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TEX1,S STATE HIGHWAY ' DE? ~.RT)''l'ThTT 
RevIsed ll- U - 33 

SP'!:CLiL I TEM. UYCf,.'.SSIFIED STRUC'''l'R \.L EXC.WATI OlJ 

Descri-otion: Unclassified Struc tural Excavation shall -orovid,e fo r all. ex
cavation fo'r foundations of structures wh i ch s!lall include disposal of a ll 
material obtained rrom such excavation and backfHling to the level of t!le 
original ground. It shal l a lso include all necessary bailing , sheeting, 
drainage , ar..d t he construction of coffe rda.rns or c~its, and if . found ~1 ec e ssn.~" , 

their subsequent removal. The m8teria.l shall be dis-cos ed of a s di rected by 
t he En"ineer' a'1d in such ;'w,nner as not , to obstruct t he ' s treams or otherwis e 
i mpai r t >e 'effi ciency or appearance of the structure or other .parts of the 
work. The excavation shall be done in accordance wi th the lines and depths 
indicat ed on the plans and establi shed by the Engi 'neer, or, as altered by him 
in matters of dep th, elevation or di.mensions to secure adequate bearing .and 
found-a.tion. Unl es s wri t'ten PElrmi, ssi on is gi ven by the Enp,i nee r t o the contrary, 
no excava ti on shall be made outside a plane thr oe f oot f rom ,the footing lines 
and !,arallel thereto . , Unl ess otherVl,i se specif,i eo, t hi s work s!lal], include, the 
removal of old stnccto.res, including abutments, Vlings, pier's and all other 
materials, obstructions, etc. I necessa ry to "9ro1!os ed construction or a s · 
directed qy t he Engi neer. 

, , ' 

Constructi on Me t ,,-ods: Vlh en a structure i s to r est on an excavated. surface other 
than rock, spec ial care shall be t aken not to d1 sturb the bottom, 9f the ,excava
tion a no, the final removal of the founoation ma.,t fl rial to gr ade shall no t be made 
until ,just !:> efore t )-; e m"sonry is tc be placed . 

All rock or other Lar d foundation material ' sha1l be freed from 801,1 loose 
materia l, ·cleaned. 1',nd cut to a firm surface eIther lev el, stewed or serrated. 
as 'd.i, rected by t he Engineer , Al l seams sh~,1l be cleaned out and f'1l ed wi th 
concrete mortar or grout. Am-ol e p rovisIons s'18,ll b e m:',de for doweli nl~ fo\?-nda.-, 
tion to ro ck or other )lard material by use of rei'nforcing ,steel bars placed in 
the rock by d rill ing and grouting and by the use of keys cut into the rock. 

Cofferdlllns or Crib's: The contractor shall ,submi t u pon' reque'st, drawings , showing 
hi s p roposed ~ethod of coffer dam construction and other details left open to his 
choi ce or not f ully shown on t h e Engin.eer's d rawings. 'I'he type and clearance of 
cofferdams insofar as such details affect '<he cha racter of the finished work, 
will be su'oject t o the apuroval of the Engineer, but other details of design, will 
be left to the contractor , who will be responsibl e 'for the successful con,struction 
of the work. 

In general, cofferdams or cribs shall be carri'ed well below t he bottom' ,of 
the footings and shall ' be '.vell braced and ' as water- tight as -practicable.' The , 
interior dimensions of cofferdams shall be such as ' to give sufficient clearance 
for the construction of forms and the inspection of their exteriors, a nd to 
permit pumping outside of the forms. Cofferdams which 'are tilted or moved 
l "terally dur ing the p roces s of sinking shall be rIghted or enlarged,. 
as necessaI"'J a t the sole expense of t he contractor: 

3976-1 



Cofferd.ams .shall be' co ns truc ted so as '"to · protect green concrete ",gains t 
darr.age 'fro'in a' sudden rising of tL.e strGam &.nd to prev(ni: t udJ:"la ;.'e to tha fO ':·' .. ld:.~ tion 
by eroGion . ',n-lere cof.fBrdarr~s are .a f ,fecteq by hi.gh w::.l. ter .or ,tides ,·.r~ey sh.~·.ll De 
properly vented . 

Unless o ~herwise provided, coffer d.ams or c ribs with all s ., .ee ting vn ·i bracing 
s['8.11 be r emoved by the. contra.ct or aft er the compl et i .on of the subst·ruc.tllre • 'he 
removal shall be effected in such 'a in&.:me r "- as !i'o't t o distUrb or mar ·t ·ile fi.nis:'led 
ma~onry.ln lieu: ofche entire removal of t h ecoffar,iamiorcribs clle En,;iIieer 
may require' ·.the ··contr&.etor to r emove 'any :por.U:on of them or to leave them :entirely 
in place. . 

F01lll(i.aj;'ion Seals : ~"hen conditio~s a re' enco1l.'1tered which. in the opinion of the 
Engine'e'r, re'nder it i rnpraetic -:.:b le to o therwise Ullwater th~ fou-'l clation, ,he m"c.1.y 
req)1f're' 'the' construction of a c'oncrete fO\llld,}t 'ion ' sea l of such diL1emiion s as may 
be ·n·et essa r y . 'rhe seal 'sh[,ll have a' dept h of not "Iess t ;·= foUr- tenths 'of the 

:wate'r ' head' and shall be of Class ' "A " concrete plus · l O.t ce<,ent. 'the founrlat ion 
shall ' then' be pumped out· and the balance 'of t be ' I!la-sonry placed i.n the dry" ',ihen 
wei"ghed cribs are employed a"d ' ",_e weight· 'liti li zed to pr, •. ctic"lly (lVel'CO;"e 't},e 
hydros.tatic pres'sure uc'ting agai nst · t ne bot t ·olU of the ' f01mdat i oll seal, ·speei·al 

<· Bnchor&.ge .stich as' dOVlel's or ,:eys shall be 'provi d.ed to trimsfer tt,e 'e!lti"re ,'!e"ight 
of thecr,i b into -ohe found",tion Seal. 

Where a concrete found&.tion seal is used for st.r'1ictUres, the following 
provisions s t:all be maie : 

(a) Where fO\llldh,tion pi ling are used ·t{,ey 'sr""ll do.,eiinto ·the ' drybase 
,, 'concre te at least 12 i"nches above' top of seal. 

(b) ,ihere no foundation pilLlg a r e us ed a 'reinforced con:!'ete or stee l 
's{,ell, 'of 'sufficient s:i ze and ·t nickness "to' with!ita:.ld cl,e loads upon i ·t ,. shall 
·oeprov·id.ed BrOUtid and f or the full dept h of tile ·seal .=0. which will r emai"Ii in 
place 'inthe 'completed structu re. 

Pump-trig: PuinpingfroIIi the int erior of ' a"y f01l.'1dc.tion enclosure Slje, n bede:.!e in 
sucli manner as tcpreclude possibili ty of any portion of the 'concrete" rria t ,Jr'ial s 
being carriei away. lio pumping. will be permit t ed during the. placing of concrete , 
or for ·.a :p·e·riod.·o·f 'at least 24 hours tnereafter, ." ui1l ass i't_."be .done :f ·r<lm .a. suitable 
sU!!!P s"pare-ted from the concrete ·';drk· 'oya. wat er - t-i e .. ht wal'l.Pumphig to uxi',Ya.ter 
a sealed ccfferdain shaH not . commence Until the seal ;,,:,s setsu.-'fici'en tlyt6 wi th-
'sti\nd . the hydrostatic pressure. .,' , . 

·B&.ekfillinl<:- After the structure ·M.s b een 'comple"ted,- "8011 'S"p<;ces :e.icava't .e·d 'and 

( 

not occupied by U,e pe=anent structure snall be f i lled wHh materi.'als .s·ati"sfactory 
to t:b-e Enginee r in .l ayers .of not .more t: .an !3 inches ia dept ;, aad compac ted s8.tis
factority to t he ' level ofthe' ori-"ginal ' surrollnding. s:Urf.a:c~s. ' . &I.atedal"s whir.h will 
:ricit c'Oln-paCt" 'reacIiiy IlMll notoe · use.d ·for · b&.e'l::-'filting • . The "'!ate r 1'al sball be ' 
free 'from large or 'fro'Zen lurr.ns, ",Oodi '''or .other extra:"eous ""material'. 

. ,'cir 'foundattont'hrough a ' h~rd m<;. terial exposed.to erosion , the baclct-fll 
atorounbed ' Pfi erts~d in

l
. front 'of /;'t,putt;tellths'¥'h'd wings maly 'oe ' ?J:der~d by t1l?Ei'dlei.hs,,;ehr ( 

o . s one or . ean c 'oncre e,- 1n ' W 1C · .. ·case. un ·ess. oonerW1SEl prov1o:e. uc 
backfill shall be paid for 'as : extra work. "" . '. 
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No backfilling shall be placed against any abutment or ~ng~all until per
mission shall have been given by the Engineer. In the case of masonry such per
mission will preferablY not be g iven until the masonry has been in place 21 days. 
Adequate provision shall be made f or thorough drainage and drains shall be placed 
at weop holes. 

Backfill placed around abutments and piers shall be deposited on both si~es to 
approximately the same elevation at the same time. Sllecial care shall be taken to 
prevent any wedging action against the structure. ax:.d 'Ghe ' slope s bounding the excava
tion shall be stepped or serrated to prevent such wedge action. In no case shall 
surplus material be dumped in the channel of th8 stream. 

Me thod of Determining Excavation Quantities: The yardage of structural excavation 
to be paid for will be that actually removed and measured in its original position 
by the cross - section method. except that no measurement will be made of material 
removed from outside of a volume bounded by vertical planes. twelve (12 ) inches 
outside the footings and-parallel t hereto . Such measurements ~ill not include 
additional yardage caused by slips. slides. cave - ins . siltings. or fillings due to 
the action of the elements or the carelessness of the contractor. Water will not 
be classed as excavated material. 

\'Ih"re the excavation is made from Caissons 'Or Cofferda'lls for I7hich direct 
payment is made either on a cubic yard basis or a lump sum basis attention is 
called to the f act that the mee,sureraent of excavation quanti ties will .')e only to 
the neat lines of outside di mensions of such caissons or cofferdams. 

The log of material i ndicated by borings a~d shoun on t he project plans is 
considered correct by the State F~ghway Department . however. bidders should made 
such additional investigation as they consider necessary to detel~ine the founda
tion conditions. No addi tional compensat i on ~ll be alloned the contractor should 
it develop during construction thnt the foundation ~Aterial is of a different 
charncter than S " Ol7ll on the plans . 

Basis of PaJ'lllent: Payment for all work prescribed under this item and measured as 
provided above shall be made at the contract unit price for "Unclassified Structural 
Excavation". which shall be full compensation for furnishing all materials. all 
labor. equipment. tools and incidentals necessary to complete t'-1e work. 

Should it be necessary. in the opinion of the Engineer. to carry the footing 
elevations to a greater depth than shovm on the plans . then the uni t contract price 
for "Unclassified Structural Excavation" or "Solid Rock Structural Excavation". as 
the case may be. will be incre",s8d at the rate of two percent (2%) per foot for each 
additional foot of ~epth re , uired. but no increase in price r;i ll ' be al lorred for ~y 
other items of contract. 

Example: Contract unit price ~ $1 .00. Extra ~epth = 6 ft. Percentage per ft. 
of ext r a depth = (2 f4f6f8flOfl2 ) ~ 6 = 7. ~tity of Excavation in extra 'depth R 

100 C. Y. Payment due = 100 x $1.07 ~ $107.00. 

Monthly estimates will be bas.ed on the bid uni t price fo r "Unclassified 
Structural Excavation" or "Solid Rock Structural Excavation" as the. case Illay be 
and should there be an adjustnent necessary in the uni t price on <!Ccount of deeper 
excavation such increased amounts will be allowed in the final estimate. 

3976- 3 (Rev. 8/14/33) 
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TEXAS S~ATE F.IGJ<.\~AY DEPART"'ENT 

Revised 11-13-33 

SPECIAL IT<.:!~. UNCMSSIFIED A' 'D SOLID ' ROCK 

STRUCTURAL EXCAVATION 

1. Description: Unclassified and Solid Rock Structural Excavation 
shall provide for all excavation for founda.tions of structures which 
shall include disposal of all material obtained from such 'excavation 
and backfilling to the level of the original ground. It shall also 
include all necessary bailing, sheeting, draina~e, and the construction 
of cofferdams or cribs, and if found necessary, their subsequent re
moval. The material shall be disposed of as directed by the Engineer 
and in such manner as not to obstruct tbe streruns or otherwise impai r 
the efficiency or appearance of the stmcture or other parts of the 
work. The excavation shall be done in accordance with ,the lines and 
depths indicated on the p lans and established by the Engineer. or, as 
altered by him in matters of depth, elevation or dimensions to secure 
adequate bearing and foundation. Unless written permission is given 
by the Engineer to the contrary, no excavation shall be ' made outside 
a plane three feet from the footing lines a~d parallel thereto. Unless 
otherwi se specified, this work shall include the removal of old 
structures including abutments, wings, piers and all other materials, 
obstructions, etc., necessary to proposed construction or as directed 
by the Engine,er. 

"Unclassified Struc,tural Excavation" shall include the removal 
0:( all materials excavated for foundations forstructn,res other than 
solid rock. 

"Solid RoCk Structural Excavation" shall include the removal of 
solid rock ma.terial. "Solid Rock Material" will be , such materi al as 
cannot be excavated with a clam 'shell or orange peel bucket, slip, 
Dick and shovel, dred,ge or sand Dump without fi.rst being lo osened or 
b r oken by blasting, sledging or drilling. 

2. Constr,lction 14ethods , When a structure is to rest on ' an excavated 
surfa"e ot~ler than rock, special care shall be taken not to disturb 
the bottom of the excavation and' the final removal of the foc.ndat i on 
material to grade shall not be made until just before t he masonry is 
to be placed. 

All rock or other bard foundation material shall be freed from 
all loose material, cleaned and cut to a firm surface ei t her :;'evel, 
stepDed or serrated, as directed by the' Ene;ineer. 'All sear.ls shall 
be cleaned out a nd filled wi th concret e mortar or grou';, Pm",',e 
provisions shall be 'made for doweling fou::!da,tion to roCk or other, 
hard material by use of reinforcing steel bGors pla ced in the rock 
by dri lling and 'grouting and by the use of keys cut into the roCk. 

3. Cofferdams or Cribs: The Contractor shall submit upon request, 
drawings ,)-,owing his proposed method of cofferdam construction and 
other details left ODen to his choice or not fully sho ",," on the 
Engineer's draI7ings;- The type and clearance of cofferJruns "insofa r 
as such details affect t he charact er of the fi ,nished Vlork, will be 
4751-1 



subject to the ap nroval of the Engineer, Dut other details of design 
will be left to. the Contra ctor who will be r es1)ons i bl e f or the success
ful constrnction of the ,Wor!<:." " 

" ' 'In' geil'eral, coffer('cams or cribs shall be cC', r r ied ,"ell below the 
bottom of the .. ,footings and s,hallbe well braced and as water-tight as 
'o racti callIe. " 'The interior dini~nS'iom; of coff erdrons ' shall be SUc}l as 
to give sufficient clearance, fa,r the" construction of forms and th e 
inspection of their exteriors, and to permit pum1)ing outs i de of the 
forms. Cofferdams which are til ted or moved l atera,lJ.y du ring the 

" ''Process ,of , sinking , shall ,be ,righted, ,Dr, enlarged, as, n~cessary at tlle 
'so.le ~xpense oftheContracl<er. " , : ,', ... ,. " ,", 

. ': 

Gofferda'!ls sh8::l,1 ,be coJ~trJc:tedse as 1;0. l)~o tect. green co.ncrete 
against iiamagefr o.m a ,sudden rising6:t; ,in,? stream and : to. prevent damage 
to. , the fo.undatio.n by erOsio.n. , l'Ihere,cofferdams ' are affected' by high 
water Dr tides, theYshall ., b~ p ro.p~tlY ;v~nteq.~: , . " ,' " 

• ' . • • I: • ... • .' • • • c' : . ' 

Unless ~therwi~~ 'Oro.vide'd,cofferikins Or cribs with ail'sheeting 
and. bracing shaii ,be ri.m6ir~d1?;)' , the eoiltt1i.cto:r 'at-ter th~ 6dmPletio.n of 
t~,le substru'cture, " Therenioval ' ~hall ' be ' effected in suCh a 'memler as 
not to disturb or mar the fini'~hed :masonf.y. ' In 'lieu : of' the ' entire 
remo.val ef theco.fferdam", or ~ 6rlps thElEngineer' milor requi.re the co.n
tractor to remoye any perti,oi). of thein Or ' to' leave them <;lntirely in 
place. . . ' . " " ; ~. I. ' f • ' ," '. :; :. '. " ' , . " ; , 

4. Foundation Seals: Wh~n : co:o.cli bof,s; are en¢o~tered wh'ich, ' in the 
opinien of t);l."'Eng~reer, r~nder itirirp'~icticabl:e ' to :otnerWiseh.'lwater 
the foundation, he ' may require 'the constr\lctl,b!\: of' ":, concre't'e ' founda
tion seal of such dimensions as may be ne oessar:i; ' The: seal shall hC',ve 

.. ,a depth of not, less than four- t"ntl:J.s of , the water head and shall "be ' of 
,t)).itss ' ~Ail~.6'n'ctet~ pl,!-s loj( cement; . : T.b.efoUndatibii." sh:ail ' then be 
:oumped out and the' balance ' of tile ' masonry''' 'placed i n 'the :dry. When 
weighed cribs are employed and t..l-je weight u, tiliz ed to': practically 
eve,rco!,!e the ,lJydro;;tatic , pre~sur:e ,act~,ng against t h e , ]:>ottom of t,le 
founcj.a:tion ' s:ea1; ' special anchorage ' s],W .. l1 ,,"S d~JW,elil"or keys snaIl be 
provide,d ,totransfe, the entire weight , of the- cd C' into tl1e' fOOild3,tion 
seal . . , . .. . . ' .. . . ; . . . .. .. 

" 

Where a concrete foundat;,on s eai" i.s used 'rdt-' structu r es, the 
follewing, .provi,sions shall, ,b,e made: , 

' (a) Where founda.~ibn pi,li'ng are used 'th ey shall dOl'lel i nto. 
thed:q base ,concrete at leas:t 12, inchelS above 'cop of seal. 

(b) Where no foundation piling are used a reinforced concrete 
or steel , she:U, of" ,s,ufficient size and thickness to withstand the 
loads upen it, ', shall be': pro-vided a!'QUhd a:ri.d f p r ' "the ' fullL'd,epth of 
the seal and which will remain in "ulace in the completed structnre. 

. ' . ' , . ~ .. , . ~ . . 

5. Pumoing: Pumping from the ,interi,or 'of ariy f ounc1,at'ion' ,enclesure 
s)lall be done in such inaUller as ,' to 'preclude pos 5i liili ty of any portion 
ef the , cencrete m,aterials being carried away . o,jo pumping viHl be per
mi ', ted durir.g the plaCing of concrete, or f or a p eriod of a t ' l east 
24, ho-qrs thereafter" unless it be done from ,a su i table sump separated 
froli1 , t)w concrete wo'rk by a water- tight vial:!;. ' Pumping to unwat er a 

, seaJ;ed' 'cefferdam 'shall nQt ' COIlll!1ence until the seal has set sufficient-
ly to.' withsta."ld theliydrostatic pressure. 
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6. ' Backfilling: After the structure has been completed, all sp8,ces 
excavated and not occupied by the pel1llanent strllcture" 'shall' be filled 
wi th materials satisfactory to the Engineer in layers of not more 
than 6 inches ' in depth and compacted satisfactorily to ' the level of 
the origirial surrounding surfaces. Materials which 'will not compact 
readily shall not be 11sed ,for back;..filling. The material shall be 
free :from large or",frozen 'lumps, wood, or ',other extraneous , material. 

For foundation through a hard material' exposed ,to erosion, '.;he 
back{ill around piers and ' in front of abutments and wi:ngs may be 
ordered by the Engineer to be of stone or lean concrete,- in 'which 
case, unless otherwise ;>rovided, such backfill s:ha,ll be paid for as 
extra work. 

No backfilling shall be placed against any abutme:nt "or wingwall 
until permission shall have been given by the Engineer. In the case 
cif masonry ®ch ' permission wii! 'pr'sferably not 'be :given until the 
masonry " ~'~ ,been in place ,21 days. Adequate pro~i'siolj"sha,ll be made 
for thorciugll" drii.inage and drains shall be 'pla,ced !eXweep 'holes • .. :; ';-'- -, 

,'Backf~l1 ' placed around abutments and ,pi'ers 'shall 'be deposited on 
both ' sides ' t6 ' approximately the' same elevation at tne J same time. 

o ._ ' . ' • _ .. J. .., 

Special care shall be taken to prevent any wedging action against the 
structure, and the slopes bounding the excavation shall be stepped or 

.. '. I , ' -'\ . ,_~",,- •. .,' • ;. . '~. ~ ~. ~ v : ..• 

serrated' 'to ~prevent , ~uth' wed,ge action. ' In 'no case ' shall surylus 
lllatenhl ' be d.umped "iri ' tbe ' chanilEil of the stream~ ' ";,,,,, '} ",';" 
, ".~~../ . '. . . :,.: ', . . \ ').' 

7. Method of Determinine Excavation Quantities: '"l1e:}yaI-dage of 
structural excavation to be paid for will be that actually removed and 
measured :in it\> original position by the cross- sectionmet!,od, except 
'that ' no ' measurement' viill be ' made': of materia1" remov'ed 'froin "61itside of 
a volbmi)' ooundad by vertical 'pIanes, twelve ' (12) l.nchesout'si.de tl1e 
footings and ' 'OOr;l.llelthereto. ' SUcn measurement's ' wn1' not,"'includa , • 1 ~ ,. . • 

addi ti'onal" yardage caused by slips, ' slides, cave-inS '; ": 'si1~tinp,s, or 
fillings due to the action of the elements or the carelessness of the 
contractor. Water will not be class ed as excavated material. 

Where the excavation is made from Caissons or Cofferdams for which 
direct payment is made either on a cubic yard basis or a lemp sum basis 
attention is called to the fact that t :" e measurement of excavation 
quantities will be only to the neat lines of outside dimensions of 
such caissons or cofferdams. 

The log of material indicated by borings and shown on the project 
plans is consider ed correct by the state Highway Department, however, 
bidders shOUld make ,su,ch additional investtgation as they consider 
necessary to determine the foundation conditions. ~o additional com
pensation will be allowed the contractor should tt develop during 
construction that the foundation material is of a different character 
than shown on the plans. 

8. Basi s of Payment: Pe,yment for work prescribed in: this item other 
than solid rock excavation and measured as provided above shall be 
made at the contract unit price bid p er cubic yard for "Unclassified 
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Structural Excava.tion", whic..l1 shall be full compensation for furni.sh
,ing,aU l))a.terials, labo;r" equipment, t ools ao}.,(L~ncid!lntals necessary 
to compl~t~ tl'!e ·\V9,rk . ... , · . . ' '-:- . . 

Payment f or soi~d rock: ex~avation pr~~~~ibed i~ , thi;item and 
measured as p r ovided above sh,dl be made 'at t he ' contra ct' uni t p rj ce 
bid per cubi~ j'a r\!. f or "Solid Rock Structural , ' E.:ca'v;':t~ o;'~l, .whi~h 
shall, bef\l;!.l comp ensation for furnishing all ' m?-terial s~ labor, equip
ment, tools and incidentals necessary to complet'e the work. The unit 
J;lrice pid for , "Solid Rock: Structu .al ,Excavati onu . shall apply regard
less of whether, the material , eica;'atedi~ ap(j':.,~ ·, o.r below the water 
line. :::.; 

In no case will payment fo r "Uncla !,'sifi ed Structural ' Excayation" 
a:.ld "Solid Hock: Structu ral :SXcavat i on" be made fo '!:' t he same vol ume 

, remov~d. i .. 

, , 

Should it 'be neC,essary, in the op1mon of the mgineer, to carry 
t h e footing ,elevations to a grea ter depth than shown on the plans , 
'ohen the uni t contract ,prfce fo;r "Unclassified Structural' Exca,vation" 
Or "Solid Rock Structural 'Excavati.on", ~s the' case 'may be, will be in
creased at , the r,'l. te .of two percent (2%) 'ge r foo t ,for ea c..l1 addi tional 
foot of "depthrequlred, but rio increase in price will "be allowed for 
any , other i terns of contract. ' " 

, ,Example: "Contrac t uni t Pri'c e = '$1:00, Extra depth ", ' 6 ft. 
Percentage per ft; of 'extra depth ",(zj.4j6j.8/10112)~6 = 7. Quantity 
of Excavati on iIi extra depth = 100. C. Y. Payment due = lOOXSl.07 = 

, $lQ7~00. 

, Monthly estimates will be based on th~ bid unit p rice for 
"Unclassified Structural Excavation" 'or"' '' Solid Rock Structu.ral 
Excavation" as the case !)lay ' be ana. shohld t here be an adjustment 
necessary in the uni t pri ce' 6'; , aCcouIlt of deener' excava t 'ion SUCll 
increased amounts will be allowed ' in the finai ,es'timate. ' . . " . 
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STA'l'E ;.,1 GHl7AY. D:8PA RTMEi-!T OF TFXAS 

ITEI'f. 91. REINFORCING STEEL 

(i·lote: Effective Jan. I, 1931, t his item supersedes Item 86 of t he 
Stano,ard Specifications approved Fcb . 26. 1926. ) 

91.1. DESCRIPTION. RGinforcing steel shall consist of furnishing 8,nd 
placi ng of reinforcing steel of the type, size and auantity designated 
:01' use in concretestrnctures as shown on the "ll ans a nd in accordance 
with these specifi cations. 

91. 2., HA.T'CRIALS. Reinforc i ng steel shall mee t the recui rements of the 
American Soci e ty for Testi ng Materials ', St anda,rd Specificat i ons for 
Billet Steel Concrete Reinforcement Bars, Serial Designation Al5-i4, 
wi th subsequent amendments . Unless otherwise desi.e;nat ed upon the plans. 
all bar or fabric reinforcement shall lle made from ouen hearth ste'el 
of the structural g rade. Intermediate grade may be used if authori zed 
by the Engineer. 

When deformed bars are specified. the form 0: t he bar shall be 
such as to p rovide a net' 'sectipp: at a1'1 points equivalent to that of 
a p l ain square or r ound 'bar of 'equal nominal S'ize . T'liisted bars 'tire 
not considered as deformed ,and shal l not be used. 

Steel fall,,-c for this style or' 'reinforcement shall be ' cold drawn 
from rQ~ .. "o t roll ed from bil'iets. " The wire, afte r fabrication, ' sloall 
have a minimum ' tensile s trengtll 'of 'sever,ty thousa1ld pounds 'per sqUare 
inch, and shall with stand bei:1g bent 'c'ol d,' around its ' own diameter", 
through one hundred ,and ei ghty degr ees, wi t ,hout c r a cki ng on t Le out
s:Lde ofihe ,bent uortion. 

91. 3. :B~"DING. The reinforcement shall be bent col 'd to the shap'es 
indi.'cated on ' 'ehe p l ans. ' 3endin.~ sh;l,ll p referab l y be dane in t he- 's;,op 
before shiPIllent a"d not in the field. Bends shall be true to the 
shapes indicat ed and i ,rref';ul a ri ties in bendi :lg sha:Ll be c,aus e, for 
reject i on. ' 

91. 4. STORI NG. ' Steel rei nforcement shall be s toted 'aboVe 't r:e suiface 
o,t be ground llponplatfonUs, skids or ot her sUDllorts"ano"shEdl ' be 
urot ec ted as f[1.r a s ,1)ract{cablefrom mechanical injurY and surface 
deterioration caused ' by expo su re to ' conditionspro'duCing .u~t. When 
pl ,o,ced in tile work" i-t ' shall ,be, f r ee from d.irt. scale, dust. ' uaint. 
oil or other foreigTI material. ' , ,, ' 

91.5. ,SPLICES. All reinf orcemiint shall 'be fu rni shed in th~ full 
lengths indicated upon ~he ' pl ,",ns . No spli cing (if bars, except wton 
shown on the ulans, will be l)o rmitted without the wri tton ap 'Jroval 
of the '21gineer. Splices which are )lermi tted sha ll have a l ength of 
not l ess than 40 times the nominal diamoter of the rei nforc ement. 
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an<Shall '1ie :well distrib1.'t,!d,or. else located at peints ef lew tensile 
stress. ' . Fe spU ces,.wi ll .. :b e :9~riiii HEld" at pei nt·s )'1;-,ere these9tien.i s 
net · suffiCi ant to.· l'Jrevi.de a. rni'ninrum distanc.e or ·t",e inches ' between 
tho s',;>lice and the ' near~~t 'adjacent bar or .th,, · surfac'c , 6ftl~e ciincrete. , 
The bars shall be rigidly clamped er wired a.t a;n, s'nJ,fces. in a maliner 
ap-(:> rev'ed ··by "the .:·Engine,er. ; .... ,' , ' j.... . . '.. '" '. -" . ' . " .... 

91.6; PLACING. ,' ' >',St~~l"': r~infbtc~ment' " s"h9111~ :b:e " ;l~~'~d~ , in . tlie '~ e~~ct '. ' 
pOSi hen as·' shown · Oil , th.e pl~n~, .a,\<i. .held· securely, in l)l~ac~al;dl'i{; .· the ' 
plac:iilgef thecenGretE!' , ve.;r::1;ica::j.'·stirrUps sh-allalways· passa.reund . . . 
the main :tensi,e ri ·m8!Ilbe·rs .and .be 'secureiy 'attached therete. · T"ne·' ·re..: · 
infercing steel in ail' ~6nc;"eteina~bnr.Y '¥ia1.1s: sh;J.IJ, 'l,'e ;~p'8.ced i .ts ... ' 
'Oro'Oer distance from the face ef t he ferms by means ' 'of ·;,.i:il'JreV'ed" pr·~i 
~ast ' mottii.:'; · er· conCrete blocks. . All herizental reinferCi:n~~te'ei · :. 
shall be . s"acea ' vertic~i':y : 'J?y·rri~I.l-!'lS · of 'ap\)reved Precast J;I0~tar er.,.cen
crete blecks. '''· AIT reinforc'ine: ate-el s ;-'~'I:i · be . wi red., tog'abef 'aFitll 
int e rsecti,ens er as di:r~C:te(f :OY:'t'1 e ~: Eniin~er: ,' Eefore · any'-. ~c~c~ete i'S 
DlacOO all mertar shall l)e cieaned froiri trio . r.einf()rceIl1"p1<~, __ ·:;' , 'i i , 

,~eets ; '6f m~tal~~~4)h:~:i:i6';e;lap 'eaCh ·othersnfHyi..entlyto .. , . 
mai iltain" ii. ·'unifonn st.remgtl:i ",";d Shallbe ' s'eiciurel'p; f",$te~ied~.t .. t;he 
ends -and edges. , . .... .. .. .. : ; '.. .~::,.;.,,' .. " -.. ' 

t· . , ." . ,,' ":::~') . , ' :.' ,.; ':," ~:" .: . . ,; .. : . ,: . . ' .! ', 

~je concrete~:,ail b~d~~bsitedul1tiVt;,e . En~ne~';,. ~i{~ll have"" i 

inspected the 'Olacing of the ' rei nforcing metal a" d . g i v,eri, ' peim~ssidn ' 
te'Ol :" ce c6~crete , Al.L .cencrete placed in vielatien ' of "this ' 'proir:i:'sion 
shall be rejected .. and·,remeve'd;' :" :: '" ., i·'"., · ... ".-"'.: -' . . ... 

, ' ' " ''. .. , . :. . ' . . . ;' ~ " . . 
, ' :, :'; ~ f' ~" " . ,; : , .... ' . ,"::' . ;; :, :, ' ,, ": , :1' ..;' " . ;. _, 

91. 7, . MEASUR"Jm."T.j\ein;forctng'steel in .' ,?J: ,'l-c~ willbe.· pafd for ' bythe 
exce"t where speciflc,Hiy"provid.ed : e.lsewhere · 'i.n tli e·se . specHica
that full compensa tien fer furnis:,ing a ad " laCing' reinforCing'. '., 
shall' ,be ccndid·ered, a,s. included in the -orices uaid fer ·iet-her .·:', 

p.ound 
tiens 
steel 
items ef werk. , 'i' .. .', . " ' .. :.... . .. . ' - . .' . 

~ ,1' . : , ' '. .'~ ,~ ; , " .: 
,~" ( ,[,) , --~.: , , ' ;, ' " 

The quantity :of , r~l.rifiiitcirrg stee:!: ':t)urni S118d and: i:i'J,~cedsh".H be 
based preferab~y on . t il e.: scaii;yieigl~ts ' of ·Fe ~ teef act~liy pl Aced in 
accordance wi th these' speci'ficatJ:tJiis, ' ex.cept .. t ,\"-§tt !,iO. i9aymeilt . willbe 
made fe r quanti ties in excess of t l.e thi3o:t'etj,<:)al .iVei.ght- p1l,lS·i· tWO:" ':ger 
ce'1t. Tie wi'res .and sup'gertj.ng devi ces will not ' be i'ncJ:udea: ' in " ~h-e 
ouanti ty fer "a;Yll!ent. ·. ,_If\>e's¢afEr ,'weifll' t:' i:~ ,les:s. t ,'ap .. t~1,e. . t,;eoreti c8,l 
weight niinusthree .'Oercenttheinateti?l 'sh>'\ll , ber~j e9.ted: . Rai-lI'oaa. 
wei ghts will not :be acc<~"tea ' as actua:l sciile- .· ,v¢i1?hts. ;. · .' .. ,' " '.; 

-.: "' . 
Where actual scale weie;hts ' are '- Mt . ob.tain~ the : quant1ty for 

pa;yment will b e determined by theoretical ,.eigllt using the followihg 
uni ts: 
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Size 

1/4" Round 
3/8" 11 

1/2" " 
5/S" II 

3/4" 11 

7/8" 11 

111 II 

1/211 Square 
I" II 

1 1/8" " 
1 1/4" " 

Minimum 
Area 

sq. in. 

0.049 
O.llO 
0.196 
0.307 
0.442 
0.601 
0.785 
0.250 
1.000 
1.266 
1.563 

Weight per lineal foot 

0.167 
0.376 
0.668 
1.043 
1.502 
2.044 
2.670 
0.850 
3.400 
4.303 
5.313 

91. 8. BASIS OF PAYMENT. Reinforcing steel used in concI'ete structures, 
measured as ~rovided above, will be uaid for at the contract unit ~rice 
bid per pound of "Reinforcing Steel" which -orice shall be full compensa
tion for furnishin~, bending, fabricating, weighing, and placing the re
inforcement, for all clius, metal suacers, ties, wl. re or other materials 
used for fastening reinf~rcement in' place, for all tools, labor, equip
ment and incidentals ,1ecessary to complete the work. 

Reinforcement for concrete railing and piling shall be paid for as 
provided in the specifications for those items. 
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STATE HIGh"W!\¥ DW!\R'I'I-IENT OF '1'EXAS 

-------~--~-------

ITEM 91-A. RAIL '<EHFORCING STEEL 

91- A.' 1. DESCRIPTION. Rail Reinforcement bars may be, used where 
specified on t l-' e pla.ns fo r concrete structures or portions of struc
tures, but sud! us e shall be limi ted to the reinforcement for struc
tures having individual spans 20 ft. or less and the maximum size bar 
to be used shall be 3/4 inch round or square . 

2; ' MATERIALS. Rail Steel Reinforcement bars shall comply wi th the 
r 'equirements of the "Standard ,Specifications for Rail Steel Concrete 
Reinforcement Bars, Serial Designation: Al6-14", of the A. S. T. M. 

All, reinforcement bars for' stru.ctures shal], be deformed. Eot 
'tWisted bars will not be admitted. 

The bars , shall be rolled f rom sta.ndard secti on Tee rails. Prior 
to rolling. the Tee rail shall be separated into sections of such size 
that the bars may ,be produced :by reducing the section in the rolls, No 
bar shall be' produced bY ' 'Piling the metal. ' 'Satisfactory evidence that 
the bars have been rolled from ,ste,ndard section ,Tee rails as required 
by these specifications 'shall be sw)plieo., and failure to s12pply such 
evidence 'shall be cons-idered as sufficient cause ' for rejection. 

(36) 
"'est specimens from the field shall be not less "than thirty-six 
inches in length. 

3. BENDING. The reinforcement shall be bent cold to ,the shapes 
indicated on the plans. Bending , shall preferably be done in the shop 
before shipment and not in t he field. ~ends sha. ll be true to t he shapes 
indicated and irregularities in bending shall be callse for re,jection. 

4. STORING. Steel reinforcement shall be stored above the surface of 
the ground u-pon platfo rms, ski.ds or other su-p-ports, and shall be 'Cro
tected as far as practicable from mechanical injury and surfac e dete~ 
rioration caused by exoosure to conditions producing rust. When placed 
in t'1e work, it s118,ll be free from dirt, scale, dust, paint, oil or 
other foreign material. 

