.28. Basis of Payment. All concrete shall he classified os a nd measurecJ in accordance with 
lhe dimen~ion~ shown on the plnns unl('&.;:, changes nre oroel'cd by the E ngineer during construction. 
P ayment will be made at the cont.ract unit prices pel' cubic yard, for the several clnsses of concrete, 
complete in place which price shall intludr materials, forrns, falsewol'k, labor, tools, machinery and work 
in('id('nt.a.l thereto, except t hat l'('inforccrtwnt will be paid for ns a separat(' item. No allowance will be 
madr for cofT('l'dan1S, pumping, bracing, etc. 
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ITEM 55. TIMBER AND CONCRETE PILING 

Description. Piling shall consist of timber or concrete piles, rtf; mny he ;o;pecificci, made and 
pla,ccd in accord,anoc wit.h the dimensions and clcvn.tions required 01' incii cntcd, and in conformity with 
these speeificfLtions. 

The Contractor sldl be responsible for determining t he length of piles required, <'ither by driving 
kst pilrs, or otherwise' . 

(fL) Foundation Piles. Piles shall be used only in places where a minimum penetration of ten 
feet in firm materia.l or hn'nty feet in soft mn.tcrinl cnn be oht nincd and they shall hr dr:-;ignrd to sustain 
the totfLl load of the st ructure. Piling; slmll preferably be enclosed by pcrmanc'nt water-tight sheet 
piling;, with top sawed off nbout 1 foot hclow low water. The tops of pilc's shull he cut oft· level fLt the 
('I('vation indirn.trd on t h(' plans :tnd shall be embedded in the concrete footings at l('n~t one (1) foot. 
\VIH'1l ~lIhjc('t to tran:o::Yrr:"3(, forc('~, batter piles shall be driven in sufficient numher.'::' to I"('sist the trn.ns­
v('rsC" forceR without. ~~:-:.i:-:.tn.nce from the vC"rtical pile'S. For fOlln cl:\t,ion of n1'eh or movable bridges 
or hi1!:h nhutmcnt.<;; the pil('s sha.1l be completely embedded in firm earth, sand, or gr:n'el, \\-ilich will a.tTord 
p:ood la.ternl support . \Yh('ll this is impracticable, the soft tnatcrin.is sha.ll be excflxnted and repJn.ced 
wi th henvy r iprap for :::uch distance and depth as the plans indica.tc or Engineer directs. 

(il) Trestle Piles and Foundation Piles for Trestle Bents. Thcse piles shall be used only in places 
w11('l'o fl, minimum pCl1('trnt ion of 10 feet in firm ma.terial or 20 feet in soft material can be secured, pro­
"idc'd further thnt t restle piles 8hnll h"ve a penetration of not less thnn one-third (1/ 3) of thei r length. 
For foundat ion for t restle bents piles sh,,11 be cut off level, "pproximately threc (3) feet a.bove the ground 
dc'"ation und the cap rigidly secured by dowels or drift bolts. Trestle piles shall' be cut off level at 
t \'e e1ev"tion shown on the pbns and the caps secured as described nbove. If the cut-off is 10 feet or 
marc nbove the ground line, timber piles shall be braced by diagonal cross-bracing composed of 3" x 10" 
timbers secured to the piles by ')i" diameter bolts. 

Material aud Loading. (fL) Timber Foundation Piles. Piles may be of an)' species which will 
snt isfn.ctoriiy stand dri\'ing, and shall be cut from live, sou nd trees, shall be ~olid, close grained, and 
frce from defects such :15 in jurious ring shakes, large unsound or loose knots, decny, 01' other defects, 
wllit'h might materi ally impnir their strength. They shall be cut above the ground swell and have a 
uniform t aper, "nd shnll he free from short bends. A line elmwn from the center of the butt to the center 
of the t ip 81lfill lie wholly \\'ithin the body of the pile. Piles shall be cut when the " tP is down, and if 
req uired by the Eugineer ,11:1 11 be peeled soon after cutting. All knots shall be trimmed close to thc 
bod,' of t he pile. For round piles, the minimum diameter at the tip shall be 8 inches, anci at the butt 
shnll be 12 inches. The maximum diameter at the butt shall be 20 inches. Square piles shall be uniform 
in size, generally not Ie" than 10xlO inches for lengths up to 30 feet and 12x12 inches for lengths over 
30 fect. These pi les ,h:111 be submerged in water and the load to be assumed per pile shnll generally 
be 15 tons with a ma.xinnun limit of 20 tons. 

(b) Timber Trestle Piles and Foundation Piles for Trestle Bents. These piles shoji meet the 
requi rements for timber "Foundation Piles" except that they shall be of durnble t imber, peeled and 
clrin' ll to [t safe carryin g rapacity of at least 10 tons each) or more when so indicated on the plans. The 
species will, in general, be noted on the plans, but if not so noted it shfLlI be subject to the approval of 
the Engineer. It is prefemble that they be treated for preservation, impregnat ing t hem with not less 
thnn 12 pounds of creosote oil per cubic foot of t imber by a process approved by the Engineer. 

(c) Concrete Foundation Piles. Concrete piles shall be made of Class "A" concrete as herein 
specified, except that the concrete shall preferably be waterproofed by an integral method. 'The avernge 
dinmeter shull not be le5s than 12 inches and the diameter at the point not less than 8 inches. The 
lengt h shall not exceed thirty times the average diameter for piles driven through firm soil, and shall not 
exceed fifteen times the n""mge diameter for piles driven to rock through loose, wet soil or filled ground. 
When lateral support is ("'ficient so that the piles act as columns, they shall be designed as columns. 
Conercte piles when pl'operly designed, reinforced, and driven to refusal may be subjected to loads as 
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determined by tests or formula, but not to exceed 300 pounds, per square inch of total cross-section 
the smallest effective point, and generally not to exceed 25 tons each when used for movable spar 
arches, and high abutments, nor 30 tons each when used for other foundations. 

1. Precast Piles. These shall be made in accordance with the plans and the reinforcement sh' 
be accurately placed and rigidly secured in such manner as to insure its proper location in t he complet. 
pile. The concrcte shall be carefully placed, tamped, and spaded, care being used to fill every part 
t he form and to work the concrete around · and under the reinforcement without displacing it. T! 
piles shall be cast separately, or if alternate piles are cast in a ticr, the intermediate piles shall not I 
poured until four (4) days after the pouring of the adjacent piles. Piles cast in tiers shall be separau 
by tar paper carefully placed. The concrete shall be poured continuously in each pile. The complet. 
piles must be free from stone pockets, porous spots, or other defects and be straight and true to the for 
specified . The forms shall be true to line, buil t of surface lumber, and a one (1) inch chamfer strip shi 
be used in all corners; they shall be water-tight, and shall not be removed within twenty-four (24) hou 
after the concrete is poured. All exposed surfaces of the pile shall be given a "rubbed" finish. T 
piles shall be cured nt least 40 days at a temperature of not less than 40 degrees F., or 30 days at a teI 
perature of not Icss than 60 degrees F. Piles shall be at least 30 days old when driven. Great CD 

shall be taken that green piles arc not injured while curing by improperly supporting, handling, or trar 
porting them. 

When concrcte piles are lifted or moved they shall be supported at the "quarter-points," and th 
shall be so designed that the uni t strcsses produced by handling, as described above, will not exce 
650 pounds compression in the concrete nor 16,000 pounds tension in the steel. Thcy shall be provid 
with special reinforcement at the top and bottom to protect them from damage in driving. 

2. riles Cast in Place. When piles are cast in a strong met,,1 shell which is previously driv 
to refusal and which remains in place after the concrete has set, the safe loads when piles are complet. 
embedded in firm earth may be t aken the same as specified above for, driven reinforced concrete pil 
Piles cast in place without metal reinforcement shall not be used in water or in ground so soft, in eitl 
wet or dry condition, as not to give firm lateral support. No pile of this type shall be concreted UD 

all driving within a radius of six (6) feet has been completed, and care shall ,be taken that the piles, 
in no way disturbed until the concrete has become hard. 

(d) Concrete Trestle Piles and Foundation Piles for Trestle Bents. These piles shall meet t 
requirements for concrete "Foundation Piles." 

Driven Piles. All excavation of the foundation in which piles are to be driven shall be complet 
before driving is commenced. After driving is completed all loose and displaced materials shall 
removed from around the piles leaving a. clean solid surface to receive the concrete. 

(a) Driving Timber Piles. In driving, the tops of the piles, when necessary to prevent splitti] 
shall be provided with a metal collar. Metal shoes of an approved design shall also be furnished Wf 
ordered by the Engineer. P iles shall be driven within U-inch variation per foot of length to t he verti 
or battered lines indicated on the plans. They shall be driven to practical refusal, which is here und 
stood to mean, driven to such depth that,the last five blows of t he 2,000-lb. hammer freely falling 
feet upon the solid, unbroomed head of a pile shall not produce an average penetration greater than 0 

half inch for each blow. For other weights of drop hammers falling from 12 to 15 feet and for ste 
hammers, 't he penetration for practical refusal as above defined may be determined from the follow 
formulas: 

(a) Gravity Hammers. 

(b) Steam Hammers. 

WH 
S =---- --1.0 average for each of last five blows. 

20000 

WH 
S - ---- ----D.l average for each of last twenty blows. 

20000 
Ga 



Where S ~Penetration in inches. 
W ~ Weight of the falling hammer in pounds. 
H ~Height of fall in feet . 

. In case the above refusal cannot be obtained without injury to the pile or on account of the im­
practicable lengths required, the number indicated on the plans shall be increased until the maximum 
load coming on any pile shall not exceed its safe bearing capacity as determined from the formulas: 

P 

P 

2 W H 
-----Ifor gravity hammer. 

S/l 

2WH 
-----for steam hammer. 

S/O.l 

Where P ~ Load in pounds. 

For movable spans, arches, and high abutments the above loads shall be reduced 25 per cent. 

(b) Driving Concrete Piles. Driving large concrete piles will be covered by special specifications. 
Under usual condit ions (piles containing not over 2 cubic yards of concrete) they shall be driven with 
drop hammers weighing not less than the pile, or with double acting steam hammers the total weight 
of which is not less t han 2/3 the weight of the pile. In driving, the tops of the piles shall be protected 
by suitable cushions of wood, ropc, or other material so as to reduce the injury of the pile to a minimum. 
Metal shoes or points of an approved design shall be furnished when ordered by the Engineer. Piles 
shall go to rock or to pmctical refusal which is here understood to mean, driven to such depth that the last 
five blows of an 8000-1b. hammer freely falling five feet upon the solid head of a pile shall not produce 
an average penetration greater than one-third inch for each hImv. For other weights of drop hamn;ters 
falling from 3 to 6 feet and for steam hammers the penetration for practical refusal as above defined 
may be determined from the following formulas: 

Gravity Hammers. W H 
S - LO 

30000 

Steam Hammers. W H 
S ---0.1 

30000 

In case the above refusal cannot be obtained without injury to the pile or on account of the im­
practicable length required, the number indicated on the plans shall be increased until the maximum 
load coming on any pile shall not exceed its safe carrying capacity as determined by the formu las 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 extend to a good solid strat um. 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 
driven ,,-ithout jet, the same formula may be applied as in the case of driven piles. If jet pipes are em­
bedded in concrete piles thay shall be filled with cement grout of 1:2 mix. 

(d) Testing. If tests are called for in the contract, the Conductor shall submit a price per test 
for t esting piles. The number of tests to be determined by the Engineer (which in general will be one 
pile for each different condition of foundation encountered) . Tests shall be made by loading the pile 
to two times the working load witl;lOut exceeding a permanent settlement of U -inch in 48 hours, unless 
other,,-ise specified. In case the bearing capacity of "ny pile is found by test, or by formula if not tested, 
to be less than thc 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 . . 
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Basis of Payment. This work will be paid for at the cont ract uni t pri ce pCI' lineal foot for "Timber 
Piles" or ((Concrete Piles," as the case may be, complete in place, which price will include all materials, 
equipment, tools, labor and work incidental thereto. Payments will be made for the actual number of 
feet of piles left in place and no allowance will be made for the amount cut off or for any piles which arc 
not driven in accordance with the specifications, or ".. ordered by the Engineer anel accept"ble to him. 
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GENERAL SPECIFICATIONS FOR PLAIN AND REINFORCED CONCRETE BRIDG ES 

ITEM 56. GENERAL REQUIREMENTS 

56.1. General. The Contractor shall, during construction, adhere strictIy to the plans, as the 
strength of the finished structure depends upon this; and no change shall be allowed without the written 
authority of the Cou nty Engineer, or his Deputy. 