5. SPLICES. Allreinforcemeht shall be furnished in the full lengths 
indicated upon the plans. No spli cing of bars. except when shown on 

, the plans, will be permitted 'wi thout 'the wri tten approval of the Engi- , 
rieer. Splices which are permitted shall have a length of not less: than 
40 times th'e nominal diameter of the r ei ,nforcement, "nd shall be we.1t 
di stri buted ,or else located at points of, low tensile s ,tres<l. No splices 
will be permitted at ',?oints where t h e ' section is not sufficient to 'Oro
vide a minimum distance of two inches between t he sDlice and the nearest 
adjacent bar or t !le surface ,of the concrete. The. ,bars shall be. rigidly 
clamped or wired at all splices in a manner approv'ed by the Engineer. 
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7 . . · .MEASU·REMID.!T. Rail Reinforcing Steel in Dlace will b e Datd f or by t he 
pou~d eic;e~t '';'here ' sp~c'ifi6ally 'rlrovi.ded eTse'wh"r-e i'n ,:thQs.~ sp <3.cifications 
that full compensation for fu rni shi.rigarid ,' -pl a ci rlf.: rat.l -.reiIrforctng .steel 

• shlj-l,l be . cOnsidered .a,s included in the p r i ces paid fo r ot her i terns of work. 
. . . . ; ' • ... ' c · , •. • ,.' • 

,.: . '" _ . . ... ; . ... . ' ._ .... :,' ... . , , ....... , '. ; : . .i.-.: ' , ~" .~ :.>: t.~ :: .. ,:,; :'~~' 

, "'l).<q"antit~ ;~f · rai~ 're:lnfbrCi ng ti1ieeHurnished !l.ud p10c,,<l- 1¥ha~ 1 be 
• " bas ed pref \lral) lY. o~, ' ~J:i.e~ s ca1e .' weigh ts ' ot:- the ,"s teel e;a ;t~l.lY plac,,!!::j.n 

· accorciancl'l ' )Vith the.~e · speci f i cat j.ons. ', excep t " tha.tno '~aYlllenj; :)'li1L. P.e made 
. forq\lantj tJ.e~ ·in. <3xcess ' Of" t~le . 'theotet:1cal ·.,waight p).us •. . t .!19 P" .F;. ceIj,t. 

Ti e wi r .es . a iia.. su'ppo·rting· devi cas ·Wi HI. .' not ;· be .induded:' i 1;1., .the . <lJl:S-ll t~.rY f or 
payment • . If t h e s ca:re"wei'ght "is less · than ' the , theoTet.i~l. weigi;l.t , Mnus 
.t(lree pr>Tcent . the m?-terial . shall be rej ected . Railroad weights ,viii not 
be accep ted ' a~" ac'tual"sc!'ile w€ights::' :. ' ,.-.-:.... ," ;", 1,.,. ,.- , . 

.l'ibe x:.e aC,tua,lscale weights are not obtai ';ed t~e' q;,~ntit; f~r' ;~yment 
will b.e deterrn1ned'.-'bY thebretieal" wei.ght .-usi ng the .fqllo.\'f1;;Il€ •. uJ:\i ts.;, 

. ,. ' -. ~ .. -. ~ ' . . :." ... :: .... : . . , .. ... , " ' ,' .", , .. , .. .. ~ ., ., ; 

":"MiIl1:riiciin , . . ',.', " ; , .. . ' .. '" 
: . . ,.' : . -: .... ~ 

'... ; At'e'~ .... "; '. "'. 
0.. ; , . ;.-

',' :' ':,' ' 

Size . Sq. In. Weight Der lineal fee t 
' . ; .~ 

. ; ..' .' ~ . ,. . . : .i '. . . :; ., ~ . ~ .: : '._ , • 
·j l4;"F,p-unrJ. ," d;04~f" ' .. ' " ,·t,· ' , ·0,167 ' ..•. :~ .. : .. '. '~ 
· 3./8'('- .. 1.1. '. , .. :. ,. 0:'110""""" " . .,. ,.-. O.37!) ' . • >t : ... :,. " .. • ,.; 

15/,28:: :: . .". °
0
", .. 1

3
. 9

0
6
7

' .:.' ')" .... v. . 0'0668 .. , .. 
. . .~. . ' .. ; L 043 .. ,., 

3/4" " 0.442 . 1. 502>. 
1/12.11 Square , . . 0 ... 250 0.850 , 

. ... . ' . :'" :: ;:; ',., ." ., ' .:, > L, ' . .,~' ;,.\-, ., 

8. __ ., BASIS b.ifR.i:~l~." ~·F,i..i:c Relrifo'r'dI1g Ste el: : used, in:, conQre,~a, ,,,~~ctures. 
· ro.e,¥,ured. a.s pr.<;iv:~p,edaj)·()ife ... iw·Uthe' :!laid ·'fO'r: a:t the !oPnt ra.c.~ . t>ni;t : .price 
:.,'bid 'Oar 1?ounci .or":"1la:ir .:Re.l.riforcing ·S'teelll. wht'eh ';p.rl ce,. s1;",). J.- beA;u,l~ . 

compensati,()n fot' ':f;-;ril1shinl!,' .'bendi ng. ' fabri ca,tiUf.:.wei ghimg .. ,a;¢ . ~la.ei ng 
the rei:rif'orcemiint. :l6r ' i1'1 'clf'p s'" ' i1leta.l :spa.cers • · .• dre .. ti ~s. ;,ol-' . ,~~her mate
.rials used for ,fast:e.n1ng'reinforcement inpl·a,ce. for .:aH 'l t oqls . :lll,bor • 

. equi~E;>nt ,ali~ .' ~I\cid~etat~necessai'# to · comple.te 'the wor~, · .' ".' ;: ;; ," 

. . 'Rail Rsinfor~ement ::;br ~~~c;e~e . r a.B:ing (and' Pi i i ng' s~i~ :~~ ;l?aid fo r 
as provided in the specifications f or t hos e items. 
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ITEM 93-A. TIMBER FOR STRUCTUR~S - SOUTHE..'ThL YELLOW PINE. 

(REV. 3-1-34) 

(Note: Effective June l., 1933, this item supersedes Item 83.2 to 83 .18 
incl. of t h e Standard Specificati ons approved Feb. 26, 1 926.) 

93.1. DESCRIPTION: Untreated scructural timber or creosoted structu ral 
timber shall "e used where shown on the p13.ns or directed by the 'E:'IGineer, 
a cod such s tructures or portions of struci;11res shal l be constructed in 
accordance wi th t h e nl a.ns and t h ese specifications. 'Iilis item shall in
clude only such timber a s is a pa.rt of t;-.e completed work. All timber for 
erection purposes , as falseVTork , forms, bracing , sbeetinr , etc . , s:1;' 11 be 
furnis ;1ed by the Contra ctor at his own expense. 

93.2. MATERIAL: UnJ.ess othe rwis e specified, material shall be Soutl>.ern 
Yellow Pille conforming to these speCifications which are based on tr:e 1 <:)32. 
Standard Specification fo r ·Grad.esas e,do:9ted by 'che Sout;,ern Pine Associ.ation. 

Unless otherwise provided South ern Yellow Pine timb e r for ·structu.res 
may be longleaf or shortleaf conformi ne; to the fo llow.iug g rades for the i terns 
noted. 

Stringers, floorbeams, na.iling stri'Os, cans, sawn 'Oiline;', rail ]Jo'sts, 
trJ.ss members, floorinl;, (except 2"x4" stri p floorin,e;) railiue.:, : wheel suariis 
and sill s sha.11 be Str>~ctural Square Edr,;e and Scund Lone:l eaf or De:lse Struc~ 
tural Square F"d."e ann. Sound Shortleaf conformin.p.: to t h e r equirements of Par. 
93.8 (SPA 327 & 377), for t i mbers 6"x6" and l a. ,ger, a nd Pa r. 93.9 (S?A 338 & 
389) tim1)ers 2" to 5" t h i cJc a'1d 6" to 16" wide. 

Bracing, bulkh ead pla.nk, b ridgip~, 2"x4" strtp flooring , · ed;~i!1g stri"9s~ 
cleats a'1d blocks shall be Fo. 1 Structural Longleaf or Dense "0 . I ' Structural 
Shortleii.f confonning to t h e r equi rements of Pa r. 93.10 (S? A 328 '& ~ fox ,17 
sizes 6" or more in . thickness; shall be Lone:leaf Structural Square Zdge and 
SouD.d or Dense Structural Sauare Edge and Sound. Shortlee.f confo nnin,~ 'CO the 
requirements of Par. 93 . 11 (SPA 338,& 389) for s~zes 3" . to 5" i n t h ickness; 
and s},8.11 be No. 1 Longleaf Dim eClsion or No. 1 Dense Shortl cr·f Dime'1si on con
fonning to t h e requirements of Pa r. 93. 12 (SP;\. 359 & 409) for s'.zes 2 " 
t:lickness. . 

When specified, Small Timbers (3"x3"to · a;:,0. i n cluding 4"x6")maybe used 
for items given above where applicable in· Si,Z6 • . ,Small :Timbers shall be ·No·, 1 
Longleaf or No. 1 Dense shortleaf confonning to . the requirements of Par. 93.13 
(SPA 367 &. 418.) 

U.nless othe·rwise .p r ovided one inch 
Commo" Boards a ndStrips"(SPA 282) . 
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93.3. \"hen untreated timber is'spedf:Ced' l t shali" show not less than 
t :C e following amounts of hear tv/ood: 

stringers, rld:orbelks a:ifd ' fi6o'ri'n",; ' 80~ of ' heart 
on any girth. . 

. 1 .. ,, ' .: Caps, S1 L s :>no. po s t s ·, · 7-57' '1)f 'heart on each of the 
four sides measured across t :C e side. 
Bracings, struts, r a ils, etc., 80<>1; of heart on both 
ili·des ·ineasured·· ac'r oss · tbe·· SIde. .. .. . 

; .: .... :." ;! -. 

When treated timber is specified t h ere shall be no he:3.rt· .• ood . 
requirements a'1d 'the amount of 'satiWoo·d ." s]fullnot . be' ·liinit ed; '.' },,:"',;.',: 

93.4. SIZE~UIREMU!TS: ' Rough 
full si ze when {~teeh. · . A . maxImum 
each side surfaced .. 

., . . : . 

. :.-

""" 

,." ' ;," ' . 

", '-' " :- . 

Rough Dimension timber sh..'1.1'l' be, 2'" ·thickness', ·· 4 ", ' '6"; ' 8";" 10" ·(bd·.': 
12" widths. It is provided that rough dimensi.on grades shall be notless . 
than 1/8" thicker .. than. the' correspona.ih;.' ;f1inislle,d ' llry · thi 'cknes's~'; > 'EiiceptLlg · · 
that· 20% of a , shipment · may' not· be ' l 'e:ss -thltn3(32",.thau' the"·corresi:>oridi.·ng ' ': 
standard.· finished; dry; thi-ckness,' .·' ·Further\pi eces '1/2'" 'o't"mcir'i:J :ibove" ,: ,:. 
nominal thickness, as may be produced by uneven sawing, may, at t he 09tion 
of t he Engineer" be "rejected; ;'''Dimension,:' 6rde'rea: rough'" . H · tnicker ·tMn 
tlle nominal thickness fOT ' d'rY': or ,treen .stbck, ': may ·b'e:(r,res·sed' t6:"such .. thi·ckriess 
a :,ld wilen so dressed shall oe considered as rough stock. . 

·Staudardlengths ''Of Dimensi-on' iliate,I'ial are, f'rOfu"4' : t6 24" "inclusive, 
in. "Julti':lles of. '2' .; ' excePt · that:' g'a:nd' ll,:, 'snalT"oe standard" In 2'x4 , '2~?, . 
2x8; 13' ill Zx8arid '2XJ,0;<' ahd 15"i,h 2xJ:O 8.11:d2x12, ..' ,. . 

" ~." " .~ . . - . ~1 " ,. 
.'; ", 

: Dres'sed"si zas of 'DimellsIon,." material' :are r ··5/8 .. . II'} .. :th,i 'Ckiies's ; :3 ' 5/8"; 
5 5/8 11 ; 7~", ~II and 11~1I width .. ··: :::: -. . \ ," " -' .;.; . '.- ~ . 

Standard, rough width or 'iFlllcimess :.forSmall'J'imbers ' snaH' n6't:'b'e 
less tha n' t ·1I off of nominal: "when: o·roered''' rough , ''if ·t!i.i·cker· o'¥; Wider' -than' '. , 
aforementioned rou"h' thickne'ss' 'or ' width; · m~y be dres(;ed · t o" sUch" thlckne'ss ' 
or width,and when so dress"'d. 'shail'beconsidered' as': .'I'6ul';h ·stoC1c; ·· In . 
shi"oments ,a:s "I'ou"h 'Oie'ess ' ~II "or more abov'e : nominal 'thickness; -:Qr "'1'" above 
nomi.nal width, ' for ~bUl':h s to:Ck; 'as ' may ;) e" p'ro'd.uced by ' uneveh:'sawirr"-:>itr?,y; : 
at · tn.e o:(ltion '01' the Eniineer} be.~Je?ted'~ · .. "." .. ,. ' .., 

. './ " " ' :, :. . ,:,; ' ,: . :: " ~. ., :.: . 
Dressed sizes of Small Timbers when dressed SI S 1 E to S 4 S·;.t-he 

dressed size shall be 3/8 11 . less t h8.11 . nom.inal si ze • . 
" ,. .,': . -;" . , ;' : " 

Sizesof'SliJa;ll .· Tin;ber·s · 8.re · 3 '!:x;3 !! til ' and ' inClUding 4·"ic6" . ·$tandary. ·· . 
1 el'lg'ths ' are 10' " to··:24, : intI usi v'e; I-h ':iml.lt-i 'ples·· .. o(, 2" ; :: . .... , .' " ": :'~ .. 

:., . 
~ .. ' 

93.5. SF~_XES ~T]) C~:ECKS: All structural ~rades of timbers shall contain 
only. s'oUnd .wood. and . be' wen '·inanirl'actu-r·ed ; ~hil.B.· be 'free from end 'Shakes and 
checks exceeding ons-third the width of t he :, end . (narrow' fad,)eitc'eptiuE 'in 
No. 1 S'cructural (Longleaf), in which shakes may measure four-ni.ntns the 
width of end. 
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In beams and stril1l':ers (pieces of unequal faces) ,the" size of a sl'ake 
shall be talcen as the s30rtest distance between, lines enclosing t he shake 

' and parallel to the wide' faces , of the '9i9<::e>' Iii posts (equal faces) the 
size of a shake shall be measured l?etweenlines paral~,ei to each pair of 

.'. 'opuQsite faces , and "the i~re·D.fet:' : .· 6f : tl:les ·e tw'o d1sta;'lces shaj.l' be taken . as 
" it s ' size~ . . r .". .. 

.. : '. 

93.6. DEFSITY RJiJ:(UIKil-'IENT: Structural gr",des of SO'J.th ern Yellow Pine 
shall Sf'OW on one end or the oil',er ali avera.e;e of ' at l east six ~,nnual 
rings per inch a,pd at ieast one-tlurd ' Summetwood, all as meaSur'ed over 
the third, fourth; and ' fifth inches of a ra,iial line from 'the' pi th. ' Wide
ringed ma'cerialexci'uded ' b;y this rUle ~illbe , ,,,cce'()t"'ble, urovideo. the 
amount of su.mmerwood ' as abo';'e iheasured 'sballbe at ' least one-hilf. 

The contrast in color 'between ' suininernood ,a>lds'9ringwood s218.ll be 
sharp and the S\unmerwood shall be dark in color', exce1)t in !>ieces D,aving 
considerable above the mi.ninrum requirement for SU!JlIIlcrwood. 

Iii. Cases where timbers do not ' contain the 'Oith, and it is im1)ossible 
to locate it 'with al1Y deiree of accuracy, the same inspection shall be made 
ove r three inches on an aU'9roximate radial line beginning at' t!>e edge nearest 
the pi t,h, in timbers over t:-,ree inche,s in thickness and on t)!.~, second inch 
'(6nthe piece) , nearest to th,e pi th:, in tfmbers three inc)1osor: J.ess in , 
thickness. .. 

In dimension material" containing the pith but not a fivll'-inch radial 
line, which 'is less than two ' inches by eight, inches in section or less than 
eight 'inches in width, that does not show' over sixteen square inches on ' the 
cro'ss:'sectiori, th'e' :inspectionshall . apply t 'o the second inch ' from the 'oi tho 
In larger material that does not show a five-inch radial line, the inspec
tion shan apply , to the three ' i nches farthest from the '9i tho 

The radial line chosen shall ·'bli representative. In cas'e of di sa f(ree
ment 'between purchaser and seller the average summerwood and number o'f ' rIn"s 
' shall be the average of the two radial lines chosen. 

93.7. G,ENERAL KNOT LIMI TATIOl"S: ' In ali structural t imber grades the follow
i ng knot limi tations shall govern: 

Oil narrow faces of beams or , stringers t :1e s'.ze of a knot s0all be 
t~1{:en as its width be'Gween lines parallel ' :Go the edges of t !1 e piece . On wide 
f~ces the smallest diameter of a knot shall be,t~cen as its size. ~~e average 

, diameter of a s'9ike knot shall be talcen as t he .. a.verage of Hs average of its 
length and its maximum width. 

The size of knots on n~,rrow or horizonti).l' faces may increase -prolJor
tionately from the size allowed in tbe middle ,tn ird to twice that, size a'G 
the ends of the piece. 

The size of knots on wide or verti.cal f"ees may increase !>ro-porti.on
ately froin the size ' alloweda,t the ed",eto that aUc;>wed ,at the cente'r : l 't'le. 

Knots " ,'t edges of wide faces shal,l hot exce'ed in ,size , the \.-nots -oer
'roi 'tted' on"the 'iW,ja,cent ',narrow ' face, but,' the 'size':'i's r.lea'sured 'On' the ' le:ast 
diam'eterinsteai:l. of' otherwi.se.· Kl1ots "t 'edges of' wi ciefaces maY ' i;J.crease 
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prQPQrtiQnately frQm s'ze allQwed in the middle t hird tQ twice that size at 
t:',e end Qf the Diece. 

On '.wid§'. 'faCes .Qf Joi.st and Planlc tte size Q~ la:lOt shall be the mean 
. Q.raverage ,diam<;lter • . On ~rrQ)V. f~<;es of jc;>is 't and 'Plank the size Qf a knQt 

sl1all :· b€ talc.e.nas its width be.twl'en· lirie·s parail·ei . to the edges of t'ne' piece. 
The aVllragG dianieter . Qf . a . spike . ~9~Q't shal,l be ' talc en as . \;:'8 av erage ofi ts 
length and it."maxciwum'Ni~th. ~ ". ''' : . ": 

' ..... . 

\:'he size Qf knQts Qn wide faces may increase prQPQrtiQnatelY' froin the 
si.ze 'allowed, at. t}:.e . edee tQ ..• P,at allQwed at the center line. KnQts on narrow . .. . . " " :,'.:, ···. u ' ,. ' .,." .. ....... ;' ,'. :' ..., ... .. . ' .. ~ .. ~ ,. .. .. , • ..... 
faces al'd.. at· .edgll?o; of, .wid!'l .fac.e~ .. 1beatedouts'ide · the' mfddTe· ·thi'id Qf! ,the 
1Fmgth ;of, the , piece' may~ncrea~~.:P#ipQrt;:onate1Y fr6m .the' size ' llUQ.\1ed ', in 

'. ne lridd..l .e ,thi rd. tp· :,tw-J.:Ce j;!)-'\.t · ~i"z e a tthe, El!l~.s"Qf "the 'pi ';'ce.· . , ,. 
, . :', . 

. . " " / ' ,:. I ':}. "f :~ ,; ' ,", ". . .. ; . • "... .... 
. " ~n 'sq1,tare ,.t}!libers ,)u"''¥!-P:Y Rqsts) ' t!ies'ize '(i f a: 'k i6't' 'sha'Ll1:1e 'measured 

the mean or average diameter; .. .' : '.",; .~ . ....... . Qn . f, ; :: .: ., '.!.: 

. In ~ sq,;;;~\imber:s\~~ 's1ibi 9f C!th~ 'd~",iilitiirs ' df ' tl~ e 'knots'c'n 811 sides 
within allY silf inches., o.t Hii.g~!i.\~il . not' eXijeed twiee ·tliemaxlnrumslz·e knQt 
allowable; nQr shall " £herebe' 'tw6 'rrili,idliium : allowable 'lmCits" in" th1) "S8llle 'six 

: i Itches Qf 1 ength Qf allY , fae.e . . , ' . . , .' . .". '~ .. , .. .... : .'-.' .~""":.~ . .i,,~ . .. ... ',. 

93.8. . . s~W.C_S~U;u&' iDGEr.\..1i,p., ~6uAA .LONl;LE.ti' O~ D~TS~ ' ~~RUCTURAL S~UARE 
.EDGE.·AJ)1J) S.OUND .SRQRTLEil.F.' .(FORS.rZES pilx6" ' A~i:b' i:ARGER)'ShaU : cqnfOI-m- to·.' 
de;1si ty requirement as given t n . th.~\,'~ . speCih ~ati6ns(Par; , 93; 6); ' shall be 
Qf sound 'GQQd and we1i. ~f>.nUfaCtured; '910)..11 be 'free ' frOm sha.ke~ and.; c..'1·e:t:ks Qn 
ends which exceed 1/3 t10e width Qf end (narrQw face), and. dia~t>'na1·."·grain wHh 
slQPe' greater t~n1;!I . in.121~; , .wane"shl',ll nQt .exceed 1/8 wj.dth Qf face and t 

• ". . ..., •• . ' •• ' f ,_ . oe' , ~ . _ . • . .• _ . • 

leng'th .. Qf pi'E):ce 1'1< Qn~:' CQrnet,pt' , ·thllecj).ii.~'a,l)~~.O? ~tvro; brhiQI'ei corners. Qr 
'hQt . tQ·, e'xceed,"·l~· Q ;f. .. tr,e , niepes;. · nQ, l1iriHa n 'ons" as . t.b riea.'rt ' CQn't·en.t. .. . ' J'ay 

, contain ' sQund~ot·&. )w:nieh .wili indi.ud~' '~nca:~ed1mdt·s; Qr knQts· 'vi'th. "i th 
hQlesnQt to rexceed.. til ) . T:lrQvid~ci.. tl, e si,'z'e ':Qf :~nY kno( ' 6n .t'he·'cen'ter1ine Qf 
the middle .t'; i r d ·Qf tp.e .1e!ll$£h .. oJ We . '\5~eqe:~9J1annQt'e~ceea t h e measurements 
hereinafter given. measured Qn the ' f,,:ce in 'whlch 'It "appearS' as ··prcs.crfbed in 
"General KI)Q~ : Lif\litaj;ions" . and,;orQvi4e:Q. that the aggregate diamet~r ' Qf .all 

. . •• . - •• . c " .: \ . ". ... .. ' . _ '_' , ,. I !". . . . _,. 
knQts wi thin . th!3 . oenter.ohalf .. Qf . tGe . l~ngth of aDj: face 'sha'.n 'not exceed the 
width Qf that face. · Knot l 'imitatiQns 'aref" '''' , '.>'. '; : :. ''-'.' , . , . .. , ... : .... ::', ..... . . ' .- . . . ' ( :' . ~ .". " . 

. ' .. , .6" 
,:8!I , 
10" 
12" 
14" 
.16" . 
·1.8" 

., , .Unequal Face Timbers 

NarrQw Face 
';~ :. " "'!. 

"._ ." ": ' ."l. i!" :~· .. 21..'1 
} 4 

2.1.11 . 
'; . ? 

2;;" 
~" 
3 " 

. . , 

. : -, . 

, :.' 

.,; .. ' 

.~ ., .. 
:: ; .... ,'. 

: .' .~. ~ . .. " . 

,.' 

Square 
Timbers 

1~1I 
"" 1.: ' . : '. ~' 2-J.:.1I . . -" :-~ 

. :: '. 3 II 

. . ' '. 3-~H 
.• .c. 4 II 

4-}1I 
4~II 

93.9. LONGLEAF STRUCTURAL S~UARE EDGE Al"D S0UFl'r' OR ' D:!WSE STRUCTtJRAL : SQ.UARE 
EDGEA.:,illSOUND SHORTLEAF (,2 to .. 5" . . thick .and 6 tQ 16" wide) shall confQrm tQ 
densityreql,l.~ rementasiivep.:i ,,, · t4epe spec~fi8~tions, ,(pa.r; 93:6): shall be Qf 
sQund WOQd and Wellma.llUfae"tureii.'; · sha:kesaiiif' 'Checks ' '6nend .shall '. riQt· exceed 

: four-ninths of the , wid,th Qf end . .(J1<l,rrQ'(I face) .; Wane shall 'nQt exceed Qne-. ' .' . ' .. . ~ " , .: ' . ..~. , '. .: .', .. ' '. 
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eighth the width of any face and one-fourth of the length of the 'Oiece on one 
corl1er; ~lo'Oe of grain shall, .not.. be greater t b.an one · inch' in tw.elve inch('s in 

:t:,," · center. half of . the . length; no limitations as to heart content·; may ·cop.tain 
sound knots (which will inClude encased knots or knots with 'Oith holes .. not .. to 

.' , exceed 'oie-fourthh,ch) ,provided tha.t the size of anyone bot on the cOl}ter 
' line shall not exceed·· t he 'measu,rements horeinafter given, measured on "the fa.ce 
' iii which It appearsas :prescribed ,under "General K,.,ot Limitations", a.nd provid
ed t:, e sum .of diameters in the center half of the length of any face shall not 
'exceed :one ,alfd on~-h;3.lf ·· (l~) times t;1e width of tlle face. Knotlimitatio.ns are 
as follows: ' 

. w{d·hh Cif Face 

4" 
6" 
8" 

io'" 
12" 
14" and 16" 

'At edge of 'Wide Face ' 
MiddieThifd Of: Length 

. On Center Line 
of Wideiace .. 

" ],i" 
" Z " 

2*" 
" . '.3-t" 

'· ·;f n '" 
4h'I~, 

Knot,S on narrow faces of boxed hea~t pieces, middle third of length are 
limited , as follows: 

For Z" thickness 5/8 " 
3" " 1 " 
4" " It " 

" " " , . .' 
i\l : 

5". 
: ' .1 . 

l' 
•• j.~ 

93.10. ~TO, 1 STRUCTURAL LONGLF'..AF OR D]YSE " 0. 1 STRUCTLlRAi · SEORTLEAF '(FOR 
SIZES 6"x6" A'TIJ LARGER) shall , conform to densi ty re®irement 'as .given in these 
specifications (Par. 93,6); shall contain only sound wood a.nd be well marrufac
tured; sha,ll be f r ee from shakes and checks on ends which exceed 4/9 t he width 
of end (narrow face), and dii.';i;onal grain with slope greater thaI'! I" in 10"; 

.. wan<;_p<?rmi tted ,.if,. i ,t does . npt .. exceed 1*," , oll ,2 , faci3s, for .. l/.3 .t he , lenr;th of, the 
: Pi~c~: i1o'limitatidns 'a~ . 'to heart ' cont~nt;May contain ' scni.nd~:)Cil9.ts {whicb-, , 
w1.11 inc1ud~en~asedknotsor 1:n~ts'wi~hp~th' );101esn6t to e:x:c'ee~:tI4"L ...•.. .. 
urov:ldeiithe size of any kiiot on 't:-t<lcenter lin", of the midq.1e ,tl>.ird .oL the, 

,: 'l'imgth of, the pi sCe .shall not , exceed the .: measurement s . l:lereinBi'ter given; ', ',. 
",",,': ' measured on : ~,,~ face ' iri whi ch it appeat-s ' El.,;; ~prescI-i hedin "Generi>l.. Knot Limi-

.. " tations" 'arid providid" tb.at the aggregat~diamet~r, of - a1i ,knot§ wJ.thin'; J;he:' center 
haH of the length ,of any ' face siw,ll riot exceed the width. of that ,face . .. ~i, s 

. ' gta,de will amni j; of pi, thknots; u!l~o-<ind knots .notto .' exceed . l~'i~iameter'; . and 
a limHea. nUniberof ' pill' worm holes well scattereCl;Knot , 11mitatio.!ls are: , 

~ .i;:.G.~· :· 

. ~~ d·.:.. . 
-';': ... . ' 

, 1. .-

Size .. . " --.,, 

'0" 
8" 

10" 
1Z" 
14" 
16" 
18" 
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.f" , . 1J'negi.ui.1 Fice Tirol> ~rs 

~II 
4 

Z;l.1I 
4 

3 II 

3+" 4 
~II 

3!" 
" , ". 

,: . '. ' 

Wide Fa6e > 
., , 

~, -, 
,Square " 
Timber~ . 

.:)1. If . . 
a:~ . 
3 II 

_111 
"4 
~II 
4 II 

4t1l 
5 II 

. . , 
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. 93.11; LONGLEAF STRUGT"eTR!\J,SQ.UA.'tE. EDGE :;::;;£ SOmiD. bR , ~~'i'!J !5TIWCrlffiAL SQUA..BE 
EDGE 1>:.']) SOcrND SHORTLEAJi' . • JOI .S~ ;"','l) PLANK : CFO:fl :SIzE,$ 3),1 " to 5"1'!-'fCIG'rES S) s;',all 
cinuonn . to ' densi ty :requirem·ent." p,.s ·.gi ";'ell . i·n : tl1.8S(i) :,speCVic3.tipns ( 1?ar. 93.6); 
shall · be of sound wood: il.l,d , Vlell •.. rnanufactRr"d; . sh;llce.S : ~!ld·, checJr..s '011.: end shall 

. not exceed 4/9 the width :o-L enQ,j (,,~rrow face) ;wa.i1.e :.sh.·,tf··n9t ··exceed 1/8 the ' 
· wi'dthof any face and: + .oft"e, 1enE$hof.tlfe .• pi(i)ce~on+ . com:ei; ,;~i9p e of "rain 

" 'shell ·not be · greater than l!'.d. n. 1.2~' , -i n .t.ila. c·ente~),ai.f of ,tne i ehgth; no limi
;, tatioilS 80S to heart nor sap'; May .cont'ai..n:. gpup(lQi9tsCv,bi:¢h Vli).1. " i ilclud.e en

cas ed knots or knots w;.th "9i th holes not'-Go exceed t"Y; p.rqyidedthat t }' e size 
of any one knot on the centerline shall not exceed t h e me'asur'em:mts hereinafter 
given'; . measured on the facre .. :i'll 'whicr.l:l.,. ' j, t .. l'Ptlears as prescribed in "General Knot 

.·Limi tations", and p rovided, .. t h e: ;su;n 0·f .·d1ameters of knots i.n . the . ~enter half 
of t ole length of any face-"shaIi ' nore'x:c'~'ed I'}' times t h e width of t he face. 
Knot limi tations are as follo"r~': ",. 

Width of Face 

4" 
6" 
8" 

10" 
12" 
14" 
16" 

:.~ . 
At Edge of Wide Face 

Middle 'Third of Length 

" 

: . . . 

.. :.~ 

On Center Li ne 
" .of Wide Face 

. ... : 

.. , 

Knots on ·narrow faces of boxed heart pieces, middle third of length are 
limited .as follows: 

, , .. ~.' .. . . ' "'. ".- " ' . . . ~" .. ..... -
..... For' 3" · .. thi-ekne$s · , .. ; 

'. ' . . 
' " .J}!" 

: .: ; ,:-. : .: : " 

/ ', ' i!::',: " ; 3 :. ,' : ~ 
' .. , . " . : 

;.; : :. " ~":"'.: . :' II 

; '.: ~ .S ~I • 11 : ....... 
'. - . ' 

' . ' . . 
. " . . :: ::." .. - ', . .... . '.' :." ;:, ~', '." . ' . '. -, . -. ". , . .. , .' . . ' . '. , 

' 93~ l2~ · 'io; 1 LONGLEAF: PIME}'S:ION OR No-.inENSE: 'SHo-RTLWPllaNSION (FOR SIZE 
2" Hl THIClO'E'Ssh Each pi:eoe· ; ;hali: sl1~~ •. ~t,on~:.~a., ·P!. :t;l~ ' o:t!],Jt; at least 6 

, a~uaI . ri:ngs ;:: ~nda~'li,a:stll3 s~erw,~.od" , ~;",-a~t,eq,. ic9Qr;Nr;,g t~ .• ct~n,si t:f re-:-
· qUl'rement . as·· g~ven · In ;.th.ese . 8:1?ep;f"~!i1i:\.!)'1s jPar." 9.3 .. ,6) •. ,0;1' ,)I l e" s. t na n 6 . nngs 

. . pe~, i!lc~ there . . s~ll!, be'!'!; 1 eartt It: .s~~rn,q?4<~; ¥.% (li e, ;:s:1l1,~~lile' ~t6r. 1)S e "[i thou t 
. ' wa~t'e ,as suost,.n hal:st:ru,c tuml ,1))a ter:<:a,l, ,: il-Il,q, !'?-:n i!,dn)l~, ; .• tl)~f Q,'J},oWl. n c; defects 
· 'Or ·'tli eir·equl valent;-· . a:-:iy nUIii!,)~r q:f: ".Ollintj; . .,. e.TIffis,e,d ".,a,ne1. . ,ji t:q . l<;riQ· t~, • . tl1.e c'.Verage 
: .'dram,etel' . a'£' anyo'n,e. knot not .. ,tQ .: e<,qeE\Q";Lt." 'A,, ,9<*I~u,a.:'"d :in :~ldes:.s t ack not to 

. . ex;ceed , l/3 thecross-sectjoui1Qf t h e ; ];lh~e, ~"'?- i ~h§,;Eg'1-~i . : ,,~1;1t. 'WC), ~? or sma~l 
, . defach ve k-Iots w; ich. do mot 'weakell :,j;:hc" T:i.:ece ffiQ):;e .. t h 'l.\l . .t~,ekP'qts .:aforasald; 

surface or througn c.'lecks; a limi ted. m,unber, .of. mediiim'\vonnhol'es, "well scattereel; 
loosened or torn RraiIl .. .. or; .ot·j)·er :lJ!i'iclil;ue : d'efects wllich will not can se Im s Ge; 
pHch .pockets; pitch; pi tJ?: ;spiits"'in' ends tpa1;; <i,q" not exceed in l engj;h th e width 
of ' t ,le piece~.· s~es·' that 'do -not go ,~h.rough;*r;iim-red" he(trt; :Jiltain; . wane , t the 
tllickness, i the width, and t the leng'ni ' ()f "th e ,piece. Based:' on 16 foot lengths 
the follOWing crooks are permissible: • '. .. 

:';' : 

:~+ 
I '~~\" 

'~: 

( 11 
II ~ 

I 
I 
I 
I 
I 
I 

( . 11 \ " 

I 
I 
I 
I 
I 
I 

. :;. ' 

2 x 4 - - - " . . ~" • 
2 x 6 - - - ~ .. +1/16" , ~ . 
2 x 8 - .~':J518" " ;., 
2 x 10_:, .1/2 11 . 

.; I 
( \.' 

<' I ·.L :.:.' 
'I ;'; • 

2 x 12 -)/211 
:: ,: .' 
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I 
1 
I 
1 
I' 
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t 
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I 
I 
1 
1 
I 

l 

( 

Pieces lon!,;er or shorter than 16 f " et may have 1)ro')ortionR,te amounts 
of c rool: . 

93.13. }TO. 1 LOnGLEAF OOl NO. 1 DENS~ 8EORTLEAF S" ALL :OUffiRRS (3 I x3" "'0 ,!I}>l) 

IHCLFDING 4IX6") shall be !';raded in accordance wi th the req-v.iremen'.s of Par. 
93.12 except that wane shall not exceed t the w'ld th of t h e face in whi ch it 
a'O'oea rs and 1/3 the len" tll of the piece. 

93 . VI. When treated t5.mber is required it s ;'<,-U be tre G, t ed wi tll a :o r 8s8rvative 
oil of quality a;1d manner as hereinafter s-peci f1 ed for "Preservativ e .-" nd 
Tr(>,,(3. tment II • 

93. J.5. MEA..."1JR,?};!ENT A',TO PAYMENT: No direct compensation will be made for 
timo" r mat"rial or -preservative trea tment. Pa.ym"nt for s~me shA.ll be included 
in 'G ,c, e contr.?ct uni. t price per thousand feet boa.rd measure of ti.mber completa 
iE p l a ce as hereinafter provided for II Timber Structures ". 
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93.18 SPECIAL PROVISIONS AND DEFnrrTION!? . , .. 

CLOSJ: G2l.AIN sholl mea.!l an overoge on either one end or the other 
of a p i eco of not less than six nor .more than 20 annual rings ~er i nch, 
measured over 3 incho s on e. iine located as follows:. 

In boxed heart pieces, the line shall run from the pith to t he 
corne, farthest from the pith. When the least dimensi on is 6" or 
less, the 3" portio,l of the line shall begin at a distonce of 1'.' from 
the pith. T";'hen tJ.16 least 6i1'1ension is more than 61t , th~ 3 1t portioi."l of 
t~,e line shall begin at a distanco of 2" from the pith . 

I n side cut .pieces, the line 011 which the measurement shall be 
made shall run at a right angle to the annual rings and the center of . 
t):.e 3" portioil of the line shall . be at the center of the end of the 
piece . 

"!hen the ;.' inGs are very irre€,ular, it may be necessary to shift 
the line somewhat ru.:'ound the pi ece to get a fail" av~rage f'or 
ir,spection, but the distance f r om the pith to the beginning of the 3" 
line in bo;:ed heart pieces l;lUst not be changed. 