56.2. Types. (a) Culverts. For culverts requiring an area of waterway of 12 square feet or 
less; plain or reinforced concrete arches or circular culverts, reinforced concrete boxes, reinforced con­
crete pipe, standard corrugated metal pipe, standard cast iron water pipe, or vitrified clay pipe. 

For culverts having a waterway of more than 12 square feet; reinforced concrete slabs, plain or 
reinforced concrete arches. 

(b) Concrete Bridges. 

Span. 
10 to 20 ft ... 
14 to 55 ft ... 

Type. 
.. .............. Reinforced concrete slabs or arches. 

. .... Reinforced concrete T-beams, through or deck girders, 
arches. 

Greater than 65 ft .......... ...................... Reinforced concrete arches. 

(d) Roadways. In general, clear widths of roadways shall be as follows: 
For culverts-15 to 30 ft. clear roadway .. 
For bridges- 16 to 24 ft. clear roadway. 

LOADS. 

56.3. General. All parts of the structure shall be proportioned for the maximum stresses pro­
duced by the dead load , temperature, and live loads, with impact allowance added . 

56.4. Dead Loads. The dead load shall comprise the actual weight of the completed structure. 
The dead load used in figuring stresses must not vary more than five (5) per cent from the actual estimated 
weight made from the completed design. In estimating the dead load the following "pit weights shall 
be used: 

Steel.. 
Concrete .. H •••••• 

Earth fill (dry) .... . 
Earth fill (wet) ... . 

....... .. ........................................ 490 Ibs. per cu. ft. 
.......................... 150 Ibs. per cu. ft. 

100 Ibs. per cu. ft. 

Ballast... . ................................................ .. 
120 Ibs. per cu. ft. 
120 Ibs. per cu. ft. 
140 Ibs. per cu. ft. 
150 Ibs. per cu. ft. 
130 Ibs. per cu. ft. 

Macadam or Gravel ... 
Brick .... 
Asphalt Paving ..... 
Untreated Timber .. . 
Treated Timber ... 

54 Ibs. per cu. ft . 
60 Ibs. per cu. ft. 

56.5. Live Loads. Live loads shall consist of the following: 
For the floor and its supports a loid of 125 pounds per square foot of total floor surface or a typical 

truck weighing 15 tons, depending upon which gives the most unfavorable condition of loading. Each 
truck shall be assumed to have two-thirds of its weight on one axle, axles 10 feet between centers and 
wheels 6 feet between centers. 

The space assumed to be occupied by the truck shall be 20 feet long and 9 feet wide. For bridges 
having a width of roadway not exceeding 16 feet there shall be assumed one truck, and for bridges having 
roadw[1Y of more than 16 feet, two trucks. 
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56.6. Impact. On all concretc structurcs whcre the fill or hallast is less than two fcet in depth, 
an a llowance for impact shall be madc to the extent of twenty-five (25) per cent of all livc load strcsses. 

56.7. Loads to be Given 011 Drawings. T he dead loads and the assumed live londs uscd for the 
design of each structure sha ll be shown on the drawing or stress sheet. 

56.8. Distribution of Wheel Loads. (a) On Concrete Slabs. Each wheel 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 marc ... 

Area of Distribution. 
4 ft. 0 inches square. 
5 ft . 0 inches square. 
6 ft. 0 inches square. 

(b) On Stringers. For longitudi nal stri ngcJ'ti of steel or rei nforced concrete carrying concrete 
floor a.nd stringers spaced 4 ft. between centers, each intcrio'f stringer shall be designed to carry two­
thi rds of the full speclfico wheel londs, nnd when spaced 6 feet between centers each stringer siuLIl be 
designed to carry the full wheel loads which can come over it, and proportionally for othel' spacing. 
Each wheel lond shall be considered as applied to the stringer at a point. Outside stringers sha ll be 
designed to provide fully for the most unfa.vorable position of the live lond with the arrangements adopted. 

Note.- For usual condi tions outside stringers should not be placed inside the curb lines, and should 
have at least as much strength as interior stringers when the tipacing center to center is 40 inches ur more, 
and greater strength th.an interior stringers when the spacing center to center is less than 40 inches. 

(c) On Floor Beams Without Stringers. For bridges with concrete floor slab carried on floor 
beams without stringers, when spacing of beams is from 5 to 10 feet, each beam shall be assumed to carry 
t he full axle load. When spacing of beams is less than 5 fpet the portion of wheello:1cl on cach beam shall 
be represented by a fraction whose numerator is the spacing of beams in feet and the denominator is 5. 
These loads shall be assumed as uniformly distributed along the floor beam as follows : 

Depth of Ballast or Paving. 

8 inches or less .... 
Length of Distribution. 

............ ......... 9 feet. 
9 to 17 inches, inclusive .............................................. ....... . 10 feet. 

11 feet . 18 inches or more ... . 

ALLOW ABLE STRESSES. 

56.9. Modulus of Elasticity. The modulus of elasticity of steel shall be taken as 30,000,000 
pounds per square incl~, and of concrete as 2,000,000 pounds per square inch. 

Co-efficient of Expansions. The co-efficient of expansion of concrete, plain or reinforced, shall 
be taken as 0.000006. 

56.10. Allowed Unit Stresses. (a) Bearing. Compression applied to a surface of concrete of 
twice the load area: 

Bearing on Class A Concrete .. . 
Bearing on Class B Concrete ........................... . 
Bearing on Class C Concrete .. . 

(b) Compression. 

700 Ibs. per sq. in. 
560 Ibs. per sq. in. 
440 lbs. per sq. in. 

(1) 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 ....... .. 

iO 

450 Ibs. per sq. in. 
360 Ibs. per sq. in. 
290 lbs. per sq. in. 



(2) Compression in extreme fibers of beams and slttbs. 

Class A Concrete... 650 Ibs. per sq. in. 
Adjacent to supports of continuous beams. . 750 Ibs. per sq. in. 

(c) Shear and Diagonal Tension. Shear (diagonal tension) in concrete when no reinforcement 
is provided. 

Class A Concrete ... . 40 Ibs. per sq. in. 

Shear (diagonal ten:s ion) in concrete when reinforcement is provided for shear in excess of 40 lbs. 
per sq. in. 

Class A Concrete ... 100 los. per sq. in. 

In ben.ms with web reinforcement ~ecurely attached to the longitudinal bars in the tension side of 
the beam in such a way as to prevent slipping of the bar past the stirrup, 120 Ibs. per sq. in. 

(d) Bond. Bond stress between concrete a.nd plain reinforcing bars: 

Class A Coneretc ... 
'''hen dC'fol'mecl bar~ are used ... 
In case drawn wire is used ... 

80 Ibs. per sq. in. 
100 Ibs. per sq. in. 
40 Ibs. per sq. in. 

(e) 
10,000 

Tension. No allowance for tension in concrete will be made. 
Ibs. per sq . in. 

CALCULATION OF STRESSES. 

Tension in reinforcing steel, 

56.11. Span. In the calculat ion 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. Initial Stress in concrete due to a contraction or expansion shall be neglected. 

56.13. Assumption for Calculations. The following assumptions shall be used as a basis of cal­
culations: 

(a) Calculations shall be made with reference to working stresses and safe loads, ra ther than 
with reference to ult imate strength and ult imate 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 in beams is therefore rectilinear. 
(d) In calculating the moment of resistance of beams, the tensile stresses in the concrete are 

neglected. 
(e) The adhesion between eoncrete and reinforcement is perfect. Under compressive stress the 

two materials are therefore stressed in proport ion to their moduli of elasticity. 
(f) The ratio of the modulus of elasticity of steel to the modulus of elasticity of concrete is taken 

at 15. 

56.14. Beam and Slab Formulas. 

(a) Simple Beams. For simple beams, such as slabs used for one span bridges, the moment M 
for uniform load shall be 11 = 1/ 8 wi'. 

(b) Fixed and Continuous Slabs. For slabs fixed at the ends and continuous over interior T-beams 

or girders, the maximum momerit for uniform load shall be taken as M = 1 wi' ~ 
12 

In the case of beams and slabs eontinuous for two spans only, with their ends restrained, the bending 

moment both at the central support and near the middle of the span shall be taken as wi' for uniform loads. 
10 
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56.15. Depth of Beams. The depth of a beam at any section is the di,tance fl'om the cOll1pl'esoive 
surface to the centroid of the tension reinforcement. 

56.16. Maximum Shearing Unit Stress. The mn.ximum f:>hcn.ring unit ~trcss in hf'mn:-; is t il e 
tot,,1 sheaI' at t he section divided by thc prod uct of the width of the scct ion and the distance hetween 
the cent.roids of comprc:-:..sio J) find trl1Sioll) jd . This maximum ~h<:nring unit strcs~ is to be used in place 
of diagonal tension strC';-iS in cnlculntions for web stresses. 

6 17 S . f S . F ·f I I· 'b I I I· S - 3f,jd A, 5.. pacmg 0 • hrrups. j or L1lll orm y (lstn utcc ont lI1g, . . 
\Y ( J-2x) 

For any loading, S Where: fs =t.ensilc uni t strcss in stcel, d - <kpth of beam, top to center 
2V 

of steel) j = l':1tio of lever arm of resisting couple to depth "<1/' A =ar('a of reinforcing steel, V = Totnl 
Shear, W - uniform load per lineal foot, L -span length, X -distance from left support to point under 
consideration. 

From the nhovc formulas it is evident that the nece;;sary spucing of ~tirrups i~ inversely proportional 
to the totul shear V at any point. 

56.18. Bond Unit Stress. The bond unit stress is equal to the ycrlieal shear divided by t he 
product of the toial perimeter of the reinforcement in tile tension :side of the be.un time~ the distance 
between the centroids of eomprcs:::ion and tension, jd. 

56.19. Shear Allowance 011 Web. Properly reinforced web., will be allowecl an average shearing 
stress from vertical sheur three times as high as a plain, unreinforced web. 

56.20. Floor Slabs Supported Along Four Sides. For uniformly distributed loads on square 
slabs, one-hulf the live and dend load may be used in the calculations of the m.oment to be used in ea.ch 
direction. For oblong slabs, the length of which is not greater than one and one-half tirnc:; the width, 
the moment to be resisted by the transverse reinforcement may be found by ratio of the live and dead 

I 
load equal to that given by the formul a I' -- - 0.5, where I -length, ancl b - breadth of sbb. The 

b 
longitudinall'cinfol'ccment should then be proportioned to carry the remainder of the load. 

56.21. Reinforced Columns. Provision must be made in reinforced columns for eccentric IO:lding, 
jf any. Propel' provision must also be made at the bottom of column:; fur tensile stresses, if any, nncl 
for the dist ribution, by ll1Cnll~ of bearing plates or othen\'ise, of the eompl'cs.::livc stI'CS.::lC8 borne by the 
reinforcement. 

56.22. Temperature Stresses. Tempera.ture stresses shall be <.:alculatcd in conerete st ructures, 
where the structure C:1nnot expand and contract frecly, for :1 variation of not less thn.n 60 degrees Fa.hr­
enheit. 

CONSTRUCTION DETAILS. 

56.23. Joints. Concrete construction sha.ll , when possible, be cast in one operation. \Vhen 
joints arc neCCStiary, tltey tihall be so located as to have the lea,t po" ible etTect on the strength of the 
structures. 

Joints in columns ~hall be made flush with the lowel' side of the grid(~rs. 
Join t.":i in gridcrs :.::hn ll be made at a point midway between support~, but ::;hould a beam intrl'scct the 

girder a t t his point the joint shall be offset a distance equal to t,,-ice the width of the beam. 
Joints in the members of a floor system shall in general be macle at or ncar the center of the span. 
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Joints in columns slin,ll be pcrpendicular to the axis of thc column and girders, beams and floor 
slah~ perpendicular to tIl(' pl:tnc of their surfaccs. 

Girders ::;hall not be constructed ovcr freshly formed colurn,ns without permitting a period of at 
l('asi two hour:") to elapse, thu:-; providing for settlement or shrink:lgc in the coltllllns. 

56.24. Contraction of Joints. In massive work, such as reta.ining walls, abutmrnts, etc., built 
wit,bout l't'i nfol'('(' IlH'llt, ('ontr:wtion joints sh[lll he provided at intervals of 25 to 50 fed,. and with rcin­
forc(,JlH'llt from 50 t.o SO feet (t.he sIl1:1.11er the height and thickne.ss, the closer the :o::.pncing throughout 
t he length of t,he 't ructure). The joints shoulrl be tongued and grooved to maintain the alignment 
in C:lSC of um'qual setth'ment. 

Contract.ion joints ~hall be lubricated by an application of petroleum resirluum oil or a similar 
material, so as to permi t. :), free movement at the joints when the concrete expands or contracts. 