Pieces averag ing from 5 to ·6 annur..l rings per inch shall be 
accepted as the e~uivalent of close grain if having one- third or 
.:10::. ... 6 StlI!1Dler'.'/ood. 

DENSE 1~1I,'l'ERIAL shall average on either one end or the other of 
a piece no t less than 6 annual rings per inch and, in addition, one
thL'd or more s=er"ood (the dark portion '01' the annual ring), 
me~.sured over the same portion of a radial line as provided for close 
r;''''.in. The contras t in color bet;:eEln s\.umnorwood ;and sl:rc~r. fl:\'Iood shall 
be distinct. 

Coar se grained material excluded by thi s rule srall be acoepted 
as dense if averaging one-half or m::>re sllmnerwood. 

In case of disagreement, two radia l litles shall be chosen and the 
sun~erwood and number of rings shall be taken as tho average on these 
lia6s . 

A SLIGHT V.A3IATION IN SATING shall not be more than: 

In 3tl to 7" 3/1 6" under or 3/8" over 
" 8" and up 1/4" " " 1/2" " 

A j,mnnm PITC'rl POCKET is one not over 1/8" in Width and not more 
than 8 inches in length. 

The numbers given oppo si"te the following grades refe", topara- ' 
g:ra!)h numbers of the Standard Grading and Dressing Rules no . '9 of 
i!est Coast Lumbennen ' s Association ,Tuly 1st, 1929. 

93 .19 S'l'"BUCTURAL STRnWERS, ETC. (218) This grade lllust be 
sound , s~ua:re e'dged, · well =ufactured and c lose grained; free from 
spir al or diagonal 'grain with a slope of mor e than 1" in a l ength of 
15" in. the center three- fourths of the length of the . p i ece. \1ill 
a(ki t occasional slight variation in sawing, and any 'number of' the 
fol lowing defects, or their e~uivalent: 

....... 2 



l 
STATE i-f-IGffi'lAY DEPAR'l~.1,ENT OF TElCAS 

ITEi:'i 93. TDffiER FOR Srr'RuOTt1rtES. 

(No te: I~ffective r:a~' 1, 1930, this hell'. supersedes Iten,s 83 . 2 
to 83 .18 incl. o:~ the 3tan.dal'Cl S:!;lecifi ca tic (lS a!lpl'Oved Feb. 26 , 

B. DOUGL.AS FI~i OF TEZ ~m:S:(1 CO.A.sT HEGION. 

93 . 14 Dll8CRIPTION . Untl'eated stl'uc"Cu:ral timber or creosoteCl 
struct1U?al timber shall be used where shown on the plans or directed. 
by the :iJ;naineer, end such structul'es or portions of structure s shall 
be const:;.'uctcd i:l a.ccord.ance with t he yla:1S and these specifications. 
This i tGt, shall include onl y such timber as is a part of the completed 
work. All timber for erection purposes , as fals0V1o rk , fOl"'t11S, bracing, 
sheeting, etc . , shall be furnished by the ContI'actor at his own. 
exp8uses. 

93 .15 MXi'ERIAL. Where specified, ma tE::ci.al shall be Douglas Fil' 
of the ryest Coast Segion CO nfOI'llling wi -I.;h those spe cifications which 
e.Ie based on the Stan&ar'd Gradin.; al1.e. Dl'essing Rules o? the \vest 
Coast Lumben".cn ' s Association No.9. Cer tain port i ons of the Rules 
ax-e quoted tal' gene;cal information . 'i.¥'henov8l" the tel"'m !lDouglas Fir" 
apI)e,u:·s on the pl8.i1.s or in these specifications it shall be construed 
to mcar.. "Douglas Fir of the 'Vest Coast Region . 1t 

Unless otherwi 85 p:::-"ovided, Douglas Fi:- timbel"' for stru.ctures 
shall conf'oX1ll to the fo llowing grade s for the items noted : 

GRADE 
Pru:agraph Reference 
"lest Coast Lumbermen' s 
Association Grading 

___ Rules. No.9. 
Str ingers , Butt Blocks . Structural SQ.-inr;ers, 

Ca"JS 

etc. 
structural Fast an~ 
Ti.'1lbeI's 

218 

2),0 

93 .16 Whf)n untreated timber i " specified it shall show not less 
than. the following amounts of heal'twoo d : 

Stringers and butt blocks; 80% of heart on any girth . 
Caps ; 75% of heart on each of the four sides measured 

across the side. 

I 

I 
I 
I 
I 
I 

• 
'.Then treate& t ilnbeI' is specified t he o 'a&es as given in the fore- . 

going tabulation shall be used wi thout mo&ification . as to heartwood 
and. SUIH'TOod re Quil"'ements. 

93 . 17 SIZE REQ,UTRE!IENTS. TL'1!ber shall be full sal7n or dressed 
as inc1.icated 011 the )lans . Rough timber shall not be thinner than 
the nominal Ctimension less tinch, an& not narrow"r than the nomi nal 
width less i inch foI' si zes 2 to ? inches il1clusiv'e , and less 3/8 
inches for s i zes 8 inches and larger. 

StringeI's, butt blo cks and caps shall be , when surfaced SIS, SlE, 
S2S or S4S, not smaller than the nominal size l ess t inch off each 
way. 

at ! 1 434' 23 II 
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Knots - SOW1G. t i ~~ht , if not in clusters , a~)pI'oxilnately.: . 

~'lidth of 
Face 

On I'Jarrcr! Faces 

Size of Knot 

On Center Line of 
". ~l'ide Face 

----~-~--------- .'------ -------------_._-- ----- -
5" 
6" 
s-' 

10" 
12" 

141' c~1{::. wi 6.er 

1" 
11..11 
I t , 

2 
1-~-';4" 
1-3/4" 

211 }'!aXir:llli.1J. 

1- 3/4" 
2*,' 
2-~./1 

3 :1 I~~axi:J.u;~: 

Tll8 cli~"1etel' of. a ki10t 01 .. the na:".:i..OW face shall be 1~easur8d 

-0et'.'leen line s p11"a1J.el to the edge s of the n.arrow face . On t he wide 
face t he ki10t shall be li1e asl.ll~ed Oil the sruallest c-. i ame";;el" . Knots at 
the edsc s of a wide face ru."'e l i rc,i ted to t he same size as on the 
a.dj acen:t narrow race , but measured on the small e st diameter', a...'1Q. the 
s izes may j.ncree.se yropor t i onc:. tely t o the size 8.l1bwed at t he center 
line of tilG Wi0.0 face . 

Pi tell po cke ts--medium 
Ghecl<.:s- s sasonin;3 
Sap- - 2n on e <it;es a.ao. 3 1t 011 f e ces., measurec-:' over its 
wt dcst potnt. 

93 ; 20 STC:lUC':I'trnAL FOS1'S AlJD TIMBK.-lS (210 ) Thi s gl'ao.e Euet be 
so und, squE.re a df.~ed, well manufac tured aUG. close grain-ed; free from. 
sp iral or o.iagona1 ,.,rain with a slope of more than 1" in a length of 
1511 . '.7il1 ac1mi t occasional slight variatio~l in sal·:ing , D.nd. any 
nUlnber of the follo vring defect s or their equivalent i 

Knots - sound t i ght , if no t ill clusters, approximately: 

-, 
6({ face it:: on a 

011 an 8" f ace 
2" on a 10r' face 
C ·.=..41 

2 on a 121t 8.aQ wider faces 

In timbers haYing fac e s 24" O i:' \7~ C~el" o r lengths 50 ' and l onger 
t he size of l-:nots may be r,n.'opor tiol1utely lal"ger in r elation to t heir 
effect on t.he s t r ength of the piece . 

Checks-- seasoning 
Pi tell lJockets--li::.ed ium 
Sap-~ thic~nes s . 1/3 ~idth 

93.21 GRADING CE3TUICA1'E. An official grading certificate 
f :com the \lest Coast Llli";~b el-mel1 ' s Association, The Pacific LUlnber 
Inspection Bcu'eau, 01' other at;ency apl)J'Oved by t he State Ei glmay 
~~lgineer shall accompany each carloa0. O:l lumber whether t:reatea or 
untreated, and a duplicate copy of such certificate shall be 
d.elivered di1'eetly t o the State ni ghway Eng ineer, Aust ill , Texas . 
The cost of such certif icates will be furni shed VI i thout separate 
charge to the State Hi ghvray Departm.ent . 
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93 .22 When treated timber is required it shall be treated 
wi th a preservative o il of quality and manner as hereinafter 
specified for "Preservative and Treatment. " 

93.23 MEASUREMENT AND PAYMENT. No direct compensation will 
be made for timber material or preservative treatment . Payment 
for same shall be included in the contract unit price pe r thousand 
feet board measure of timber complete in place as hereinafter pro
vided for "Timber structures". 
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(Note: 
83.,22 

(10- 25- 32) 

ITEM 94 , TI:!BER P~SER1TATI1TE Aim TREATMEHT 

:<;ffective June 1, 1930, this item supersedes I tems 83.·19 to 
inc1. of the Standard Specifications a,mr oved Feb. 26 , 1926. ) 

A. SOU,('h"ER1T YELLOW PINliJ 

94.1. D;:SCRIPTIOl,T . Thi.s item shetll consist of the conditi oning, 
seasoning , p r epar ation, preserva tive and treatment ·of l umber , timber 
Imd piling when treatment is shown on the plans, unless o·i;herwise 
p rovided. 

94.2. COHDITI0fl1"TG . Timbe rs shall be conditioned for treat ment 
in accord&'1ce wi th American ',lood Preservers I Associatton "Standards 
fo r the Purcbase and Pr eservat i. on of Treateble Timber." 

94. 3 , SEASONli·TG . 

(a) Timbers shall be seasoned, ·by. air or steam a s agreed 
upon., until · in t he judgment of the Engineer any moistlire in e,e wood 
will not prevent t " e injection and proper di stribution of t ile specified 
amount of u reservative. 

(b) . When , in the . ,judgment of the Engineer, s team seaso!ling 
is ,necessary ,for adequate treatment, :, timbers may be steamed in the 
cylinder at not mo r e than 30 Ibs. nressu re ',:Jer square inch fo r not more 
than 20 ' hours a t not mo re than 2740F" whi~'i, p r essure and temperature 
maxima s)1all no t be r each ed in l ess than 2 hours. The cylinder sllall 
be provided wi th vents to relieve i t Of ai r B-'1d in,sur e Droner circul a
tion of steru~. After steaming is completed a minimum va cuura of 22 
i " ches shall b,e maintained fo r no t less than 15 minutes . The cylinde r 
shall be relieved continuousl y or frequently enou"h to prever,t conden
sate from a ccumulating in suif i c i ·ant quantity to r each the woo~, . 
Before the preservative is introduced the cylinder shall be dr e,i;led 
of condensate. 

94.4. PREl'ARATImr FOR TREAT!'E;T. Any , charge of timbers shall be 
confined to one k ind or deSignated group or Idnds of wood of p ieces 
approximately equal ill size and moisture and sapwood content , into 
wh ich approximately equal quanti ties of preservative can be i njected, 
on which all necessarJ framing, boriIle;, or; _shamfering sha.ll have b een 
dOll~' wf1ere possible, and so s eparated as ' t.p ~ insure c ')ntact of 
preservative" and s team if ,u sed, ,wi t h al:). ,surfaees. 

94.5. MANfiR OF TR1:ATJ,IENT. The ranges of p res sure, temperatUre 
and time ,duration shall be controlled so as to result in maximum 
penetration by the q'.1&'-ttitY of p:reservatiye "iQjected which shall 
permeate 'all of the sapwood, ana as much of the · h eartwood as 'JrIl.cti ca

,bIe. ~e vacuum .requirements stipulated . ar~ ttos e .at sea level, and 
necessary corrections shall be made for altitude. 

4165-1 



94.6. RETJl:'lTION OF PP.ESERVATIVE. Hq'$rge , sh&ll contain leas 
than 90% nor more than 110% of the qua:llti ty of -preservative specified; 
but the avera<;e retention of preservative by" the material, treated for 
the project shall be at least 100% of the quanti ty specified. T'ne 
amount , of :preservative r",tained ,shall be calC1l-la~e9.,,(;m t:t;te bas~~ of 

'preseryati ve, ,at WOOF. from readings, of wprlcing' tank ' gauge$, or , 
scales, or from weigllts before a ,ld arter treatmei1t oCloaded trams on 
sui table track scales che,cj<:ed as desired, by the, Engineer. 

, : 94; 7. D,!i;l!i!;RHE'ATION OF , PZi'fETRATIO}T. , Penetrati.on sl1all be 
determined by : sampling timbers in "eaCh ch,arge, ,,:s may b1'i desired by 
the Engineer. My holes w!liCh may ' be bored ' shall befilJ.-e9-, with' 
'~ight fitting treated plugs~ , " 

94.8. PLA::'T ~UIPi,0;7T. ' The treating plant shall, be equipped 
wi tb,. thermometers and gauges neces,sa;ry :to, .. indicate and rec.ord 
accurately the, condi tions at all stages of treatment, and 'all equip
ment shall be maintained in condi tion sati sfactory to ' the Engi neer. 
The a-pparatus and chemical necessary for ~alcing ,the ,analysis and 
tests required by the Engineer shall also be p'rovided by the treating 
plant, and kept in condition ,for use at all times. 

94,.9.PR:3SERVATIVES. Thepre~ervative, used for the ' -tr,eatrient of 
timber and piling shall be the AmeriCa!l Wood Preservers '" As,soc-iation 

' Standard Grade 1 Creosote Oil for ties and structural tiraber, as 
follows: ' ' .. 

• • ~ 'f 

1.,: The :oil shall ,be a distillate , of coal- gas tar o'rcol'8-
oven tRr. Owing, to ' the comple,x,ity Of the, chemical composition and 

, physical -pro>Jertiesof ,coal-tar creosote ,oil:, and to"t he fact that , 
.. ~spme of the same compounds "nd propert,ies , which characterize coal- tar 

creosote are fOU!ld in certai~ petroleum, ,deri vati ve,,\,, ' t:'ne determination 
'of the puri l<y ,of creQp;ote oil is difficult. .'<hen there ,is not certain 
assurance that ·the ,.oil 1,s ,.a ,pure: ,product', th~ ' following tests will 'aid 
in ardving at an opi'nion ""sto its coal- t'l-F o.rigin!. 

A. Fraction distilling between 21OoC. is us?atiy solid or 
contains some solids when cooled to 250 C. 

B. All of the .,f ra~tions up 
varying 'amounts, usuallY ,at leas't , l%, 

to3l50 C; ,contain tar adds in 
c';'l~ated " on :t4e,amoun:t 'of ' the 

fracti on t 'es,ted. " '.! • 

" . 
" C. The ; specific gravi ty .. of the "fract ion betw~en: 23.5°C and o .. " , ' " 

315 C. is usUally not lower ,than 1.025 and specifi c gravity qf the ° ' ' . , fraction between 315 and 3550 is usually not lower than 1.085 at' 
38°C., ,co I!I)8.red with water at 15,5°0. .. 'Iowever, ' some pure coal-tar 
distillates ,faHslightly below these limits. 

If the oil does not comply wi th at least OM of the foregoing 
tests, it is ,undoubtedly ,not a ,pure coal-tar creosote. , 

4165-2 

The oil s..~all com'oly wi th the following reqni rements: 

2. It shall not contain more than 3% of water. 
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3. It shall not contain more than 0.510 of matter in soluble 
in benzol. 

4. The s'lecific g l'avi ty of th e oil g,t 380 C., compa r ed with 
',wuter at 15. '50 C., sl'.all ' not be l ess t >an 1.03. 

5. The distillate, based ,on wate r - free oil shall be wi thin 
'the', fo;llowLlg limi ts: 

Up to 210 0 C., not more than57S 
Up to 2350 C., not r:l '>re than 25ab 

6. 
, --p., fi:oat ' t es t 

The residue above 3550 C" if it excee,ds ' 5~~ sllall have 
of ~ot more 't~, 50 seconds a t 700 C. 

7. The oil shall yield not nore tllfin 2% of coke residue. 

8. The foregoing tests ' sl,all be ;nade in accordance wi th the 
s ';;S!ldard me th,ods of the Ainerican Wood P:'eservers I As scrciati,on. 

94,.10. AMOU11T OF PRZSERVATIVE'-TO BE USED: Th,e amoun t of 
preservative and proce'ss will be as shown on the plansa.;1d, prollosal. 

TR'SATT:,'TG OP3RATI mrs. 

94.11. ' iuLL CELL PROCESS: -

(a) Timber shall be subjected t oa vacuum ,of suff icient 
intensity ' and duration to 'insu,re ,that the wood ' isdr,y' and free from 
air as 'p racticable; and to penni t a retention of tn'e speci,fied number 
of ,pound's of preservative ,per cubic foot of wood. ' . " ",; . , ':., ' , " 

(b) The 3)r eservative shall be i nttoduced b'etweenl:65° and 
2000 F., and the cylinder filled without breaking the vacuum., The 
pressure shall t hen be r a ised to and mai ntained a t a minimum ' of 100 
Ibs. per square inch, or until the quantity of p reservative r equi red 
to 'ir\sure "the final rete{,tionstiPlilated is ' in,jected 'into the wood. or 
unt"il t'he Eii'&irieer ' is satisfied' that the largest volumetric ' injection 
that is p r acticable has been '6btained. ~e tem-6erature of the 
-v reservative during t ,,-e p res sure period shal l n~t be l ess t han 150oF., 
nor more than 2OO0 F. After the p r essu re is completed the cyliild,er 
shall be emptied speedily of p reservative. and a VaCU1lln of not less 
t han 22 inches promptly created and maintained until the wood can be 
removed fr om 'ohe cylinder f r ee of dri'9'1ing p res ervative. 

94.12. EMPTY CELL PROCESS WITH EiITIAL AIR. Timber sllaH ba 
subjected to air pressure of sufficient intensity and duration to 
~rovide under a vacuum the ejection of surplus preservative, and to 
insure a r e tention and proper distribution of the s t ipulated number 
of poundG of preservl).tive Der cubic foot of wood. The preservative 
shall be intorcJnced between 1650 F. and 2000 F;. ~he cylinder ,?ressure. 
being maintained constant until the cylinder is filled with preserva
tive. The p ressure shall then be ra ised to and maihtaineo, at a 
minimum of 150 Ibs. per square inqh or until there is obtained the 
largest practicable volumetric injection that can be reduced to the 
stipulated retenti,on by a quick high vacuum, or, until the Engineer 
is satisfied tl' at the largest volumetric injection that is pr?cticable 
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has been obtained. 'rhe temperature of the preservative during t he 
pressur'e period shall not be les's than- 150oi.:; nor mor'e ' than 200oF., 
and shall average at least 180°F . After t!1e p ressure is' coc;pieted the 
cyl inder shall be ell',ptied speedily of preservative , and a vacuum prompt
'ly c-re,ated -and maintaiIied Until thG' wood can be remove-d from the 
cylinder free of drippin'g preserVative. 

94.13. EMPTY CELL PROCESS WIThOUT INI'1'I.Al AIR. 'The preservative 
between l650 F. and 200oF. shall be in troducea: 'to' 'the tiTIiber until the 
cylinder is filled. Pressure shall then be raised to and maintained 
at a minimum of 100 pOlmds per square inch o'r ,,';'til ' there is obtained 
the largest practicable volumetric 'injection that caY, be reduced to 
the sti pulated retention by a quick high vacuum, or. until the Engineer 
is satisfied 'that: :t~e: l argest volumetri Q inject:ion that is practicable 
has been obtained';' The temuerature ' ot" the pr e servative during the 

• 0 0 
pressure period shall , be of no~ less th8.!1 , 150 F:, !!,or more than 200 F., 

, and shall, ave rage at l east 180 F , After pres sctre '1's completed the 
cylinder shall 'be eEl'tied speedily of preservat;,ve ,imd a vacuum of not 
less tha"1 22 'inc},e s promp,tl-;/c reate'd ' arId ~:o\ink:'.!l'eCi for no t less than 
30 manutes until the qua"1 ti ty bf preservative i:l ,jected is reduced to 
the r"qui red retentioll and the wood can be , r~,!Iloved , from the cylinder 
free of' dripping pres'ervative'. ' " ," ' . " 

94.14. IiE,iISu'lli:I,iENT.Al'ffi PAYMENT. No direct compensation is 
provided for this i terd~' Joaymerit ,'fo:;"'a1-1" work prefJcribed herein shall 
be included in the cOlltract price b id pet thou.~{'nd feet board measure 
for timber or per linear foot for piling as prOVided in' Item :101 
(Timber Bridges). 
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Note: Grade No. l ' Creosote ' Oil conforming to 'the reCiuirements of 
these specifications which has been used may contain as, much as 
1.5% of mattar insolUble .' in ben zol. ',, ' ' 
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STATE HIGh"WAY DEP_UlT!.illNT OF TEXAS 

ITE/ii 94. TIIImER P:{ESER'TATIVE AND 'l'REATMENT . 

(Irote: Effective June 1, 1930, this iten: supersedes Items 83 .19 to 
83 .22 incl. of the Standard Specifica tions a~p"oved Feb . 26, 1926 . ) 

B. DOUGLAS FD OF THcl: "lEST COlIS'S} REGION . 

94 . 15. DESCRIPrION. This i t er" shal l consi st of the conditioning, 
seasoning , preparation, preservative ruld treatment of Douglas Fir 
Timber of the '.jest Coast Regi on when treatment is shown on the 

The follow ing paragraphs from the foregOing specifications for 
Preservat ive and Treatment of Southern YelloN Pi;le apply for Douglas 
Fir. 

P8.1's . 94.2, 94 .4, 94.5, 94.6, 94.7, 94.8, 94 .9, 94. .10, and 94.14. 

III the creosote tr eatment of Douglas Fir the Manual of RecoIm!lendsl. 
Practice o f the American ',700d Preserve~' s As sociation shall govern and 
as given herein : "Staniiar o.s for the Purchase and Preservation of 
Treatable TL"llber, (2c)" arn t he "Staniiard Specifications for the 
Preservative Treatment of Douglas Fir Lumbe"' by Pi'essure Processes, 
(45a)" , 01' sub seQuen t Amendment s to the Eanual a s may be ado pt ed by 
the Associ a t i on. 

94.16 . SRtlSONING. 

(a) Lumber shall b.e seasoned , by air or by boiling under 
vacuum as agreed upon, wltil in the j udgment of the E."lgineel' an,' 
moisture in the woo d will not prevent the inject ion and proper 
distl'ibution and penetration of the specified amount of preservative . 

(b) '.7hen in th e judgment of t he Engine er, season in g by 
boilinG W1der a VaCUlli"ll is ne cessary for adequate treatment, lumber 
shall be held in creosote under a vacuum at temperatures not less than 
1800 ana. not more than 2000 F. The searoning shall be r;-,aintained until. 
condensat ion passing off me lUl!lber i s appr oxi mately .1 lb. per cubic 
f oot of lumber per hour. A minimum vacuum of 20 in. shall be T1B.in
taineo. dur i ng seasoning . 

94.17. HEATING. llfhenever it i s desirable to Harm fu"Y lumber, it 
o~ shall he heated in preseryati ve gradually to not more than 190 ~. , 

and held at that temperature fb r not mo re then 6 hours. 

94 .18 . FULL-CELL PROCESS. During the heat ing period, in the 
case of dry lumb er, a vacuum shall be created, and , f ollowing this, 
or the seasoning- by-boiling-under- vacuum per i.od, in the case of green 
l umber, the cylinder shall be fill ed with pr eserva t ive without brea.1<:
ing the vacuum. The pressure shall then be raised and maintained 
within a maximum of 175 Ibs . per SQ. i n . until the Quantity o f 
pre servat ive r equired to insUJ.'6 the final r etent i on stipulated is 
inj e cted into the wood, or, failing this , until the Engineer is 
sat isfi ea. that the large st volumetric injection that is practicable 
has been obtained. Cl'he temperature of preservatIve dur ing the 
pr essure per i od shall be not les s than 1600 F., nor more than 2000F . , 
and shall average at least 1800F. Af ter pressure is completed , the 
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cylinder shall be emptied speedily of p:.'eservative and a vacuun of at 
least 20 in. promptly created and mainta ined until the wood can be 
l""emoved from the cylindel~ fl~ee of dripping preservative. 

94.19 . EMPTY- CELL PROCESS 'fIlTH INITIAL AIR . (a) FollowinG the 
heating period, ill the case of dry lumber, 01' the scasoninB- by- bo iling
under- vacuuln period , in ohe Case of ;reen lumber, the cylin del' s hall 
be empt ied of pl'6 Ser'lat ive and the lUl'lber shall b,. subj ected to a il' 
pz> e ssure o f 8ufficj,ent intens i ty and. duration to pr'ovide under a 
V9.cuum the ejection o f surplus pl" e s8:i.:'va t ive and to insure a r etent ion 
and :):.' oper d i stribution of t;.,e stipulated nun:ber of ~oounc:. s of pre serva
t i vc, P01' cubic foot of lumber. 

(b) The preser"{ative shall then be r eint:"oduced, t he cylinder 
pl"ess-u.:,:'8 being maintained const&nt Wlt i l the cyl ind.e:c is f illed wi th 
pr esen'at ive . The p:cossure shall then be :,aised a nd maintained 
y;i thi n a maxilnUl;l of 175 lb s . per sq. in. until there is obtained the 
l al'gest ]ll'acticable ',olumetr ic i n jec'Gion that can be reduced to the 
requiI'ed :retention by a quick high ·iaCU'Ul'!! , or, failing this, until 
the m g ineer is sat isfie d that t;le largest volumetric injection that 
is pl'acticable has been obtained . The tempec'ature of the preseoevative 
dur ing the pres5ure-!)erivG shall be not less tp..fu'1. 160°F., no:-c more 
than 200°F., and shall average at loast 180° ? 

Ai'ter p:~essure il'3 completed the cylinder shall be emptied 
speedily of preser,'ative and a vacuUR of at least 20 in. promptly 
createc. and r!aintaine d until the llL."ber can be I'emove d from the 
cylinder free of drip;> i ng preser ·{ati ve e 01' , afte~ p-ressure is 
completed. and before r e;r;()val of preservative from the cyl indel' , the 
preservative suxl'oundj.ng' the lumber maY be reheated to a maximum of 
210°F., the steam to be t ur ned off the" heati ng coils within 30 minutes 
aftsc' the maximum temperature is c' eached. The total t i me ccnsUlned, 
u..'fltil the St6~.~ is turned off tto coi1 8 in this expansion bath, nfl.all 
not exceed 2 hOl.rs . The pr e s c:L' -.rat ive s.hall t hen be removec. fl~m the 
cyli:1G.e!' al1d t l16 vacuum a;pplied a s sllecifiGd above . Or, afte:- the 
p:'essu:"e is completed an0. before :cer'ioval of preservative i'ror,l the 
c;ylLlder the p:-oeserva t i ve surr ounclLlg the lumber ma~r be reheated to a 
ln8.):imum of 210° F. and a vaCUlli"U created dtrr-irlg this heat ing :y 9i" i od to 
fux·ther assist in expelline exces s Pl' eser'rati ve from the lumber, the 
s t ea:;l t o be ttrr'ned off the heatitl£ co il s mthin 30 ninutes after the 
maxi:"1Ull1 tempel"ature is reached . The t otal tiLle consumed , unt i l the 
ste a.!"Q. is turned of f the coils in t h is e :;:l)ansion bath , shall not 
excee G. 2 bours e The preservat i ve S:~ e.ll the.ll be removed from tte 
cylindel~ ane. the vaCUUl"(t aP 111ied a s sY8cii'ied. above . 

94 . 20 . Et,U'TY- CELL PROCES/il TITEOU!' INITIAL AIR. (a) Following 
the he ating pe:ciod, in ·':;he case of dry lumber, 0 ::''' the seaS'Jning- by
boil ing-undel"- vacuum p3 J."iod, in tb e caSE; of gJ:- een lumber , the c:,{linder 
shall be emptiec of pre serve,t ive and at:!ospheric pr essure establ ished. 
The presel .... ,rative shall then be reii.1t l"'oduceQ. to the l1.mloer un·cil the 
cyJ.inde1' is filled. }),ossure shall 'chen be ~'aiGed and maintained 
wi >~ hill a maxinllL."1l of 17 5 lbs . per s q . in. until t he r e is obtained the 
lal'gest pract icable volllL!etric injection tJ',at ca;o be redu~ed to th e 
l,"c quiI'ed r ~~tel1t ion by a qu ick high vacuum or , f'aili!lg this, until the 
Eil,,;i:leel' i s satisfied that the largest volumet r i c injeutiolJ. that i s 
prac'Gica111 G has b0en obtained . The temperature of the jJJeesel' vative 
duri ng t t e pr essul' e period sh" ll be n ot leSS than 1600" ., no r more 
than 200° F. , and shall average at leas t l80oF. 
4164- 2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I .' ( 
;::: ::< 

I 
I 
I 

; 

I 
I 
I 
I 

I 

' .. 

, 
.-1 
>; 

( , ,. 
\ 

}' :\ 
.,' .,~ , 

""/, 

" '.". 

Ai'te:c p!' essUl'e is completed the cylinder shall be empt.ied 
speedily of preservatIve 8i'lU a vaCU\lllO of at least 20 in . promptly 
created and ma intained for not less than 30 min . until the quantity 
of preservative illj ected is l'educed to the required retention and 
the lumber Can. be rEo"oved from the cylinder free of dripping 
jJl'eservative . Or, after pressure is completed and before removal 
of preservative from the cylinder, the preservative surrounding the 
lunber may be re:,ea ted to a maximur, of 2100 F . , the steam to be turned 
off the heating coils wi-thin 30 minutes aftor the maximum temperature 
i.s ?eached . Tho total time consumed, until the stearn is turned off 
the coils in th is expansion bath, shall not exceed 2 hours . The 
preservative 8!,all then be removed fl.'Om the cylinder and the vaCU\L'U 
applied as specified above . 0:;:, ai'tel' the jJl' essure is completed and 
befol'e t he removal of preservative from the cylinder, the pl.'eserva
ti.ve surroune.ing the lUlliiler !nay be reheated to a maximulll of 210

0
F . 

and a vacun." created during this mating period to further assist 
in expelling excess preservative f:.Xlm the lumber, the steam to be 
tUl.' ned off the heatin ,s coils withi n 30 minutes after the maximum 
te,"peratu:'8 is reached. The total tirre rons\L'Ued, until the steam 
is tu.rned off the coils in this e~;:l)a.nsion bath, shall not; exceed 
2 hours . The preservat ive shall then be removed fmm the cylinder 
8.i1d th8 vacuum applied as specified above. 

94.21. Tile treating plants ;'lhich are unfamiliar wi th t-l:!e . 
t"' eat-~,ent of Douglas Fir should. keep well wi thin the ma."Cimuru 
temperatures perr.!itted in this specifics'oicn as i t has been fbund 
'chat Douglas Fil' from. SQ'le l ocalities and i:1 various degl'ees of 
fu'Y,less may be damaGed men held at these maximum temperatm'es too 
long or in combina·Gi.(lil with high presSU1'6s . In rome cases the 
lia])ili ty to dalllaGG increases VIi th the dryne ss of ·t he lumber. 
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STATE HIGHWAY DEPARTltiENT OF TEXAS 

ITEM 94 . TIMBER PRESERVATIVE Ai"1D TREATI,iENT 

C. WOLkANIZED LUMBER 

94 . 22 DESCRIPTION. Thi s iter" shall consist of the condit ioning, 
seasoning, preparation, preservative and treatment of timber by the 
pressure treatment of the American Wood Impregnation Corporation's 
Wolman Salts (Triolith) or equal. 

The following paragraphs from the foregoing specifications 
for Preservative and Treatment of Southern Yellow Pine apply for 
Wo l manized lumber. 

94 .2, 94.4, 94.5, 94.6, 94.7 and 94 .3. 

94.23 SEASONING. All timoer should be ai r seasoned until moisture 
content is below 20% . Green t imber must be given an artificial season
ing in an airtight r e tort by a bath of li ve steam at from 10 to 15 
pounds pressure for a period of from 4 to 10 hours, followed by'a 
vacuum of at least 22" for one hour, or Viith alternating peri ods of 
vacuum and pressure, as may be found necessary to put the timber into 
condition for treatment . The cylinder shall be r eli eved continuously 
or frequent l y enoueh to prevent condensate from accumulatinF, in 
sufficient quanti ty to reach the wood. 

94.24 PRESEI(VATlVE. The Triolith mixture shall be composed essentially 
of the following ingredients: 

Sodium Fluride, Dinitro- phenol, and neutralizing chromates . 

. The preservative, and the manner of treatment shall be such 
that after the solution has been injected into the timber and allowed 
time for the water to dry out and the salts to crystallize, the latter 
will be fixed in the interior struc ture of the wood . 

The treating solution shall have a strength of concentration 
in water of from 1. 3 to 2% of Trioli th, a.'1alyzing to the American Wood 
Impre ,<>;nation Corporation ' s "Standard Procedure for Determination of 
Triolith", in 93.2 to 93% of water; but the solution sh2.11 be no stronger 
than necessar'J to obtain the re ',.uired retention of preservative specified 
below, with the lar~est volTh"etric absorption practicable. 

94.25 Ai<OUNT OF PRESERVATIVE TO BE USED. The amount of solution injected 
into the timber and its strength of concentration must be so controlled as 
to l eave not l ess than 3/10 pounds of dry salt for each cubic foot of 
timber treated, and this shal l permeate all of the sapwood a.'1d as LlU.ch 
of the heart-, ood as pract icable. No char" e shall contain l ess tha.n 90% 
nor more than 110% of the quant ity of preservative specified. 
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94.26 TREAT~illNT. After the above process of seasoning, or in the 
case of air seasoned timber after a vacuum period at not l ess than 
22" for at l east 15 minutes, the pre servative so lution, maintained 
at a temperature of between 150 and 180 degrees Fahrenheit, shall 
be admitted into the treating cylinder, without brealcing the vacuum 
until timber is complete l y submerged. The p r eservat ive soluti on 
shall then be pumped into the timber under pressure sufficient to 
secure the desired absorption or if this cannot be attained th.en 
under a pressure of 1 25 pounds per square inch continuing until the 
charge i s treated to refusal. The solution shall then be quickly 
drained off, and the timber may be lEft in the c;'linder to drip fo r 
about 30 minutes, or a quick final · .. acuum, at no time greater than 
the minimum vacuum during submergel.. cy t E!2,Y tie ~reated .:.:nd maintained 
until the charge can be removed from the ,:.;" ,,,;, ,, r free of dripping 
preservati ve. After treatment the timber ,, ;. ,) !. 0e a llowed to dry at 
l east four weeks before using. '\ne:1 it i s :,scessary to cut the timbers 
after treatment , or when any surface has bean badl y scarred, the bared 
place [.lUs t be ,given a three coat treatment of concentrated solution of 
Tri olo t:1 applied with a brush; and this sohltion ;,lUst be hot, 150 to 
180 ,le.~rees Fahrenheit, while bein.I! applied . 

94.27 PAINTING. lVolmanized timber, trea.ted as outiined above is 
intec':ed for use as :5ridge r ailing and after erection must be given 
two eoats of alur,linum paint meetin" the re e uirements of the specifica- ' 
ti ons of the Tex~s State Highway Department. 

The surface of the lumb er must be thoroughly dry when the 
paint i s applied. The surfaces to be painted shall be the front and 
top faces of the horizontal railin~s. 

94.28 I£EASUREi·,.ENT AED PALiENT . No direct COJ:lpensation is provided 
for this item. Payment for all YlOrk prescrib ed herein shall be 
included in the contract uni t price bid per thous[',nd feet board 
mee.sure for "Treated Ti mber" as provided. in the Item 101 (Timber 
Bridges) . 
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ITEM 101. TIl{'3ER STRUCTURES 

Orote: ','nen used for a pro,ject and attached to the p r oposal, 
this item supersedes Item 83,23 to 83.44 inclusive of t:~ e 
Standard Specificatioo, s approveil Feb, ,26, 1926 .) 

101.1. DESCRIPTIO;". Timber structures shall include ,aU culverts, bridges, 
bulkheads, retaining walls, piers, bents, fe,',1ders or' an,y portion thereof ' 
which inv01ves the use of timber materials of whatever grade or kind a.''l,d 
whe ther trea.ted or untreated. Such structur'es or incidentals sha ll be con
structed to the lines, grades and as shown on the plans and ,in accordance with 
these specifications unle'ss otherwise provided . ' 

101.2. MATERIALS. ,All materials used in the construction of timberstruc
tures shall confonn to the requirements of the pertinent speCifi'cati.ons . 

101. 3. PRll:SERVATIVE TREATi.~ENT. Lumber and piling for Timber Struct,ures shall,' 
be "Treated" or "Untreated" as shown on t b e plans. "Treated" Lumber and pil
ing shall be impregne,ted wi th a preservative of such quanti ty and process as 
shown on t,le plans and as specified elsewhere in :these sp0cifications. 

CONSTRUCTION METHODS 

101.4. STORAGE OF MAT'!:RIALS. Lumber and timb,.er on the si te of the work shalL ' 
be stored in piles. 

Untreated ma.terial sh",ll be open-stacked at least 12 inche" a.bove the 
ground surface, and piled to shed water and p revent Vlarping. It shall be 
protected from the weather by sui table covering. 

Creosoted timber and piling sha.ll be close stacked, piled to prevent 
Vlarping, and the tops of the stacks shall be covered wi th a 2 inch layer of 
earth. 

The ground underne" th and in the vicini ty of all ma'terial piles shall )le, ' 
cleared o'f weeds and rJ.bbi sh. 

101. 5. HA1WLIJrG. Ti.mber shall be carefully 118,ndleiL wi thout sudden dropping, 
breaking of outer fibers or brui sing. The su rface of 'treated timbers and pil
ing shall net be pen2tro,ted wi th tools . They shall ,be )1.and1ed wi th rope slings . 
Cant dogs, hooks or pike poles shall not be used. 

101. 6. WORKl.'.AiIT S"IP , Wo rkmanship s!clall be first-class throughout. None but 
competent bridge carpenters , shall , be employed and all framings shall be true 
and' exact. Nails and spikes shail be driven with just sufficient 'force to set 
the heads flush with the surface , of the wood. Deen hammer marks in wood sur-, 
faces shall be considered evidonce of poor workman~hip and sufficient cause 
for tl:e removal of the workman causing them. The workmanship on all parts 
shall confonn to the requirements" of these specifications. 

101.7. PILING B~~S. The piling shall be driven as accurately as possible in 
the correct location and to t h e vertical or batter lines indicated on the pl a ns. 
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In case a piling is driv en out of line , it. shall \,-e . .str~ .. i ghtenod wi tl, out in
juri before it is cnt off or braced. Wiler-'e:' exoavation is made around a u!.l
ing to stra i ghten , the material sha ll. be carefully r eplaced and tamp ed. Pil
i n!'; drunaged in dr iving or straightening, or piling .driv en b elow grade, shall 
be removed and replaced at the ', c6i1tr,,:c tor:':s ex" ense . . No shimminI'; on tops of 
pili ng wi ll be permitted. 

", ~. 
. . , " 

Piling f or anyone ,bent . s}1all be ' carefhlfji ' s eie~teci. .as · .tbsize, to avoid 
undue bending or di stortion ' of :· t h e sway ' l:i ra ci!lI;~ 'CUf- offs" shall be ';'ccurately 
macle to insure uerfect bea ring between t : e cap and uili ng .... 

,.' ." J • " ': : .:::.: . : ,", (, ",::.'::- : :' ' . ., . ' . .:.. 

' . j 

101.8. FRAMED BE'l'TS: · Mud. sills ·of1l.>-jtrea:~ed , tiin1ie~sha:J,i i;eofdur able m8,te-· · . . 
shown on t he plans • . They 'snall 'be' 'fi'iniiy·'a.nd · eyeril,y beci.ded to solid 

u,,,.n.u;,: and car 0fully tamped ·in place; "'< :.' : .. " . . . , ' '. " .. ' 
, " ~. :', . ~ .j !: : .": ..... . . .";' .'. '. . . , 

Conc rete Pedestals. Concrete ·pedes·fals ·f6f'th·e ' sU:r,>pd~t of framed bents 
shall be caref u lly finished so that t Le silJ,s or 'los t s will t ake . 8V0n .bea ring 
on theIU. Dowels of not lessthant inch niaineter ··:aj{d .proj,ecting I'ot·:. less than '" 
6 inches a.bove the to.ps · of the 'pedes'tal s;' sHill. 'be ' ~'et f nthem when they are 
cast, for anchoring t he sills 0r uost s 

.. , : ! : _ i", '.: •. 

101. 9.. . SILLS. Sills shall :tiiwe . t rue al1<1 even' 'bea ring pri' piles"or .. pedestals. 
They shall be drift bol ted to piles ·wi til' bOlt's' 'cif not less" than'i inch diameter 
and extending into · the pililS not le'sstMil 'S ·'·1nc..l:te·s .·' W'aen possible all earth 
shall be removed f r om around sills so that th ,~re will be free air circulation 
around them. 

" ,' . 
; ... ' . . 

101.10. POSTS.Pos.ts shall be fastened w":pedes'tals' with dowels of· not 
than %; inch diameter extending not l e ss t han- 6 inches into the post s • . 

Posts . shall b.e fastened :.to ·sills by ' (jni~njf' 'the :f6ilciwing "methods, as 
indo cated on t he Plans: " 

", r 

(a) By dowels of not less than %; 
inches into posts· and sills. ' •... ' ,., ..... 

i nch diameter extending not less t!l~Il" £ .. : . 

, ';.' . 

(b) By drift bolts of not less t han %; inch diameter driven diap.:onally 
thrcu./Sh t he base of the post and extending P.t least 9 inches into the sill. . . , . 

, :' . 

101.n. PILING OR POST COVERS. After maldIl€ cut- offS' t he ' to:pscif piHng or 
posts if untreated material shall be given a t hick qoat of red lead .naint. hot 
t ar, hot asphaltum, or 'hot COll.I- tar ·cl·eos·ote·and ·co.vered with a snee.t of 3 ply 
roofing f el t or·, aO 'gauge .galvanized metal ' as indic·ite.d· on the pla.'ls. The cover 
shall measure at.·least f) .inches inciie in 'e~ch"ii'i!iiens'i'on ' .than the di ameter of t he 
piling or side of t be nost, and sha ll be bent' d:~;Vn over' tre piling or pos t and 
the edges fastened with large headed galvanized nails or secured 1lY· bindi ng with · 
gal vani .zed wiie as' incUeated :on" tlm' -Plans". ' :.... .: .......... : . . ' . :., " : " 
. .. . . t ", ". : ,", ~ '. '. " . ; , 

: . . ..... .. , ... . . . .. ..... . c ~~ : . " . , .~ . . . :" • .. .... . 1 

For treated rrnteria.ls t he ' tops sl\all be given 3 coats of, h9~ .. pr~osote .. oil. 
They shall ·then be covered . i'litha:~ coat· of hot , tar pftch o';'er .which s"a11 be · .. 
p laced a cover as speCified' for Untreated rn,g,teiial :'above I?-iid ·!is . i .ndicated on 
t he plans. . 

. .. ".' .. ~' . r· :", ~.,," 

101.12. CAPS. Timber 'caps shall be pl a ced to secure "n eV:!'ln and 1).nifoIT.l bear
ing over . t he tops oL.the '·supporting' posts ' or "piles and ' to 'secure 'QJl" even aligU,. · 
men~ .of , thej,r ends. " AlhcapS'Shall :besecuredbY' d:rift boltg ' o{:no'tless than t 
incn diameter extending at least 9 inches into the posts or piles . Tne drift . 

. ," 
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001 ts shan be ap1?roximately ~n" the cent,er 'of the 'post : or' pile. , 
'...... . ... .. 

.:. I,." 

,, '. ';;, - . " " 

101.13. BRACING'. ' Sway' bracing ~hall be placed' di~gon~lly on bents, to engage" 
the cap a:nd an piling or po~ts; 'They shall bo"'secured to ' cap lind ' ~i!illg or 
."ost~ ,VIi th b91 ts of not l es~ ' t hant in(:h 'di~eter; ~" S'pnces :: sha lJ:'l)e , nsed 'ln ' 
a,ddi tion tq b(1)<s. " " "" ," '" "," , 

Sesh bracing and longitudinal bracing, where indicated on the plans, ' shan 
be ulaced and fastened at contact points of piling, DostS .. caus , or ,s t,ringers as 
s1?e~ified for sv;ay bt1i.~i.rig. : ,'" ,,': , ':; "": , , , , : '. ~' ,':, ". ~ ',' 

. ".-
No undue b~ilding ; of briii:ing w:lli1ie 'f>eI.;n1 t teci'.; , 'Phe~e necess~r.r;" shihrsof ' 

same material" aild Vtidthas ' 1ir~ cbg snallbe" ulied; ' 'C" '" ' ,',' the 
., " , " . '.--;, . . ,", " , , " ", "; .. ;' .' .. ' 

101.14; STRINGERS'; ' Stritlger~ ' simii' be sized~,t bes.rin"s' and ~!lall 'n e' placed 
, iIi uosi tionso ~hat knots ; ~ear tile, Eidges wi ilbe in the tou portions of'thi': : 

• .. , • ',. ~ .;>. .:. }', ' ,. : I . 

stringers. 
:', , " . "" .. ' . . :" 

" ", ,- . :" "" 
. ,' ! .; ~", " , 

oUtside stringers may ha'Vebutt ' joibt~but; interi9r stri.rtge'i-s shah lie' " 
lauued to take bearing over: t he ' filii' width offIoer 1ieam"'of ca-pat : each' -cnrf;;:-

". ~ . 1 
The lapped ends of untreate!i , strin~ers shall be. separated at least '2 . ,inch for", 
tr,e , ci rcula ti on of"ai r and shall be securei;\' fastimed:' by ' drift::. berti ng wii,ere' ' 
specified. When stringers ar'e "twd 'paneis in length" the jolnt~ shall ' be" , ,' 
staggered. " .. :" " " ':, ' " 

...... , . ~ .~ 

101.15. BRIDGING. Cross bridging betVleen s t ringers shall be neatly and 
accurately framed and securely 't~~nailed with at' least' two nillis -in: eacli' e~d. 

,. ' ." • • ' . . . ' . ~ .. . : '.J ' . -! . 

, Treated bridging need not be framed before treating", but t;he framed ,.!?nds 
shall be f;lven two coats 'o:f 'hot ' cr:eo'sote' oil beforeplacihg. " ;,'" ' " ; ':,' ,:' 

. :" i . i '," : . :: :: .. '. ~ ,. :'. -,: 

~OL :16.. FLOORING. Single p,~a~floorsfor; :9ad~aJ's s~ll hav,e ,1l. fo~,inal ;., ., r 
thickness of not less, than 3 ' inches and a w1a.th of not' less t~R-'-'l2" -1.'nch~g.· · . " 
Th'e;\' shall be placed with the , h"ea:"'t Side down wi th ~'inch dpei;lsngs :' b~tw~ek ' 
them for seasoIiedmateriai ';"nd tight joiIits forunSe1.:s0n'iid,'mi.t'stlai:-.:" Si',tfi.L' , 
walk' fl.b6rs shall hav.e 'a noniinal thickIless not l 'essthan2 'iri6!ies~"iia:a:Widtii: 
Of. n?t less. tha? 6 , iricfe,s :" :Ea;cnpla~' shall bes;piked ~to ! e~F~::~stl:1-~~~~dt, ; '; , 
na111ng stnp WIth not less than 2 spIkes, t he length O:f wh1. ,ch shan'be iJ-t. : ' 
least 3 inches greater than the thiCkness of 't h e pla:Dlc~ ' Tt~ "e;;dsi'b f 'tl-e"''pi"ankk 
shall be cut off on p. ,straight ,line parallel to" the , cent,er. line, o:f ro.adway,. ' .. ' 
The planks shall be tarefuHy ' graded as to thi'clalessaiid 'so' l,a-ia --'thil::{' no' :tiVo ', ", 
adjacent p1anksshallva:I7 ,ill' thickness more thani/16 inch> ' , " ,:' ;::"' , ': ' ~ ': '" 

10L 17. Where 'double plank floors are indi cated On the plans the tb£ '6bu'rt;e': c:" 
shall be laid diagonal or uarallel to the center line of roAdway. ~s may ,be 
specified, and each plank ~h.":il ' be spiked to the lower course ,'at 'ihte'rials of 
not more than 2 feet with two spikes which shall extend into the lower." tours'e ' 
at least 3 inches. Joints shall be stag~ered at least ,3 feet. If the planlcs 
'are plil,ced -parallel to the' center line df the roadway, s"dec1alcare.' shPl.i be 
exercised to fasten their ends securely and ?,t the ends of the brid.ge , they 
shall be beveled. 

101.18. For laminated floors the strips shall be 1?laced on edge and at ' hght 
angles to the center line of roadway. The stri-ps shall be full length, r;mdO!1l, 
lengths will not be permitted. Each strip shall be spiked to the adjacent strip 
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at interva,ls of ,;a feet i' ,t 'l1e spikes 'being. ~t.aggEl·re,d; .& ,inches in ,adj.acel),t strips. 
The spikes shall be of sufficient length to pass through two strips and 'half':' 
way through the thi "I'd'.' , 'In :addHioJ1;."thEl .siJ.),)i ps, ;s}),aU ,b.a '. toer-n?;iJ..eii to .. the ·' ,' 
stringer wi th 20d sDikes', , the .nai:L;in!>; of,' !lucc~sA;ve ,,6.tri.ps :Piii,ng: " ~;te.gg~:re·cf, s6 
that the spacing of ' spikes ,a1(lOg ''El?;Ch .:$,1:ir~ngeJ' "sl¥¥l; 1)e , tlQj;' 1e.8 , t him ,6·,incnes . . 
For strips 3 inches in thickneGs spikes driven vertically tlp:Qugh.,the, ... strip.s 
and extending into the stringer not less than 3 inches may be ' substitu ted ' for 
toe-nailing. .~. :,:; .: ,~. ,> - ., . ...... .. ~ .\ ,r-. :.:;. : . ~ :.~ <:,;::; ' ·'-.'.,r i,~.< ": < ; .... :> ~ _: ~.".:..: . 

. ':~i..,. " .( : ), _', .. :i:;t;.'::--· .~ ":'~~ .:."";': :".":" ;.: .. ~":." ... : .. \ ".:'.: ~ .. :: ... ;., " 
101.19. WHEEL GUAJIDS. Wheel guards, as shown on, thE! ,:.p~!'tns " ,~~p bl! :C(ms~r:uct
ed on each side of the roadway. They shall be raised from ' the floor ' 1ly 'blocks 
3 inches thick by ons;,footi:lClng·;: ,spaced .:abou:t " S; .f'1"l·t '} 8,-pa,r~ ,·, c@nt .er, ~o, penter, 
and shall be fastened in '.:ple:cebY ' a. :· Qolt 'p.ot ',;les,s ,. tl,1a,n sN ~nCh , d.iam!"£F 1,)a\3s
ing through the wheel guard, each block and floor plank. When indicated on 
t he plans the bol ts ···sh",ll '.,be,; hook·,bol ts , rhaQked .. ··t<)" tl:le"unde,rs~de,· ef , outsi<.l.e .. 
s triilgers and pass1ng'"throligh< tne ' floor.,~ ~~!.'e~ .. ~i~~~s : ;m~~~:~tJ~~t ·~rd~ ... Fook 
bolts shall be drawn tight against the stringer and threaded end above. .,nut ... shall 
be cut off. The hooked end on inside face of stringer shall be at'ieast 3 
inches' long. . Wh!lel 'guard!;!'! shall ·be . la~<i' inc: s~t .. ion.s" .. ngt, .. 1esp,.tl1i;tn , 12 .·feet 
long and pref erably '&h~lJ:c iI>~' 'ap:oroxima t eJ :tr<."\nel ·. ler>gtp •. ".,: : . : ;~ .. ; .; '; .;':" , . .. ~ .. . , ....... 

. . .-;'-.'·S.· ·.~ .i.;, .... ;.f:~ r: ~.; .i_ ::.: ' ;!'~ ;:; ··: ~ ;;~;:d · ·-: · t< i) :::j.~.l'~ ~·;'''::~!''·: ' ] , :: ~ . . ;- .. " .. "': . ' ;" .: ',' 

101. 20. When a : bituiilinim's l waa:crtng .. ·surlace' is, (pt..ov:illed. (· ,a "j1eq<ie,r .. sJo;"l;L .. ,be,. : , . 
'Placed on to'p of: .!tn'.€> 'riooI<' :and': underLtir.B' whael· .. ~I'd.c. a!l!i· . .. ~pa,cj,ng b;t,Q .c~s •. ,7J1e 
thickness of the header shall be the same as the edge t h ickness of .the .. yiia:ring 
surface. .. ..... . ,., 

....... ~' .... :- .. ' '~"': ' (.' '' .;. . : . ..• ~ .,' .. ,., .. ' , .... , .. .... ~ .... . . ' ,' 

In additi'On ,:to" Dortihg; ' h'eaderis; .'. !spac~r. b~ .. ;;~ll:~;~;r.,.~~et~0,.s," ~i\a.il~ __ be 
nailed in place. Header butts shall be made under spacer blocks. . 

.~ :: ;: :'f" :.:,: .. , .... ::.:;, ,:" ": '.: ::: ': ",'>.;,{ ;' . ... ..... , .. '. ~. :.'.\ :i '. t ,, · '" ." - . i • 
. " . ~ - . . !;:}.', :\ .::. '.~. ':'.:" .~' : ; : '<":1 £". ~ : : : 

Wheel guarcis'. 's'lfa1'l· b-e 's'PH cad: at' · .. the;.,eJld~. , cas, .;Ilh<>'m ,.o!l; Jhs: P~'" ,Il.nA , the 
workmanship shall be first class • 

. . ; -;':":', .\ :. :.,: ~ .~ ::·· .• :~·7. ···.;:: .• :':: , !.:,,~ \-"':":.;'.' >'.:::.:-': :: >·.f' .t;:: . ... : .... ,~, .:.:- .• : ;:. ,. : . ... . . 

101.21. . RAILINGS i •. ·. :sa:~'];irlgs , sha:J;1,'b"t.,c~ns j;rncted la,~;;i·Sl).~\'(~ · · ?·n th.~:'Pli~s.· ::, ~os ts 
shall be· boJited :,t·o ! :str~ ;1ge'rs "and·; capa. ,Wl th ' .;tl(l,t :\l~s~: .. j 1;J:¥l.n. , ,,, , ~:IlclL,,dLa~.,}elC bpI t s. 
Railings ::snall ' he .' bo1t:ed" ,to po.st", ':'lfi:1;;h I:19t ')ie,,~ , thaI}'.~ :};llc1! .. cJ,i~~~er !b<iJ,,~s; .. 
wherepo:ssible.,and a:U~mnings; sha.n. :\>e )).aq.ecj. , I'll, ta J,6d,! ~ly:q,nt~~<!' .::Ila~,~s.~; 
The top 'rail shallvbe 'naHed ,to .,,.i'l'\"l J;'aH "atA9.t ~o ~e~ed ~ . f.,et : ~ttt~r,al~ 
and to tops 'of· posts.with':!1.t le!1.sh~wq , naj.ls, ,: ., Ra~J~:ngs r..shan be,.S9 COIl-"Itrqcted 
so thit · no . two rails .P:\ltt .... on . t:ne , , ~a.m\3 .:'P99l<S • . : ,0'; .... , . : ', : 'J .:,,'. , . "" ';. ,..: ' .:: , :. ',: 

·· · ·,7·.: ':-'-' .. : :"- :.;'. ~ ' ~ .';.' ;; ' .. :: '.;'; ·1 ~ , .. :' .. ~ ! ";;".'::" !::: : . ... :.' ·::: 11: ·!:::' r, .: :: ..... , .. ;;. . ;~ , ~)" ;':". ' ~ .:: 
101;22.' ,' ,HOLES ; F0R BOLTS ,, : .. DOWELS , "RODS MlD .· LA, G, SCREIIS • .. Bolee ,for ,.rau,nd q.dft 
bolts and dowel s::shallbe pO;11ed ;wit"h .a , bg ,J,/l§ . ill()~ie~i )~.; di~et·er:· t)1.an; the 
bolt or dowel to be used. The diameter of holes for square drift · bottior" 
dowels shaH 'be. ,equalto"the .le!1.st : .. cj.i\ll"ns~(m. :0.:[ '1l:he,;),ol t,cpi':dpw;el" .': .: " '.'. 

" . · ~ales' ~o; :ma~~e ; ~oi tS ;~~ll':Q¢ ;bgr~~ ': ~t l;h,.a :b~L~l ' the~ ~~~ . ~i~~I~!' as 
the;.bblt. , s, ' ;, .;; ';':;' ::"' . . .'" , ' ''' ::: .. ;, :-:,' :-, ,,.>';:~;; ,;", - '".''' ', .. ;>,. ". 

Holes for lag screws shall be bored wHh a btt not la~~~~~h~n' th eb~~y of 
·the scrilv("·a:'t'· :the" .. bas·e.: of: .. the thread: • .' .. ; .,." " ' ... .. . p. " _c .• ', .'> .'." .:' ." . ." ;;: ,' ''' ":;'. , "' .'. ,! .;", " 

t ' • • J :~, .i;:; ( .:. :' i-:" . , '. 
-; .. ' ; 

' ; .. .. " . . ;" , .!:' ." ~:) : ::. :'~ (~';.' .:".1 i.. " 
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101. 23. FR.llUHG. All lumber a nd ti,mber shall be a ccurately cut and f ramed to 
a close 'n ,t in ; such mann~,r t.hat the joints will have even bearing over the 
entire c Qntact surf ace., " Mortises shall be true t o,,'size fb 'r their full ,deuth , 
and tenons shall make 'snug ,fi t, therein. No shimming \viII be permitte,d , in making 
joints, ,nor will open .joints b", acce,,§ed.. ,'" ", 

.; ' , ' 

Countersinking shall be ' done viherever ' smooth ' faces are required. 
" ~' 

All cutting, framing and boring of treated timbetsshall': be done before 
treatment in so far as is practicable . ' " In wat'ers infest 'edby marine borers 
cutting belo'<1 high water shall be avoided. 

'~>"i : . 

101. 24., 'F.ARDWARE.Machi'~~ 'bo,i ts, drift bolts ai1d dowelsinay' be e1 ther wrougpt 
iron or medium steel, wa~hers '[iJay be east Q:.:i:e:e or Malleable 'castings, or may 
be cu t froII\ medi,u!!1 steei ,' ,o r" ivr'ought iron ~lltt'o ;, 'as :specifi ed. 

..' . .~ . :. 

101. 25. Machine bolts , 'sh;"il hs,ve square he;'ds ami. trUts 'unleSS' otherwise speci
fied. Nails 'shall be cut 'of ,',round wire ' of ' standard form. ' Spikes shall be cut 
of wire s-pikes, or boat S1li1ce~, as spedi:ned. 

101.-26. A washer, of the ' SiZEO a 'c d ~ype specified, shall be used 'under all bolt 
head,s ' and nuts which would otherwise come in ' contact wi th wood. 'Cast via,shers 
shall have a thickness eQW'l ' to the di~et~t ' 6f ' the bol t and a diameter of- four 
times the thickness. For nlate ' washers, the size of the square shall be equal 
to four times. and the thickness equal to one-half the diameter of the bolt. 

All bolts shall be effectually checked after the nuts are arl,.justed. " 

101.27. PAINTING. For treated timber structures, hot creosote oil shall be 
1loured into the bolt hole before t]',e i nsertion of t he bolt, in such a m1'.11;,er 
that t)-,e entire surf",ce of t h e holes shall r ecei ve a coating of the oil. Feads 
of piling shall be treated as provided hereinbefore . All cuts in treated pil
i ng or timbers and all abrasions afte r havi ng been carefully triwned shall be 
brush coated wi th s,t least two apulications of hot creosote oil and cO'fered 
with hot roofing pitch. After completion of structure all bolt heads, threads, 
nuts, washers and exposed portions of bol ts shal l be given a, thorough coating 
of hot asphalt. 

lO1.28. Railings for treated structures, in a ddi tion to creoso.te treatment, 
shall be ?ainted wi.th one coat of aluminum paint. The materials and a1lplica
tion to conform to general speci.fications for paints and application. 

101.29. For untreated timber structures the following surfaces shall be 
thoroughly coated with a thick coat of red lead paint, hot tar, hot asnhaltum, 
or hot coal tar creosote before assembling: Heads of piles, ends, tops, and all 
contact surfaces ,of pile caps, f l 'oor beams fHld stringer ends, joints and all 
contact surfaces of truss members, IF<terals and braces. The back face of bulk
heads and all other timber in contact with earth shall be thoroughly coated with 
one of t h e materials specified above, or a carbolineum. 

All bolts passing through non-resinous wood shall be painted with two coats 
of red lead paint at least 85~ pure. 

101. 30. METHOD OF MEASURF.MENT. "Treated Timber" and "Untreated Timber" 
complete in place according to the plans and these specifications shP.ll be 
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mell~ufedse-pim'telY by , the: ,.-tllOU~lld . I~~E\tbOatd.' ' inea,suiE>. : Meas",'temen ts snallbe 
, com'oU~ed from the dimensionssb,own 6:Ii ' pt;':ns ,' 'uril'ess "&)-Ianges·. in Siich ·:aime.1lsi()];\S 
r;ave been authoriZed :by tlwEn~nee..r. !1; $~~~~ardtY:£i.inbersize1l ~ld~engths ,., ' 
shall be used in computations. Thi s metisutettHin~ ' shtill "in'c1ude' Qn~y su.ch. timBer 
as is a part of the completed and acceptecf';.i6rk:, arid :shall·no.t . include timo.er 
used for"e'recti'on ~r>:).oses· ; .suc,h .as,fll,)..s.\lj'/()rk, forms, bracing, sheeting, etc" 
Any piling, concrete, masonry , or ' anysu.pulertienta ry .floor 'wearil1g tous , shown 
on brims will· ·be · measured· as' PTPvid.ed .i.n -oertinent specifications. . 

- . .:'" '. ' .. _"', .. ' .. '. :.< :' ~ ~ ' ''' ~,.) '.: ..... . -...... , ... .' , 

101. 31. BASIS OF PAYMENT. 'Tini~~~st~q'tU're's :~6iriPleotein;fllace shanb,. paid 
for by the quanti ties as above measur'e'd "at the 'eontractllhit ,uriceper thou.sand 
feet' b'oard measure bi:d;.fo r .I1Untreated . Timber" or "Treated Timber'< as " t)-.e ·case 
may"be; :complete in: place ac~o;df~g.: t?" the ' ~ta:iis or 'ag ,' iii re,ct*d'bythEi , J¥.lg~1,leer, 
which prices shall be full ,COl)1pensllt i Qnf,jr.' all '·ri!ate·riaUl; '·hardware, e'IUi:9fil\"nt, 

' . tools, labor, painting, preservative treatifie-nt; '- iild ill·' incidimtals necessary 
to coin'iile.te· ·the structur,;, Teady f9.r lls.e .. provided, however, that piling , ' 
concrete; . masonry, and bi:tuminop,s ' \v~aii pi/' , ~ui'f;"ee~': shown'on ·plans · sha~·l; b.e , i 
uaid for as provided in pertinent ~p¢ci'f'iea:H' ohs~ ' . :'. .... . ; .. ' . ". ' .•.. . : .. :. .. . .) " .' " ': .',;' . ,:::..: . ..• ' . . '. " 

. .; ..•.. : .. :: . " '. ' 

. 101:32;}To partial 'estimates "fn.l .. be a llowed for timber structures,materials 
. oreoirrpleted .work unless ,t,h~ •.. Contra<;toiha;s insured· 't;betimber mat-eri,a.l.s in 

: aeeo roanc'em t-h exi s t i .ng re~iai;;:oni( cif t1i,~':fJepartnient'. , " ,:' 
, . ' . .. . '. :.::"' .: . r' .' " ' .; :'!; . "." " :; .. " 

'. " " , I '. 
~. -,' " ..;. , ;;;,. 
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ST1:..TE HIGHWAY DEPAHT\ffi!·T T. 07 '1$Y..A.S 

ITEM 107 TI1LBJ:.:R PILING. 

(note : Ef ,'~ective June 1, 1930 , this item supec'sedes IteDs 103 
and 104: of the Sta ndar d S~0c ificattont; apfH·ove·-j Feb. 26, 1926) 

107 . 1. DESCRIPTION . Timber Pilinr: shall consist of round or 
square pi ling:, of the kind and dimensions S"0ec i.:t.'i'3d , and in c.r)nfor!'ity 
with p0rtinent designated plans . They shall be driven in Gccorda?lce 
wit:::. these spec .t fications in the locGtion s.nd to the e l evation shm'm 
on the plans or as directed by the Engineer. 

107 .2. li:A'fERIAL. Piling may'be of any s l,ecie s of durable timber 
vlhich 1"[i l l satisfactorily stand drivinp: . They shall be cut from Jive, 
sound -trees J shall be solid and free fr om defectG such as i . .njurio1;.s 
r ing shakes , large, unsoun d or loos e m 'ots, deoa:;r, knots ~n c:lusters , 
groups of' single knots, or qther defects wh::ich, migrrc impa ir their 
strength a.nd d"rability . Sound lmcts will be pernci tted ,Provided they 
are not in clusters and they do not e;r.:ceed one-third (1/3) of. the 
sma l l diamet.er or least 'diTZlensian, unci. ar e noi,; over four (4) inches in 
diameter . i ...... Y'J.y defect or co:mbi::1at~,on of def'ec·t.s vrhic l'l vfOuld 00 !:lore 
injurious than the maxim",." ellowaole lmot shall not be permi<;te :: . All 
lmots s:'1all be trirlJID0d. close to the body of tile pi le. Piling shrIll be 
cut from a.bove the ground swe l l and have a uniform taper. A line 
drai'm fro:n the center of the butt to tl1'.3 center of the tip shell not 
fall outside of the center of the pile a.t any point more than l ~Z of 
the length of the pile . In shor,t bend , tho distnnce f,"om the center 
of the pile to a line stretched from th" center of the pi l.e above the 
bend to the center of the nile below t.he bond sho.l l not exceed 4% of 
tho length of the bend or 2'*- inches. Tho piling shal l be peeled soon 
after cutting . All of the roufh bark and ,at least 8.0% of t he inner 
bal"k shall be remoyed . No strip of i nnor hark remaining on t he stick 
shal l be over 3/4 inch wide or ovor 8 inch,,~s lone , 8.nd there s hal l be 
at l e.s,st I inch of clean wood Durface bc:t\yoen any tVfO strips. Square 
pilin~, shall be unifor m in cross - section , not les'o than lOx12 inches 
for lengths over 30 Ft . 

The rnini:nu.r:-, diamotar of round pilinf: at a section fO~..l.r :('oet from 
the butt , measured under tho bark, and the minj,mUlTl. diameter of the ·tip , 
shal l be as follO'l'fs: 

l,-enl';th of Pile Jilin. Di,8n . 4 ' from Butt Lenp.th of Pile Hin. Diam. of tip 

40 " and under 
Over 40' 

12" 
13" 

30' and under 
30' to 50' 
Over 50' 

The maximu,'1l 'iiamet2r of the butt shu.ll be 20 inches. 

gIl 

8" 
7" 

Tr eated piline: shall be impr egnat'ed with a preservative of such 
quantity and process ns shorm on the plans' and as specified elsewhere 
in these spe~ifications . 

10 7 .3 . USE OF UNTREATED PILING. Except for trestle work, un
treat ed timber piling shall be used only below permanent ground water 
l evel. Untreated timber piling shal l not be used in wo.ter w!elich' is 
infested by TI'.ar ine borers. 
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10.7.4. LOliG LENGT.HS NiD SPLICES. If pos:sible, pilinr; shall be 
full length. Where the length required is Ereater than is pr actical 
to obtain, they may , . upon written approval of the Engineer .. be s·pliced. 
All splices shall be made i n .accordance with det.ail :plans, pr.epa red to 
meet t he special conditions encQunt:erec and whic!1 sha.ll be approved 
before the pil.ing i~ . driven. 

10.7 .5. STo,R~NG Arm FJI.NDLING. The method of storing and haEdl
in" piling sha.ll be ·such ·as to .avoid injury to them. Treated piling 
shall be 'carefully handled. without sudden dropping, breaking; of outer 
fibers, bruising; or penetrating the surface with tools. They shall be 
handlec; with .rope slings. Cant dogs, hooks or p.ike poles s.hal l net be 
.u sed where such tQqls vlill penetrate into the untr"eated wood. 

10.7 . 6. PRCTECTICN CF HEADS . When t he nature .of the dr ivinr. ' is" 
such .as to unduly injure them, the. heads of timber. pil ing shall be 
pr otected by caps .01' approved desIgn, preferab.ly havinE a rope. or 
other suitable cushion next to thl) pile head and fittinr into a cast
ing which in turn supports. a ti.mber .shock block •. When the area of 
the head . of the pile. is greater thD.n that of the face of i;he .hammer, 
a suitable cap shall be provided to' distr.ibute the. blow of the hammer 
throu[hout the. cr.ass section of the pile, and thus avoid , as far as 
possible, the, tendency to · split or .shatter the pile. Collars or 
bands to protect the pilinl' against spli tUng and broomings shall be 
provi.o.ed .where necessary •. 

LeTr'.7. PCINTS AND SliCES. The piling; shall be pointed where 
soil conditions. require it. i'Hlere necessary, the piling shall be shod 
with metal shoes .of ·desi.gn shovm op.. the plans· or as ' acceptable to the 
Engineer • . The . points .of the pilinr- shall be cen'fu.l.ly shaped to se'
cure · an even anci uniform bear.inc: on the shoes . 

10.7. 8 . DRIVING. · Piling shall not be drhen until ·1l.fte.r the 
excavation is complete. Any l1laterial f orced up be'b.veen pili::lg shall 
be remove d. to correct elevation before ",asonry for the foundation is 
placed. Timber piling shall be driven ,lith a gravity hamrr,e r, steam 
hammer, l'18.ter jets, a combinatiop of "rater je·ts and 'harmner; or in 
bored pilot .. holes. The driving of piling with followers shal;J. be 
avoide d if practicable, and, shall be done under v.o:';;'tten pel"!1lission 
of the EnEineer only. 

'Piling shan be'"driven with a 'total variation:' of n'ot more than 
three inches in the dirn.cti.on parallel to the centerline . of r oadway ; 
and not more than 6 inches along a line at right angles to center.line 
of roadway. All piling raised durin~ the process of driving adjacent 
piling shall be driven do,"n again if required by the Engineer. Broken, 
s plit, or misplaced piling shall be ';iithdra'l'm · and pr.oper.ly ,repla ce d. 
Piling driven belo.'{ the cut-off gra de fixed by the Engineer s hall. be 
withdrawn and replaced by new and, if necessary, lonGer · pilini" at 
the expense of' the C ontra.ctor. 

10.7.9. HA."l.ri:RS. Gravity hammers for driving timber piling 
shall v{eibh not less than 2000po\inds and the fall shall be so 
regulated as to avoid .inj",ry to the pHe , and in no case shall excee.d 
20, · feot. : 

, . 
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Steam hammers for dl'iving timber pilinG snall be capable. of 
.. developing an energy per bl ow at each full stroke of the piston of . 

not l ess than 9000 foot pounds for single acting , and not less than 
6000 foot pounds f or doub le acting steam hanuners'- This requirement 
may b e modified for driving in sandy mater'ials when suit able water 
j ets are used. . ' 

107.10. LEADS . , Pile driver l ea.ds shall be CO!1str ucted i n such 
a manner as to afford freedom of movement t o the hammer and they shall 
be he l d in pas i t i on by guys or stiff braces t.o insure su pport to the 
pile driving. Except ·.where pil i n£,. are drive'n through vmter, the lea ds 
shall be of sufficient l ength s o that the use of a fo ll bvler wi ll npt 
be necessary. . 

107.11. WATER JETS. Water jets may be used , either al one or in 
comb ination wi th a ha'l1lller. The volume and pressure of th0 water at 
the jet nozzles, and number of jets use d , shall . be sufficient to freely 
erode the materia 1 adjacent to the pile. The plant $ha:ll have sufficient 
capacity t ·o deliver .a t all times at least lOb pounds per square inch 
pressure at two 3/4" jet nozzles. 

I-f water jets and a hamme r a r e used for driv i n G, the jet sha1'1 
·be withdr awn and the pile s shall be driven by the hammer to secure ' 
final ' penetration an d r esistance. .'rilis procedur e may be varied .if· the 
·desired r e sults are not obtained. 

107.12. PILOT HOLES. Wher e indicated on the plans, pEat holes 
shall be bored or formed .to permit pile penetration into hard 
statified f oundati on materials. ·.·I'·lhere s uch holes are formed , a 
casing pipe of suff icient dialneter ' to admit the nile and sufficient 
length to extend throu gh the upper str ata of l oose material shall be 

'pla ced around the boring device . Provision sha ll be ma de t o hold 
the casing pi pe . in place until the pil ot hole is complete d, and the 
driving of the pi le i s s ta r ted, an d to a suffieient depth into the 
har d materia l to prevent sand and gravel from dropping into ~he pilot 
hole. Piling, after having been driven in p ilot holes, .·and p ilot 
cas ing r emoved, sha11 have additional drivin g neoe s'sary' to se'oure the 
required bearing va lue as determined by test or pile formul a , and to 
securely fix the end of pile into the har d material. 

107.13. P~NETRATION. In gener al , the penetration for any 
tres tle pile shall be not l ess than one - third the length of the pile , 
and pr eferab ly. should not be les s than 20 feet. F<>r fouridation work, 
no piling shall be used to penetr ate a very. soft upper stratum over 
lying a hard stratum unles~thepiling penetr ate the hard mater'iala 
suffioient distance to rigidly fix: the ends. Peitetration require~ ." 
for fou.nda.tion piling wil1 be e ssentially as shown on the plans 
r egardless of the bearing value requirem"nts as determined by test 'br 
formula. 