56.25. Splices in Reinforcement. Whenever it i" necessary to splice tension reinforcement the 
length of lap shull be determinerl on the basis of safe working bond stress, the stress in the bar and the 
shearing resistance in tll(' concrete at the point of splice ; or a connection shall be made between the bars 
of su fficient strength to carry the stress. Splices at points of maximum stress shall be avoided. 

In eoiumns, bars more than %/f diameter, not subject to tension, shall be properly squared ~nd 
butted in a suitable sleeve. Smallcr bars may be treated as indicated for tension reinforcement or the 
stress l11[lY be carried by embedment in large masses of concrete. 

At founciations, 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 t.he steel to the concrete by means of the 
ben ring and bond resistnnce ; in no case shall the ends of the bars be permitted merely to rest on t he 
concrete. 

56.26. Tee Beams. In beam and slab construction an effective bond shall be provided at the 
juncture of the beam and sbb. 

(a) When the principal slab reinforcement is parallel to the beam, t ransverse reinforcement shall 
be used, extending OHr ttle beam and wcll into the slab. 

(b) When adequate bond and shearing resista nce between slab and web of be<1m is provided, this 
slab may be considered ," an integral part of the beam, but its width shall be determined by the follow­
ing rules: 

(c) It shall not exceed one-fourth of the span length of the beam. 
(d) Its overha nging width on either side of the web shall not exceed three times the thickness of 

the slab. 
Beams in which the tee form is used only for the purpose of providing additional area of concretc 

:::;hnll have fl width of fhngc not more than three times the width of the stem, and a thickness of flange 
not less t.h'lIl one-thi rd of the depth of the beam. 

1'ee beams acting :1.S continuous beams shall have consideration given the tensi le and compressivc 
stresses at the supports . 

56,27, Floor Slabs . Floor slabs having the supports extending along the fo ur sides should be 
designed and reinforced :1:5 continuous over the supports. If the length of the slab exceeds one and 
one-half times its width , the entire load should be carried uy transversc reinforcement. 

In placing reinforcement in such slabs account may well be taken of the fact that the bending moment 
is greater nea.r the cent eI' of the slab than near the edges. For this purpose two-thirds of the calcubtecl 
moments may be assumed as carried by the ccnter half of the slab and onc-third by the outside quarters. 

The tot,al thicknc8S of " slab shall not be less than 1/ 30 of the slab span in the direction of the prin­
cipal reinforcement nor less than foul' inches. 

Square slabs shall be reinforced in both directions. 
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56.28. Compression Reinforcement. Where beams are reinforced on the compressive 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 com­
pressivc reinforcement must extcnd sufficiently beyond the support and beyond the point of inflection 
to develop the requisite bond strength. 

For cantilever and restrained beams full tensile stress exists in the reinforcing bars at the point of 
support, and the bars must be anchored in the supports sufficiently to develop this stress. 

56.30 Anchorage of Bars. Ends of reinforcing bars must be secured against slipping, either 
by depending upon the bond, in which case the length of the free ends shall not be less than 48 diameters 
of the rod for plain rods or 40 diameters for deformed rods, or by bending the free end through 180 degrees 
to a radius of 4 diameters of rod, or by an anchorage consisting of t he free end being upset and provided 
with a nut and washer. The free ends of stirrups, where the beam has no top reinforcement, may be 
turn cd closely through 360 degrees for this purpose. At points where top reinforcement exists the free 
ends of the stirrups shall be wound around the bars approximately one and one-half t imes. 

56.31. High Bond Resistance. Where a high bond . resistance is required the deformed bar shall 
be used. 

Adeq uate bond strength throughout the length of the bar shall be preferred to end anchorage, but 
as an additional safeguard such anchorage may be used. 

56.32. Beams and Girders. The minimum width of web, in beams or girders, shall not be less 
than one twenty-fourth (1/24) of the span. 

56.33. Spacing of Reinforcing Bars. The lateral spacing of parallel bars shall not be less t haI).. 
three diameters from center to center, nor shall the distance from side of beam to nearest bar be less 
than two diameters. 

The clear spacing between two layers of bars shall not be less than one inch, and the distance center 
to center of layers shall not be less than three diameters. 

The spacing of small bars shall not be so close in either direction as to prevent the passing of concrete 
between the bars. 

Two layers of bars crossing each other may be in contact, and in this case the bars forming the main 
reinforcement shall be placed outermost. 

56.34. Number of Layers Permitted. The usc of more than two layers of reinforcing will not be 
allowcd, unless the layers are tied together by adequate metal connections, particularly at or near points 
where tbe bars are bent up or down. 

56.35. Web Reinforcement. Web reinforcement, if vertical, shall be looped around the horizontal 
reinforcement. II the reinforcement 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 reinforcement 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 used to act in 
combination with the bent up rods. 

56.37. Stirrups. The longitudinal spacing of stirrups or diagonal members, or the distribution of 
the points of bending adjacent bent up bars shall not exceed three-fourths of t he depth of the beam. 
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'Vhere negative moment exists, M 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. Colunms. Columns are compression members of which the ratio of unsupported length 
to least width exceeds four, and which arc provided with reinforcement of one of the forms hereinafter 
described. 

(a) Ratio of Length to Width. The ratio of unsupported length of column to its least width shall 
not exceed 15. 

(b) Effective Area. The effective area of hooped columns or columns reinforced with structural 
shapes shall be taken as the area within the circle enclosing the spiral or the polygon enclosing the 
structural shapes. 

(c) Composite Columns. Composite columns of structural steel and concrete in which the steel 
forms a column by itself sl",ll not be classified as a reinforced concrete column. 

When this type of column is used the concrete shall not be relied upon to t ie the steel units together 
.. or transmit stresses from one unit to another. 

(d) Spacing of Colunm Reinforcement. In columns having longitudinal reinforcement only, 
the rods shall be securely tied togethcr at intervals not exceeding 20 diameters of the rod. In columns 
having circumferential reinforcement the clear spacing of such shall not exceed 1/ 6 the diameter of the 
enclosed column, and preferably be not greater than 1/ 10 and in no case be more than 2)1 inches. 

(e) Hooping. Hooping shall be circular and the ends 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 one per cent 
of the enclosed column. 

Hoops or bands shall not be counted on directly as adding to the strength of the columns. 

(I) Longitudinal Reinforcement. In all cases longitudinal reinforcement shall be assumed to 
carry it. portion of stress in accordance with Paragraph 44.1. This reinforcement shall be straight 
and have sufficient support to be held securely in place until the concrete has set. 

56.39. Special Reinforcement. Slabs reinforced for strength in one direction 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 three 
cla:>;;es of concrete known as Class A, Class B, and Class C. 

(a) Class A Concrete. Class A Concrete shall be composed of 1 part Portland cement, 2 parts 
fine aggregate, and 4 parts coarse aggregate. 

(b) Class B Concrete. Class B Concrete shall be composed of 1 part Portland cement, 2)1 parts 
fine aggregate, and 5 parts coarse aggregate. 

(c) Class C Concrete. Class C Concrete shall be composed of 1 part Portland cement, 3 parts 
fine aggregate and 6 parts coarse aggregate. 

56.41. Nature of Concrete Materials. Cement, water, fine aggregate and coarse aggregate shall 
be as specified in Paragraph 54.7 to 54.13, inclusive. 
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56.42. Concrete Reinforcement Bars. The reinforcement shall merl the requirements specified 
under Item 14. 

56.43. Material for Piling. The m<tterittl for pilin~ shall meet the requirements specified under 
Ttrm 55. 

56.44. Material for Forms. The material to he used in the forms shall Illeet thc rcquiremcnts 
of Pn,l'agraph 54. 15. 

56.45. Use of Classes of Concrete. (a) Class A Concrete. All reinforccd concrete, and all 
plain COl1(; J'ctC masonry men~uring less than 10 inche::; in thickness, except for the floors of steel bridges, 
:-:;hall be of Cln~s A conel'pte llnl(' ~:-; otheJ'w i ~n shown on the drawings or di rected in writing by the Eng;incer. 

(b) Class B Concrete. Unless ot.henvise specified, Cb '5 13 Concrete shall he used in all plain 
concrete abutments, picl's, and wi ng walls, and shall also be used elsewhere as may be provided for on 
the plans or by the writ.ten direction of the Engineer. 

(c) Class C Concrete. Closs C Concrete shall be used in all unreinforced footi ngs and at all other 
ploces provided for on the pinns or specified in writing by the Enginee!'. 

i\IIXING AND PLACING CONCnETE. 

56.46. Unit of Measure. The unit of Illc a~ure shall be the cubic foot. A bag of eelllent con­
taining \)4 Ibs. shall be eonsidCJ'ed one cubic foot . 

The measurcrncnt of fine and COftl':;C aggregate shall be by loose volume. 

56.47. Devices for Measuring Material. The devices for measuring material shall be as specified 
III Paragraph 54.16. 

56.48. Consistency. The consistency of the concrete shall be as specified in Paragra.ph 54. 17. 

56.49. Mixing and Placing Concrete. The Cont~actor shall mix and place the concrete in strict 
accorda.nce with the requirements of Para.graphs 54.19 to 54.22, inclusive. 

56.50. Instructions Regarding Plain Concrete. For plain concrete auutmentti, reta.ining walls , 
ctc., the following instructions shall be fo llowed : 

(1) Each laycr must be left rough to insure bonding to the layer above; and if it be already set, 
shall be thoroughly cif'n ll('d and scrubhed with coa.rf:(' brushes and water l)('fo1'e the next layer is placed 
upon it . 

(2) Concrete shall be deposited in the forms in layers of such thickness and posit ion as sh,,11 be 
specified by the Engineer, but in no case shall work on a section stop within 18 inches of the top. 

(3) Temporary planking shall be placed at encLs of partial layers so th"t none shall run out to a 
thin edge . In general, except in arch work, all plain concrete rnust be deposited in horizontal layers 
throughout. 

(4) The work shall be c:ll'ried up in sections of cOllvenient length anel each section completed 
without intermission. 

56.51. Instructions Regarding Reinforced Concrete. In placing reinforced concrete it is desirable 
to c:ust the entire structure at one operat ion. vVhcncver this is not possible on a.ccount of the size of 
the structure , joint:::; :::;hould be made in stich places as to ha.ve the least effect on tile strength of the 
structure . See Parngra.ph 54.23. 

56.52. Arches. The centers of arches must be lowercd sufficiently to allow all the arch ring to 
assume its 11crmanent set bcfore the spandrel walls arc poured, in order to reduce the possibilities of 
cracks in spandrel walls due to excessive settlement in the arch ring crown. 
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56.53. Protection of Concrete. The .Contractor shall prot,ect the concrete as 'peeified in Par:t­
[(rnph 16.20. 

56.54 Removal of Forms. Forms shall he removed n.s specified in Paragrn,ph 54.25. 

56.55. Defective Work, Any defective work discovered nftcr the forms h:1\'c been removed, 
shnll be remedied as specified in Pn.ragraph 3.24 :lnd 54.25. 

56.56. Finishing Concrete, The Contractor ,hall finish the co ncrete as specified III P'1r~gmph 
54.20. 

56.57. Instructions Regarding Miscellaneous Auxiliaries. SidcwfLlks nncI curbing, drninugc 
and wcr}) holes, pipes nncl conduits, n.n chor~, holt.s, g;ril!n.~(,s, watc'J'proofing, nnd refillinp; f-;hall be oon­
gtru ctcd a nd placed as indica.ted on plans 01' fl,') direct.ed hy the E ngineer. 

EXPANSION DEVTCES. 

56.58. General. Unless otherwise shown on the plans, n.1l reinforced cOl1rJ'C'k through or d('ok 
girder bridges, chtsscd a nd drsignC'd rts unrrstrainrd stru ctures sh:-tll be provided with eX1Xtnsion rockers 
nt one end of each span, sec Item 54.27. 



STEEL SUPERSTRUCTURES 

ITEM 57. GENERAL REQUIREMENTS 

57.1. Use Of. In f?,'r11 ('r:li , plnn:-i fo r st('c \ h ridp;cs will not be npprov('ci (' x c~p t fo]' structures 
spann i n~ na viga hl e (' 11 :ln ])(' ls, :ln d fol' locat. ions w l1 ('1'(, t.lir cost of ('.o J) nC't c st ructuJ'f':-) would be p rohibitivp-, 

57.2. Materials. 
will be used for riv(~ts. 

drnwbridg( · machinery. 
E ngin eer . 