',' , 

Watex: j 'ete shall 1;Ie' used where ne,cess.fty to s 'ecure 'penetrat.ion 
"as ou"t;lined and to l'J;'event "over driv ing" of the ' piling .ffilch .as Vlould 
oause brooming. breaking or .splitting. · The jet should be ' withdrawn 
just prior t o rea ching . final penetra~ion t 'o permit driving to safe " 
resistance requ ired. Dril:ling or'pilot holes shall b e done wherElver 
necessary·t o s eoure penetration for piling into hai'd mater ]:a ls.' '. ' 
Drilling pilot 'holes shall be reqiu red oilly when driving, je:ctin{!. or 
a comhination of driving and jeth~g are insufficien·t 'to produce' the 
desir ed penetr~tion r esults . . 
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107.14. CUT- OJ<'FS. Tho tops of all piling shall bo sawed to a 
true pJ.nne as shown on the plans, and at tho elevation fixed by , the En
gineer . Piling which support t:ir.tber caps or frillage work ,shall be 
sawed i;o the exact plane of the superimposed strl.\cture and shall ex
actly fit it . Broken, split, or misplaced piling shall be dravm and 
properly replaced. Pilinr; driven be l ow the cut - off grade fixed by the 
Engineer shall be withdr awn and replaced by now and, if necessary , 
longer piling, at the expense of th", Contractor. 

Foundation piling for framed bents shall be cut eff level approxi 
mate l y 3 feet above tho surfaco of the ground and the cap rigidl y se
cured to ' each pile by drift bolts extending at least ' 9 inohes , into the 
pile . 

'i'restle piling whether treated or untreated shall be cut off l evel 
at the elevation shown on the p l ans and the caps secured as ' descr ibed 
above. If the cut- off is 10 feet ' or more , abqve the ground line, timber 
pil i ng shall be braced by diagonal cros s - bracing composed of 3- inch by 
lO - inch timbers, secured to the piling by *,.inch diameter through bolts . 

107.15 . TREATMENT OF CUTS, E'i'C . Afte r the necessar y cu '~ting ha s 
been done to ,r eceiye the cap , the , heads of treat",d, trestle pilinf, shall 
be given thr,ee coats of hot creosote , oi l. They shall' then be , covered 
with a coat of hot tar pitch over which shall be placed a sheet of , 3 ply 
r oofing: felt or 20 gauge galvanized ' m~ta,l as indicated on, tfte plans . 
The cover shall measure at l east 6 1nches more in each dimension t han 
the dia,lleter of the piling, and shall be bent dovm over the piling and 
the edges , fastened with la,ge," headed ga'l vanized nails or secured by 
bindipt;, with galvanized ,,;ire as indicated , ,on the plans . 

, The heads of unt r~ated t r estle' piling shan' be thor OUGhl y coated 
with a thick pr otecti ve coat of ' 'red lead paint, hot tar, hot aspha'itu,ll, 
or hot coal-tar creosote and covered'with felt or galvanize d metal as 
pr(,r,ided above. 

All places whe r e the su':f~'6'~ of treated pili~g is broken by 'c'~tting 
boring, or other wise, 'shall he thoroughly coated vlith hot' creosote .. oil 
,and then with a coating of hot t"r pitch . liot creosote oil shall ' be in
jected into the bolt. holes befor'e , the insertion of the holts in such 
manner that the entire sur face of the hole's shntl receive a coat'ing of 
the oil. 

107 . 16 . E!.IEEDl-f:E:"fT IN CONCRETE. , The tops of foundation piling" 
, .shan be e;:nbed!ieq. in the concrete footing at least 1 foot, and 'NhEiI'e 

seals, of concrete 'deposited in water are ).lsed with, pi'l i ng/ ,,' th'e p,iring 
sh~l:l ,pr oject a t , l,~ast 1 footabpiri;> , the ,:top of th~ , s ,eal , cori(n' il,t~ ; They 
shall 1>.0 C).lt off l eve l at 'such" ele'v:a.tion ' that the ,to'ps .of , th,e' ,p'ilip.g 

, wil.l be always , wet. ' , " '," '- .' 
" .. ,. ~- , ". .....:.. -. '.: , -. 

107.17. LOAD TES1'S. When required, the size and number of' 'pU i ng 
shall ,be determined by actual loadin g tests. In gene r a l , ,these te sts 

• ..., . :- . -" " I 

shall consist of the application of a test 1.oad placed upon, a , suitable 
platt:orm suppor 'ted by the pile', tog~t)1er with suitable ':uppar'atu~: f',~r 
accur ately determi nipg ,the silP:erJi!lpe'sed ,/.Sight' and tnes'ett,lemen'j;under 
ea'ch' increment of l 'oad: 'The safe "aifowa'Ole, load shall be considere'd as 
50 per cent o,f tha); l~a~ v,j1i c:h '; "~,'f,ter, ~(ll'\pp:~s.' ap'Plii~tioh ,c~uk;>, s ::a 
,per manent settl cmElnt measur ed ll-i;" :the tqp , 'of: ' the ' l'ile,; of, not' mor,e :than 
9n", ~,fourth inCh,. I'-t. l east , ~me p~ne~f' e.e:~h group' of o,,~ hurid r.'~: d , shall 
be thus tested . ' , , "',' '" ' , 

~.' ~. 
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- 107.1'8. SAFE ' LOAD PORIiiULAS . In the absence ' of l oading te s ts', 
the safe bearinr: values for t:L'l1be r piling shall be determined by the 
following formulas: 

where 

. '.:" 

p - 2WH for gravity hammers. 
S I 1.0 

p = 2Vnl for s i ngl e - acting steam ham,lers . 
'S/"O:l 

p - 2H (vrfJIl' ) for doub le-acting steam hal'nmers. 
S f 0 .1 

P = safe bearing power in pounds. 
, W = weight , in pounds , of striking pa r ts of 

h8JTU'!ler. 
' H = height of fall ,in feet 
A c area ' of piston i n sq~are ~nche s 
P _ steam pressure in pounds ' per squar e inch': , 

, S ' the 'average penetr ation ' in inche s per b l ow<'" 
for the l ast 5 to 10 blcwi;, for gr av ity haiJimers ' 
and the ' l a'st 10 to 20 'blows for ' steam ' hainme r '; 

The above 
(a) 

-(b) 

(0) 

( d) 

f ormu l as are applicab le ' only vrhcin ' 
The ha.'11rller ~s a free fall. 
The head of the ' p il e is fr:ee, from broomed 
or cr ushed wobd fiber '~ '; , 
The penetr ation is at areasonably ",~ui ck ' , 
and \ miforrn r ;"te '. ' 

" . . 

There is no s ensib l e bounce after the blow. 
Twice the heie-:ht of 'the bounce shall be 
deducted from "R" to determine its true value 
in the formulil.. 

',;'" ,107;19. SAFE LoAD REQUIREMENTS; The ' bearing power s of timber 
piling , as dete rmined by the fore going l'.ormul as , sha 11 be c onsidered 
effective bnly wt;en they are less tha" the crushl.ng Gtr 811gths of ,\he _, 
piling~ ' In general; ' piling ' sha n 'bs're'quired to devel'oi" a ' bearing ' ':, ' 
capacity or not ' less than 15 , tons : ":,,r '-more ' than 25' toi;is; \' J'1owev~r 'i ':": 
the" character of ' the soil ' penetrated , conditions of: driving ; distri- 
bution, sizes and len gths of the rilin€, involved ; -and the computed 
lo~d per pile shall be gi ven due consideration in determining the 
reliability of drlven pile, ' " , ' . 

.... ,( . . '; ~~.,. 

In case wate r j ats afe- used in' coillle cti on" With t h e drivi'nr'; ~ the<! . . .: .. " ," (', 

bear~ng power shall be determ~ned by the above formu l as from the ' , 
results of driving after , tho jets have been vr1thdraml, or a load test 
may- b~ appli e'ci. . . . . .c'-" '~_ . ": ., . c. "~.-' ," :: -' . '~ 

• -- ". •..• -. ' f 
107.20. TEST PILD<G'. The lengths of pill-n E; shown on-the ' plans " 

are approximate and shall be used for es ti,nating purposes only. When
ever called for on the p lans , test piling shall be driven to determine 
more accurately the length of p iling to b'e used for the proposed 
structure. Test piling shall meet the requi rement s herein specified 
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for untreated tImber piling. The pile shall be of greater length 
than the lengths assumed in desi gn in order to provide for any, 
var,iat10n in soi'l Qonditions:. ,The ,number", lengths ', ' loc!rll'orls 'for driv
i'ng, disposal of , best pilIng; above the groundiine; etc., will b~ as 
drected by ehe En fincer. The number of test piling shovm on' the 'p'lans 
may be increased or decreased as deemed necessa:qr to securo the desired 
inf' orma t i on. .' 

" . 
Test pilinc shall be drivon in any manner herein specIfied for 

timber piling" 

When test piling: are sp8cified, no pilinr; fOl' the proposed 
structure shall be ordered' until"test"p ilin!(,r,!l$,utt.s .. with recoTIU'lended 
lengt;'ls have been examined and approved by the' state; Bridge EnGineer. 
In all cases, the order list must be approved by the Bridge Engineer 
before same is placed. 

107.21. BASIS OF PAYMBNT. All piling left iri the structure, 
conforming to the specification "requiremertts, ··and" -acceptable to the 
Engineer, will be paid 'for at the ' contract ,unitpr'ice bid pe r lineal 
foot for "Untreated Timber Piling-II. or "Tre'ated Timber Piling" as the 
case may be, complete in, place,' ,:.such ' pl':i:ce shaIl be full compensation 
for furnishing al;l 'piling-, preservative arid treatment, driving, Jetting, 
pilot holes and shoes when indicated 'on" the 'plans and no other payment 
provided, all materials, equipment, tools', labor and incidentals 
necessary to complete the work. : 

One half the, contraot unit 'priee bid per ,liheal foot 1"01' 

t1Untreated Timber Pilinr;Tl or "Treated Timber ··Pilirig" "as the case may 
be, complete in 'Flace, will be , all'owed' for c'.itoffs made after driv
ing, less one foot ' for each cutoff, pr.ovided 'this cutoff ,is not 
necessitated by- unnecessary broominp:, splitting: or othcrinjuries 
reslJ.lting from careles!3 driving . . 

No payment will be made for fals ework piline;': No' paymont will 
be made for any piling whioh are not driven in accordance vr.ith :the 
specifications, or as, ol'dere,d .. by, 'and made acceptable , to the Engin",er. 

, ". ' , 

'rest pil,ing willbe paid for at the contraot unit prioe bid 
for each "Untreated Test Piling", vlhich price : sha~l be full ' and 
complete compensation for ,furnishing, ' drivlni; and removal of pilin~, 
1'or,all r:'.aterials, ' equipment, tools, labor 'and inoidentsls necessary 
to 'complete the work. " 

DrSPEc'fIoi~ NOTES. Where slit;htly seasoned" parthlly ~easoned 
or seasoned piling are submitted for inspeotion the Engineer may 
r ,equi~e a few inches out off ,the, ends of ,piling before or "nfter ' 
trea tt:,ent. 

Piling v{hich show exces si ve checking before or afte!" trea tment 
and prior to driving shall be rejectod. Excessive checking shall be 
int,erpreted , as follows f 
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Where l a r ge check at butt of pile will pe r mi t a No . 10 wire 
to be e x tended thre e feet into the body of the pile . 

''{ncre checking is of such si ze that at any p oin'c along tile 
pile 1,'''0 checks may oc cur which will permit a silver dolla r to 
extend half its diameter into the side of the pile . 

4279 
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STATE HIQHWAY DEPARTMENT OF TEXAS 
(9- 8-33) 

ITEM 97. EXPA'':[SIQN. JOnTT ItATERIALS. 

97.1. DESCRIPTION. EXpansion Joint Materials shall provide for m8terials 
used in joints for structures whetper .the joint Drovid~s for exnansion and 
contractton. deflection or construction. The materials shall be used 
where indicate.d on the plans and in a ccordance. witll the uertin~nt speeifi
cations. 

97.2. . PREMOLDED MATERIAL. Premolded material shall be a bi tumino1.ls pre
molded joint of th.e dimensions required on t~e plans and shall '. be of 
asphaltic ' or tar c.omposition of approved quality. 'l'he'"jolnt shall be of 
such character that it will not . be deformed by prdinary handling during 
the ·hot summer. months or become hard . AJid"br.i ttle in cold weather' . . Thin 

'ships of stiffener will be' allowed.'l'heb:itumen shall be uniformiy 
impregnated wi th .61.1i table fill e·r. to ';reduce i t .6 bri ttleness at low . 
temperatures. tg aminimum. The bitumen by weight in the bituminous 
jOint. shall be not less than 72 per cent for ' joints one inch. or less in 
thic\<;l'ess and not less than 77 per cent forjo'iJlts inore than one inch in 
thickness. The ' bitumen by \V~ight .in. rock asphalt joints shall be not 
iess than 40 per cent. The physi'cal praperties of the joint ma.teria.l 
shall be as follows: ' .. 

Absorption. not mor.e ·, than - - ~. - - - -5%' '." 
Distortion, not more: ,than - - ~ . - :- - -l} .inches' .. 
Brittleness: The Joint shall not crack or shatter 'when , 
subjected to the test for brittleness. 

One section at least 1 foot long and the full widtl-'. of the joint 
sral l be SUbmitted from each consignment and tested in accordance with 
the following method: 

(a) Absorption. A sample 2 by 6 inches is 
rial in such a manner that all edges are freshly 
specimen is then immersed in water for 24 hours. 
water wiped off wi th a slightly dampened cloth. 
quickly weighed and the percentage of absorption 

cut from the .j oint mate
cut and "eighed. The 
removed. and the surface 
The specimen is then 
computed. 

(b) Bri ttleness. A sample 2by 6 inches is cut from the joint mate
rial parallel to the lay of the fiber and maintained at a temperature of 
from 40 to 60 0. in water for at least two hours prior to testing. It is 
then clamped between' two boards so that expansion joint cantilevers ~ 
inches and is held in any suitable support. A cast-iron ball, weighing 
0.95 pound and having a diameter of 1.875 inches, is suspended by a cord, 
which is tied .to an eyelet soldered to the ball. For samples having a 
thickness of nine-sixteenths inch or less, the ball is sus~ended 1 foot 
above the center of the projected portion of the specimen. For samples 
over nine-sixteenths inch in thickness the ball is susnended 2 feet above 
the specimen. The ball is released by burning the string above the eyelet. 
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(c) Distortion. A sample 2 by 6 inches, absolutely flat and 
straight, which has been ,cut ' parallel tp ,the lay of the fiber, is 
clamped between two blocks so that the expa>1sion joint cantilevers 3i 
inches. The clamp with the expansion joint is then pl aced in an oven 
maintained at 125°F. for t\70 hours. The deflection f rom the hori zontal 
is then measured. 

97.3. POURED JOINTS. Asphalt fov use in poured joints shall b~ homo 
geneous, free from water, and shall not foam, when neated to 200 C. ' 
(392~F). It shall conform to . the foUo'7ing requirements: 

Flash ~oint ~open ?Up), not less than - - - - - 200° Co (392°Fd 
Soften1ng p01nt br1ng and ball method) - - -65 to 110 C. (149 to 230°F.) 
Penetration at 0 C (32°F.), 200 g., 60 sec., not less than - - - 10 
Penetration at 25°C (77oK')' 100 g., 5 "sec;, :- - - .,. - - - - 30 to SO. 
Penetration ut 460C (U5 F.)., SO g., 5 sec., not more thun - - 110. 
Loss on heating at 163°C, (32SoF.), 50 g., S nrs., not more tho.n 1.0% 
Penetration at 25°C. (77°F.), 100 g., 5 sec.,of residue after heating 
at 163°C. (32SoF.), [>.s compared with penetrntion of "sphal t before 
heating, not less tho.n - - - - - - ;.. - ' - - - - - - - - - - - - - 60.0% 
Ductility at 25°C. (77°F.), not less thnn - - - - - - - - - - - 3 . 0 cm. 
Proportion of bitumen soluble in cnrbon, tetrcchloride, not less than 

, - - - - - - - - - - - - - -- - - - 99.0% 
Totolbitumen (soluble in carbon disulphide) not less tIk.'\Il - 99.0% 

97.4. MEASUREMENT lIND PAYMENT. No direct po.yment '7i11 be mMe for expo.n
sion joint materials. Payment for same shall be included in the contract 
unit price bid per cubic yard of concrete as provided in these s~ecifica
tiona, Item 102. 
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CONCRETE FLOOR SLA:SS. In adc1.i tion to the soecifications given under 
Item 85 of the Standard Specifications of the St~.t e Fig."'way Depart!;1ent 
of Texa s, the following special provisions shall a.pply to the mixing, 
placing and curing of concrete for the floor sl"bs. 

The mixing shall preferably be doone by a portable outfi t placed 
along side the bridge a nd the concrete hoisted into place by a derrimc 
or othe r sui. table means. 

If the mixer plant is to be located on the structure, it shall 
not be placed on a section of t h e rOCl.dway slab which has been placed 
less than 21 days. Special care shall be ~ade in placing the conc rete 
farthest away from the mixing plant and placing same to?ards the mixing 
plant in such a mrum.er tllat the freshly placed concrete will not be 
darnaged during the process of setting. In cas e the Contractor desires 
to cart or wheel concrete batc..l-jes over the fres:l1y placed concrete floor 
slab, same will not be 'oemi tted until the slab is at least seven days 
old and the trackway for carts s:1.'?ll be carried by timber pla:aking so 
that the loads will be distributed oye.r the slab . 

Concrete floors shall be finished as p rovided in t:,e specifications 
and shall be immediately covered wi th suitable se.ctions of 10 oz. cotton 
canvas with a l ap at edges of at lea_st 8 inches. The canvas shall be 
saturated with water ryrevion s to nlacing . Great care must be taken in 
placing t..1->e canvas so a.s not to disturb tIle fres:l concrete surface. The 
canvas shall be sp r ,'yed ligh tly wi th water e.t hourly intervals for a 
minimum time of eight hours 1'lild t h en as soon a s u racticable a half inch 
thic.l-(lleSS of sand or earth covering substituted. The wet ca.nvas must 
remain in place until the othf! r cove r m'?terial is ready for olacing. The 
cover materia.l must be saturated wi th water eight times per day for a 
period of 8 days. PondL1g may he used instead of the earth or sand 
cover mentioned above . 

The roadway surface shall be struck off wi t h a tem;>let having a 
crol"1ll as shown on ·ohe p lans. ':::'!.,e surface shall be brought to a Sl~ooth 
riding surface p referably by meru;s of longitudinal screeding. which shall 
be free from rolls or bumps ru;d shall show no deviati on ",ore than t inch 
f rom a 10 ft. straight edge laid on th e surface par aHel to the center line 
of the roadway. 

Comoensation f or curing concrete floor slab ru;d other incidentals 
i.nvolved in the construction of the floor slab shall be included in the 
unit price per cubic yards of concrete for same. 
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STATE ' HIGHWAY DEPARTMENT OF TEXAS, 

SPECIAL ITEM. HIGH EARLY STRENGTH CONCRETE FOR STRUCTURES 

1. DESCRIPTION. High Early Strength Concrete shall consist of concrete 
, so proportioned to attain a high early strength as hereinafter provided, 
with a minimum cement content as specified in,-Par. 85.1. It shall be 
used for strllctures or pOl'tions of structures when desired by the Con;. 
tractor and approved by the Engineer. The standard specification for 
"Concrete" ' (Item 85) shall appl y for High Early Strength Concre te 
except as herein provided. 

,2. , ~~TERIALS. Materials used for high early strength concrete shall be 
as provided in Item 85. The cement used shall be standard Portland Cement 
as provided in Item 85 or shall be High Early Strength Portland Cement 
conforming to the requirements , of the American Society for :cesting Mate .. 

'rials as set out in their "Tentative Standards for High Farly Strength 
'Portland Cement" Serial Designation C-74-30-T. 

3. DETERMINATION OF STRE}TGTH. ' The 'various materia.ls enter;,ng into' and 
composing t he concrete shall , be such as to satisfy the requirements of the 
governing specificattons~ Durin?: the progress of t he work concrete test 
cylinders cir beams will be made by the Engineer and ,testecl, for compressi,,:.l 
strength or modulus of rupture for t)1e 1JU:riio'se of checking the field CO'1-

trol of the quality of the concrete. ' Three 'such ,spe,cimens sl:laU be rna.L._ 
from each run of concrete representing a. uni t of the fi,ni shed structure , 
but in each event such specimens shall be made for eve~! 50 cubic yards 
of ,concrete placed or for every 225 lineal feet of pilinf; cast. 

The method of making and testing cylinders , shall be in, accordance 
wi th the requi rements of the "Tentative Standard Specificat' ons for High
way 'Materials "and Methods of Sampling' and Testing" of ,t :' e Ameri'can ' 

, ' AssoCiation of ,State PJ.ghwa.y Offi.cials. The method of making a,nii testing 
transverse slabs for modulus of ruuture shall be in accordanc e with 
Bulletin Cl of the State Highway D~partment. 

4 •. STREnGTH KBJ:l,UIREMENT. , F.igh Early Strength Concrete shall attain a " 
'compressive ',st'r'ength or' modulus of ' ' rupture complying with the, following 
requirements twenty-four (24) hours after placing. 

Class A Concret'e . . .2200 

" B ' II ",.'. .1700 : . 
JI" D II .2600 

COMPRESSIVE 
STR1!;NGTH 

Ibs. pet sq • in. 
1(. " " II ' II 

' , 

. 11 , II II .. ,II 

500 
375 
550 

MOJilULUSOF 
RUPTURE , 

Ibs. per sq. ).n'ch " 
II ', .' 11". II . . II 

II II fl ' ·' ' .1 u'. 

The pro'Por'tions of cement to aggregate for ,high early str~ngth 
concrete, in which ' standar<i"Portland Cement is used srui1l be designed to ' 
obtain the strengths shown in t h e above table. Such designs shall be' 
checked and approved by the ,Engin~~r. 

.. ; ... : . , . 
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5. CURIlm. Shall be in accorda nce wi th the requirement s of t he Stan
dard Specifications but may be discontinued when the required st rcmgth, 
d e t ermi ned by testshas .. been seG'Ur,ed .htJ.t in noc;l,s e sJ:;ap t );e period 
f or k eeping the concrete surfaces t horoughlY wet b e less t han t hr ee 
days, af ter which t he surfaces shall be' c~vered ~ith sand, ea rth ·or 
o the r su i tall'le ~terial anf kept 'moiit hy ' s p rinkling with wat~r a t 
l eas t tllree times ea ch d.ay t h ree addi tional days. 

6. ·RZl :01TAL :0}' FORMS. '. 'The foi:lowing :~cini';resshe s:trengths a nd. .modulus 
ofi"Upture' 'snall be atta..inea 'befa~~ : {ormsar~ . :r:.emOv,.edor · t he concrete 
p).a ced i Ii s~rvi'ce. .. . .. ') ,~. 

c ,'. ", ; 

Clas s A Concrete . 3?pO ." B u: ': ' 3000 
." " n " 

.. i 
4000 

60idPRESSt VE '.' 
STRF,]~GTH . . 

Ibs. per ,sq.-, 
" .. " If 

." " '..' 11 

' . .! .' 

~ . MODULUS OF. 
RUPTURE 

in .700 lbs. per ',sq. · in. 

" 600 .. " 11 " " " 
" 750 .. " " " " .. 

The folloWillg .table shall . s erv e as a genera l . guid e fo r .t he '!ni niiuum 
ime :'r e q'Ui red b efore removal '. of forins, not ·counting t he days on which 

temperature is b elow 4iY:d egfees ~ie~'s ;"r'bp e~ jJr ecau ti on's have;' 
een taken t o maintain t he concrete a t a satisfactory higher .. temperatu re. 

. " .. ; . . . . '. : , .. ' . ' . . . ' . . ' . . , . . ,_ '" __ ~ ~ I . 

. FO'mis, centering' and suuiJbrt~ under beeIDs: 
". M less than 20 f'L 'clear suan" , " 

girders . and . srabs; .. 
. four (,,) dsis . 
six (0) dqs of over 20 f t. a nd i e'ss than 30' ft; 

of ' over 30 ·f t. and 'less .. than. 40 f t :; ' : 
Floor :s18.bs 

. AlF other ' parts . , . 
t. l . 

.. s even . (7 )' c .. ').y~" 
t h ree. (3 i day.s 

' thr~~ (;3) d/iYs .... 
.. ~ .' 

only 
Af ter:· removal ··of 
such loa~ing as 

forms a id. c entering c oncrete ~ay 1i €": su1i,ject ~d.: t o 
was provided for in t h e design of t l1e st:r:ucture. . : .. ' . .. 

·' 7. C01!CRETE PILI NG; ' The 'contra ctor may, .at his opt :fon; u~~Ri,gh ~;;'rj.y. 
s t reng t h Gement Concrete "Cla $s Dn ' as h etein p r 6v i d e4 J 'or, in ' co~cirete .pili ng . . ~ . . 

'Su ch piling $hall not 'be moved and ~ta~ked i~ 1e$$ ' than t:h~e~ . (3 ) :days 
after making nor d r iver. in l es~' ·th"l.n s even (7) da.ys , and in n~ event until 
a compressive strenc, ·t.h 0f .fou r t l:!ousand (400.0) po,+nds . .. pe r .s q . ·in. ·and ,a 
modulus of rupture of 750 \b:8'; per sq. in:. l:las b~en attained, .to the 
satisfa Ction of t h e En§;i n.'eer. ' . . ' .. 

Curing shall be in accordance wi.th t he p rovisions of thes e specifi
cat i ons given ' above. 

8. GOVERNING SPECIFICATIONS. The special urovisions ,of ~his specif.i-:o . 
cat i on will govern over Item 85 for concrete whe'n High Early Strength 
Concrete is used or specified, but t he remainder' of 'Item 85· shall remain 
in full force. No additional compensati.on will be' a'llowed t h e contractor 
when Ei gh :Early Streng~h Co.ncr~te is US!3p. or specifieci but. sl:lall be paid 
ror a t t 11 e contract 'uni t price . bid f or the class . of concr ete in .which it 
is used. , . 

Measurement and Payment for High Early Strength Concrete, ' complete in 
-place, shall be as p rovi.ded in the standard s-peci ficatio ns f or "Concrete 
Structu res", Item 85. 
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STATE H: GilWAY. DE? ARTMENT OJ!' TEns 

ITEM 108. PRECAS'T CONCRETE :t I IJIl'JG • 
(Augnst, 19:32) 

108.1. . DESCRIFTION. Precast concrete pilinG shall consist of piling 
precast of rortland cement concrete made and reinforced in ac cordance 
oli th these spec ificat'ions and in confermi ty ·"i t; .. tl,e pertinent' desigllate<i 
pl ans. They shall be d.riven it: accordance with these s "ecificatiolls in 
t he location and te th" elevution sherm en the plans er as directecl ·by· 
the Engineer. 

108.2. lIATK:I.A1S. All concrete materials awi their preparation and 
placing sha ll be in accerdance nith the requirer.lents ef Class;) (;oncrete, 
(All cearse aGGregate to pass a I-inch diameter circular ri:lg .) 'line!! 
the CO:lt'racto'r .is erder<:d to proceed \n. th the work 8.'1d the data from 
specifi<>d t 'ast piling or other sources is available .. the .Engineer ,:ill 
furnish the Contractor wi th an ' approved ' Ust of 'pllin;$ lengths for cast
ing. 

Reinforcement shall conform to the requirements fer reinforcing 
steel of ' t hese s pecific ations, and t}le \7eight and dimensions s;lall be 
as showa o~".:. p+a.ns . . 

108.3.. DESIGN. Precast ccncrete. piling r.JaY be square, Circular, or 
octagonal ir. section. If. e. square section is used, the corners 5h"11 
be chamfered at least one inch. Piling shall be cast with a driving 
point as s::ow., on plans a'ld fer hard driving shall be shod with n rio tcl 
shee as ind.icated. en pl "ns. Pili.ng r.lay be either of uniforra s'Jction or 
tapered o,s desired. Tapered piling she,ll not, in general, be usod for 
trostle construction except fer that portion of th" pile r;hich .;}:tends 
below the ' ground line; nor shall tapered pilb.g be used. in any location 
where the 'piling are te act ' as col=ls. In general , concrete pilLl€; 
shall have a cross-sectioaal area .. meas=ed above t!1e taper, of not less 
than 140 square i nc11es a'1d, \·,hen they are to be used in salt l7ater, t::-,ey 
sLall have e. cross-sectional a reo. of not less tha:l 220 square iilC:10S. 

Reinforcement for precast concrete pi li::g shall consist of lone;itu
dina,l bars in comlJination with laternl reinforcement in the fonn of n.oops 
or spir.:1ls. The longi tud.inal reinforcement she-.ll be not less them 1 per 
cent and p;:-ef~rnbly not ' l ess than If; per cent of the total c "oss- section 
area of the. pile. The reinfercement shall be placed at a clear distance 
from the face of the pile or not less tha., ·2 inches, and, "hen the pil 
ing are for use in salt· water <l'r allcali soils, this clear dista.'1ce shall 
be not less than 3 inches. The driving point a'1d al.so the top of the 

. pile 8h8.11 be prot~cted against impact by mea..,g of speCial spiral ,.,ind
bg ' 01' bands d."s igned for this purpose. T"ne reinforcing system shnll 
preferably be of the "unit" type, rigidly wired. or fastened at all 
intersections and held to. true posi ti.on i n the forms py means of con
crete b.1ecks 0;:- other sui tabl 'e device. \\,i1e re pilinb exceeds 55 feet 
in length,'additional longitudinal reinforcement shall be added through
out the center one- third' ef the length. Piling under reta inin,<; walls, 
a'outments, etc., shall' be designed' ·to withstand the lateral stress 
induced. 
5082- 1 



Concrete piling wh~m prope rly designed, constructed. and J,:. l aced., 
lOay be subj"cted '~o loads as de t ermined by tests or formuJ.a , but not to 
exceed 300 po'.Jhds per sqUar0 i !,ch of total cross - section at the smallest 
effective point and generally !lot to exceed 25 tons per pile Ylith a 
maximum 1 il3i t of 35 tons per pile. 

Mere r.'atorprooiing is to ba used, special specif;cations wi ll be 
gi ven a'"ld the )\'O~lc _ shall be in aceo rO.a.nc e therewi th. 

108.4. FORMS. I n adC.i tion to th~ requi rehOent s for foms as provided in 
Item 102 '.5, the following shall govern for concrete piling: 

Form i-umbar for the sid" fo rms shall not be less than one and .one
quarter (1 ~) inches in thickness after being surfaced . Studdi:lg and 
Y,aling 811all be . so spaced as to prevent the s pree;dinc.: 'of forns. All 
forins shall be built ,aortar ti{)lt. · Fonns shall " e so :;laintainel as to 
eliminate the fOIT.lation of joints due to shrinkage 'o f the lur.!ber. 

Forr.os "e - useiJ. shall be oiled ru:d maintained in good 'condi tion as 
to accuracy of shape, rigidity, .. strength, mortar tit;htnes·'" and smooth-
ness of ·surface. JL~y warpeQ or btuged lumber oust be properly sized 
ruld re-condi tioned before re - using. When vertical forns are used., 
spec ial care shall be exercised. to pudd.le ar.d tamp the concrete around 
the reinforcing a.,d to avoid. ·the forr.tation · of stone pockets . When 
horizontal fores are used, the piline shall 'not be cast in tiers. 

ForDS shall "e acces.sible for ta.o:ping and cons olidation of the 
concrete. Under good. weather-curing condi tiOllS, side for[ls [lay be 
reDoved at any ti~.1e 'not less than· twenty- four hours sub'sequent to 
placing concrete;, but t:1e enti.re .pile shall reDain supported for at 
least seven days .. and shall not be. s)lbject .to a'1y hard-ling stress until 
the concrete has set for at least fourteen.days, and for 'a ' longer period 
in cold weather; the additional time to be deternined by the Eneineer. 

108.5. CASTING. Pil inG r..ay b .e cast either in a 'vertical or horizontal 
posi tion. Piling cast in ho rizo:ltal position shall be supported on a 
level unyielding foundatio:l.· When tiLioer sills ' are used they shall be 
of such dit.lentions as \Vilf support the weight of the concrete thru- out 
wi thout settleDent. The transverse studdi:'!g shall ·De .so spaced as to 
prevent the saGGing of fl oerL e; . 

During the placing of cOl1c-rete, the forros shall be vibrated by 
tapping '.11 til a hanDel' or r;ooden .. r.!aul. COilcrete shall be placed con
tinuousl~· in each pile and shall be carefuJ.l ;{- spaded, r:uddled, "ad 
tanped, date ,:larked, special care beine c·xcrcised to avoid horizontal 
6r diagonal clea.vCl.{£c. plrules, a1~d to see tlU:.t the reinforcGrJ0nt is 
properly enbedd.ed in the concrete). 

10S.6. CURING. The piling shall be cured by being kept thoroughly wet 
for a period ~f seven days and at the sane tine protected f rOD the 
direct rays of the SUllo After this 7- day period t11e piling shall 'Je 
kept daz:tp Md covered for a period of 21 days. TI:e piling shall not be 
subjected to any ha.,.dling stress, but kept upon the Llolding platforD 
for a period of at least 14 days after Dolding. Dnder nontal weat:,er 
conditions " and as , soon : as the piling have cured, suffic iently to perni t, 
they r.lay be reLloved fror.i tile forns. Unless ctherrlise provided no pile 
shall be driven until it has set for at least thirty days, and ir, cold 
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weather fo~ a longer pc~iod" as determined by the Engineer. Concrete 
piling for use in sea vlater or alkali soils shall be cured for not less 

, than sixty days before being used. 

108.7. FINISH, As soon as the forms are removed, concrete piling' shall 
be carefully painted with 1:2 mortar, fil,ling up all cavitfes or irregu
lari ties. 

Trestle piling exposed to view shall be finished above the ground 
line in accordance with the provisions of Paragraph 102.20 governing 
the finishing 'of concrete columns. Foundation piling, that portion of 
trestle piling which will be below the ground surface, and piling for 
use in sea water or alkali soils, shall r;.ot be finished except by paint
ing as above , set forth. 

108.B,' HANDLING. ' For preca;st piling the method of storing and handling 
shall be such as to , eliminate the danger of fracture by impact or undue 
bending stresses, in curing or tra!1.sporting' the ,piling , from the molds 
and into the leads, In general, cencrete piling shall be lifted by 
means of a suitable , eddIe or sling attached to the pHe ' at points not 
over 20 feet apart. In no case shall the ' methods af 'handling be such as 
'as to induce :,stresses in the , concre'te ' of more than 650 pounds c,ompressXn 
per square inch or in, the' reinforcing steel in excess of 12,000 pounds 
per square inch, allowing 100 per cent of the calculated load for impact 
and 'shock effects. ' 

.! . 

In handling piling 'for use, in ,' oea water or ,alkali ,soils, special 
care shall be exercised to avoid injury to the surface10f the "pHe. 

108 .9. DRIVING EQUIPMENT. 
done 'with steam pile hammer 
ments. 

The driving of concrete piling ,shall be 
equipment meeting the follOlving ' require-

If 'a single act'ing st'eam hammer is used it : sha.ll be capable of 
striking at least 60 blows per minute of not less than ,17,000 ft. Ibs. 
per blow and s hall operate on an efficiency of not less than 80 percent 
of the Manufacturers' rated capacity; or if a double ,acting steam 
hammer is used; it shall be capabloof striking 'not less than 110 blows 
per minute of not less than 12,000 ft ~ los • . per blow/,and shall operate 
on an ef'ficiency ' of not less than 80 'percent of , the Ma!lUfacturers' 
rated capacity. 

Pile driver "'lea.ds shall ,be constructed in ,sU(:h a ,IDqJlnElr ,as to 
afford freedom of movement of the "hBnulIer ' aild .. t~ElY ~l:)a:J,:!, .r'\le r~gidly 
held in position by stiff braces or , guys to insure adequate support to 
the pile dUring driving,; s.xcept ' wherep~ling: a.-e -q,r),X!;l!:l ,through water, 
the lea.ds ,shall be ' of sufficient le;i€:th' :so tha!; , Si;follower,; wiP' not be 
n.ecessary. 

" ': ' ( 

Gravity harrmers, rihen their use is pe'rmi ttec"i ' shaH,: ,weigh not less 
than, tlie weight of the 'pile, and the maximum . drop .. shall not~ exceed 8 
:feet. .; .' 

. t ._ 

. " 

ReqUirement's for equipment and di'iv'ing,: large ,: c'oncre,te piling will 
be. covered 'by ' special 's·pecifications. ,: .. , ' -,,, ~,;) J 
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108 .10. PE1'E~RATION. ~'he ]?iling shall be driven to a depth as shown 
on the plans, or to a g reater depth if same i s i1ecessary to secure a 
bearing power specified on "lA.ns, as d!-'terTlined by ' formula giv'en in 
·Paragraph 108.11 of these ·spedficati"ol1s • . 