Hollpd structurnJ steel will be used in gcncmi for a ll structures. Rivet st eel 
C:l:-it :-itcr} will br t1srd fo l' shops of IOlll!; plate' gil'drJ's [tn d imporl .;lnt d ctaiis of 
C:1 :">t iron may be used for minor detaib upon the wl'itk n nppl'ond of the 

57.3. Types of Bridges. The follml"ing types of bridges arc preferred : 
For spa ns " p to 30 feet-Holkd beams. 
For !-ipnns :30 to 80 f('Pt-Plnt e girder 0 1' l'iVf'tr-d trusses. 
For spa.n :'-l 80 to ] 80 fcrt- Riveted t ru:o;s('s. 
For ::; pnns on'l' 180 f('('t- Either riveted or pi n connec.:ted tn.l SSCti . 

T russes ::;ha.ll pr('f(, I'; \bl~' h:l\'(' :-\i ngh.' in ter:,cction web tiystelllti, and in through t russes t he hi p vert icals 
shall bc rigid mcmh('rs. 

Viaductti shall CO Jl :-i i,...;t, u=-,u :dl y, of :li tf' rnfltc towcr :;pan:; and free tipnllS tiupported 0 11 tJ'(I:;t\C bents. 
Howcver , neither longi t llti illn l n.or hori zontal hrll('i ng r-:h a ll bc used below high wn.tcr . 

57.4. D rawings. 'I'he County Enginc('\' will fu rnish designs, showing dctfl ils p refcl' l'('d wit h usual 
cond it ions. 

57.5. Alternate Designs . B idder . ...: may ~ubrn i t nitp rna te dc~igns will'n agrecable to thc Cou nty 
Engineer and when so p ro\" iclcd foJ' in the Not ice to Contractors. Alternate de~igns sha ll have as gl'Cfl t 
strength and gf'nera i meri t tls t he d(':-; i gn~ fu rn ished by the County E ngi necr. Bidders subrn.itting alter­
nate designs sha ll furn ish ::: t l'es.'3 shcrt~ nnd gf' )wrai plans wh ich shall show fi ll dimensions fi nd scctiona l 
a reas. 

57.6. Depth Ratios. '1'ru'8o, ' hnll prdprnbl.v have a depth of not I"" t.hon one-tenth of tbe spnn 
and pla te girders n. depth of not If'RS t h ~ n olle-twelfth of t.he span. If sh fl llowcr t ru:-;ses or gi rders nrc 
used , t he section sh<1 11 b(' in('rrar-:cd ~o thflt t.hf' Il1 f1X imUIll deflection will not be grcfltl"l' thn n if t.l lP above 
limit ing ratios had n ot bccn C'xcec<it'd. 

57.7. Size of Dra wings. All dra \yings ~hflll be 22;..:36 inches over ali, wi th n. margi n of 2 inches 
on t he left hand cci g<, and onf'-half inch Il1fl r g i n:-:. on thc otlH'1' ('dgoR. 

57.8. Approval of Drawings. Upon the occept""cc ,m d execution of the eontro.ct, the Contractor 
shall pl'C'pnl'C and fUl'ni f-i h St:1 l1cb rd 8 iu' "working drawings showing compirl(' details of a ll Pfll'ts of t.he 
st ructure. I3lue pl'in t~, in du p fi catc, of t he::;c dr fl.wings shall he submitted to th e Coun t.y E ngincC'l" for 
h is approval bcfore a ny material is ordered or \\'ork hegu n in the shop. All details sha ll be ~ubj ect to 
his modification or appronlL 

The Contractor a lone ~ha.ll be responsible for t.he correctnes.'S of the drawings, a lt hough the clr::\.\vings 
may have bcen approvcd by t.he E ngineer. 

57.9. Prints for the County Commissioners Court. After drawings have been approved, the 
Cont ractor sl",11 furnish the Cou nt,y Commi,,,ioners Court, without cost, three (3) complete sets of 
prints and two (2) sets of :111 shop bi lls. 

57.10. Dimensions for Calculations. The fo llowing dimensions shall be used in· designing steel 
superstructures : 
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Span of beam or J.~;irder , distance center to center of bearings. 
~1>Hn of tnlss, distance eenter to ccntcr of bearings or end pins. 
Rpnn of floor b('am, distance cC'nter to center of trusse~. 
Npan of stringcr, dist~\llee e{'nter to cc' ntel' of fioor beams (one panel length) . 
l) ('pt,h of j!.'il'dc' J' , tli tita.nee \)r t wcen ccnt('I'S of grnvi ty of flanges. 
Dppth of tru:::....." dbta nce bet.w('cn ecnkr::; of gr:l\' ity of chords or between c('ntr r::; of pin::;, 

57.11. Overhead Clearance. The oV<'r] l('ad clearance for bridges on a straight line ltnd having 
a IG-foot roadway , hall not be less !.Imn fourtc( 'n (14) feet for a dist ance of one-h alf !.Itp width of the 
rondwny. For roadway::; grc'atcr than :sixteen (IG) feet no more spuce shall be obstructed tha n is per­
miRRiblc for a. lG-foot roa.dway. 

57.12, The Width of Roadway for bridges on a straight line shall genemlly be not less th,w six­
teen ( lU) feet. If end spa ns or a pproaches of a bridge are on a curve the widt h sh,tl i be increased 
sufficiently to permit ~afe a nd {'nsy passage of vehicles. 

57.13. Minimum Distance Between Trusses, The distance between centers of tru,"es sh,,11 be 
suffi('ic'nt. to provide foJ' t.hl' ci cRignated width of roadway and shall in no case be less t han one-fifteenth 
(1/ 15) of the lengt,h of spun. 

57.14. Roadway Floor. For the roadway single thickness of floor planks sha ll he not less t han 
foul' (-I-) inch nominnl thiekn e:=.:.::;. It shn ll be ':aid to confo rm to the sect ion shown on t.he plan. 

'Ylwnrver n. solid Roar i ~ specifiC'd , it :shall be t he subject of specia l specifica.tions Of shall be in 
ncconlan C'{' with f{'quirrnwnts contained (' J ~cwher{' herein under " Roadway P avement ." 

Hou.gh plnnk shl:1 11 be cflrC'fl.llly grn.ded as to thickness before layi ng, and be laid so t hat no t wo 
ndjacen t. p lanks vary in thieknE'ss morc than one-sixteenth (1/ 16) of an inch. 

All floors shall be eut to :I , traight line along the sides of the roadway a nd walkway. 
Floor planks shall be laid heart side down wi th one-quarter Oi) inch openings :lnd be spiked to 

('ach str inger and nailing strip wi t h a t. least two seven (7) inch spikes for four (4) inch pla nk and two 
six (6) inch spikes for three (3) inch plank. 

57.15. \Vheel Guards. 'Voodell wheel guards having a cross-section not less thnn six inches by 
four inches shall be prm'ided on each side of th e roadway. They shall be spliced with half ,md Imlf 
joint s :llld six-inch Iup, The)' 8h:lll be separated from the floor planks by blocks three inches by sjx 
inchc~ , by twelve in c: hes long, spncr d not more tha n 1h'c feet apart , center to center, nnd fastened in 
place hy a five-eighths-ineh bolt passing through the center of each block and attached to t he stringer 
bplow. Earh block is nl~o to be fnstcneo to the wheel gua rd by one spike. 

57.1 6. Footwalk Floor. For the foot wa lk, if a ny, planks not less than two in ches in thickness 
shnll hE' provided, [lnd fi.rml~· nniled to the n ~1iling strips wi t h quarter-inch openings . All plankR shall 
b{' laid hea.rt side down. 

57.17. Position of Footwalks. Where footwalks are required they will generally be carried by 
steel ::.: tr ingeJ's on steel brackets outside of the mftin girders or trusses. 

57.18, Floor Stringers. Floor stringers will be steel I-beams unless otherwise specified on the 
drawings. 

" 'onden joists, w}lC'n allowed for floor stringers, shall have a. width of at least t hree inches a nd 11 

length gi" ing a bearing of the full width of t lte floor beams, and separated one-half inch at tho ends for 
free circulation of air. 

T It(' distance between centers of stringers sha ll in no case exceed twelve (12) times the thickness 
of flol>!' plank. 
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57.19. Proportioning Wooden Stringers. When wooden stringers are used, they shall be of white 
oo.k or long leaf Southem yellow pine of grade herein specified, and shall be proportioned for the sum of 
the dead and live loads, without impact, with a maximum fiber stress of 1200 pounds per square inch, 
bearing across 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 
in CiustCf$, knots gTe-atcr than one and one-half inches in diameter, worm holes, wind shakes, decayed 
or unsound portions, bark edges, wanes exceeding one-fifth of fa.ce and one-third of length, sap on morc 
than one edge or othcr defects impairing its strength or durability. The lumber shall be cut from green 
standing timber, straight grained, sawed true, a.nd shall be subject to the inspection and acceptance 
of the Engineer. 

57.23. Joists and Stringers. Steel joists shall be securely fastened to the floor cross-beams, 
and stecl stringers shall preferably be riveted to the webs of the floor-beams by means of connection 
(Ingles at least 7/ 16 inch thick. 

Where end floor-beams cannot be useq., stringers resting oil masonry shall have cross frames near 
their ends. These frames shall be riveted to girder or truss shoes where precticable. 

57.24. Fences. A fence of steel or iron, well made for its purpose, shall be placed on each side 
of the bridge, except where plate girders serve the same purpose, and be rigidly attached to the super­
structure. 

57.25. Trestle Towers. Each bent of high trcstlcs shall preferably be composed of two columns 
and the bents united in pairs to form towers, each tower thus formed of four columns shall be thoroughly 
braced in both directions and have struts both ways between the feet of the columns. All 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 alone. Tower 
spans for high trestles shall not be less than thirty feet . 

57.26. Bolts. Bolts may not be used in place of rivets except by 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 
of construction, the names of the State Highway Engineer, County Engineer, County Commissioners 
Court and the Contractor for the superstructure, shall be securely bolted to the superstructure at the 
point or points specified . 
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STEEL SUPERSTRUCTURES- Continued 

ITEM 58. LOADS 

58.1. Arrangement of Loads. All structures shall be designcd to carry thc dead load and live 
loads of the required weight, either uniform or concentrated as specified, so placed as to gi,'e the greatest 
stress in each part of the structure. The dead lond shall comprise the actual weight of the completed 
structure. Tlle dead land used in figuring stresses must not vary more than five per cent from the 
actual estimated weigh ts madc from thc completcd design. 

58.2. Assumed Loads Given on Drawings. The loads assumcd for the design of each structure 
shall be shown on the drawings or stress sheet. 

58.3. Dead Loading. The dead load is the weight of all mnterials in the structure assumed at 
the follow ing unit weights : 

SteeL 
Concrete .... 
Earth fill (sand and clay), dry . 
Earth fill (sand and clay), wet.. 
Ballast ... 
:Macadam or gravel, rolled ... 
Briele. . 
Asphalt paving ...... . 
Untreated lumber .... .. . 
Treated lumber ... .. . 

490 Ibs. per cu. ft. 
150 Ibs. per cu. ft. 
100 Ibs. per cu. ft. 
120 Ibs. per cu. ft. 
120 Ibs. per cu . ft . 
140 lbs. per cu. ft. 
150 lbs. pcr cu . ft . 
130 lbs. per cu . ft. 

4 Ibs. per ft . B. M. 
5 Ibs. per ft. B. M. 

58.4. Uniform Live Loads for Trusses and Girders. In designing all tru,"es a nd plate girders 
the followi ng uniform live londs, arranged in such position as to produce the maximum stress in the 
member or detall under con~iderat i on , shall be used. For sidc\valks use the same uniform live loads 
as for the roadway surface: 

Spans 100 ft. long or less, 80 pounds per square foot. 
Spans 110 ft. long, 78 pounds pCI' square foot. 
Spans 120 ft. long, 76 pounds per square foot. 
Spans 130 ft . long, 74 pounds per square foot . 
Sp(lns 140 ft. long, 72 pounds pCI' square foot. 
Spans 150 It. long, 70 pounds pcr square foot. 
Spans 160 ft. long, 68 pounds per square foot . 
Spans 170 ft. long, 66 pounds pCI' square foot. 
Spans 180 ft. . long, 64 pounds per square foot . 
Spans over 180 fi. long, 64 pounds per square foot. 

58.5. Concentrated Live Loads. The concentrated live load shall consist of a t ruck weighing 
15 tons. A truck shall be assumed to have two-thirds of its weight on one axle, axles 10 feet between 
centers, and wheels 6 feet between centers. 

The space assumed to be occupied by a truck shall be 20 feet long and 9 feet wide . 
Each steel and concrete bridge having a roadway of 16 feet or less shall be designed for one truck, 

and each concrete bridge haying a roadway of more than 16 feet shall be designed for two trucks of 
the weight specified . 