T:'le following methods a"Nl \<;i ven for securing "the 'de'si roo "pf'llct r a- . 
tion fo!: concrete pi ling : 

. '(a) ' In local Hies· where water ' i's available and t b. e' r,1!l.terial is 
suitable for jetting such as sana. or gravel or a rn;.xt"Te o'f 'botil, or a 
mixture of sand and cla,y; the Contrac tor shall proVide jetting equip
ment as·an aUxiliary' to the steam ham!ner ' as a' means of pIa.cing the 

. concrete piling. Tne 'equipment shall be as' follows': 

. . . Sui'fi cient power shall ' be urovided iil a itdiV .. on' to" that" ';;tiled fo r 
opl'rating · thesteaID ·harnmer to oper'ate' one or more' ;:rumps and 'one or two 
(depending upon requirerr.e" ts of material') 2NI'ins ide dianleter jet 9i pes 
provided wi th a I" di ameter nozzle. The plant shall be such that wi th 

,:twc pUmps':'i:rperating at the"'si3L,e t imii 'each }Jlliap' shall be capabl-e of 
" d,eH vering' 'a ' minimum of 200 'lbs. p ressure' per ' squar~ inch ·!'.t · the nozzle. . . . - . 

The two jets may be used together. or' seliarately, depehding upon 
' ., trial . r eimlts:.obtained duri.ng the drivi·ng. · 'The ' cc:npens'"tion: 'for fU1'nish-

" ing jetting eqUipmen·t and ,Jetting ' operations shall be 'included ' in the 
uni t p rice bid per ' Ii hear fo ot of concrete piling. 

" . 

If water ;jets . and a hammer are used' for driving, th:e': ~ets shall 
be wi thdra,m and the 9ili ng shall be driven by the hammer to ' secu.re 
the ·finalpenet ration. Thi.s p rocedure may be varied, if . the desired 

: results are not obtained. ' . 

(b) Pilot Holes: For soil material which wEI not pernii t of 
ef .f,icient jetting' operatIons and the p il,,"ng ' are t o :"enetrate- a· har d or 
firm materlal which ca.'Ul<lt be penetrated by ordinarY" driving;". the 
Contractor shall use a device for making pilot holes so that ' the piling 
may be placed to d,epth req1),ir'ed and driven to a sp ecifie;i resista'1ce as 
follo\'ls: . 

.. J. 

·!ilie pilot holes shall unless othervlise provided' b;e·"ef ' a' · diameter 2" 
less ,than the leas.t side or diameter, of the piling .and· shalL'be mad.e to 

' . such ·.d.epth necessary to secure the uenet r ation shown on . the' plans. Where 
necessary in solid rock or··ot!1er fii"'Ill material "he pilot holes may be of 
the same diameter as the p illng . Where pilot holes ' are , required in 
material which consists of loos e sand or g ravel overlying a hard clay or 
shale whic:h . cannot be sealed off by crdinary "mudding" drilling methods, 
the following met:hod shaH 'b e us ed. ,. ' .' . 

. I .• ~ . . ; .. ' 
. '.: A ell-sing pipe of sufficilOnt· :diamet er ! shall be ·p1aced'.around the 

" bo ri nif·dirvi ce·' and of · il'lffi ci·en t length:.'to ·:. ext end " down· through .. the upper 
strata ·of . 1oose material to ·the firm 'material' and sa~e ' mus t ' be :held in 
position \C,til the pilot holes are comu1eted ~~d the driving of the 
concrete ·piling ·is · started a sufficient ·depth . through the clay mate
rial· to prevent sand and ot her loose .material '· from ' dropping into the 
pilot hole. 'Should bO'ring or 'drilling of pilot holes 'bs necessar-! in 

. order to place the concrete ? iling , the cost of formi ng pilot holes 
and 'other inc'idental work included the rewi th sahll be:' incJ.u d0d in the 
unit price bid for the ccincrete '. piling i"n place; . Fa:bhpile shall be 
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driven to a resistancespp.cified on plans as computed by the formula 
given in the apecifi'cation of Paragraph 108.11. 

108.11. BEARING VALUE, 'When required , the bearing value of piling 
shall be determined by actual louding tests . ' In general, these tests 
shall consist' of , the application of a test load p laced upon a suitable 
plo.tform supporteCi by the pile, together wi th sui table ' apparatus for 
accurately de.ter;nining the superimposed weight and the settlement of 
the pile ilnd-er ,each increment , of load. Tli:esufe allowable load shall 
be considered .('.s50 per cent of , that load "hich, after 48 hours 
applica.tion, CUuS()S u permanent settlement, . measured a.t the top of 
thepl.Ie, of not more thB4 one- fourth inch. '· " 

In the absence .. of the' loading tests; the sufe, bearing vulues for 
piling shall 'be iel;er!J1in'ed by the followinl; formulas: 

p = 2WH 
Sf 1.0 

for gruvity hammers 

p = 2iiH, 
Sf 0.1 

for single-Oct'in€; steam h=ers 

P = ~H(1YfAp) 
Sf 0.1 

for double-acting steam h=ers: ' 

'1'IherEi ,' P = ,safe bearing ppwer in, pounds 
' 1\' ,; w~ight, in poJlIlds, Of striking ppr~s oJ hammer 
H = height 'of fall. in feet· 0"> 

'A = area of piston in square inches 
p - steam pressure in pounds per square inch at the lk~er 
' s, the average penetration in inche!> per. b,low for the last 

.5 to' 10 blol7s for gravl ty h;3itmers 'ana' 'the' 1ast 10 to 
.. 20 blows for :steam haI!imer. ' . 

The above formulas are a;pplicable only wheli. " . ' 

(a) The hamBer has a free fall. 
Cb) 'The penetration is at a. reasonably qufck aI).d uniforn 

, rate. 
(c) There is no. sensi1)le bounce aftsrthe blow. Tdce 

the height of thd b.ounce shall, be deduc,ted from "H" 
to 'detexuine its true value in the" t'orniula. 

• •• t " .1: r .·: 

,', . .. " In, ,o:a<3;e, pa,terjets ru.:e :'¥led i.n, conI!-~c,. tionl7i ~l;, .,the dri vine; the 
"bean,I)g po.WIl,r ,s¥ll,- ~'t , detarri'.ined, :q:r the, ',abo.ve ,fo. .l'Rula,s, (ro~ the 

, 

, . .l'es'ulis 0f~ ."c.riVlng ·a.fterthe · jets llav.e be,enwith<fram';t~o:t a load test " caY ,be ap~l:(ed.: '" ' .. , :, ', .. " , : ",,' ,';,r:i. . ,.' 

, Jett~d pilin$ ,shall exten~ . to a goodsqlid "st'rat.mn; • Their carry
ing capacity shall 'be determined 'by ·actualtest or ;",i'f"driven with the 

, ' ., .aid . of., a je.t and for . .the last five blo.l1s of the ... grav.ity haLllller o.r 
" ":: . ~ l.ast'tvientY· blo:ws61" 'ihd iit~i,iin chailme1"; ' dfi'ven:rltii'Q\it any jet, the 

.\ _ . " • • ' •• 1 ' , : ' •• • :~ ," ~ ', .... ,. • •.• ' . 'r ~ , ," ",' .",",: ,,;. ', ' 

s'ame forii,ula ,.rnaY"oeappHed 'as ' iii. · the ·ca:se 'of ' d,ri,ven "pfling. 
" •. .•• . " '. • . ,,' • ; ,:. :.' ' ,I . 
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';lhen required. tr{Ei C'ohtractol: :shalF'df {v-e teGt 'p'ilinG of a length 
and at the location de3i~ated by the Eri;;inee'r'. The'se piling shall be 
of greatGr lengt,r.L than the l ongth assuce2 i !l the ,-.0sien in. order to 
-provi;d.e foI' :a.'1y variat'iOl1 ' b soil' cO'.1di'tions'; 

(\ 

, " 

, 108 .12 .CDT- OFFS.; SPLICES ORllUILD- UPS. E"ten:sior.n . splic\)~, . or 
"bTIil1-ups" on cO:lcre'te pilingee"eraJ.ly slk'1l1 b e avoi'Cied but when 
,:,ecessary t:lay sl:11'1.1 'b e made' as 'f0110173: 

After: the " Tivin:~ i's cor,lpleted, 'the c'oncrete' at' the elld of the 
pi'l'e se1al')" be ci.tt awa:,', leaving 'the reinforcing 'Steel exp'o'sed for a 
length of fo r ty diw.eters'; ' the final cut of t:le cor-crete shall be 
perpenc'.icular to the axis of the pile. Reinforcenent si,oilar to that 

. .. ; ..... us'ed in -the pi l e shall 'be securely ·fastemea to -the proj -acting steel 
and the- nacesl3-ary forn 'work shall ce placed . care' being taken to pre
vent leakage along tha pile. , The concrete sh:;.ll ;" 0 of the SBr"C quality 
as that used originally in the pile; Just ' prior to placing conc;,rete, 
the top of the pil e shall be thoroughly wett",i &"1(1 covaro:i vii th a thin 
coatine; of neat ceuent ruteLlpered. Ll0 rtar, or oi thar sui table bend.ing 
oatericl. Tho fonls shall rcr.w.in in place not ,less than seven days 
and. shall then O<l cll.rofullY'·r-erlovoc'. x,d the ,:entir0, exposed sUl'face of 
the pile finishoc: as I'..bov0 specified. 

108.13. ALLO\'iA!3LE VkCATIOl~ FOR DRIVING. The precast, concrete piling 
f or trestle shal l 'be driven t 'o t'he 'vertical or batter lir.e indicated. 
not to exceed the followi ng allowable variations: 

(a) In the 'direction 'of thee: cent~r line of the ' project the top of ( 
' :eta'" completed pilil,g' shall llot 'b'E): mo~e than" inches from the position 

shoTIn on the plans. ' . 

• (b) In the directioll: at right a.,"1g1es to t he c enter line of the 
, project, or along ' the Une" of the bent. ' the to p of t he completed piling 
shall, not be mo're 'tharl 8" 'from' the ,Po,si tion shown on t he plans. 

" 

108.14. MEASUREME;;T;\lID PAYMENT. (a) Precast concre t e piling will be 
paid for at the contract i.u"1it price 'Did' per lin eal foo't. measuremont 
being made on t he lineal feot of accopta)le pilinG i:1 plac" after all 
cut-effs have 'been ' made,. 

(1::) Cut - offs 1Iill lo e paid for at ' one-half ~lle contract unit price 
oid per line-aJ.· foot wh'erd- the l!ut-Q.ff · is '·;ab6ve' grade. ;,1:ere the cut 
offs are 10 eloT.' grade' for the purpose of ,making build-up no allowance 
w;ill "e made for 's ame. ' ' , 

(c) In ' th,e ' case of "BUild,.Ups,j 'thE/ ContraCtor 'will be ,paid 1% 
U 'mes ' the contract unit price bi'd ' pe'ri'in1l~ :fo'at: ':fo'r : "precast concrete 

' piling; meas-urement " of bUi l d-ups to he t~en 'af,ter ' cut "-off s arc made 
to secure 40 diameter splice of tile main r einforcing 'steel. ~10 allow
ance for "Build-ups" shall 'b e made where sane a re , neces sa,ry dTIe to 
improper handling 0 r driving : of pi ling. ' ' 

. " .'> ' ".' 

The"foregoing ' S\111":I, 'be filll ' cotilpElnsaHon for 'furni sh'ing all mate
, "rials i ncluding reirifiJr6Eiment.to61,s.. 'lab9r. 'eqUiPment ,jetting. pilot 

holdS and incideritals ,'necessary tcicbmplete the Ivork. ' 
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The cost of metal shoea win be paid for at unit bid price 01' as 
an extra plus 15 per cent if no b i d price is made, but t he labo r i n 
placing shall oe included i n tho Wlit oid. price for piling, piling 
ordered cast and not used will 'Je paid for on the same bas t e as Cut
offs. 
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T E X ASS TAT E HI G !IVY A Y D E P A R T i,j E N T 

OPEN CAISSON PIER COnSTRUCTI ON' 

Descripti on: . Open caisson constructiolY of bases .f or pier s consisting of" 
reinforced concrete, steel shell, · st<>el shell lined w5.th concret e or timbe r 
caissons or" coffer dams c onstructed above t :'1e Ground or water line and l owered 
into posit ion by ·the open dr edginG meth ? d shall De con~tructed of such materials 
and as shown on the plans to the dimensi ons , ' grades, a nd 'in c onformity with t he 
gerieral specifications when· not in conflic't with ' these pr ovisions . "hen condi
tions a re encountered during construction Vlhich are not ShOWlO on the general 
plans, the Engineer- will make such changes as neces·sary. in -aligruncnt, e l evations 
or dimensions to ob t ain safety an d stability of oonstr-"ction Cas anticipated by 
original designs. . '. 

MAterials: J..ll me.tedals · shall comply . with the r e'quirements of the general 
specifications unless otherwise p r ovi ded by notations on the plans · or · 
supplementary provisions a ttached . ' 

. Construction :.Iethods: The· construction of caissons shall be made above the 
gr ound or water line. · Where necessary, the falsework shall b e· pr ovided to 
support the caisson during. the· construction and ' lowering ·p oriod., Such falsework 
shall be rigidly constructe d to ,support the loads whi 'ch may come upon it · such as 
wind, wa t e r currents, drift, etc . , as woll as the load of the · caiss'on. Forms 
for concrete caissons may be of woo d or metal of !,-ood quality .. nd well braced 
insure· correct dimensions, al i gnment , and placing 02" concrete·. Care shall be 
USEld to maintain a vertical outside face of ' caisson. 

Concr ete for caissons shall be Class !lAII mix unl es s ' otheM'n.sc provided'. 
concrete shal l be e.lloW'ed ··to· s et for a· period of forty-eight hours after placing 
before being lowered or othorvrlse mov.ed from its position of placing. When so 
desired by the Contractor, a · cement p roducing hi gh early strength concrete may 
be used for the concr.ete in caissons and lowering· may begin t welve hours after 
placing. No a dditional compensation will be a llowed on account of- the use of 
such cement; Concrete· shall be p laced and tamped- in such manner 8:S to' prevent 
"honeycombs" and shall bo made as water - tight s.s ·pract icable. Constructi on 
joints should bo a'O'oide d where possible and "nen used , care should b e taken to 
obtain water-tight joints. 

Re i nforce:71cnt s11all be 'v,irc d i n p1acc · t o di mens ions a .3 s hown on the pl a..:."'!.s . 
Doweisshall b e used at constructi on · joints whoro not p~ovided on the plans ·and 
bill of sto·ol r evised accordingly beforo placing' order . 

The vreig,t of t he caisson is c ons i de r ed ample for 10Vioring under. or dinary 
condi tion6' which may b e c ncountere.d . In addi tion· .. to interior dredging t he 10v:er 
ing of caissons shall when ·necessar y be facilitated by the· ,following mothoc:ls: 

(1) . Addition of weight by increasing thickneas of · caisson by · add-ing to 
out,ide dimensions or · by tho add tion of removable , loads. to tho ' top of the :' 
caisson. . . 

(2) Water or air · jets placed . o.round the side s of' caisso)!s. 

(3) The use of oxplosive s which will be p·ormittod, in '·extreme 
in light charges ' which will in no manner damage the cons.trq,ction. 
sion must , be given by tho · Engineer p r ior to use of explosives. 
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The exoavation shall be made from the inside of the cais80n only. , Exca.vated 
materials shGll be disposed of as provide d by the f~eneral specifications and as 
directed by the EnGineer . iNhere the or~sinal fjround surface adjacent to caissons 
has been disturbed due to slides, cave - ins, washes, etc., it shall be backfilled 
to the o~if;:'l .nal surface with materia l accer:>table to the E.'nginGer . ThG excavation 
and lowerinG of caisson shall proceed until tho final position , acceptable to the' 
Engineer , ,is reached . 'When foundation " i1;.nG are' to be used' the excavation sr.,ould 
be car ried be l ow the bottom of ca;.sson to a depth sufficient fo al'lov/ ' fur s"ellof 

, material during driving; 'of piling . After driving of piline: , if the ,foundation 
matcri,l31 ris e's to t:i point ·more than on~ foot f r om bottom of .caisson, the Contractor 

, shall be, required to remove such material to the level of the botto"l of' caisson . 

Timber or concrete foundation pil i ng shall be driven with an under - water 
hSJrnner o r by the use of a ' follower where 'l;he" piling are to be placed be l ow the 
wate r line. Water j ets shall be used where necessary to obtain pelletr~tion or safe 
load required and to prevent over- dri'9'ing of pi ling which would cause them to 
broak, split or broom. 

The dept.h of sea!. COU1' S0 r equire,cl shall be 0.4 of the existing water head. 
The soal may be :"laced wi th a t ,r emie or bottom dump bucket in accordance with the 
pr ovisions of the goneral' spocificotions . The c l ass of concrete for sea.l course 
shall g e Class "A" with an addition of 'ten pm'cent camant. ' I f,9. tremio is used 
for placing seal , it ' should b" placed and operated. around pilinr.; to ' obtain a nea r 
,level surface of concrete with as few set - ups as possible . , The completed seal 
shall not be hi "),,e ;' or lowor than 1/16 the largest ins ide ca,iss<;m dim,ension at 
point .o~ finished seal as shown on the p l ans or a:s altered by the Engineer , or 
the maximU!ll variation of top of seal shall not be more than 1/8 the, maximum inside 
caisson dimension ~ 

The seal shall be allowed to set tor at l east 100 hours before ~watering ( 
cBis,son . After uilwaterinf;, the top of seal shal l be cleaned of ' all laitance or 
other loose materil which can be "eadily l oosened with a pick. Piling shaIl be 
cut off at such e l evations (lS to provide dowe l ing 'into base without interterence 
to r einforc ipg mat as shown on the plans and not ne,ces sarily at the same ele'Tation . 

Thl' placing of concrete base above seal course shall prQceed only' after ' 
caisson is tree from water, sea l course .cleaned and pilinr, cut off as above 
specif i ed, The concrete for base course shall be Cls,ss liB" unless otherwise pro 
vided. Reinforcing dowe ls, concr ete keyway and copper sheet metal protection shall 
be provided at the top of base a s provided on the pls,ns. 

Shafts, webwall , struts and copings shall be constructed in accordance with 
the plans and gener al specifications . All 'reinforcing steel except in caissons 
s:i.all · have a clinimu!!l concrete cover of 3 inches below the ground or v:ateX" line . 
'Where shafts , struts or webwall are to be constru.cted below the vJater line and are 
not protected by cai ssons , temporary cofferdams or vn:ter - tight forms shall b e 
pr ovided . All construction joints below the ordina.ry hif.h water line shall be 
constructed as sho"n on the p lans . Constructi.ori joints aboY9 the ordinary hi"h 
water line sha ll be provided wi th ample 'dowe l s and concrete lceyway , but the copper 
sheet metal a round reinforci.ng stoel may bo omitted. 

Co~struction ~ha.n0C~~ In 0rdcr to obtain sui table ~;'oundation the Engineer may 
vary the depth oi' rootint~s as neces[;ary . St1ch variations 'will be necessary only 
whe!l cond.itions encountered are not in acc ordance with d.ata shovm on the pl ans 
and a.nticipated for des ign. For such chanf,es of not more th~l five feet in depth( 
the _depth of seal will be determined as 0.4 tlle Gxisting water heod , the det'th of 
base wi 11 remain the same and the lower shaft l eng;tlt wi 11 be increased or de 
cre!lsed as l1.ecessary maintaining tho;; same batter . 
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For changes of more than five feet in depth, the design may be revised. 

Eethod of Measurement: The yardage of structural excavation for caissons to be 
paid for wi11 be that actuall.y removed and measured in its original position by [ 
the cross section method to the outside caisson dimens i ons . Structural excavation I 
for piors other than caissons shall be measured as above except that no measure 
ment will be made of material removed from outside of a volume bounded bv verti - ,( 
cal planes, twelve (12) inches outside the outside concrete dimensions ~d paralle1 
thereto. Such measurements will not incl ude additional yardage caused by slips, 
slides, cave - ins, siltings or fillings due to tho action of the elements or the 
carelessness of the Contractor. Water 1rill not be 'classed as excavated materiali 

Concrete of the severa.l classifications, reinforcing steel, structural "teel, 
foundation piling, and timber will be measured as provided in the general spec ifi-I 
cations. 

Basis of P~ent: Payment shall be made for the following items of open method f 
pier construction, where ,-"ch items are sh01'!n on the plnns, in accordance with l 
the general specifications for the i tern. Structural Excavation, Treated timber, ' 
Untreated timber, Class "A" Concrete plus ten per cent Cement, Class "A" Concrete, 
Class "B" Concrete, Reinforcinr, Steel, Stl".lctural Steel, untr""ted timber piling, f 
treated timb<Jr piling, precast concrete piling. l 

Payment for all jetting, weighting, backfilling, blasting and sinking of 
caissons to be included in tho unit price bid per cubic yard of excavation. 

for 
the 

Payment for cleaning top of seal co~rse to be included i n the unit price bid l 
per cubic yard of Class "A" Concrete plus ten percent Cement . 

No partia.l payments will be made on items of pier constructi on until aft er 
caissons have been lowered to their correct positions and seal course placed, all 
to the satisfaction of the Engineer. 

Basis of Payment for Changes : Where !lecessary t o carry the footing elevations to r 
a greater depth than shown on the plans, then the unit contract price for t 
structural excavaticn will be increased at the re.te of two percent (2%) per foot 
for each additional foot of depth required, but no increase in pric.e will. be 
al10v!ed for any other items of contract. Monthly estimates will bo based on the 
bid unit price for structural excavation and should there be an adjustment 
necessary in the unit price on account of deeper excavation, such increased 
amounts will be allowed in tho final estimate. . 
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S'fATE HIGHWAY DEPAR'fMENT OF T::XAS 

ITEH 78 - RIP-RAP 

Note: Effective Sept. 1, 1930, this item supErsedes Item 107 
and 108 of t :,e StlO'lldard Specifications ap ')roved Feb. 26, J.926. 

78.1. DESCRIPTION. Rip-Rap s]1.all provide for a p r otect ive covering of 
stone, precast concrete or concrete in bags placed along t ;le slopes of 
emb".nkments or ' around foundations at suc..l1 places as i ndi cated on the 
'.llans or as directed by the Engineer." T'ne work shall be dOl:e in accor
dance wi th these sp ecifications, and in confonni ty wi th the depth of 
course ' aOld othel' details shown on the pertinent plans. 

78.2. !.lAT3RIALS. The stone used shall consist of field stone or rough 
l.lnhewn · quarry stone as nearly rectan,gular in section as is nracticable. 
The stone shall be dense, resistant tb the act ion of air and water, and 
suitable in all other resnects for t~Je purpose intended. 

' For precast concrete Rip-Rap 'Gb,e material shal l conform to require
ments nrovided in ; these specifica,tions, "Concrete for St:ructures." 

78.3. CONSTRUCTION HETEODS. Stone, precast concrete or concrete in 
bags for embankment 'Pl'otection shall be placed u:!?on a slope not stee':',er 
than the natural angle of repose of the fillin.g material and so laid 
that the weight of t'c"e Rip-Rap material is carried by the earth a :"d not 
by the adjacent stones, blocks or bags. 

Mortar, Grouted and Precast Concrete Rip-Ra.p sM.ll not be ,placed 
on embankment slopes until the embankment has been thoroughly compacted. 

78.4. DRY RIF-RAP CLASS 1 FOR SLOPE WALLS., Unless otherwise specified, 
ai.l stones used in this cla.ss of rip-rap shall weigh between 50 and 150 
pounds each and at least 60 nerccnt of them shall weigh more '~han 100 
'90unds each. The stones shall be laid wi th close joints and shall oe 
;?laced on end with the upright axes of the stones sloping toward the 
top of t~e bank. The c,ourses shall be laid from th", bottom of t :'le 
bank upward, the l a rger stones being placed in the lower courses. (Jpen 
joints ' snaIl be filled wi th spalls. 

78.5. DRY RIP- RAP CLASS 2 FOR SLOPE WALr.s. Stones having one oroad 
f12.t surface shall be used when possible, this surface being laid on a 
horizo!ltal ea,rth bed prepared for it IL'1d so ph.c ed as to overlap the 
underlying course, the intent being to secure a lap'1ed or "Shingled" 
surface which will shed a maximum amount of water. Fifty percent of the 
mass s1'.8.11 be of stones having a volume of two cubic feet or more. .These 
stones shall be placed first !'.:1d roughly arranr,ed in 'close contact • . The 
spaces between t),e la.rger stones shall then be fil'.ed wi th s·tone of 
sui table size so placed as to, leave tr,e surface evenly step-oed, conform
L1g to tne contour required', 1l.11d ca-pable of shedding water", to the maxi
mum degree -practically attainable. 
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7"- . 6 . liORTAR RIP- RAP ~OR SLOPF. Y;AL.~S . Stone for t b ; s l)UrDose shall, 
a,s f l),r I', S Dr actlcable , besej"~cted as to si~e;nd sl:ape in ord,er t o 
secure f airly l or ge , fla,t, surfaced ston,e, vll-,ic:O v'ill lay u,? wi t h fl trne 
a;!d even su.rface a:').d a miniiirum o"~ ·v·oids . · Fi f ty per cent of t ~'! e mass 
shall be broad flat stones, two ""cubic feet or more in volume, l aid with 
the ,f;Lat ,surface u?nermost a~,(' ,?arallel to t:le slope. These stonen shall 
be placed :first 'a" ,d 'roughly 'arr::mged irr olo'se' contact, t"e l il,rl';8s t stones 
bei :).g placed near t~1e base of t~1e · · slo"ge. ~. spaces "·between t}.18 l ar.r;er 
s '~ones shall D,e f illed wi th stone of su i t able size, leaving the nUl'raCe 
Sl'Qooth, reas'o,na,bly tiv,ht,' and .conrc'rniing "" to' 'the 'contour ' retiui reel.',' I n 

",G"enere.l., th.~ ' .,stones 's~hall 'be lard ' Vr\~h . a ··deg~'ee: : {)f care t2"Jat .. wi),l i nnllre 
t or plain surfaces a maximuiu: variat'iori f,,'oin a true plane of not' ':',ore tha'1 
3 L1clles in 4 'feet. Warped ruid: Cu'rved surfaces shall !l.ave the same 
seneral degree (;f 'accuracy as ' specified ' above for plane surfaoes. , As 
eRC!.1 of the ' l arge r stones is ulac'ed, it shall be S1l.rr01<!lded ,by fresh 
110r';;ar a};d adjacen t stones shall be s lioved into, co:-.tact . After the 

" .. . l~rg~r ~tones ~.re in pl a.ce, all of t,he ·spaces ·or.ope-ntrigz betv/ce:'l t":·em 
s;1all.be f illed with mortar al1d :t!~~ small e r s- t ol1es ', then' ulaced by shQ"ing 
them b"to p osition, 'forcirig ' excess ' mortaF to the 'sui-fac e ' and, insuring 
that each stone is carefuily andfiiml;Y" beddedlaterally. " 

Aft~r , ne work has been -' completed, as ,' abOve"described:, all excess 
,jortar forcedup shall be s"Oread ,ui&fo:mily ti:Hjcmpletely fill all surface 
voids. , All surface joints shall t£1en b ,e roughly pointed up either wi th 
£11,is11 joints ~ or Wi th shallow,', sinooth iaked,loi'nts. :, ' , " 

:. , " 

7S.7! ,: GrouT:!:!) RIP::' RAP , FOR SLOPE WAtIiS ; 'Groiit ::for 'gtouteiirtp- rap snall 
consi st of onep" rt of Portland' Cement ' and three' narts Of sand" thoro1J.{<n
l or mixed wi th water to p roduce a g r oiit!iavi:n:g a thic..1C, : creamy:' cons ),s tency. 

: Th,e Sj;~ll~ s~ali be placed 'j.n the S?,'!H,;,;,aru-,er as ~pecified above for 
Dry Rip-Rap ; ' Class I, care being ' taken to keep ear th orsa:nd ,froT:! f illing 
t ,,'e ,.spaces be tween, t;,e stones. , Mter:, tpe, ~8t9pe.s , are in place , t :',1 e sua,ces 
"etw'e,en theni shall becomuletely"fiHed: vii'th:' grout ' f-rom- 'bo ttom' to taD, 
and t he surface swept wi th -". ' stlff breom: " !"o' r1.p.... rap ' shall be' ,""'(lUted 
~n ,fieezin:g ;"eati,er~and in hpt , drv' we8 t~er : th'e ';';brk '~Mll be Ylrotec ted .. '. .. ' ..... . " . .' ' . . " . 
,' rom the s;una.nd kept moist 'for ~t l east~hTee days after gr outing • 

.18. 8 ~ STO;;]; :RIP-MP ;rOR ramm<\.'r-r:ON PROTRCTIOH. -StOM ri"f}-rap .for Di er 
aC1d abutment protectionshe,li 06<of siZes 'rangi"ng from derrict, s tone 
d.own a:ld shall be ;e;raded from 'coarse to 'fine :i :ii such marn-le r :as to p ro
;inc,e a minimum of voids,. , It shall be deposited where direc t ed; stone 
depolii ted contrary to 'di 'rect i ci~s; ;"i11 be "considered-wasted acid, will no t 
b'e :oaid for. ,: ' " 

'.~ 
.... 

78'. 9. ' Co;JCRmE 'RIP':'RAP TN ' )jAGS.: Concre"t'e ' rip.-ra:p in bags ;shall consis t 
of Class' "c" concret'ein 'c8rtient ' sacks or sui ta.bte" ourlap' bags '. ' ""The bags 
sball be 'about two-'thi rds ' 1Hled ',wi th concrete, securely: wired; ' and 
it.,nedia:t~iy p'laced i n 'thevtotk. ',Wnen ,used :for 'foundati,on ,;>rotect i,on the 
bags of concrete shall be -ol:aced 'in', accordance ,vii"th' theprovisi.o ns 
:;overn:b,g the placementof< iltoneti1'i'-'rap' fo r fou .. i1datton ~rotection as 
specified ab6ve;When used :f o'r 91:0'pe protection:; I!ip-ra'fl of t :,i:s mate
rial shall be p l aced in confonnarice',with ,the 'above "s-peci"fi ed, -orovisions 
§;overning the placement of Dry Ri"f}-Rap, , Class 1. 

' . . , ;". -, !",. 
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78.10. PRRCAST COHCF.:ETE RIP-RAP. Preca.st concrete rip-rap shall 
cODsi st of precast concrete slll.bs or blocks to '~ l1 e size and shape shown 
on t:le plans, The slabs or blocks shall be of Class "A" concrete ca.st 
in accordance with the nertinent concr ete specifications. They shall. be 
ple.ced on the s lopes as indi ca ted on the plans and as urovided in these 
~1?ecifica.tions. W'nere reinforcement is nrovided the pa.yment for same 
s,',all be included in the unit 1)rice per cubi c yard of concrete. 

78.11. J..mr!'"OD OF MEASUREMENT. "Dry Ri1>-Rap, Class 1", "Dry Rip-Bap, 
Class 2", "Mortar Rip-Rap" and "Grouted. Rip-Rap", for slopes, "Stone 
RiD-M.p for Found.ati.ons", "Precast Coilcrete Rip-Rap" and "Concrete RiP
Rap in BaA:s" shall be measured. 1)y the cubic yard of comuleted worle in 
accorda.nce with the plans or as altered b;{ the Engineer. 

78.12. BASIS OF PAY/,{ENT. "Dry Rip-Rap, Class 1", "Dry Rip-llap, 
Class 2", "Mortar Rip-Rap", "Gronted !U1>-Rap", "S'cone Rip-R."-,? for 
£ouolda.tions" , "Precast Concrete Ri1>-Sap" and "Concrete Rip-Rap i n 3.Q,C;s" 
shall be paid for at the contract unit pri-ce per cabic yard w;rlch shall 
be full compensatJ.on for furnishing all materials, tools, labor, equi1>
ment, preparation of slopes, and incidentals necessary to complete the 
work. 

4322 Revised Feb. 2, 1932. 

f 

I 

1 

_I 



I 
I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

S'i'ATE HIGHWAY DEPAR'rHEiJT OF TSlCAS 
ITEM 82 

REMOVING OLD STRUCTlJ"RES 

82.1. DESCRIPTION. Removing old stTuctures sn.~,ll "provide for the 
removal and dis-posal of old structures as shown 011 the plans, in 
accerdance with tolese specifications and as di rccted by the F.ngineer , 
unless ethervii se previde"'.' It shall alse incluiie all excavatien ar.d 
backfilling where "" censary tn .the re:noval .of str~cturcs. 

82.2. i::ETEODS OF F-EJ,IOVAL. 

Cu.l verts. Pipe c\JJ.verts shall be remeved by excavating all 
dirt ell t.op and within siX i"cnes .')i"the· sides, amt in such manner 
that the pipe will net be da:naged. 

Concret"e Structures. Concrete structures . or conGret~ portions of 
struct:tres s"all be relIleved by blasting al',d sledging up the cencrete 
inte sizes net larger than .one cubic feet. 

Concrete pertiens .of bridp,;as belew <:-: e pennaner,t ground line 
which will net, in any manner , interfere with t)-,e prenesed censtruc
tien may be left in place. The remeval shall be carried at least twe 
feet belew the permanent g r.ound line and ;teatly squared .off. Rein
f 'ercement s:,all be cut .off clese te t)1e cencrete. 

Steel Structnres. Steel structures .or steel ue rtions of strnc
tures shall be carefully remeved in sectiens as determined by the 
Engineer. Trusses shall be carefully match-marl:ed wi th paint accord
ing te diagram furnished by tl, e Engineer jJrier te disnantlir.g. 

All rivets and checked belts shall be rem.oved w:,ere ··'.ecessary 
by cutting the h eads wi th a "c.old. cut" and DUnching .or drilling fr.om 
the hele, .or by suc'~. oti'er meth.od which will net injure the members, 
meeting the ap~·roval of t:t'")e ~~f;ineer. 

Timber Structures. Timber st!"J.Ctur<"s or tirober pcrti.ons .of 
structures sllall be rem.oved in ouch manner as t.o d.2lO'-3.ge the timber 
fer further use as li ttle as pessible. AU belts and nal Is s;1,,11 
be remeved fr.om such lumber a>;; deened. sal va."eable bJ• t,he Eugi neer. 

Salvaeine. All material such as pipe C'.:;.lverts, stfUctural steel, 
timber, railings. etc., ,.hicJt i s d.eCi~ed sal'Ta,o;eable by thE' En.gineer 
s}l..all ·08 carefully placed in ne£r,t pi les a loYlg t!"Je ri,gl1t-of-way at 
convenient load:ing '9oir~ts wL:.ich wi].l !lOt lnterfere with traffic or 
c.onstnlcti.on. All roaterj.als salv3f.;ed. shall be tte p r operty .of tile 
Sta.te Eighway Departrocnt. 

4661-1 



Materials such as cencrete, reinfercement, timber, etc., 
which is net deemed salvageable by the Engineer, shall be placed 
in neat piles a l eng the right-ef- way so. as net to. i .nterfere with 
censtructien er traffic and as . net to. ebstruct the flew ef the 
stream. unless etherwise previded. 

Wh!lre t ·emporary .. .structures are necessary fer a deteur 
adjacent .Jo .. the 'present str.lcture the Centracter will be penni t
ted to. use the material in the eld structure fer the deteur:.struc
ture. but shall dismantl~ and. st'ack the material as reqUired 'abeve 
as seen as the new' structure Is 'opened fer traffic. 

The Bidders I attentien is called to. Par. 7.9 regarding 
respensibili ty in the use ef explesi,ves. 

82. 3. METHOD OF MEASlJR]:MENT. 
item shall be measured as each 

TIlE; :werk as .l?revided..fer by this 
individual ·structure ' to. -be remeved. - . ' . 

82.4. BASIS OF PAYMENT. The werk-as prescribed fer in this item 
shall be paid fer at tjleuni t'price bid each fer "Remeving Old 
Structures," which price shall be full coml?ensatioil for all werk. 
laber, toels, materials and incidentals necessary te ' cemplete the 
werk. . 
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STA'i'E ii,:, GHWAY J)EPARTM~'TT 0]' TSXl,S 

IT:<;!" % -T. 
(Jo.n . 1, 1934 ) 

96 .l-T D~SCRIPTION: 

conc rete surfaces of 
Waterproofing shall provide for a protective coverblg f ,or 

Le type ):'erein s pecif i ed. 

DOl'-:3LZ HOP COA '"I NG METHOD 

96.2-T DOUBLE HOP COATI NG ME'1'HOD: The danble mop coatinp; method , shall consist of 
a p rime and fiual coating of waterproofing, of ' mat'erie.1.,r,8,nd aupJ.ication c onfo rming 
to the f 0 11 owi ng requi r eT!len:t;s . 

96 03- T PRIME COAT: The p rime coat shall ,,,eet t )) e ' r"qui r ement,s of e i ther, the 
manuf"ctured Cnt- bae'" (A) or t),e field mixed cut- back (l3)""s sno)'ln below: , 

(A) 

". , 

MA1'UFA.CTUR'!:D· CUT-BACK 
Specific Viscosity (Engler at, 50°C) (first SO, cc) -------_- 8. to I S 
Distill~.tion Special Ue t l:lod of Asphrtlt Associat;,on fo r separ a hon 

of asuhal t base f rom, distill'itei. 
~ .. 

Distillate by Volume • 
. ... ! : . 