58.6. Impact. An allowance for impact shall be made to the extent of 25 per cent of all live load 
stresses. 
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58.7. Wind L<lad,. '1"1", li,p lateral bracing in deek bridges and the bottom latcral bracing in 
t hrough bridJ.!/ ·:-', :-: h:d! Lt; (k"j glll'fi to resist a lateral wind load of 300 pounds for each foot of span, a nd 
not less th:1Il l;jrJ IJ(IIJTJd .~. r;I',. linl 'nr foot of bridge for t he unloaded chord. All wind is considered as 
a moving load . 

58.8. Distrihution or IAiads on Stringers. (a) Wooden Floor. Fo~ bri~gcs baving a wooden 
flo or and IOllJ,!;itIJdir l:d :- I riflg( : r~: ~. pftccd two feet between centers, each interior stringer shall be design ed 
to carry oIH:-il:di (I f I.ht. fIJI! :-.:,)(·(:ificd wheel loads, ann when spaced t hree feet between cen'iers, each 
interior strinl.!;( ;r :~h:dl III' d(;:-I,i!4J,I:d to carry three-fourths of the full specified wheel loads which c~n, come 
OV: f it, a nd pr,l )rh rt i'lfl :JlI y f(lr (,ther spacing. Each wheel load shall be considered as applied ~o the 
strmger at a pOIJJI.. (;/ : rJr ; r~I, lI y , s t.ringers shall not be spaced less than 18 inches nor more than 27 Inches 
between cc nl<·r,~ . 

(b) Concrete FlOHr. F(JI' IllrJl!;i tudina l stringers of steel OJ' reinforced concrete carrying a concrete 
floor and s tl'i n g{~r;.; ~ " : I,( : ( :d fiJI/ I" (1 ) f<.:et between centers, each interior stri nger shall be designed to carry 
two-thirds of I.l", f,, 11 ' I'""ifi.·d w}, ,,<:1 loads and when spaceel six (6) feet between centers each stringer 
shall be dcsil!;1l1 ;d f./J (;arl''y t.iI {, filii -wheel loads which ca n come over it

l 
and proportionally for other 

spacing, Each Whf :l:j Ilmd ,:.; II:dl IJr! considered as applied to the stringer at a point. 
NOTE.- '()u(sidr; sl. l' ilJ~( :l's !-:hall be designed to provide fully for t he most unfavorable position of 

the live load JH)s~j! J I I : witb t.JH : arrangements adopted, For usual conditions outside stringers should 
not be placed illsid(: 1.1 ,1: (:1Jl'h jilJl:s and should have at least as much strength as interior stringers when 
spacing center 1,1, (;f:lltI :1' i,:,:, f( )fty (10) inches or more, a nd greater strength than interior stringers when 
the spacing cenlr:r tt, I;I' rl1.c: r is II~ss than forty (40) inches. 

58.9. Distrihution of Load, on Floor Beams Without Stringers. For bridges with concrete floor 
slab carried on st(:f:i n l ){ I r I,I::tlHS without stringers, when spacing of beams is from five to ten (5 to 10) feet, 
each beam shall I", "ss,,,,,,,d 1.<, "'''ry the full axle load . When spacing of bcams is less than five (5) feet 
the portion of w}u:,:! ll)ad IJIJ (::If:h \'I :am shall be represented by 3. fraction whose numerator is t he spacing 
of beams in fed . and tJlf : (klllJtfliliator is five. These loads shall be assumed as uniformly distributed 
along the' fl oor Iwalf! as f(Jllrl\Vs : 

D(!pth I)f Ballast (JI' Paving 

8 inti,,:s 11/' k :-is 
g t o 17 ill l:h/ :;.:., ilwhlsive ... 

Lengt h of Distribut ion. 

9 feet . 
10 feet. 

S8.10. Concrete FloorH. I" d"signing reinforced concrete floor slabs cach wheel load shall be 
conSIdered as ullIforlflly di sl.ri) ,ui.l:d over a four-foot square for a dept h of ballast or paving 8 inches or 
less and over a fiv( ;-f'J(J!. :-; '111:1.1'1,: fil l' a dept h of 9 to 17 inch es, inclusive. 
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STEEL SUPERSTRUCTURE5-Continued 

ITEM 59. UNIT STRESSES AND PROPORTION OF PARTS 

59.1. Permissible Stresses. All parts of structures shall be so proportioned that the sum of the 
maximum stresses produced by dead load, wil1d, live load, arid impact shall not exceed the following 
amounts in pounds per square inch except as may be modified in the succeeding paragraphs. 

Axial and bending tension on net section of: Lbs. per sq. inch. 

Structural steeL ...... 16,000 
Upset bars and rods where not annealed in accordance with specifications ............... .12,000 

Axial compression on gross section ... 

L ~ Unsupported length of member in inches. 
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 : 

Rivets and turned bolts in floor connections, shop and field 
Pins and shop rivets except in floor connections ... 
Turned bolts and field rivets except in floor connections .. .. 
Web of griders, net section... .. .. ....................... ....... ....... . 
Web of girders, gross section 

Bearing on: 

Rivets and turned bolts in floor connections, shop and field ....... 
Pins and shop rivets except in floor connections ... . 
Turned bolts and field rivets except in floor connections .... 
Expansion rollers, per linear inch ... " 

d ~ The diameter of the roller in inches. 
lVlasonry plates on Portland cement concrete ... 

L 
............................................ 16,000-70-

R 

. .... ................................... 16,000 
. .................. .... .............. .14,000 

........ 24,000 

. .......................... 8,000 
. .. . ... .12,000 
. ........ 10,000 
. ....... .12,000 

......... 10,000 

. ............ 16,000 
. .......... 24,000 

... 20,000 
600 d 

400 

59.2. Wind Stresses. For stresses in girder flanges, truss members or t restle columns due to 
wind pressure combined with those from dead load, live load and impact, the unit stresses given in the 
table lIIay be increased 25 per cent, but the section shall not be less than required for dead load, live 
load and impact. When the lateral forces alone or in combination with other forces can neutralize or 
rever5E' the stress in any member it shall be proportioned in accordance 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 the dead and live loads and impact. A horizontal force of 450 pounds per linear foot 
of span applied at the column cap and a lateral pressure of 100 pounds for each vertical linear foot of 
trestle bent. 

59.3. Radins of Gyration. Compression members shall have a ratio of length to the least radius 
of gyration of not luore than 125 for main members 01' 150 for lateral or secondary members. 

Horizontal or inclined tension members shall not be longer than 200 R for main members or 250 R 
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for bracing members, where R is the radius of gyrat ion about the hori zontal axis of the section, and 
the length considered is the horizontal length of the unsupported portion of the member or the hori zontal 
projection of inclined members. 

59.4. Alternate Stresses. Membct·s subject to alternate stress of tension and compression shall 
be proportioned for the stress giving t he larger section. If the alternate stresses occur in succession 
during the passage of the live load as in stiff counters, each stress shall be increased by 50 per cent of 
the smaller. The connections shall, in all cases, be proportioned for the sum of the stresses. 

Wherever the live and dead load stresses are of opposite character, only 70 per cent of the dead 
load stress shall be considered as effective in counteracting the live load stress. 

In t hrough t russes the two panels of the lower chord at each end shall be made rigid members if 
the wind load produces a reversal of stress in thc lower chord. 

59.5. Axial and Bending Stresses Combined. Members subject to both axial and bending stresses 
shall be proportioned so that the combined fiber stresses will not exceed the allowed axial stress. In 
members continuous over panel points, only three-fourths of the bending stress, computed as for simple 
beams, shall be added to the axial stress. The bendi ng moment at panel points shall be assumed equal 
to that at the center, but opposite in dircction . If the fiber stress due to weight and eccentric loading 
on any member exceeds 10 per cent of the allowable unit stress on the member, such excess must be 
considered in proport iori igg the members. 

59.6. Net Sections. Net se'ctions shall be used in all cases in calculating terision members, and 
hi deducting rivet holes they shall be taken one-eighth inch larger than the nominal size of the rivet. 
Angles subject to direct tery;iQl) must be fastened by boUt legs or only 75 per cent of the net section will 
be considered as effective. 

59.7. Rivets. The effective diameter of a rivet shall be the diameter of the cold rivet before 
driving. Rivets with countersunk heads shall be assumed to have three-fourths tbe value of corre­
sponding rivets with full heads. Long rivets carrying calculated stress and whose grip exceeds fo ur (4) 
diameters shall be increased one per cent in number for each additional onc-~ixteenth (1 / 16) inch of grip. 

59.8. F!ange Rivets. Rivets connecting flan~es to web plates shall be sufficient in number to 
t ransfer the horizontal shearing stress to the flange angles in a distance equal to the depth of the girder, 
and if the cross beams rest on the flanges there shall be ellough additional rivets to transfer the direct 
load to the web. 

Fla.nge angles with legs exceeding five inches in ,ddth shall haye at least two lines of rivets. stnggererl , 
In such legs. 

59.9. Net Section Through Pin Holes. Pin-connected riveted tension members skdl have a 
section through t he pi n holes 25 per cent in excess of the net section of the body of the member. Thc 
net sect ion back of the pin hole shall be at least equal to the net section of the body of the member. 

59.10. Chords of Long Bridges. Whenever the ratio of the length to width of bridge is such 
that the top chord acting as a whole makes a longer column than the segments of the chord , the cbord 
will be proport ioned for this greater length. 

59.11. Rolled Beams. Rolled beams shall be proportioned by the moments of inertia of their 
sections. Proper allowance shall be made for any reduction of strength of the tension flange. The 
"depth of tolled beams shall in no case be less tha n one-thirtieth of the span. 

59.12. Plate Girders. Plate girders shall be proportioned either by their moment of inertia or 
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by assuming that the flanges are concentrated at their centers of gravity; in the latter case one~ighth 
of the gross section of the web, if properly spliced to resist moment, may he used as flange area. 

59.13. Compression Flange of Beams and Girders. The gross section of the compression flange 
of beams and plate girders shall not be less than the gross section of the tension flange. Flanges of girders 
and built members without cover pl!1tes shall have a minimum thickness of one-twelfth of the width 
of the outstanding leg. 

59.14. End Stiffeners. P"'te girders shall have stiffener angles over end bearings, the outstanding 
legs of which shall extend n.s nearly as practicable to the outer edge of the flange angles. These end 
stiffeners shall he proportioned for hearing on the flange angles, and shall be so connected as to transmit 
the end reaction to the web. 

59.15. Intermediate Sti6"eners. The webs of plate girders shall be stiffened with angles in pairs 
at intervals not greater than the depth of the girder, nor exceeding six (6) feet. The spacing of inter­
mediate stiffeners for a distance of one-sixth of the length at each end of the girders shall npt exceed 
three-fourths of the depth of the girder. Stiffeners shall be placed at web splices and at points of con­
centrated loading. 

59.16. Webs and Covers. Plate girders shall preferably be built with cover plates, and the top 
cover plate shall e>.-tend the full length of the girder. If no cover plates are used the web plate shall 
project one~ighth (1/8) inch beyond the flange angles. 

59.17. Lateral Support of Compression Flanges. The laterally unsupported length of beams 
and girders shall not exceed forty (40) times the width of the compression flange. When the unsupported 
length (L) exceeds twelve (12) times the width (B) of the compression flange, the stress per square inch 

L '. 
in the compression fla~ge shall not exceed 20,200-350-, nor shall it exceed 16,000 pounds. 

B 
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STEEL SUPERSTRUCTURES- Continued 

ITEM 60. DETAILS OF DESIGN 

60.1. General Requirements. All parts shall be so designed that the stresses qoming upon them 
can be accurately calculated. 

60.2. Open Section. Structures shall be so designed that all parts will be accessible for inspection, 
cleaning, painting, and repairs, and to shed water and not retain d irt, dust, leaves, or other foreign matter . 
Wherever angles are used either singly or in pairs they shall be placed with vertical legs extending down­
ward. Closed sections shall not be used. After steel work is erected and painted any solidly enclosed 
pocket shall be fi lled with good Portland cement concrete so formed that water will be drained away 
from the steel work. 

60.3. Symmetrical Sections: Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members of 
trusses shall meet at a common point. 

60.4. Adjustable Counters. Rigid counters are preferred; and where subject to reversal stress 
shall preferably have riveted connections to the chords. Adjustable counters shall have open turn­
buckles. In a truss only one diagonal in any panel shall be adjustable. 

60.5. Splices and Connections. The splices in compression members shall be located as near 
the panel points as practicable. Splices in compression members, in a straight line and not subject 
to bending, having milled joints and the abutting ends held in close contact on four sides, shall provide 
at least seventy-five (75) per cent of the 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 less, 
the kind of stress to which the member is subjected being considered. 

60.6. Minimum Thickness of Metal. In general, the minimum thickness of metal shall be five­
sixteenths (5/16) inch except for fillers. The thickness of metal for countersunk rivets shall not be 
less than one-half (Y2) the diameter of the rivet used. The webs of beams shall not be less than one­
quarter (%;) inch thick and the webs of channels, except where same are used in handrails, shall not be 
less than 22/ 100th of an inch in thickness. The minimum size of angles allowed in all main members 
shall be 3"x2Y2"x5/ 1G". When used as latticing or as the web members of a handrail, angles as small 
as 2"xl Y2"x7,1" may be used. 

60.7. Size of Rivets. Rivets of % -inch and 7/ 8-inch diameter shall generally be used in certain 
approved cases, however, 5/ 8-inch rivets will be allowed in t he flanges of channels or in small angles. 
In no cases, except for fences, shall shapes be selected t hat do not permit of 5/8-inch rivets being used. 

60.8. Pitch of Rivets. The minimum pitch shall be not less than t hree diameters of the rivet 
and preferably not less than the follo,ving: 

For 7/ 8-inch rivets, minimum pitch-3 inches. 
For 3/ 4-inch rivets, minimum pitch-2Y2 inches. 
For 5/8-inch rivets, minimum pitch- 2%; inches. 

The pitch of rivets in the direction of the stress shall not exceed six (6) inches or sixteen times thick­
ness of thinnest plate Or angle. For angles with two gauge lines and rivets staggered the maximum 

.,,- shall be ten (10) inches in each line. 

So 
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60.9. Stitch Rivets. Where two or more plates are used in contact, they shall be held together 
by rivets spaced not exceeding ten (10) inches in either direction; the rivet lines being at right angles 
to each other, provided such rivets serve no other purpose than to hold pieces in contact. Tension 
members composed of two angles in contact shall be stitch riveted using a pitch not greater than twelve 
(12) inches. 

60.10. Edge Distance. The minimum dist ance from the center of any- rivet hole to a sheared 
edge shall be: 

172 inches for 7/ 8-inch rivets. 
I%; inches for 3/4-inch rivets. 
1 1/8 inches for 5/8-inch rivets. 

For rolled edges, except fl anges of I-beams and channels: 

I %; inches for 7/8-incl, rivets. 
1 1/ 8 inches for 3/ 4-inch rivets. 
1 inch for 5/ 8-inch rivets. 

The maximum distance from any edge shall be eight (8) times the thickness of the outside plate, 
but shall not exceed five (5) inches. 

The diameter of the rivets in any angle carrying calculated stress shall not exceed one-quarter 
(%;) the width of the leg in which they are driven. In minor parts 7/ 8-inch rivets may be used in three 
(3) inch angles, and % -inch rivets in two and one-half (272) inch angles. 

60.11. Fillers. Rivets cnrrying 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 com­
pression members shall not exceed four (4) diameters for a lengtb equal to one and one-half (l72) t imes 
the maximum width of the member. Beyond this point the rivet pitch may be gradually increased for 
a length equal to one and one-half (172) times the maximum width of the member until the maximum 
spacing is reached. 

60.13. Compression Members. In compression members, the metal shall be concentrated as 
much as practicable in the webs and fl anges, and the center of gravity of the section brought as near 
the center line of the member as practicable. Thickness of webs shall not be less than one-fortieth 
(1 / 40) of the distance between their connection to the flanges and thickness of cover plates shall not be 
less than one-fortieth (1/ 40) of the distance between the nearest rivet lines. 

60.14. Tie Plates. The open sides of compression members shall be latticed and shall have tie 
plates as near the ends as prncticable and at intermediate points where the lattice is interrupted . End 
tie plates shall h,we a length eq ual to the width of the member on the connected side and intermediate 
ones not less than one-half (72) thie 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-fourtb (%;) inch . 

All sections of built tension members shall be stayed at or near the ends by the plates having a 
length at least equal to the greatest width of the member, with a rivet spacing of the preferred minimum, 
and between the end tie plates by t ie plates having at least two rivets in each end . Tie plates shall 
be spaced not more than three (3) feet between centers. The thickness of tie plates shall be not less 
than one-fiftieth (1/50) of the distance between rivet lines, and minimum thickness shall be 5/16 inch. 

The minimum widths of lattice bars and sizes of rivets, are as follows: 
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For 15-inch channels, or built sections wi th angles largcr than 3-inch angles, 2)1x)1-inch 
"ar, 7 IS-inch rivets. 

For 12, ] 0, 9 and 8-incll channels or built sections with 3- and 2)1-inch angles, 2)4x3/8-inch 
bar, ~-inch rivets. 

For 7-inch channels, 2x;.i-inch bar, 5/ S-inch rivets, 

Single lattice bars shall have an inclination of appro~imatcly 60 degrees with thc axis of the main 
member and shall have a minimum thickness of ono-fortieth of the distance between rivets , connecting 
them to the member. \Vhen the distance between rivet lines exceeds 15 inches, double 1n.ttice bars with 
an inclination of approximately 45 degrees shall be used. The minimum thickness sl1:111 be onc-fiftieth 
of the distance betwccn thc rivets connecting them to the membcr and thcy shall bc riveted at the 
intersection. 

60.15. Pins. No pin shall havc a diameter less than 3)1 inches or Icss than three-fourths the 
width of thc widest eycbar connected thercto. Pins sh,,11 be placed as nearly in the neut",l axis of the 
member as practicable. Pins up to seven inches in diameter shall be made of rolled steel. Pins sludl 
be long enough to insW"e a full bearing of all parts connccted upon the turned body of the pin. Thcy 
shall be secured by hexagonal recessed nuts. The screw ends sMII be providcd with cottcrs to prevcnt 
the nuts from becoming dislocatcd. At the option of the Engineer, thc screw end of pins may be of 
sufficient length to admit of bnrring the threads. All pins shall be supplied with pilot nuts for use during 
erection. 

60.16. Pin Plates. Pin holcs shall be reinforced by plates if necessary, and at least one plate 
shall be as wide as the flanges will allow and be on the same side as the angles. These reinforcing plates 
shall contain sufficient rivets to distribute their portion of the pin pressure to the fu ll cross-sections of 
the member and at least one plate on each side of the member shall extend not less tha.n six (6) inches 
beyond the tie plate. 

60.17. Shape of Nuts. Nuts for pins shall be recessed and shall be hexo,gonal in shape. All 
other nuts and the heads of bolts shall be square. 

60.18. Packing. Eyebars shall 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) feet. They shall 
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 Splices. Where splice plates are not in direct contact with the parts which they 
connect, rivets shall be used on each side of the joint in excess of the number theoretically required to 
the 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 shall be proportional to the stress to be transferred, due allowance being made for eccentricity of 
connection. 

60.21. Forked Ends. Forked ends of compression members shall have a total compression strength 
twenty-five per cent greater than that of the body of the member. 

60.22. Compression Splices Milled. The surfaces of all compression members shall be truly 
faced. Joints in compression members shall be spliced on four (4) sides. . 

60.23. Colunm Ends Milled. Columns of trestle bents shall have the ends milled to take bear­
ing; and the holes for anchor bolts slotted for the proper amount of expansion and contraction. 
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60.24. Width of Trestle Bents. The distance between column ceniers at ihe top of a bent shall 
not be less than the eleCtr width of roadway. 

60.25. Expansion. Provision for expCtl1sion to the extent of one-cighth (1/ 8) inch for each ten (10) 
feet of length shall be m,,,le for all structures. For bridges less than eighty (80) feet long, one end shall 
be free to move UP0D: pinned surfaces. 

60.26. Rollers. All bridges exceeding eighty (80) feet in length shall have pin-bearing shoes, 
and at one end a nest of turned friction rollers of structural steel running between planed surfaces of 
structural steel or cust steel, OJ' cast steel rockc'rs. . 

For spans one hundred (100) feet or less in length the minimum diamet,er of rolle,s shall be three (3) 
inches and the diameter shall be increased one (1) inch for each one hundred (100) feet increase of span 
and proportionally for intermediate spans. 

60.27. Pedestals. Pedestals, bolsters and shoes shall be of riveted plates and angles whenever 
possible, and shall be so constructed that the load will be distributed over the cntire bearing. 

60.28. Wall Plates. Wall plates may be cast or built up and shall be so designed as to distribute 
the load uniformly over the entire bearing. They shall be secured against displacement. 

60.29. Anchor Bolts. Each bearing of all main girders and trusses shall have anchor bolts rough­
ened or swedged and sct in halos drillcd in masonry, in Portland cement mortar, not less than the 
following: 

For spans less than 50 feet in length, 2 bolts 1 inch in diameter, set 10 inches in masonry. 
For spans from 50 to 100 feet in length, 2 bolts 1~ inches in diameter, set 12 inches in masonry. 
For spans from 100 to 150 fect in length, 2 bolts 17'2 inches in diameter, set 15 inches in masonry, 
For spans from 150 to 200 feet in length, 4 bolts 17'2 inches in diameter, set 18 inches in masonry, 

60.30. Anchorage. Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masomy thc weight of which is at least one and one-half (17'2) times the uplift. 

60.31. 'hlc\ined Bearings. Bridges on an inclined grade without pin shoes shall have the sale 
platrs beveled so that. the masonry and expansion surfaces may be level. 

60.32. Floor Framing. All floor beams shall bc steel in the form of rolled beams or riveted platc 
girders, and shall br rigidly connected to the trusses, Wherever possible rigid plate anel angle knee 
broces or brackets shall bc placed between and efficiently riveted to floor beams and truss verticals or 
girder stiffeners. 

Generally, floor beams shall be square to the trnsses. 
Threaded floor beam or stringer hangers shall not be used. 

60.33. End Strnts. Wherever possible end floor beams or end strnts are required for all trnss 
spans. 

60.34. Stringers. Stringers shall be securely fastened to floor beams and end struts. 

60.35 Corrugated Arches. Corrngated sheet metal arches or Steel Buckled Plates shall not be 
used in floor construction except by special ]lermission, When used, thorough provision shall be made 
for lateral thrust. 
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60.24. Width of Trestle Bents. The distance between column centers at the top of a bent shall 
not be less than the clear width of roadway. 

60.25. Expansion. Provision for exp:tnsion to the extent of one-eighth (1 / 8) inch for each ten (10) 
f('ct of length shall be made for illl structures. For bridges less than eighty (80) feet long, one end shall 
be free to move up0l'l: pInned surfaces. 

60.26. Rollers. All bridges exceeding eighty (80) feet in length shall hilve pin-bearing shoes, 
ilnd ilt One end a nest of turned friction rollers of structural steel running between planed surfaces of 
structural steel or cast steel, or cast steel rockers. 

For spans one hundred (100) feet or less in length the minimum diameter of rolle,s shall be three (3) 
inches and the diameter shall be increased one (I) inch for each one hundred (100) feet increase of span 
and proportionally for intermediate spans. 

60.27. Pedestals. Pedestals, bolsters and shoes shall be of riveted plates and angles whenever 
possible, and shall be so constructed that the load will be distributed over the entire bearing. 

60.28. Wall Plates. Wall plates may be cast or built up and shall be so designed as to distribute 
the load uniformly over the entire bearing. They shall be secured against displacement. 

60.29. Anchor Bolts. Each bearing of all mai n girders and trusses shan have anchor bolts rough­
ened or swedged nnd set in holes drilled in masonry, in Portland cement mortar, not less than the 
following: 

For spans less than 50 feet in length, 2 bolts 1 inch in diameter, set 10 inches in masonry. 
For spans from 50 to 100 feet in length, 2 bolts 1~ inches in diameter, set 12 inches in masonry. 
For spans from 100 to 150 feet in length, 2 bolts 1)1 inches in diameter, set 15 inches in masonry. 
For spans from 150 to 200 feet in length, 4 bolts 1)1 inches in diameter, set 18 inches in masonry. 

60.30. Anchorage. Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half (1)1) times the uplift . 

60.31. 'Inclined Bearings. Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 

60.32. Floor Framing. All fioor be[1ms shall be steel in the form of rolled beams or riveted plate 
girders, and shall be rigidly connected to the t russes. Wherever possible rigid plate and angle knee 
braces or brackets shall be placed between and efficiently riveted to fioor beams and truss verticals or 
girder stiffeners. 

Generally, fioor beams shall be square to the trusses. 
Threaded floor beam or stringer hangers shall not be used. 

60.33. End Struts. Wherever possible end fioor beams or end struts are required for all truss 
spans. 

60.34. Stringers. Stringers shall be securely fastened to floor beams and end struts. 

60.35 Corrugated Arches. Corrugated sheet metal arches or Steel Buckled Plates shall not be 
used in floor construction except by special permission. When used, thorough provision shall be made 
for lateral thrust. 
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BRACING. 