To 17SoC ------------not les s than ----------lS% 
To 190()C -----~ ..:~A .. --not ' less' trum- _-_-'-- - ;.-_'20% ' 
To 225°C ----- - - ----- llot less than ---~-~~..:_-25~ 
To 3600 C ------------not mOl'e tl:la,"l ---------..I:S% 

Sped-fic Gravity ill stil late at "Z50 C -- 'not more tha;1 -- 77 
The residue f r om the di stHl",t':c0u ' t'ci360oC s]:~ll m~et the ' 
following reqUirements: 

Min. 
Penetration at 2So (j (100 g o" 5 sec . ) ____ ,c _ _ , 

",otal Bi tunien (-SOlubl e 'i;1' C'3:rbOn 'di iillphide) 995 ' 
Dnctil i ty ' cms SO 

2S0 

{B )' FIRLIl MIXED CUT-BACK 

6510- 1 

T;,e field mi xed cut- bad: shall be composed 'ofgasoHne'; '}:ero'$ene. 'Rrid 
as-ohal t mixed as di rected below and in t.he a'~:rDroxirnate qua11 'i;~ ties , by 
weight, of 1 part g3.s01 ir;e' 'to 'I uart l<erosone , to 3" p,'!rt'sis?l.1,al t . 

The "!tc:s'olirre shaI1 ":be ·corOIaer·ci'A.l w1..i ·ce ~as61ine oi 
,The 'kero s,ene shall be cOT",nercial ,~erosene 'oil. 
'r.1.e aspha1 t shall me'et t"e requi rements of ' i ten!' 96,4'-T 

When the as-pnalt has been heat ed to an easy stirrinG c()nsistenc~r the 
'Tessel in which it is hea ted shall be removed from the fl ;;me and', ' 
allowed t.o cool sli e;h tlyo The ;~"rose!1e shall then be e.dd"d i).nd 
s ti rred and the mixture be allowed t o cool furt:,er af ter wbich the 
gasoline shall be added a'1d t l',e whole mixture t'1orollf,,,ly sti rred. 
""'is should produce a cut-b~,ck of approximately the viscos i t;, 
sDE:cified fo r t>e above manufa.ctured cut.cback. 

I 



95.4-T li'I :-TAL COAT : The final con t sr.all consist o f a t;r :·1.d e of a s? hrllt :).s 5"Qeci
fied beloVl, haatfld to a .. tempexatu.l:?·:i)eti.E}.~Ji.· ~00~i., :'M9/ :;?500F with f reque",t stir
ring .to . 3.v~id bt:.rning. The l1 ea ti.: :...g J...:ettle sh~'.ll be equj.p.ged \':i t h thcrmolilt;Yt .;.~ rs. 
~v bat'ch' \'1llic!! s!"lOWS evid·~!41he; ·-:.d.f·:i:+f.i;1g ... 0.e:e.-!1. ::tnil:ij ,:ili.. or w~\ j . ch has b een ho,0.ted 
above 7000y shall b e rejected aHd ~lO t used 011 t~1e work. Wa terproofing asuhal t 
··sbaIl me·c"t · '~he ' :follow'Fn~~ : re~qui r ·errrent·s: . .:: :. .:. :: '."" . . ... ~ , . 

, ' .. ,." 

1. :g'lash TJoint of 392 

... ~: . ~~~:~~,tf~~o~~t~OO.· f'(;;~~~;>ioo: g~~,' ;5:'~~~:: ::: /.~.:i. ~·.: }{; 
;: . 

.. -50 
Penetrp.tion at 0 0 C. (320 F.), 200 g., 1 niiil> "" 10 " 

110 Penetr.q.t5.0c. at 26 .1 0 C. (n50 F.), 50 e; ., 5 sec. 
4.DUctni't', at. · 2!50 ·· JY. · {7~70~'FY. ' 'ems" ... ., 6 ...... :' .. 2 ... :. " .. 
:5';';'/ 'Loss ' at '165'0 C ::(325PY)" :'5' lfr$ .' · '~' . ..•. '. ...., < 'C. 

Penetrat'.on of residue at 250 C (770}') , 100 g . 5 sec. as 
comoared. to penet ra ~ i 0". o.ef 0 re heat i ii£·il:(rt · ];:e.s S:·:.t:fiiih ;.6.01, ,:. , 

. 6. Bttumen'(s'olUbie ·in :ce:rb o·n·tHsul~h'faie) '·:; ~% ·.': ..• . , .... ,', .•. '99.:5 
:" .. ' .' ~ ' ::'~. '':'''; i : '~: . . ' ;. ' .. ,',. . ....." ..... " . : .. :', .: . 

'::i:: 

9.3.5-T P:;t,';;pA1ttTIO'- (I~ CC"CR.":'1''S 'lURE'ACES': ' , '!J!he ::sli'rface cto:' .nei ·. \7atet1Jroofed S'1?1l 
be smooth, d r y, free from '1ro,j ecti oCls .or " orous :J] ·.CflS ,-1,;ld s,1al1 be t;10rou.c:llly 
cleaned of ~,ust a·c.d loose material. T:1e drynes's .. '·i-equip81'lie·rit" vIl:ll be such t;2at 
no steZlm is formed Wr~8n tl~: e hot aSl):'1.-'3.lt is aDnlied. . . . .. ~ . . ' _. ~. '" 

. ..... . r; . : '; . . '. ':,-: ... . -... - ...... . . 

96.6-T APPLI CATI'01,:- · 'No ' 'W2:'t€i15:r6of,;~ \1g sh"l'lce done- -i·n :w-e.tr .'weather or when the 
temperature is bt;1i:rw .. 350 .. F· ... ·· ;" " "'.-:' '. :; .' . • '_ ... ... . . .... _ ... - : . .';.;. ..• : .. 

..... .... :· .. r: ·:.i '.: .. , .... ;:. ;, .. :.,; .. .. ... _ ......... .. ~ . .. " '::~i;;. ..• , .... ~ 

Tile 1)ri me coat may be a pDlied by tl'.e use of mops as ordinarily used for 
a nt:lying tar roof.i .ng. ··TIle ·i<mtiTe :.<lilli-face '.t·o: ·b£i· . :w:at'erpI'o.of,~.d . s1ia:11 .ii'e conrpletely 
cov ered. \'{i:t:J: ··:·the .=prime ~ :cciat.: material. ' . . ' ,: : .. ~ .. <: ...•.... ':<.";" .'. '. .. 

" :A,fter .j;£"¢': prime coat has been applied '3.ne ... ,Uowed to reI'la in in pl ace 
fro," 2 to '3 da"s, d~endinl"" o'n:we" t ;,er c6n<$i tio'lis, ::the".f 'i.n",l :'.co.at m~y be applied 
by the use of I:lOi:i '3~ 'I",i'e· ,.fi'naiFcoRt·· sl".all: be .,aY'·))li'ed""3,t. ,13! ·:tCir\jJal".:>.ture of no t less 
than 2500 E. On: llorizontal surf :1ces not less t:"a;n· 4 .gallo.'ls .cQ,f .. 8.s ·ofk"\1 t sn,qll be 
USed for 100 square feet of finished work and on verticai surfaces not les s than 
5 gal lo01S sh211 be used. If any b::>erfections a'QIlea't}'ih tbe::VI/l.te·tJ)l"bof::ili,,;, 
addi.tio:aaJ: ·· coats'shaJ,l ]}e .o_PP'lL19Q • . · r, ,. ' .. .. ' .,~: '" - ; -" .. :':' . . - :: 

r. ' ~ .. . . ... . . \' 

95 . 7~'J! . M.E:ASU~iEME:lT. .. GD ·:PAniENT: . ·.P."iM8n·t: wj.Ll ·bemalle ,at. 7,l,e .coJlt'.r:act un;' t 
price bid per so.uar,eYa4'dfor 'Watre.r pr.o.ofi:ng, c orap-lete. in:.place., wliich T",yment 
shall be full comDensation ·.for furni.s.hin& all .ma,t.t)ri als:,.' ·l .&bG).l';: tools, eauip-
ment and inCidentals neCes:sa;ry: .. ·t .o.; complete ·. t he Mo.r:k. .., .. ... 

.: ! ' -'~;: . ' . .. . ' 

651.0-2 · '.: :. -': .. i·,: 
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STATE HIGHWAY . DE;'ARTleNT OF TEJC..<\.S 

ITEl.! 92. MSTAL 3'OR STRUCTURES . 

92.1. DESCRIPTION. Metal for structure.s shall provide for the materials 
such as structural, rivet and ey·ebar. steel, steel forgings, steel cast
ings, . gray-iron castings,. 'malle'able 'castings, wrought iron, llhos'9hor 

. bronzEj.,:· and other metals used in structures exce1lt reinforcing steel. . .. .' ~. . . ' , 

Fabrication, erection, measurement and . . payment for structural 
, steel and. other metals, except reinforcement, shall be as provided in 
these' specifications, Item 103. ' ' Paint and painting. of metal for structures 
shall be' as 1lrovided in . these . specifications, Item 95, Reinforcing'. ste.el 
shall conform to the· requirements of these specifications, . Item ' 91.. " Hlii;p..l 
for Guard Fence shall be as elsewhere 'Provided in these specificati6ns~.: 

92.2 • . S'1'RU'CTURAL, RIVET. ANJ) ' EYEBAR STEEL. All structural, rivet .and 
eyebar steel shall conform to .. th.e requi rero.ents . of the. Standard Specift.ca'
tions for Structural Steel for Bridge.s, Serial Designation A7-24, of the 
American Society ·for .Testing .Mliterials, with 'subsequent amendments 'and 
andi tions thereto adoptedby :the. socie.ty ,and supplemented. by . the fol,lo:w~ 
ing paragraphs: . .. , . 

" " 

Finished rolled material shall ·be;.. fre e from cracks, flaws/'in..: · · ' _· :. 
j'1!-l!iQus :seams ,laps ,bUs.ters ,-·.ragged . and imperfect edges, and · othS't: ·' ; .. ;, ;' . : 
de,fJlcts; ' It 'shall have a SniOO~. irili-form 'firush, and -shan be, str.£i:~hl1:$iled 
in the mill before Shipnl~~t;' .' . ~_. :_ ,~< ; ,, -.'::: ; ~:;;'", 

Material shall be 'free froml~~~e mill sc;l8., rustprt~\ 'dr 'o'tb~f'-" 
defec·ts affecting i tss'trength and d)irabili ty . 

. . : . . . ..~: .. \ .: ," ,.' . :"::/ .: . ~ . ." . 
.. When full':'8i;, :e teBt'~ ~f bu'i'lt-up st~ctura.l members aiid ' eyebiri'~" 

, . are required by the coIi-"ract, the' Contra'ctor shaIl sunply teg'ting, lllachin'es 
of the proper type and capacityandsha,H p.:r:ovide : all -f~ciir~iesA~d la'i)'o~ 

''' · -'-:i .ncidental · t6 :the m>ikillg of · tests:-:, III 'all tests . invclviiig 'the .determfttii.tJ;on 
<.:' 'llf'. ;.tensile a"ld 'compressive :strengths; ,ethEl 'Q:lt.i!iIlat'e ' streng:i1h, :defbrnia,t:i:olii .: 

... ' ' . . ' .. ' . . '. - . - . , .. ' '. . . ~ . ...... ... 
.. and· other 'PBrtinenit data sna),l, be ,recor4ed, '. " ., '. . .,-' .. ..... ' :< - ',"" . . ~ ' " .. ' . . ' ..' . '., . . ; . 

. -:', :.~ . 

Test specimens' of "'structural, rivet or eyebap ,steel shall, :shoY.': a 
fracture baving a silky . o;r : f.i:t:e ., g;1'{l-_nW-e.:r:: :struc fure .' t hroughout',. ' wHh ·,'a;" ,:<:.. ,: 
bluish. gray 'or 'db,'e; 'color', "'and ' .shall be entirely fr e e from granular, 

.. '" : . .... . , " . . ...• ";' ( ., ...• ,, ' ; ( " ,. ' " . - . .. ~ . , :'. . .. black 'and 'bnlhant s'P'ecks" -' ' . ... ,, ; . ..... ' " . ,,-.. , 
", ." . , . .,:.;: .,' .... · ... .. ~'y;.~:f:<i : ; (-

When tests of fuJ,l-s.ize bars are required, the following conc'iitions ' 
aJ:ld requj,Temiitit's "s!iilif ~sUp-pienieilt' "tM" f o rego i'rig general -proV'fsfoIisf .. : , . 

" .'. . .. :': ~ .:,;: ;, . .. ,'. - ~" ,:., ~, ' . ~ ~~~ !, ' .. ;.:.:~ ~~. ,i, ,', ~ ~., ... ;. ~ .: ,.( : -:' ;:; /:,'; ~: :. ;:>~: .... ',',: , ' ~; ~:.: : ': .~ : . >:, .. ~ :.:. ~ -\ :;'::' ~ '.~: . 
~elIlllllber . and -;s.i'i:e ':'of, ·the:':\lars ' .tobe tested, -'shal'l~ b'e : des~rgna:t:ect . 

by- the . Engineer jj7fbretne'!lii(o~der is placed.T'rie n"~tie~ , ~h:~l~ .,n~_~ r, 
exceed 5 · per cent of the whole number of bars ordered, Wl·th,";l.: 'mlIlll1l\)1ll ,,·ef·: ' . 
two bars on ~all orders. 
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The test bars shall be of the same section as the bars to be used 
in the structure a~d of the se~e l ength if within the capacity of the 
testing machine. They shall be selected by the inspector from the 
finished bars, preferably afte r annealiu{'; . Test bars represent ing bars 
too long for the t e".ttng mac'1ipe. sh",;U'. 'Qc l>,el~cted from th" full - length 
bar material dtdr tho hends Oi1 one end have b.33n formod a..'1d sluJ.l ho.va 
the sacond h0ad formed' upon them aft;:,r: .l>.'eJ.pg 9ut to .t :10 r.;r c.',tes t l ength 
rrhich c ~n be t "stcd . 

. ' . ll'u,l.l-size .t .ests of eyeJnrs shall , sho;v a.yield·. point of not 1ess 
thiu1 .~ 3;3.000:· pounds per sq1'are bch, , an.·,ultimat e strengtl1of riot less than 
60,OOOpounflsper. s'l.uare inch, ,,-~d ~elong,!-~~~l.I' inchuL,c; fracture, of 
not l~ss . than 12 .. per cent in a length , .of ., 18.fe.I3~;.m"aGpred . i n the body of 
the bar . The fracture shall show a Ul1iform silky or fLle Granular struc-
ture throughout. ' ", . 

,.: . ', ' . 

. If a bar fails to fuJ.fili . the .spec1i'ied,: requirements ·, t170 addi-
'tiOlla! bar.s of 'the same size o.'1d. frQm ;· tiili, aDme . m~'lt sliall be tested. 
The bars ,represented by t lle t est may be . reiuln",.lled before the ",dditioual . . 
bars .are : tested. :.. . .. . '. . . " '" 

If . t\7Q of the three test bars fail · to·,. give" ~atisfactory results, 
the bars . of ' that ' size .a;.i.d melt shall be reJected ,:, . 

·· ··A . recordo! .th(3an11~~i:1gchar~esshail' b~/~ll.ished . tire :engineer .... 
shoni,;g , the: bars .incl:u4eli in each charge . and .the t.r"aj;ljl~nt they. r9ce~ved; " . .. " .. . . . . 

92.3. STEEL FORGINGS. Ste ol forgings from I'lhich pins, rOll31'S, t~;;u1iO:lS, 
or otllQr, f<;l:;:~ad ~l'ts., ,,,re, to 1<fi.:faOrica~ed, .sJ:1411c.o;1f:ormtotho requirJ
monts Of tho · Strui~rd SpE!GUicatiolls fpr CarbQ:1-St",,,1 Forg,Llg~ for 

' Loc;omotho~ ,Sorial Iic~igii~tion A2o.:21;ofth~ Affiori.o·.o:a SQciQty for: 
Test'ing l.iateriaiS, · ~Ii ths1.i.bs~quent amendments rurd 'add{j;ions ~hereto 
adopted by the society. ' 

. " 'Allforg;.~s shall be ' th~i~Ugji~Y,. iuuleale<i prior t,6,o~~ng.' macl\ill"d 
to form finished parts. 

$2.4 ~ STiiL C):S'i'iifd;S. St~ei G"sting~ shtill 60nt'0~m to hl~i. ree;,p,'r,'el)lellts of 
the . $t<\n~V;,rsI · $pecif.ic~ti,on~ ' f9r O"r1',op St~81 Co-stings Sarial D;siiW.a~iQn . 

. ~-:27~?L.>. ·, of ' tne . i!l!}'lriQ@S\lCiety .for,+cstir.g Mat",.rials ,-Ii th .. SUbS8o.""1i~, , ~end
· riieJ:t~'~.~<l,asIdJtiQPs ' th"r"to.~ a:aopt~d .• bY .. t4e society, ao,d SUppl.31;;aut.-id : OJ: th~ 

foIlo i7ing : . . . .' . . '. " ....... .. 

pnl,"ss other;?ise 'lpe,?i~ied 8.011 .. castings shall be Clas,s ,,:C, >ied j.um 
Grade ~ '" ," 

.:. • ; .. , " • . ' ,, " , h, • .'. • ... -.' '.' ~;; :,.''-

AIl s:te'6ica:itings~h8:ii ;betho"io~i-y annealed unl,e ss6ther:;r.i.s.e · . . , . 
proyided. . -,", 

Steiel cas,tin~i sh8lI '~~ ~r1i;l 'to 'pa~teB ' ilifdntt ,arid dill!e~si6ns.. . . '.' 
free from ' pouring faults; ·spdngiriess,craeKS, "l11o tI'1J.o'les; M d other ·defec'ts . 
in pos,i tio,,,:saffeGtins the.ir ,str:angth .. ar;d val~. fO,1; th.e serv,ice intended • 

. ;' .... : ' ~- ' . '- . '. ",- : ;: - , . '.' ,~., .: .... " ' " . : " ", . 
........ , . ... . -',' ... .. : 

, __ 1 •• '-,_ ' : , . .. '.'.'! :;;, .' •. '.: .... 
. , ..... ","-

' .\. 

( 
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Blow ;101es appearing upon finished castings shall be so located 
that a straight line laid in any direction will not cut a total :·length 
of cavity grenter than 1 inch in any '1 ' foot', 'nor shall 'any single blow 
hole exceed 1· inch in any dimension or have Rn area greater· than ~ square 
.irich. ··.Blow·holes :·shall '·not have ' a depth 'fnjuriously'affocUn€( the 
·strength 'of the ·caS'ting. ' Mitior defects whi ch do not :' impair · t:~e strength 
may, with the approval of the 3:ngineer; ' be ·welded by ' an approved ·proces's. 
The defects shall be remo,'ed to solid metal by chipping, drilling or . 
other :satis:fact·oI\Y 'methods aIid, "after . we 1 d1Ii:g;" :the"castings shall be' · ' . 
a.'C(nealed, , if :requiroo by :·the : Engiri·eer. ·· castingewhichhave been weUild. 
wi thout . ,the:.Enginee'I":s ''P'ermissi6n s'b:a:ll be 'rdeded. . ; . .'. . ., 

. • ,,' . . •. • ' • .' . '!' .... ," " • ". :'. 

Large cs,sUngs, if requi'red by the 'Engineer; ' sball besu ~,jerid'eii: ~ 
and hammered all over. No cracles, flaws or other -defects'· 'shall · ii'P~·ea.r · 
after such treatment. 

.- ; .;:~ . 
' : . ., '" . .. . 

:" . No sharp u'ni'il.J.ilted angles or 'corners wi],lbe ' allowed, ':' : . J 'i .. · .' . . - ,' ,-, - ' . ; .• , " . , . ;', . .. ~ . 
" ' , ,' • t . .. . _ 

92'.5 . .' (}'<.<\.Y-IRON ·'CASTINGS.: . Iron "ca'stihgs' shall cciiiforin ::to the 'reqUire'-' 
ments of ·t~ie .·Stande;rd· Specif.itiation'S' for :Gr~- Iron'" Casti.~'·; · ~t'i81 · ,,';: ' ::: 
Desi,gnatt.on )AS-'lll;'of thEi ·'Am·el'b:~!1n s6'ci'ety' .f-br ![lesting "liaterHl.'ls';\\Vi;th::' 
subsequent amendinents and: · addi ti on's theret6adop'ted '1iy ... t~e "sci'c'iety\-' ·.M' ;' 

Castings shall be boldly filleted at angles and the arr'ises'"shi!.ll · 
be sharp and. perfect. 

Iron castings shall be true to pattern in form and dimensions, 
free from pouring faults, sponginess, cracks, blow holes and other 
defects in positions affecting their strength and value for the service 
intended. 

92.6. MALLEAJ3LE CASTINGS. Malleable caetings shall conform to the re
quirements of the Standard Specifications for Malleable castings. Serial 
Designation A47-27, of the American Society for Testing Materials, with 
subsequent amendments and addi ti.ons thereto adopted by the society. 

The castings shall be boldly filleted at angles and the arrises 
shall be sharp and perfect. The surfaces shall have a wor~anlilee finish. 

Malleable castings shall be true to pattern in form and dimens~ons, ' 

free from pouring faults. sponginess, cracles. blow holes and other defects 
in posi tions affecting their strength and value for the service intended. 

92.7. WROL~HT IRON. Wrought-iron shall conform to the requirements of . 
the Standard Specifications for Refined Wroughj;-IronBars, . Serial Desigll?r
tion A41-1S. of the' American Society for Testtng Materlais, ;Vi til sUb-' 
sequent. amendments arid addi tions thereto adopted by the society. ' . I 
92. S. P,"OSPHOR BRONlll!l. Phosphor-bronze shall conform . to the reqqi rements 
of the Standard Specifications for Bronze Bearing Metals for Turn-Tables 
and Movable Railroad Bridges, Serial Designati,on B2~21, of the Ameri.can 
Society for Testing Hl1oterials, with subsequent amendments and addi ti,ons 
thereto adopted by the society. 
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. r .Gi'ade '8, ' me tal shali b e used • . ""'; '" .... " '. ' .. .. . " '.' 

. . ' .' -: ' ,. ..' '. . : .' .:'. " 1 '. 
, BtQnze, ca.st~ngs shan be f r Ge from inclu~ions~f i~?r~igl} m'!-~~t:ial. 

, ca.st~ng ,fi;lcUl ~s! . in.juri 6,usblow holes .. or . other defects ... render1ng.,. theJJ) .un-
sui hiilil for t heservicei'ntended. . . ' . . .... . •.. . . . 

.. . .. ,,\ : -: ~.' • ' :. . I :. ' . ' ." , .. " . 1 

'. .'._ , ~ . . '. , ... ' . ... . " . " " ','" '. " r : ~ . '," , ', '.~ " ;'; "; " 
92.9. GALVANIZ;::Jl 'SHEET METAL, Galva ni zed sheet rrietal far use ·in struc
tu:~Eis . s.!ia;il ' b.e ~:Of.· t"e ~i ~ e and dimensi.'o>i~ · shq#ri()nth~. pi;;'~~ ' ;;';:'.a . ~9:ail 

. conform t '6 tli~ "rsCj1iV~etits for metal asgj,;i~n fnth.esespe¢ificB#o..n~ 
for "Corrugated GaIvimized. Metal Pipedul verts" • Item 87. Ali galvanizing 
to be in accordance wi th .Serial Designation A .1 23-28.T .•.. Aroerican Society 
f or .Testt1l¢~t iid,:~s;:; . ,,:,, ' '.' ::, " ~ : ,' . "':; . ' c ,' ' ' ' 

92.10. MEASUREMENT A:.~1) PAYldENT. No direct paymeri(,:;Si'''be ~e. fo:t 
metal for &tructnres. llnless otherwise urov:ided, .in ,p,lAns .9..r: :)Jy s:pecial 
provisions.: i~ea~urifu,ent "aIi(('Pii.yiiient fbt St~ctJrai steh; . Foriings. 
ca." ti~s. Phosp~~~, :ar'?,m;~ }'!,d ."'.r.~11:~m l~.n w~ll. ,q.e ,made :~~ . ~he ~cont:,,:~,Gt 
un11;. ~r,ic::e b.~d ,per :pq,'0d ; : ",(),il\p1:'~t.e .in ,pl,ac.e •. .a,s "pr9.~,iq.~fl "in,thes.e .. .. " 
spe. c.ifi'qa~i9ns: "I t~. ;~q$,. ·:'~a:.Vzt)~~tl.oI:, :t~l;v,~i'~;eA s~,ee~··. ri'4tal, :,S!i4P . ~q;~ ;.,. 
iricl1,ldea; . it! · t~~ c:O:ntr~ct .Wi~ 1;. : 'P.:i1.G8 .R,id.<f:p£,pn,e ~o( :th\i. , i~8!ll.s . of" t.imp,er,. concr.Eite; ' :6r -ii'tee1. · ":.' , ..... " .,., ... c. ,· ........ .. , . .. .... , . ,., ............ , .. ', . . .. .. , ...... .. . 
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STkI'E HIG;",UY DEPAET)G'NT OF TEXAS 

I T:Sll 103. S~EEL · srrRUCTrJRBS. 

103.1. D:8SCRIPTIO)'. St 8el structures shall ~rovide for t ;' e fabrication, 
erection, basis of 'Cayment and w'eight determinat;_on for structural steel 
and other metals exc8'Ct reinforcing steel which are usee).. for ste~l struc
tures or steel l)ortions of structures. The items ' for m~.terials, 'Caint and 
design are covored by Item Numbers 92, 95, 'and 110 res;Jectively • . 

FA'BRI c..~TIOii' 

103.2. SFOP DRX;;r;·IGS. Unless other:vlise l)rovided on t : e pla.l'!S the 
. Contractor shall pre;Jare and submi t detailed shop drawings for each 
detail of the general plans requ.iring the use of struct',ral Steel, Forg
ings, Wrought Iron, ' Castings or Bearir~~s. Camber anc'.. erection diagrams 
will be required for each truss s;Jan. The drawings shall be prenared on 
sheets 22"X36"\7hich are the srune size as the gei'leral plan shee.ts 
furni shed by the State Fighway Department. Each sh",et shall have the 
'sheet index · data shown in the upper right hand corner of t:,e ::>roject plans 
' wi th sheet numbering for the shop drawings. Each sheet shall alSo have in 
the lower right hand corner 'a proper title giving name of stream , span 
length, name of Fabricator and name of Contractor. 

All shop drawings shall be ' checked by the 
submitted for a:9Droval. In general t:-,e number of 
required for this Department wil l be as foUows: 

. arid 6 for Federal Aid Projects. In special cases 
be requested. 

Fabricator before being 
co-pi es of sho,? dr:w1irw:s 
3 for State Projects 
addi t'.onal cODies nay 

The Contractor sha.ll furnish the Engineer Vii tn -as many conies of 
mi ll orders and s:,ipping sta.tements as the ~l1?:i.neer may direct. ?::',e 
wei ght s of the individual members shall be shown on the stp.tei.1ents. 

103.3. NOTICB OF 'l-GIF'ING OF WORK. The Contractor shall sive the 
En,e:ineer ample notice of the begirming of work ,...t the mi.ll or in the shcp, 
so that inspection may b e "rovided. · 'The term "mill" means any rolling 
mill or foundry ... here materi8.1 for ·the work is to be manufactured. 1"0 
material shall be manuf'3.ctured or work done in the shop before the 
Engineer has been so notified. 

103.4. ' I !TSP'!:C'rION AND T:":S'1'DJG. The Contractor shall furnish facili ties 
for the inspecti.on of material and workmanship in the mill and s)-,01) , and 
the inspectors shall be allowed free access to the necessary parts of 
the works. 

The Contractor shall furnish test s-gecimens, as speCified herei ·n ·, 
wi thout ext'ra charge; a l so the labor, t 'esting machines al1d tools necessary 
to make t~e specimen' and full - size tests. 
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llie Inspector shall have the authori ty to reject ac-..y ;::a,terial ar 
Vlar): w!1ich daes nat meet the requirements af these specificati ans. In 
case af dispute the Cantractar may anpeal to. the Engineer, whaso d'ilcisian 
shall be final. 

/ 

llie accept",nce af any material ar finished members by the Ir.spect- , 
or shall not be a bar to their subse~tent reject ian, if found defective. 
ile.jected mat",~ial and warlonanship shall be re'91aced u romp tl, ' or l.1ade good 
by the Coritrac'tor; , , ', 

103.5. MATERIAtS_~ni viORKI,{.itj,fSEIP.· :Al.I materials shall confonn to the 
requirements set forth in Item 92 of these specifications. 

Struc~~ral material, either ulain or fabricated, shall be stored 

, 

s,t the bridge shop above t he ground ',:"pon platfarms , skids, or other 
supparts. It 'shall be' kep't ' free fror!i"dirt, ·grease 'and 'Other: foreign matter, 
'and'shall be protected as iar ,as practicable from :coTro.sian. 

. , .' . 
'.: . 

Rolled material. befor~befriglaid Off or ;worked, must bo . straight. 
'If " straightening i snec~'ssa:ry; ':i t , skll 'be ', done 'by(methods ,that will nat 
injure the metal. Sharp kin..1<:s and bends may be , caus,e for rejection of the 
material. ' , " 0; ' 

, '. , Workmanship' anq. finis,h shaH 'be equal 'to the -Ciest ,,,en6ral ,?ra ctice 
, ' iI;tmodern' briQ.g~ shops~ .' 

} ". , ' . . .'. . . 
'" 103;6. PUNCh'ED' WORK.'I:!"geneml reami.ng is riot reqUited, ,all main 

'material; forming' 'Parts of 'a member composed of : n6tinore tluin : five thick
" T.eSSeS of metal, may be puri~hed wi th a pUnch 1/16" inch larger 'than the 

.. , ' nami.nal ' size' of the rivet's, whenever'the thiclmess of ,the metnl is not 
greater than' 3/4 inch. 'When there ' are more ,than five' thiclmesses, or 
,!him any of ' the main ' material is thicke'r ' thar/3/4 iilch', ' all, o f. the holes 

, .. . 

Shall be punched wi th a pUnch 3/16 filch sma-ller, , 'and aft'er ' as s embli'ng 
reaned 1/16 inch largor than the !lominal ' size' of the rive-ts',,: except that 
when the , metal is tl;icker than the size of the rivet, the holes sl-.all be 
d'riUed. ' , 

Roles pu..'1cheQ.' fuli-size shah' pe 1/16 inch 'larger than' tite nominal 
diameter of the ' rivet~ The diameter of the ' die' '~hall no't exceed the 
diameter of the punch by more than 3/32 inch. Holes shall be clean cut 
and wi thout .torn or ragged edg,es. :, 

. , llie pUnching af holes shall b'e done so a:cC1J.ratHy that, atter 
assembling the camponent parts ' of, a m"mber" ,acylindrieal ' pin 1/8 ,inch 
smaller than the naminal diameter of the p'\lllched hO.le m~ be passed 

, through at least 75 ,6fa~, gr'oup af lOb contigllousholes, or 'in like 
, uronortion for any smaller ,group of: holes. ' 'If.' this l'e<lui'l'ement is ,not 
fulfilled, the badf~: Punched'piec~s' maybe reject"ed. ' IflO:,ler c'erit of ' , 
any group of 100 or- fewer' ,hoies wiLCilot , pass a pin 3/16 inch ,smaller than 
the nominal diameter- of the puilched hole, the niis-ounched nieces may be . .~ - . 
rejected. 

( 

" \ , 
, 103.7; ', RFAuEIi WORlC. de~eral: r.e~~ :'wi~Ii·hrequited, il\,?rovided for in 

-( , ' 

, the coht:ra~t;. ' , ' ': ' : : ... ,' '. " .. {: ',\ " ' 
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If general reami:1g is required, holes shall be sub-pUnched and 
reamed in ma'.erial 'formi,'l(; .a part of , the: section: 'of main' members if the 
t:'ickness of the material is not greater than. the nominal' dia'lleter of the 
rivet. Holes may be p11nched fu,ll'-'size in material ,used for lateral, 
longitudinal, and sway bracing, lacing bars, stay plates, a"d diafrWls, 
not forming a part of the section of· main members if the thickness of the 
material is not grGater than the nomina.! d.iameter of the rivet. Eoles 
shall be drilled in material, the thickness of which is greDter than the 
,!omil"al diameter o·f the rivet • 

Sub-nunche1 and rel),",ed holes ' for rivets having diameters greater 
tha'l 3/4 inch shall be punched 3/16 inch smaller than the nominal diameter 
of the rivet. ~'or rivets having diameters of 3/4 inch, the :'OOles shall 
be ·o1.'.nched n/16 inch in diameter. For rivets having .diameters of 5/8 

'inch or less, the holes shall be 'p'lL'lched full-size and. spear-rearned. The 
p11nch and die shall na"'e the sanl'e relative sizes as sp'ecified f.or full
size punched holes. 

After assembling, . sub-punched ·holes snall be·. reamed to a diameter 
1/16 inc.." larger than the nominal ··~i.·aI;(et er of the rivet. · 

'Rea:ning sIulll be done after the 'Oieces .fonninga buil t marober are 
assembled anI!: firmly bo·lted 'together . . RBameo. '-parts shall nat be inter-
cha-.gec.. ' . 

:,,,, c·,;, ReBmii1li ;o'f riVet holes :sh,all be done wi"thtwist drills or with · 
..... :', : short taper reamers. Reamers; pre'f 'erably shall not ,be" di.rec.ted by hand. 

If oil or grease is' used .as alubricruit when reanifng:, . it shall be applied 
so as not to soil surfaces which are to be oainted. Burrs resulting from 

'" "; '. reaming shail he 'removed •. ' ,\ccuracy c'or: re'amed, -:wo'r::Ji is" g;i veri :Ln Par. 103.8. 
All Ti:vete'd trusses alia: skew 'Oort-a1s' 'shal'1' have "general r eaming. See 
Par. 103.10. 

r:' : .. , , 

103.8. DRILLED WORK. - Drilled h'oles' sna.ll" be .1/16 inch· ,large.rthan the 
nOL1i nal diameter of the rivet. Burrs on the outside surfaces shall be 
removed; If members' are :art'Bed, while B$s enibled, the 'o:arts s)-,all be held 
seCUrely together while the dI'ilTi'ng ··.j·s being .done. · . ,~ ,' . 

r 

r 
f 

1 

r 

[ 

[ 

[ 

t 

[ 
Reamed or drilled holes shall be cylindrical and. pzroend.icular to 

,the 'member. Art~r reaming' or :drilling, :B5 of.' anygroup iof l elO contiguous 
,.c':.!r r ... holes, or iii like pro;ortion for" 'any smaller "group 'of "lioles; ,shall not [ 

."'·"·:'i show ·a,! ·offset. greaterthan '1!32 inch 1;>etween adjacent ' thicknesses of metal. 

103. 9~ SHOP ASS».(llLING. Surfaces· of <metal in contact rshall ,"be clooned 
before assembling;'" 

::1 . ;. 'r..:. . .. . . . The ' par·ts '·of"a ;member shall beassembJ:M; weU{,!">inned. and firmly 
.hem ..• J!', ; ... . drawn' tog.:,ether"'wi\;hbolts "'hefdhi ; reamlIig' !or iri;vetirig'; i1l ·commenced. · r 

~C:f.r i. " , Assembl'ea '# ec'~;;liini:i1i be ,taken ! apart" ' i£ .lnecessaty " ;.fo·r ,i ..tha, :reIilovC\l of 
burrs B..'1d shavings "roduced by the reaming operation~ "" The .m.ember shall be 

o ::,;:, t;,jf · free f7°n,' tWists,bend;s ~: ~~ ~ther de~onuation. ,. l 
'. ' • ,':." , , 1" :'.. . ,.' · ' · ~reparatoryt'otlie. C," slfoP'tiveting : of . 'ful1".size ,punch·echrnaterial, \ :':-}(: L£. ... :~_ . ~ - -

the ' riv'et . holes'; if · rrecessary; n:sha<:n ,be" s-oear"reamedl£or; then adinission of 
the rivets. The reamed holes shall not be more thafi .• 3/32 ; inch,;larger 
than the nominal diameter of the rivets. 
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End cann"ctian augl es', s ti ff e~e:r ; ;i:jlgl es,. 
be carefully ad,lusted to. ' correct. :posi tiail ii1d ha 

· wise firmly held··in .p'.ace 1,lntil rive.ted. . . .. ~ .. 

and ' similar narts shall 
t ed; clam-oed, 'or other-. ' . 

. .. ' . 

in so 
Parts not~o~pletely rive'ted in th~'- shop sr.an: be secnt'ed by balts, 

far as practicabl e, to.. prevent daillB{;e i~ ·Shi1inent.and handling. 

The drifting dane du'~ing 
the ~arts into. ~osition, and nat 
the metal. If · 8Ilyl).alcs !!lUst be 
be reamed. . 

, ' . 

assembling sh~.ll be anly suC:~ as to bring 
sufficient to enlprge ·the holes ar distart 
enlarged to. admi t .the ri vats, they shall ., 

103.lO. · REAMING OfFIELD·'cO:'?'ECTI.b lE • . If genera;L reaming is re0uired, 
riveted tru.sses .-a.nd skew portals . shall be assembled in the shaD, '~he "arts 
adjusted . to line . and fit,,,,ndha~es for fi€!ld connect;.ons drilled or ream
ed while so. assembled. Hoies Io'r other field 'ccinnactiOns, except thase in 
lateral, langitudinal, and sway bracing, shal i ' b 'a drilled ar r eaJned in 
the .shaD wi th the cannecting parts assembled, . ar. else drilled or reamed to. 
a metal . template without ass·embi.in;,;. " . 