60.36. Rigid Bracing. All ia.tcl'ai , sway and portal bra.cing) and :1.11 bracing in t rest le towers and 
bents ;;:hall preferably be ma.de of shapes capable of resisting compression as well as tension and shall 
have riveted connections. 

60.37. Laterals. Trus, and girder spans 45 feet or more in length shall have a system of bottom 
lateral bracing. 

60.38. Low Truss and Through Girder Spans. The top chords of low trusses and t hrough girders 
shall be securely held at oneh panel point by mean::; of gusset plates, plate and angle brackets, or wide 
web members with web plates which shall be efficiently connected to each floor beam and to end struts. 

60.39. Deck Truss Spans. Trusses in deck bridges shall be provided with complete systems 
of brn.cing as nearly as practicable in the planes of the top and bottom chorch;. 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 slmll h,we lateral bracing in the phnes of both 
the top and bottom flanges. Cross frames for deck girders shall have top and bottom struts and two 
diagonals, and shall be used at ends and at intermediate POil\ts not more than 20 feet a.part. 

60.41. Through Truss Spans. Through t russ spans shall be provided with complete systems 
of bracing as nearly as practicable in the planes of the top and bottom chords. "-rhc trllSSC:-; shall be 
d~ep enough to permit of t ile construction of adequate rigid portals, and the end posts shall be propor­
tioned to resist the bendi.ng stress produced by that pu.rt of the wind load delivered by the top "'teral 
system. Sway bracing, or struts with knee braces, as deep as the required cleal'anc(' will allow, shall 
be provided "t "II intermediate panel points sufficiently strong to carry one-half Oel) of the top chord 
wind load to the plane of the bottom chords, and intermediate posts shall be designed tu resist bending 
thus produced. 

60.42. Longitudinal Bracing. Longitudinal bracing of trestle and viaduct towers shall be pro­
portioned to resist the same forces as provided for by the transverse bracing. In towel's of more than 
two vertical panels there shall be diagona.l bracing in a horizontal plane at the top, bottom, :lnd alternate 
intermediate panel points. 

CAMBER. 

60.43. Plate Girders. If desired, plate girder spans over 50 feet in length ,hall he built with 
camber "t a rat e of I /16 inch per ten (10) feet of length. 

60.44. Trusses. Trusses C:1l'l'yillg concrete floors shall be cambered by ma.king the top chord 
or its horizontal projection longer than the bot tom ehorcl by 3/16 inch to every ten (10) feet. 

Trusses carrying pla.nk floors shall be cambered by making the top chord or its horizonta l projection 
longer than the bottom chord by 1/8 inch to every ten (10) feet. Camber sh,,11 be provided in the false 
work to correspond with the camber required for the span. 
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STEEL SUPERSTRUCTURES- Continued 

ITEM 61. MATERIALS AND WORKMANSHIP 

(a) MATERIALS. 

61.1. Description. Struetural stcel shall bc mflllufactured and fabricated in accordance with 
these specifications and the pl:1ns, and shall include plain structural shapes, fabricated structural steel, 
stt>cl castings and iron cnstings. 

61.2. Materials. Steel for plain structural shapes, fabricated structural steel and for rivets shall 
meet the requirements of the "Standard Specifications for Structural Steel for Bridges" of the Amcricl1n 
Societ.y for Testing l\1ateri:1.ls, Serial D esignation A7- 1G. 

Steel Castings shall meet the requirements of the Standard Specifications of the American Society 
for Testing Materials for Steel Castings, Serial Designation A27-16, and shall be Class B, medium 
grade. 

Iron Castings shall meet the requirements of the Standard Specifications of the American Society 
fo r Testing Ma.te.rials for Gray Cast Iron, Serial D esignation A48-05. 

(b) WORKMANSHIP. 

61.3. General. All parts forming a structure shall be built in accordance with apiJroved drawings. 
The workmanship and fi.flish 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 "ill not injure it, before being laid off or worked in any way. 

61.5. Shearing. Shearing shall be neatly and accurately done and all portions of the work exposed 
to "iew neatly firiished. 

61.6. Edge Planing. Sheared edges or el1cds shall, when required, be planed at least one-eighth 
(1/ 8) of an irich. 

61.7. Size of Rive!s. The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before driving. 

61.8. Rive! Holes. When general reaming is not required, the diameter of thc punch shall not be 
more t.han 1/ 16 inch greater tha n the diameter of the rivet; nor the diameter of the die more than 1/ 8 
inch greater than the diameter of the punch. Material more than %: inch thick shall be subpunched 
and reamed or drilled from the solid. 

61.9. Reaming. Where subpunching and reaming are required, the punch used shall have a 
diameter not less tha n 3/ 10 inch smaller than the nominal diameter of the rivet. Holes shall then be 
reamed to a diameter not more t.han 1/ 16 inch larger than the nominal diameter of the rivet. All ream­
ing ,hall be done with t,,'ist drills. 

61.10. Burrs. The outside burrs on reamed holes shall be removed. 
, 

61.11 Rivet Holes. Rivet holes must be carefully spaced and punched, and in all cases where 
the cold rivet can not be entered without the aid of drift pins, the holes shall be reamed with a t,,"st 
reamer. 
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61.12. Field Connections. Holes for floor beams and stringer connections shall be subpunehed 
and reamed according to PMagmph 61.9 to It steel templet one inch thick. If required, all other field 
connections, except those for laterals and sway bracing, shall be assembled in the shop and the unfair 
holes reamed; tlnd when so reamed, the pieces shall be match-marked before being taken away. 

61.13. Assembling. llivctcd members shall have all par~' well pinned up and firmly drawn 
together with iJolts, before riveting is commenced . Contact surfaces shall be painted. 

61.14. Lattice Bars. Lattice Inti's ;;hall have neatly roundcd cnds, unless otherwise spccificd. 

61.15. Web Stiffeners. Stiffeners shall fit ne"tly between flflnges of girders. Where tight fits 
arc 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 pbtes and fillers under stiffeners shall be cut to fit within one­
eighth (1/8) inch of flange angles. 

61.17. Web Plates. Web plates of girders, which have no cover plntes, ;;hall project above the 
backs of flange angles one-eighth (1/ 8) of an inch. When web plates are spliced, not more than one­
quarter (~) of an inch clearance between ends of plates will be allowed. 

61.18. . Connection Angles. Connection angles for floor beams and stringers shall be flush with 
each other and correct as to position and length of girder. In case milling (of all such a ngles) is needed 
or is required after riveting, the removal of more than 1/ 16 inch from their thickness will be cause for 
rejection. 

61.19. Driving. Rivets shall be driven by pressure tools wherever possible. Pnewnatic hammers 
shall be used in preference to lutlld driving. The finished rivets shal! have neat and finished appearance, 
with heads of approved shape, full, and of equal size. They shal! be central on shank, and grip the 
assembled pieces firmly. Recupping and calkin" will not be allowed. Loose, burned, or otherwise 
defective rivets shall be cut out and replaced. In cutti'ng out rivets, great care shall be taken not to 
injure the ndjacent metal. If necessary, they shall be drilled out. 

61.20. Bolts. Bolts shall not be used in place of rivets for field connect ions except by special per­
mission. "Vhere permission is given by the Engineer for the usc of bolts in place of rivets which transmit 

.shear, and unless otherwise specified, the holes shall be subpunched and reamed to a n iron templet or 
with the several parts assembled, and the bolts turned to a driving fit . A washer not less than one-quarter 
(~) inch thick shal! 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 spans, 
if permission is given by the Engineer, field connections for bracing and railing may be made with standard 
bolts having square heads and nuts, provided the bolts "re the proper size to fill the holes within 1/ 16 
inch (tlmt is, %:-inch bolts shall be used in holes punched wi t h 13/ 16-inch punch). They shall be provided 
with washers not less than one-quarter (~) inch nor more than one-half (Yz) inch in thickness under 
the nut. The usc of more than one washer under the nut to make up for deficiency in length of thread 
will not bc allowed . After adjustment the ends of the bolts shall be effectively headed down to the 
nuts to prevent any bolt from losing a tight grip of the parts connected. 

61.22. Members to be Straight. The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends, or open joints. 
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61.23. Finish of Joints. Abutting joints shall be cut or dressed true and stmight and fitted closcly 
together, especially where open to view. In compression joints, depending on contact bearing, the sur­
faces shall bc truly fa ced, so as to have even bearings after they are riveted up complctcand when perfectly 
aligned. 

61.24. Eyebars. Eyebars shall be straight and true to size, and shall be free from twi,ts, folds 
in the neck or head, or any other defect. Heads shall be upset on the solid bar. Welding will not be 
allowed. The form of heads will be determined by the dies in use at the works where the cyeba.r. arc 
made, if satisfactory to the Engineer, but the manufacturer shall guarantee the bars to break in the body 
whcn tcstcd to rupture. Thc thickness of head and neck shall not vary more than 1/ 10 inch from 
that specified . 

61.25. Piled Head Eyebars. Eyebars must be upset; no pile heads will be allowed. 

61.26. Loop Bars. Loop bars will not be allowed. 

61.27. Boring Eyebars. Before boring, each eyebar shall be properly annealed and carefully 
straightened. Pinholes shall be in the center line of bars and in the center of heads. Bars of the same 
length shall be bored so accurately that when placed together pins 1/32 inch smaller in diameter than 
the pinholes can be passed through the holes at both ends of the bars at the same time without forcing. 

61.28. Pinholes. Pinholes 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. In the case of a riveted 
member the boring shall be done after the member is riveted up. 

61.29. Variation in Pinholes. The distance center to center of pinholes 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 
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 gauges and shall be 
straight, smooth and entirely free from flaws. 

61.31. Bars and Rods with screw ends shall be upset and the cross sectional area at the root of the 
thread on the screw end shall exceed the net section of the body of the bar or rod by at least 15 per cent . 
Welds will not be allowed either in the body of the bar or at the junction between the body of the bar 
and the upset. 

61.32. Screw Threads. Screw threads shall make tight fits in the nuts and shall be U. S. Standard, 
except above the diameter of 1 3/ 8 inches, when they shall be made with six threads per inch. 

61.33. Annealing. Steel, except in minor details, which has been heated, shall be annealed in a 
suitable annealing furnace by heating to a uniform dark red heat and allowing to cool slowly. All steel 
castings shall be annealed. 

61.34. Welds. Welds in steel will not be allowed. 

61.35. Checking. Threaded ends of all pins and bolts shall be long enough to project through 
the nut at least one-eighth (1 / 8) of an inch, and they shall be effectually burred or checked after adjust­
ment. 

61.36. Bed Plates. Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction of 
expansion. 
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61.37. P ilot Nuts. P ilot d ri ving ::tnd pC'nnnncnt nuts shall he furn ished for C'~\l'h ~ I"C' of pill, 
in such ntlln l)('rs:\.8 may h( ~ Il ('(;(':-i:-i:l.ry to prot.Ptt from injury, the thrpads on all pin:-:. 

61.38. Field Rivets. Ficld rivet, shall be furn ished to the amount of ten (10) p"r {"ent plus ten 
(10) rivets in excess of the nominal number rcquirc·d for each size. 

61.39. Shipping Details. Pins, nuts, bolts, rivets and other small details shall be bu,ed or crated. 

Double gusset plates shall have wood"n pint", between them and bolted to prevent bending duri ng 
shipment, or other suitable meami adopted to prevent damage. 

61.40. Weights. The weight of every piece and box shall be marked on it in pla.in fi~tlrl':-i. 

(c) SHOP INSPECT ION AND TESTING. 

61.41. Starting Work. The Engineer shall he notified well in advance of the start of \york in the 
shop in order thut he may have an inspector on hand to inspect material and workmanship. 

61.42. Inspection. When an inspecto r is furnished by the Engineer, he shall have fu ll aeeess, at all 
t imes, to all parts of the shop where material under his inspection is bei ng ma.nufactured. The man­
ufacturer shall furn ish all facil ities for inspecting and testing the weight and quality of workmanship, 
and when required ~hall furnish :1 suitable testing machine for testing full sized members. 

61.43. Accepting Material. The inspector shall stamp each piece accepted with private mark. 
Any piece not so marked may be rejected a.t any time 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 t he 
specifications, this material, no matter in what stage 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 the scale weights of individua.i pieces. 

61.45. Eyebar Tests. Full-siy-ed tests on eye bars and similar membcrs, to prove the workman­
ship, sha ll be madc at the manufacturer 's e'l)('n8e, and shall be paid for by the Cou nty at the contract 
price, if the tests arc satisfactory. If the tcsts m·c not satisfactory, the members rep resentcd by them 
will be rejected . 

In eyebar tests, the minimum ultimate strcngth shall be 55,000 pounds per square inch. The clon­
gation in ten (10) feet , including fracture, sha ll be not less than 15 per cent . Bars shall generally break 
in t he body and the fraeture shall be silky or fine granular, and the elastic limit as indicatcd by the drop 
of thc mercury shall be recorded . Should a bar break in the head but develop the specified elongation , 
ultimate strength and character of fracture, it shall not be cause for rejection, provided not mOre than 
one-third of the total number of ba.l's break in t he heael. 

(d) SHOP PAINTING. 

61.46. Cleaning. Steel work , before lcaving thc shop, shall be thoroughly clea ned. All rust, 
mill-scalc, di rt, oil , and grease shall be removed, leaving a perfectly clean surface to receive the paint. 

61.47. Painting Conditions. Painting shall bc done only when the metal is free from frost and 
the surface is perfectly dry. No painting shall be done in wet or freezing weather, except under cover, 
in a bwlding so enclosed that the metal m"y be kept dry and t he temperature above freezing. Material 
painted under cover shall be kept uilder cover until t he paint is dry. -All paint must be thoroughly dry 
before any succeeding coat of paint is applied. 
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61.48. Applying Paint. Paint ~h :tl l !w :\,pplied in a good , heavy coat completely covering every 
part of 1'11<, :-: urface. It shall oe well worked i1l to all joints and open :;pa.ce:-;, and he so thoroughly :\.ud 
{'vt'll ly :-:prcad t hat 110 exce~ of pain t wi ll Gu lled at any point. No t wo succeeding coats of paint sha ll 
be of t he :;ame tin t. 

61.49. Shop Paint. Shop p"illt , hall h:tve the following eompooition: 

Twenty-t wo (22) pounds of [ted Lead . 
One (1 ) g:\lIon of Linseed Oil. 
Four (4) ounces of L:lITIphl:tck may be used u rues,'i otherwise specified. 

n <'d TA'ad :-;hall contain not k:-;~ t itan 90 per C('ut tnw red lead (Ph:IO,,) :tnd the remai nder sh:d l he 
practie:t1I~r pu re lead llwnoxioe ( PI>O). It :-lhall not contain morc t han 0. 10 per c{'nt of Ilwtaliic lead 
ano shall be fn'<' from (' ;H1:-:ti<: a lkalis, vit rified part icles and ot·hc l' adul terants. 

LiUHct'd Oil shall mect the reftuirernents of the " Standard Specifications fu r Purity of Ib\y Linseed 
Oil fro m North AlllC' rican Sl'ed, " of the Ameri can Society fo r Testing l\1[t.tcr i n. I ~, Sf'rial Dl':-;ignation 
D-1 5, ;Idopted HH5 and I'c\· iscd H)lS. 

L:1Il1pb\a,ck shall lw the fully calcined product of oils only, free fr{)ln aeici:-;, gr it or othor adulte r~\nts . 

It :-:hall eontain nut lcti,') tha.n 9S per cent of ca.rbon, and not more tha.n 0.5 per cent of oil:-;, tar or pitch. 

61.50. Shop Painting. III rive ted work, surfaces eorning in contnct ~ha ll <~ach be pai ntC'd bcfore 
bl' ing a :-:~ l'lllblcd . Before le:lvi ng the shop steel work shall he giv('n one coat uf til\' p:lint ~p(>cified ill 
P:l r:l~raph 61 .49 and pieces :lnd pa.rts not :"l.ccessiGle fo r pa.in ting after erection, includi ng top . ., of stri nger:;, 
eYl'!)!!r hl',I<is, ends of post:; :t.nc1 clwrds, .etc., sh:·dl H'eeive an alidi t ionaJ coat of the same pai nt . ~Iachinc 

nn i:::; ll l'd surfaecs shall be coa ted with white lead and t:\llo \\' before 8hi nmcnt or bdfJre bei ng; put out in 
t he opr ll. 

(c) ERECT ION. 

61.51. Erection Tools. The Cont.. rH ctor s ll:"t11 erect, rivet ;uvl adjust a.1I met:1 1 work in plnee com­
plete. He s l1all provide all tool::>, maehinery and a.ppliances nece~ary for exped it ious handli ng of tI.l e 
work, including drift pins, fi tting-up bolts and pneumatic riveting hammers of a type ancl si::-;e approved 
by the E ngineer. 

Erection Falsework. The method of crection and plans fo r fah;owork and erection equipment 
~ h:dl !Jl' suhj r et to t he apprm',li of t he Engineer, uut such appro val shuJI not "clicve the Contract'J!" from 
:my rl':$pollsibili ty . All b(' n t~ ::>hall be t horoughly secured aga.in:;t mov('mcnt, both t ran:;ver:$ly a.nd 
longit udinally, and well secured against settling, piles being used whenever a firm bearing ~annot other­
wise be obtained. 

Handling Material. .i\bterbl sha ll be hu ndled cn.l'efu lly, withuut damage. No pi n!; will be dr iven, 
wi t llllut the use of drivi ng nuts nnd pilot nuts to protect the threadti. Light d rifting will be permitted 
ill ordl'r to d l':lw part::: togethl' r, but dr ift ing fo r t he purpose of matching unfai r holc:--; will not be per­
mitted. Vnfa iJ' holes :-:ha ll be rea med 01" dl'i ll (,d. E rection bolt.""i shall be of til(> same dial1ld(' r a . ..; rivets 
fur wh ich t he holes a rL' p Ulll'hl':-5 . 

. ·\ll nu ts on bolts rema ini ng; in the strllcture sha ll be p rovided with washer . ..; rfl('ctively lw:tdcd down 
:l nd ~h :1 ll be locked by ciwcki np: the t.hreads in order to prevC'nt stle' li bolts frulli lo:-: ing ~t tight grip of the 
pan ::, connected. 

Field Connections. .\11 spl ices and field connections sh a ll be securely bolted before riveting, 
important connections having at least ha lf of t he number of holes fi lled with tigh tly dl':nvn up bolts 
a t all t imes ouring the riveting of such connection:; , a.nd a ll other field conn ections having: at least one­
t.hird of the open holes filled with such t ightly drawn up bolts. All tension oplice, sha ll be riveted up 
completely before blocking is removed. No rivets will be d ri ven in compres~ion splice:--; unt il t he members 
are under the full dea d load st ress, not including t he floor slab. 

Setting Bed Plates. Bed plates and masonry plates shall be set level and shall have a full even 
bearing under their ent ire surface. 
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Setting Hand Rails. Hanel rails shall in a ll cascs bc bolted and ,Iudl bc adj usted firml y to true 
a.lignment . All bolts for hand ra.il ing ::;h:111 have hexagonal heads and nub and shull be provided with 
washers and shall be lockcd by chccking thc threads. 

Cleaning. All metal shall be thoroughly cleaned before painting. Cle"ning sh,tll be done with 
~t('c l brmihcs, hmnIlw rs, scm.pers, chisels or other effective means. Oil , pa.ra.ffi n and grease shall be re­
moved hy wipi ng: with benzine or gnso li'nc. Loo~c d irt and loose rust shall be brushed off with a dry 
bri::;tle hrush before paint is applied. 

61.52. Setting Anchor Bolts. The Contmctor shall put in place all stone bolts and anchors 
for at taching the steel work to the masonry . He shall "drill all the necessary holes in the masonry and 
set a ll bolts wi th neat Portland cement . 

61.53. Hauling. The erection will also include all necessary hauling from the railroad station, 
the unloading of the materials and their proper care unt il t he erection is completed. 

61.54. Old Structures. Whenever new structures "re to replace existing ones, the procedure 
will be out lined in Special Provisions. 

(f) FIELD PAINT ING. 

61.55. First Field Coat. While the metal work is being erected in place, all abrasions of the 
shop paint ,md all field rivets and bolts and location n"irks shall be thoroughly cleaned and be given 
one coat of the paint specified in Paragraph 61.49 preparatory to the firs t fie ld coat . After the structure 
is complete "in place and the "touching up" described above is t hOl'oughly dry, it shall be given a complete 
coat of a kind of paint to be specified by the Engineer. 

61.56. Second Field Coat. After the first field coat is thoroughly dry t he second field coat, 
consisting of a kind of paint to be specified by the Engineer, shall be applied. No paint shall be applied 
in wet or freezing weather. 

61.57. Protecting Steel Stringers. In addition to the paint ing specified in Paragraph 61.50 
a.nd 61.55, the top fla nges of stringers and fl oor beams, which are to be in contact with wooden floors, 
shall be protected by n. covering composed of a layer of bituminous ma.terial, acceptable to the Engineer, 
and one thickness of two-ply tar paper. The bituminous material shall be a pplied d irectly to the top 
of the fl anges, the tar p"per, wide enough to project six (6) inches beyond the edges of the fl ange, shall 
then be placed and the edges bent down to shed water. The ,,"ooden nailing strips may then be attached. 

61.58. Bolts. Bolts which ",re to pass through hard wood or hemlock shall receive two coats of 
a kind of paint to be specified by the Engineer, which shall be allowed to become perfectly 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 E ngineer, which shall be used in determining the merits of the paints 
furnished for the work. These samples should be secured at least twenty-one (21 ) days before it is 
desired to apply paint to the work. This applies equally to paints and oils for shop and field painting. 

(g) 'pAYMENT . 

61.60. Basis of Payment. Th is 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 t he Proposal Form. Partial payments 
will be made as indicated in Paragraph 3.33. (a) Pound Price. Steel superstructures will be paid 
for at th e contract uni t prices for the various items entering into the construct ion, which prices shall 
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include material, fabrication, erection and painting and all work and materials inciclental to the com­
pletion of the structure, ready for traffic, in accordance with the plans and specifications, or as directed. 
Scale weights of steel and iron shall govern except that when they exceed the calculated weights as 
shown on the plans by more than two per cent, the calculated weight plus two per cent will be paid for. 
Ch) Lump Sum. Steel superstructures will be p",id for at the contract lump sum price for t.he super­
structure complete in place) ready for traffic, which price will include all materials, fabrications, erection, 
flooring, and painting :1.ncI aU work and materials necessary to complete the structure in accordance with 
the plans and specifications, or as directed. 



ITEM 62. RAILINGS FOR STRUCTURES 

62.1. Description. Railings for Bridges, Wing Walls, Retaining Walls, etc., shall include " II work 
erected abovc 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 Concrcte" 
and the materials shall fulfill the requirements for materials for "Class A Concrete" except that the 
coarse aggregat>e shall all pass a revolving screen having circular openings three-fourths (%) of an inch 
in diameter. 

62.3. Construction Methods. For "cast in place" raili'lgs the forms shall be made of good qu~!ity 
tongued and grooved lumber and be of first class workmanship throughout. They shall be accurately 
built to the designs and dimensions shown on the plans, and all mouldings, panel work, and bevel strips 

. shall bc straight and t rue with neatly mitered joints. Forms shall be erected to exact linc and grade 
and be so rigidly braced that they will maintain true alignment during the placing of concrete. Each 
section of the work shall be cast complete to 1 Yz-inch bclow the top in a single operation. Thc top 
shall be fini shed with 1 Yz-inch of mortar, of the same mix as used in the concrete, struck off with a templet 
movcd on guidcs attached to the forms. This mortar shall be placed within ten (10) minutes after 
the concrete underneath is deposited . Railings shall be very carefully finished, the forms shall be care­
fully removed as soon as possible (in not less than 12 nor more than 48 hours) and all porous spots and 
places damaged in removing the forms repaired and the ent ire 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 
plans or as directed; and shall be erected true to line and grade in a thoroughly workmanlike manner. 
The mcmbers shall be straight and true to form and free from imperfections or damaged places. They 
shall be set in place in full beds of 1.3 cement and sand mortar , and shall be thoroughly bonded together 
as shown on the plans or as directed . 

PIPE RAILING. 

62.5. Materials. Pipe and fittings for pipe rail ings shall consist of standard galvanized iron or 
steel pipe of the size designated. 

62.6. Construction Methods. Railings shall be erected in a workmanlike manner, straight and 
true to line and grade. When used 011 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 masolU'Y and 
grouted in place with 1 to 2 cement grout. The joining together of different pieces of pipes between 
posts by means of sheaves or couplings w'ill not be permitted . Entire pieces must be used for this purpose. 

IRON RAILING. 

62.7. Materials. This railing shall include all types of metal railing other than pipe rail and 
unless otherwise specified the materials shall conform to the requirements for structural steel. 

62.8. Construction Methods. The railing, including posts, fastenings, etc., shall be manufactured 
in accordance with the plans and specifications, and shall be erected t rue to line and grade. The work­
manship shall be 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 fastenings, anchor bolts and reinforcement, etc., and doing all work necessary to complete 
the railing in accordance with the plans and the specifications. 
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