If provided in the cantract, the field cannections in ryun~~ed wark, 
-except thase far lateral, langi tudihal and" Sway bracing, shall b.e reamed 
to. a metal template ar else with ' the 'Parts assembled.' 

Connecting' ·:oarts assembled in . the shap .far the. purpase af reaming 
hales in fiel(l ·.connections·:shall bematcl'{- niarked, and a diagram shawing 
· such :marks".shall ·be fumished ·ta th~ Engineer. . . .., . . 

103.11. SHOP · RIVETS AND RIVETHm • . Rivet's, .before driving,s~ll be of 
diameter specif.ied • . '. 'l'I-\ey shall be free· fram furnace scale. · 

'11 vet heads shall be of apnraved shape, canc';n'tri c wi th ·"}).e shank, 
true to. . size', ·fu.l.l·, neatly ·formed, and, free :1;',rClIn :(ins .• .-. , ..... . 

Rivets for fielddri ving's:hi..n ,bi?: . fu'rp.i -sned iil excess of the 
naminal number ' requied to. the aJi\a1ini' af .. ·i.O -oe'r" cent -pius 10 rivets far 
each diameter and length. . , ' ." -

, . 
Rivets shall be heated unifarmly to. a light" "c4erry red" colar and 

· shalllie :driven while hat • . Rive ts, 1'Iheh heated"and>ready fo r d riving, 
shall be ' free fram slag, scale, and other ·adhering ·matter • . When Qriven, 
they shall campletely fill the hales. The heads shali be', af ayuroved 
shs.pe; fu.ll- size. neatly ;formed, ; c9ncentric ,with .the·· ~hank, free fram fins, 
and in fu.ll cantact with the surface af the met;l'cl.er. . .. . 

Loase, bUrned ·or atherNise de:6ecti ve rivets .shall be reulaced. In 
· removing rivets; care .- shall ·. be: tak~n ~~t .· to ... ·ih.juFe, the, ~dja.c.e.pt 'metal, and, 

: ,··i:fmecessary. they shal1be · dq,l1~d i.{j]J.t~ Cl3)ll1;:'ing., ar . r~,c:upping wHl :not 
'.' .. :, ebe pennitted. . . _ -.:- ,:.' : . 

Rivets shall bedri ven'by' d'irect':'~~ting ' ri veters~he~~ · practicable. 
.. ; t· ... 

· The riveters shall retain . the preslj1l.re,.after .the , ~ps .eH~ng is campleted. I 

!f" rivets are .driven· wi th .a pn=atic,· .~er, .. ~ .·P!l~~t~ .c .buc:,,=.er shall be '--, ., 
, .. : .• : .... used if practicabl·e. · "'. '. :. :' .? " . , . 

. . • , · r 
'.' 
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103.12. BOL".'ED COiITlffiCs:rOKS. Bolted con:!ectiollS shall not be \'.S8(1. unless 
specifically authorized. If bolted con:'lections are penni tted • . t;,e bol ts 
c:>all be 1l!lfi'nished bolts or turned bolts, as specified. noUe shall have I' 
hexagonal heads and nuts and '"hall be of'such length that they ' "ill ' extend : 
entirely throu,gh the tmt but. not more than 1/4 illch: beyond. Bolts in 
tel1sion shall have 2 i1UtS. 

Unfinished bol t s in shear shall heve not more than 1 th'reR<i wi thin r 
the grip. The diameter of the unfinished bolt shall not be more than 1/16 
incll smaller than the diameter of the hole. , . ' I 

The threa~s of turned bolts shal l be entirely outside t!:!e 'grip. 

f 
The bolts shall be . give~ a finishing, cut. Approved nut Ipcks or flat 
washex:.s 1/4 inch thick shall be furnished, as specified. ' The holes for 
turned bolts shall. be reamed and their diameters shall be not more than 
1/32 inch greater than the diameter of the finished bolt. 

Screw threads shall ~~e close fits in the nuts and 
S '~andard, except that for pin eLui::" ei'f di8il1e ters greater "than 

shall be U. s. r 
It i nches, 

they s..i}all be made wi th si x threads to the inch. . . [ 
103.13. PLAIHNG, FACING MID FIT OF MEMBERS. __ ,Sheared edges ,of plates. 
more than :'5/8 ' inch ,in thickness and --carryi:-iig cal.cui'ated stress 9)1,,1:1 be I:,' 

planed to a depth of 1/4 i.nch. Re-entrl3nt cuts shB.11 be filleted 'b~efcire 
cutting. . ' 

The top and bot.t .om surfaces of steel slabs and base pi:ltes ' and 
cap plates of columns and pedestals shall be planed, or else the 'plates 

,or slabs. hot straightened. Part.s of "embers in contact ,with them shall 
faced~ " " , . '.. . .' 

be 

Sole plates of beams and girders, shall have ,fu11 .contact with the 
fla:lges. Sole plates and masonry plates shall beplane'd or hot straight
ene.d. Cast , pedestals shall be planed on ,surfaces to be in contact wi th 

,s teel and' shaJ,lhave the surface to ge in ~o'ntact 'vii tl-! masonry. r oJl&h
finished. 

Surfaces of bronze bearing pl ates intended for sliding contact, 
shall be finished. 

r 

l 

In planing the surfaces of expansion bearings t he cut of the tool [ 
shall be in the di recti on of expansion. • . · '.' 

Abutting joints in compr'~ssion members and ~ird~r flanges : ~d in I 
tensi on membex:s 'where " so specifi,ed on the •. ,dx;a'(o'i:ngs., ql¥':'I,J; , be" ,c\'aceii and 
brau,gh t to ali: e:renbeart ng. . Where ".j oin ts .~r~ :-no t,:+:.~gE3d,: ~\le. -'. ??e'i1~~ ,:~,hallr 
not- 6xceed 1/4-:l.r;tCh. '.' :. - . . " .. . , 'j : : :" '~:~i ,:' ~ ~ "~ t: ; :'~~'1 'rh{~ ~: . b:;i :J<' ' ~ 'iJ 

'" ;; -::'.f:.: ' ~~ " 1 
Floorbeams. stringers and girders hE.ving er-d connection angles 

shaUbe built to exact · length.,back , to ,back9f.- 'conn~qt~gI!"a!!gles. If end [ . 
. connections are faced,thefinished , thl,pjqless oftb,e .. angles .s:p.a.l~ pe ,not ~ 
l~ss :thant:nat :, ~:p.pwn :' 6n the ;,detil-i-l .-ctrawings, ,' " "" -.:': " " <;'.',:.,,,:;, : : r,, ;:" .1 :: 

"' '3 

form is 
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The :ends . of' lacing ·bars · shall be neatly 1;'0Ul)<i~9.,:~~i~~§; ~()the:c: 
requi red.. 

.. ... . 



, , 

In gird,ers Paving no cov'er pla'tes a 'c,d '~9t , to be ,e:1c~:sed in' concrete, 
' t he top edge of the' web plate shall not extend )"bove tb e backs of the , flange 
angles and ' s~ll no~ be ~ore tban i/S' inchbcl'ov; at any uoi;'t. A."Y' "(iortion 
of the plate "rojecting beyond the angles shall be chi:p:ped flush' wi th t:,e 
backs of t he ane;J.es. "Ieb plates of gi rders ha'/ing cove r plates niay be 1/2 
inch less in vfidth than t h e distance bac)c to back of f;tane:e an"les. 

, ' At web'splices, the clearance between the ends of t )" e' ';'eb ull?,tes 
shall "lot exceed' 3/S inc!1. 'The cleB.ra!1ce' at ' the top a:nd' bottom ends of 
web sl)lice ula tes shall not exceed 1/4 inch. , ' ." " . . . . . 

End s tiffene'r ' an~i.-es or' girders a.nd ;st iffene~ angles intended ,as 
supoorts for cOncentrated Ioaij.s shall ' be milled or 'groUnd to ' secUie an 
even bearin,~ against the flange a'1gies. lnt'e'rmediate sti.ffener angles 
shall fit sufficiently tight to exc'i'udewater after being painted. 
?illers under stiffeners shall fit wi thin 1/4" i.!1ch at each end. 

Finished members shall be 'true,. to line ' and free {rom tWists,;' bends 
and open joints. 

103.14. :":Y.EBARS. :!;Ye'bars "shall ' be st'rai",h t '; true to size, and free from 
twists; fold's in' t~1e :1.ec'<: a1id 'head, ":'Jd"o't:,er defects . The heads shall 
be made by upsetting a'1d rolJ.ltlg ot forging, and ' not by welding. The 
form of t!1e heads will be determined by the dies in use at the ' works' where 
the eyebars a.re lIl3de, if they are s",tisfactory to the En,e:ineer. The thick
ness ' of the head a ..,d ' '1eck shall not overrjm more then , 1/16 lnch. , 

. . : . .. . :,,' 

Eyebafs , tr-..at are to be placed side by sidE) in the sttuctUre shall 
be bored so accurately tha,t upon being placed together , 'Pins 1/32' inch 
less in diameter t~1an the pin holes will UB,es t;'.rou~:l t h e holes "t both 
ends at' t:,e same time wi thiru.'t driving. " 

:.: 

Before boring; eyebars shall 'be annea.led to 'u r oduce the reqUired 
physical guali ties and 'shall be straighte:o,ed; 'Proper' instruments ,'shall 
be l'rovided for de termining " t I'my time the temperatu re of tloe bars. 

Other steel t'lat has beeri Lheated 
u,lless it i,s to be used in minor parts. 
annealed. 

. ::',' 

partially shall be armealed, 
Crimped stiffeners need not be 

If t ests of full- size eyebars B,re r e auired, t h ey shall be made 
u!1der the f ol1owin.; condi tions a;ld requirements' 

The number and size of the bars to 'be tested shall 'be stiTiulitted 
by the Ene:ineer"before the mill 6rderis , placed. , '1'h.e ' numbilr s'lall ' not 
exceed 5 per cent of the whole number of bars ordered , ,wi th a ,minimum of 
two bars. 

The 'test bars sha.11 be of the 'sarae , section 'a s t he bars to be used 
in t;' e structure an,d of the same length ' if wi thil\ the' c","[:laci ty of 'the 
testin" machine. They shall be selected by the Inspector, ,from the 
finished bars. Test bars representing bars too long f or the t esting 
machine shall be selected from the full-length bar materi a l "roter the 
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heads on one end have been fonned. '. 'I'hSll tney shall be cut and the ,,', s'econd ' . 
he[td formed, ID8king a· bar or' the. greatest . Hmgth that can be tes·t ·ed. 

:F\J.ll- si.ze tests of eyebar" shall show a yield ryO'1n"O of not less 
than 33,000 pounds per s(]1.l.are i.nc:l , an ul tima.te strength of not less than' 
60,000 .pounds -per square inch, and an elongation, includi1lP.; the fraoture, 
of not less than 12 -per cent ina length of 18 fee t measuredintl,e body 
of t: ·e ba r. The fracture shall show. a .unifonn silky or fine granular 
stnlcture throughout. 

If a bar fails to · fiJ,lfill the 'SOJecified req'~irements,· . two addi
tional bars of the same ' size and from the same mil l heat shall .. be tested. 
The bars ' represented by. the test may be reanneal ed · before t he additional 
bars ' are tested.; 

.. 
If two of the three bars tested fail, the bars of that . size ·and. 

mill heat shRll be rejected. 
.. "" ,. 

.: :. '. ~ 
A record of the' annealing furnace charges, sho.wi;ng t he ·bars .in. 

each charge and the details of the treatroent as to tem-perature a >1d time, 
shall be furnished to the Engineer. 

' . , " ! ' ,.'., 

103.15. PINS AND ROLLERS.~c Pins and Rollers . .shaUbe accurately .turned i" 
to the dimensions sho,ln on the dr",willgs «nd sl'L.~11 be straight, smo,oth, .. , 
and free from fl aws. The final surface shall be ryroduced by a finishing 
cut. 

Pins more than 7 inches in diameter shall be forged fu.d ap_~ealed • 

", .. ", ,. ,' 

. • ' .": .' _: ..•. ".,:." ", ' I.:. ~:; . ! 

Pin holes sha'll be ·bored true to the specified: d iamete,r.·. smooth " ... 
and strail'"t, at right angles with the axis or' the member a.nd " pa;railelwi,~h , " 
eacn other iml'ess citherwis'e ' re!tni'red. :The f1'n81 snr fA.ce .sbel,l ·, be' .'p roduced,.'.;. 
by "a finishin~ : Cut. , -' .' . . ,. . ... .. .. : .. '. 

The distance outside to outside cif 1101es in t .ension members . tl,Ild 
inside t o inside of holes LI com,?ression members shall · not v'ary .from .' that 
specifiec, more than 1/32 inch. BorinG of ho l es in built- up members shall 
be 'done "aft'er ·t:,e rivetiil€; i 's ' completed. · ." ' d. ' 

i" . . 

The diameter efthe . pin hole shall not exceed ,tlo.,atof ,the pin :\Jy " 
mo r e than 1/50 inch fo r 'Diils 5 · inches or less , in diameter, or ;l/32- in,ell ' 
for larger -pins. 

'lWopilot · nuts a..~d" two driving"nuts for each s.iZe .. bLpiil.shall he .V: 
furnished, Unless"otherwisE!" speCified. ' ' ," ,."1 . .. , ".. ". '.' () , :,,,; 

':~. ' . -::. ... ~ .. , .. ,.r .. ..., :, ' . . ' " . ; .... ,: •. ,;: ~'l9 '}._.b;·;,: .. : "; " , '- t-, ,':~ .; 

103'; 16; WEIJlING. ,. ',Wel!d.1rig ·'of :' steel, ;. unless "specifi ed on ,theplansp shall t!.~' 
not be dOlle exce'9t to remedy minor defects and then only , with:' the , a-pprova~;",, · 
of the Engineer. 

103.1'1, PAINTING. 
ments ' of Item .' 95 of 
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The paint .. and application 
these;'· Specifications. 
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shaU 'Conform .t .o the requir,s,- ',.". 
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103.18. MARKING, l'IEIGHING ·AbmSY.IPPING •. AlT ·.structu'raliiiJn'rbers shall be 
Iaark",d in ' accordance wHh the erection diagram. The markings shall ' be 
over the painted surface and , ~n . no. case ··shaH . Shop ' paiiitb~ leftbff in . 
order .to jJre·s.erve markings, ,.on. ·""'p~'l1;ted· s,te'eh "'. : "'." ,.', :,,' '- '" 

.... . ,' " ', ' 

Finished. work sh;1.11· be;. wetghed . in the i:>resence· of 'tl-ia :rnsller;tor, ' 
if prac ticable . The Contractor' sMll supply sat1sfa:etor'f~~al'e.~jind . 
shall do the handling and weighing. (See also Par. 103:3i·f :' ·· ., 

Members weighingmo.re: t£la,n· 3 . tone· sh;;11 · have ; the ' .ieighJ; in".J;~ed , 
thereon. Bolts and rivets of' onedetigth"and' ·diaineter·;'.""nid loose n1i,ts·.or 
washers of each size, shaii b.e paci::ed . s .eparate1Y. '. Pins, ' s';'al1-Pil-hs,and, 
small packages of bolts. rivets, washers, and nuts shall be shi"9POO in ' "
boxes, crates, kegs, or barrels. but the gross weight . .of any' "jJas~l';~ shall 
not exceed 300 "9ounds . . A list a,I>d descripti6Ii ' of tl1e~contained. ina.t"e·dal ; : 
shall be plainly marked on t :·,e outside of eac.1-) "9",ckage· •• ' ·" ." : ..... ' .... 

Anchor bolts, washers, and· obhera!1cho:PaE;e or :€d'j.ilag~ ·ci);-.f~iials, 
shall be nhi wed in . tim~ to .sui t tre requi reni"entiJ 'M'" ·th"~" ~a,S~.n:i1 __ . donstnt~
tion. .: :-:" . . , ".:: ! " ". '. .' ."" .' 

The loading, transportation, linloadinil;', and "sto'rtlig '~':t · s't~6ttJ.ri<i' .' 
;"aterial sh"-ll be conducted . ~l"t!;.at tllemetal ·~.wili be kept ·cillim:.ithd.fr.ee ., >:,· 
from injury. '"" .. '., 

ER'£CTI01T 
.... 

103.19. M~ODS AND ~UIPMEi"fI!. Before staI'tinl'i-work, ':Ghe: Contra,~i'b'~ shalL 
informtbe Engbeer. fully ,,"S to the metnod of .'e'rect:ion h~p':opcis~s: ~ojo;Ll.cii1, 
and the 8IDount."and. character of· equipment he nroljQs'e:s: to' use," 1.h1ch,'sl¥i1i p·e . 
subject to the appr oval of tbe Engineer. Tne ' &puroval ."f the · Eniine'er :·spai.~~· 
not be considered as relieving the Contractor of the resjJonsibili tY .for ·,the.,. 
safety of his method or equipment c;>r from ' carrying out tl,e ",o'rk.' in. fun 
accordance with the plans. andspccif.ications. "No work spall': be doniH.i th:ou.t. 
the sanction of the En.e,:ineer., · . . , . "' 

. , . 

The Contractor s]l8.11 provide thefalsework and all tools, ,m,a,c;:hi!le.ry.,:, 
and a"9plicances, including drift pins "nd fi tting--up 'bol t 's; ' nege~sat'y "fo.r .. . 
the expe:<Utious handli.ng ·of the work. Tempor ary structnres ··or 'faJ'OlElwo'r):; .. .. " . .-
j)laced by the State Fighway Department, if sui table, may be used ' by tbe : ", ... " 
Contractor. 

103.20. RESPOfTSIBILITY. The Contractor shall erect· the' metal wo'f};> '';;;: , ... ' 
move tne temporary construction, and do all '({ork : required.' to cO!1lpJ,e.~.s" tller:~ "\ :." 
bridge or bridges as covered by the contract~ includfng ·t h·;;; ' reinova;C·pf".the:: .: .. : 
old structure or struckres i ·fstipulated\ : all.;,inaccord.a nc-ewit}: :;1;:h¢ i>fl(l.w~pi·:: 
and these' specifications.- . . " . :" .' . .-' . ': "' '. '" .,.~, ·::: ... ·.,r J' " 

~ .. , \, ' , 
'.", . 

Tne Contractor shall be responsible for loss of, ' or dama:i;e to, .... , .. . 
materials; for all damage .topersons ' .or "9roperty;ahd forth~ casueities ' ".,' 
of every description caused by 11;. s operations . d)).ring .,the !lJrogr.ess of the, ·:;: :,.::; 
work. 
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The stream profile; borings and water elevations shown on the 
plans are consid-ered the most reliable 'infonnati on available by the ;:State 
Highway Department at the time the surveys were made and are given for 
the benefi t of the biddor but it shall be the l'espons ibili ty of the Con
tractor to assume any extra costs which m~' result from errors in the data 
given on 'the plans ahd not otherwise provided in the plans :and specifi
cations and from cranges in prof,ile due to shifting of streams. 

During 'the progress ' of the work the Contractor shB.llhave ,a 
conipetent foreman or superi,ntendent in personal charge "of the 'wo'rk. ,In

" structions given to ,the foreman or ,superintendent shall :be ,considered' as 
given to ' the Contractor; ' All work-shall be d'one by 'skHled" competent 
wcirlanen. 

The Contractor shaH 'c'omplywi th federal, state and locar laws, 
regulations, and ordinanc,es ', ,and"shall obtain: n't ,his own 'expense the 

, ' neCessary pennits , for "hi s operat~ons; , ' 
. " ; --. 

The ivo'rlc,"shall be subject 'at all ' times , to inspection by the ' 
Erigineer. ' . 

103.21. ' STClRIFG"MA.TiJ:RIALS: Material ' to be stored shall be 'Placed on · 
skids above the ground. It shall be kept clean and properly drained. 
Girders 'and ' beams shall :be ,placed upright ' and shorod. : 'Long meinbers, , .such 
as columns , an'd chords, \ shall ' be, 'supported on skids, placed near cnoliF,h: . 
together to ,prevent injury from deflection • 
. . - . 

l03.22. 'F:ALSE,VORK. The falsework shall be properly ,designed iild' SUbstan
tially constructed and maintained for' the ' loads which will COllJeUpOn it. 

, The Contractor, if required, shall prepare and submi t t 'o ' the Engineer ,for 
'approval, plans for falsework or for ,' changes, in an eXis'ttilg stroctur,e ,{: 

, , necessarY for maintaining traffic. ', ~pproval , of, :,the ' Contractor,' s, plans , 
shall not be ' conside~ed as relieving, t he ' Contr a ctor ' of, ahy responS~]JJli.ty. 

, 103.23. BEA.RHrGS AND AlJC?ORA.GE. ' Masonry b~aring ' plates' shall not pe 
placed: u 'oon, bridge seat bearing areas ';l'ihicliF,are improperly , finished; , ",: 

1" defoi'litedor irregUla'rl Bearing plates shall ' be . set level in ' exact,:pos:i
" tion"'and sha11 have, 'a : full and even bearing,' u'[)onthe masonry. Unless ;" 

otherwise directedb;,' the Engineer, they , s~li be placed on a lI,yer ' of , 
canvas and red 'le,ad applted as ", follows: . " 

Thoroughly swab the bridg~, seat bearing area with red l ead ,paint 
::and place"upon; it 'th:i'lis \ layers ; of "12 to' ',14:':b:illi'ce', ducl<ij 'each layet-;'bei')lg , 

,)" thorc:iughlyswabbecl:: on 1. til ,top,; silr:face',. ,with; r ,ed "lewJ, ' paint. ' , Plll-ce : the,r i 
superstructureo'shoeli', or p-edes,tals: i ,nl'posi tion, whil'e , <th,e ,pa.1nt is .; ':plas,tic • 
. - ' " . ." " • ': .... ~ . - , . ~ -,; .:-:" J ;-;' ' .. ,. :. ' ~ ... , ~ . , , . " .', ', () \~ r:: Z'; 

The Contractor shall drilL the',: ho'l 'es ,. and~', set ' the anchor , bo1,ts. ' 
except wbere the bolts are built into the masonry. The bolts ', shall" b,e, 
set ac~~rately and fixed with Portland Cement grout completely filling 

·~,tl\.e' holeB '; :,' The ,l 'ocati'on of",the; ailchor ',bol.ts, iil" relat Lon ' to" the slotted 
holes in the e:icpansibn ' shoes shall,7corre'sponcl: :wi th the,~ teinperature', at:~,the 
time of erection. The nuts on anchor bolts at the expansion ends of spans 
shall be adjusted to penni t the free movement of tbe span. " , 
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103.24. STRAIGF.TEHHTG BEll'r MATSRIAL. The s traightaning of plates and 
anp.;les or other shapes shall be done by methods not likely to produce 
fractnre or other injury. The metal shall not be heated unless permitted 
by the Engineer', in which case 'the heating shall not' be ', to 's.' higher tem
perature than :t"hat producing a da'rk "ch,,'rry red" color. Mter , heating, 
the metal shal'l-·lle cooled 'as 'slowly 'as possible. ,,' ' , " 

Follow!l.ng ' the stl'atghtening bf a bend or buCkle, ,the' surface of 
t'1e metal shall be care.ful-lyfnspeCted f'or ' evidence offra'cture. 

103.25. HA,;IDLHTG A);]) ASSEMBLHTG I,!AT?:RIAL. The "Carts shall be accurately 
assoobled "as shown 'on U:e ' 'plans and ' 'ilny' match-mit-ks' 'shaH' be: foli-owed . 
The materi'alshal,l be ' carefully handied 'so ', thiltno ' parts 'will be ' b~nt; , 
broken,' or',otherwis'e damaged; : Hammering-whi'cn will injure ' ,or distort' the 
members - sball, ,hot be , done.' Bea,ring"'si:lrfaces: 8;hd surfaces'-· to be in per-' 
manent contact shall be cleaned before the members arc assembled. Unless 
erected by the cantilever method, truss spans shall be erected on blocking 
so. placed as : to giv'e" the' ti"t1sses proper' camber. " '!'he' blocking 'shall be left 
in place until , the tension choN 'splices a"h, filll:jr'rive'ted': and all ' other ' 
truss connections pinned and bolted •. Rivets : 'in splices of butt 'Joints "of 
compression members , and rivets in railings shall not be driven until the 
span has been swung. " Sulices·,and :ne1d -coilh'ectrons ~ shall ' -·biive one-half of 
the holes filled with b;lts and cylindrical erection pins (half borfs -and 
half pins) before riveting . Splices ahd connec~ions carrying ,t ,raffic 
during ereoti'oa: shall' hav'e 'thr€e-fimi:ths : of ' the ' hOles ' so 'filled>; 

_. '. ".t
o 

' •••• ' . ' .' ;: !. . -,; 

Fitting-up bolts <;hall :be of ' the :' saine nomiIlIi.l· diame'ter 'as the:: " 
rivets, and·' cy.J.indrical 'erection pi'hs :'shall 'be 1/32 ' inch ' larger'. '" , ,,, 

. ,'. - " ";.,. . .. . . ". r: '~ "' ".'.. " .. 

103.26. RIVETING. Pneumatic hammers shall be used for field riveting, 
-exl:ept 'when the: use;·of ' hand tools : is 'permitted''by'' the Engine~i-. ' · m;'ets , 
larger thal'l 7 /Sin:chin .diameter- iihall not "'!)€ dt-iven by ' hand. QJ.llfaced ';· 
dollies,- ' n :tting the: heM. :closely' to ::rnsure "good :bearinl';, shall "be ':-used. ' 
Connections shalVbe acCurately ' andsec:urely",fitted 'up before : the dvets ' 
are 'drfven; -Drifting shali beOnly'such as ,to: draw, the parts into pOl:;ltl:on 

-and ' xiot,SUffi'cient to enlarge .' tne ' hciles 'or -diStort : the :,metal. ' UnfairhCiles 
shall be reamed or drilled. Rivets shall be heated unifonnly to a lIght 
"cherry ,' redn coloI' and shan ',be driven ' while hot: . ' They ihallnot b$--Over
heated, or : bUrned; , Rivet ,;,head:s ' shall ' be full a:.-'-':d ( symet'ri cal, 'concimtfic ' 
with thesha:nk; and shall have full 'bearing all ground.: , ' T'ney S,hal.l ni>'t~e 
smaller : than ·theheadsof '.'the shop '- rivets", ' Rivets :snall "be Hght and 'shall 
grip ' the cOIL"'leot€d" parts "seCtirely ' together. ;, ciiul1nng' oI"tectip-ping 'will 
not be permi tted. In removing rivets;- ' the surroundlng ': ri:;etal 'shall not be 
injured; if necessary" ,th,eY~hall be drille.d out • . ", .... , 

103.27;' -PIN :k'ID BOLT ' COIDiECT'IONS-i ' piiot, anddriving·riuts snallbe used 
in driving pins., . They ,wi11 ,'0;; , f Urriiiili'ed "ivi'th the: 'gte'el ' wi>'rk :an& shalL be 
returned to t 'lle 'contracto'r :on 'compl'etion ' 0'1: ' 'the::woI-lc. ,:·:,pfris ' sha'll be · so 
driven that the members will take full bearing on them. Pin nuts shall 
be so'rewed up ' tight andthe,' threadsbtirred" a,t ,the face :'of -- tl;e nut wi th a 
pointed, "tooL " ": ",' ":" 

.. : .. ': .. 
,In bol ted ' co'iinections.- :t '!-e : bol'ts:'- shall 'be . d,rawn' UP 

,threads bu1"red' at t)-,c :facE' of the ,xi\i't' wt:t1i , ii: poi'ntcd!,tb'ol; 
~'." .. ' : " 
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103.28. ' MISFITS; Correcti.ons of minOT mi.sfits and '" reasonable amount of 
reamIng and .. dutting of excess stock from rivets , will be considered a 
legitimate part of the erection. A.'1Y ,error in shop work which prevents' 
the uro1ler assembling and fi tti.ng-up of <.larts by, the moderate use o'f drift 

' pins or a moderate 'amount of r eaming and slight chi'Oping or cutting. shall 
be re'Oorted inunediately to "the Inspector. and his a"Tnroval of t;,e met!>od 
of correction obtainccl. 'fue ' correction shaH be made, in the 'Oresen'c'e ,of 
the Inspector, who will check the time and materinl. The Contractor shall 
render within 30 days an itemized bill for such work of correcti on for the 
approval of the Engineer. 

103.29; PAUIT .10'1) PAH'TING. The paint and a9'~lication shall conform to 
the requirements of these specifications. Item 95. 

103.30. CLIDTIYG UP. Upon completion and before final acceptance, the 
Contractor sha ll remove all falsework, exca.vated or useless materials, 
rubbish and temporary buildings. replace or renew any fences d8m~:ed and 
restore in an acceptable manner an, 'p roperty, both public and private 
which may have been dama"ed during t :" e prosecution of his work, and shall 
leave t n e b,ridge si te and adjacent highwa,y in a neat and presentable 
condi tion ,satisfactory to the engin~er; All excavat od material or false
work placed '-in the stream channel, during construction shall be removed by 
the Contractor before final acceptance: 

MEASUREI.8NT AlID PAn'3:l<1T 

103.31. MEASUR1:MENT. Ttle payment,shaUbe' based ,cinthe 'weight of metal 
in the fabricated structure, including quanti ty of fi 'eTd rivets provided 
in these specifications, ' Par. l03.11. ,The weilS,ht of erection bolts, field 
paint, and all boxes, crate.s 'or other containers used for 'packing, together 
,wi th sills, struts, 'and ""ds used for supporting' memb.ers dunng transPoTta
tion shall be excluded. ' Where changes" in sizes or weights '0£ members , have 
been made which were not ordered by the State Bridge Engineer,' Measurement 
will be made on tne sizes or weights given on the project plans. 

For the pUrpose of uayment, such items' as , bearing 'Olates', 
pedestals. drains.etc.",'shal,i. , unless otherwise,',urovided, be , considered 
as st,mctural steel', even though made, O'f other :matin'ial. 

Weights paid f or shall be s))o1) scale weights. unless otherwise 
prOVided. If specifi ed in the': contract .. or perm' tted by the Sta,te Bridge 
"En.P.:ineer, connJuted weights 'as hereinaft",r 1lrovided tnay be made the basi:s 
of. measurement. 

Finished work shall be weighed in",the: presence of the ,Inspector. 
The Contractor shall supply satisfactory scales and shall perform all work 
i'nvolved in handling and ' weighing ,the ,various" pa,,,,t .. s. 

< ' -. 

Bef,ore final payment i ·smade, the .. ,CQntractor shall ,furni sh the 
Enginee,rfour 'sets' of, bHls showing tabUlated scale,,. Yreights and ' four sets 
of bills shOWing weights computed from ' shop detail plans. 

Computed weights shall be made as follows: 
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The weight of steel shall be a s surJed at 0..2833 ""ounds per cubic 
inch. The weight of. c,,"st .iron· s~~.l.1 b.e· -a.ssu,med at. 0..26 .. potinds .per .. cubic 
inch. .The weight of bronze .shall be assumed at 0.,316 pounds per . c.ubic: 
inch . . The weights of rolled shapes and of plates .. up to ' and including ·36 

. inches . 1'n width. shall, be computed on the basis of· their nQminal weights . 
. and. dimensions • as' shown on the approved. shan drawings • . deducting for .copes. 
<:Uts .• • and open holes. The weights- of. pl~.tes ' wid.er tha!l: 36 inches shdl be 
computed on the basis of their · ·dim~nsions. as show!l on the. approved ,shop .. 

. drawings.· •. deducting for cuts a.nd open holes. To . this . shall b.e. added OnE>'

half . of. the .. allowed. perc·.eatages. of overrun i ,n. weight given. in· ·,the Standard 
Specification for StI'llctural Steel for Bridges. Serial , Desi~tion ' A7- 21. 
of the American Society for Testing Materials. ~ne weight of ca.stin~s 
shall be computed from, .the dimensions shown on the approved "snop draivi'hgs. 
wi th an addition of 10. per cent for fillets and overrun . .. ,. ' ., . 

The weight ', of ' heads · of shop driven rivets ' shaH be· included.· fii.:·;the 
computed , wei ght. assuming , the' weights, .to be , as , fol·lows:·" . ' . ' .' 

'.' 
\ ~' .' '. -

. ·.Diame.ter of !Uvet 
: . . 

. '1/2" 
" , '5)8 11 

:3/41) 
7/8" 
I" 

'. 
". ', w' . ... -

. j". 

: . ' . 

", 'Weight for 10.0. Heads 
," \' , '. t. ; ', j .. 

. . : · ·.: 4·~O ; lbS". · ·· 

. • \ :; 7·~ 5 :, Ib :~r. ,:' ;" 
. . • ; .. 12.S' lbs:: ·.I' ., ' . 

, 18; 5 <tbs; · '. . '. 
.27.0. Ibs. 

" . :::. " 

To the total comuuted weight of metal may be added an allowa'lce of 
0..4 .of 1 per· eent . for"shpP· .painj; • . · . ' : .• " . .. . : .... .. ' . , .. i ' ;: : . ' .,r. :· 

~ ': I . . .' . - .: ' ;: .' .~ . ' . . ,' . -,:' 
. . rf . the weight . of any. member. i's :more .than .2 , p el;' cent leSS ,than the 

computed ·weight. it maybe·.cause for· rejection. If t h e ,· totaLscale . VT.eigh t 
of .any. structur~ exceeds. :the 'comput'ed weight ·by more .... than ·2 per·· cel').t. · .. ;1;he 
weight. in exces!" o'f :2. :p<;<r. ce:1 t · abov.e· t ,: e ·computed ~ig4t shall trot .·be. )paid 
for. . ." ... . 

. .. . . .. ~ . ~. : . ' : " , ... 
10.3.32. BAsIS o.F PAYMENT. Structural steel shall be paid for at the 
contract un~t '9rice' bid per -pound .. ·for "Structural Steel". Vlhi-ch .. :price shall 
be .,full compensathm forall .. material • . fab-vi oa .. 1;iol,l, .sllo];>:.YlOrk •. j;.r.a:1spor.ta
tion and er~ction:, ·all equ.ipment; ,toQls;labo'r ' and inc;i'd .<;<l;lt14~ · .·n.e .cessa.ry . 
to complete t:::e work. 

. ~ ~. 

Any fuH- size member tested. to :destmcti.on .»hall .. be :paicLf·or .'at ' ·· 
the· uni t contract price, le~s i t6 · . ~era.p .'falue, if'. the .... t!'ls.t ·.:-prov.es: .. sa:t:is::. ··; 
factory. If the test proves unsatisfactory the members reprE!~ented·.:ot·(it 
will be rejected and t~le expense of corrlucting · ~Gests shall be Dorno b,' the 
Contracto~, unJ,.ess otherwise ,provided . .' : _ .. :~ '. ,~" '," .. . .':- ', : ,;. -:~ ~ ; :::~ : . 

. " ,' 

Full size eyebars whi'eh ·are 't·es-tell., ·and ' ,aeet ,the' ' reqU.i~en1erit"s"' O'f\ 
these specifications shall be paid for at t 11 e contract uni t ryrice bid per 
pound of shuctUral s:teeL " Bars · which 'faiT ·to 'mee.·t Allese. ·reC!;Ulreinents. 
a'l1d ~·B.ll bars !"e,J ect"ed' as· a r 'esul t ,', of ':tas.ts·' .sha11.:'" 'hdt·· be' :, ~e.id · f ·or. , . ~ :;. . ~:. I: ~:\ . 

'. 
f ' : ' . 

60.62-12 
' , : .~ )' . 

( 

( 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



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

/,,- . r-.. 
--.......~ .... .;c-. . 

.. ... , -0 :"~1"..<.~::..,-

STANDARD SPECD'ICATIONS FOR STRUCTURAL STEEL - A.S .T.M. ADOPl'ED 8-25-13. REV. 1921 
PERMISSIBLE OVEIHiEI GETS OF PLAT~S ORD!illED TO THICKNESS 

Permissibl e Excess in Average Weights Eer Square Foot of ?lates f or 
Widths Given . - Exoressed i n Per centages of 110minal Weights . 

Orde r ed 48 in . 160 in. 72 L1. 8·; in. 96 in . 108 in. 120 i n. I 132 in. Orde red 
Thickness Under to 60 i n . to 72 i n to 84 i n . to 96 in. to 108 in. to 120 in. to 132 in. or fLllickness 
in Inches 48 i n. exel . exe l. exel . axel exel exel . excl . Over in Inches 

Under 1/8 9 10 12 14 -- -- -- -- -- Under 1 / 8 
, 1/8 to 3ftS 1/ 8 to 3{!Fi 

exel. 8 9 10 12 -- -- -- -- -- exe l 
3/16 t o 1/4 3/16 to l/4 

exe l . 7 8 9 10 12 -- -- -- -- exel. 
li4 t o 5/16 1/4 t o5/16 

exe l. 6 7 8 9 10 12 14 16 19 exe1. 
5/ 16 t o3/8 5/16 t o3/8 

exel. 5 6 7 8 9 10 12 14 17 exe l ,-
3/8 to 7 / 16 3/8 t o 7/16 

exel. 4.5 5 6 7 6 9 10 12 15 .exel 
7/16 to 1/ 2 7/16 tol/2 

exe l 4 4.5 :i h 7 8 9 10 1~ nxt:l 
1/2 to 5/8 I 1/2 tn5/8 

axel ~ , " ;I. 4.5 fi h 7 A 9 11 p.xr. l 
5/ 8 to3/4 5/ 8 to3/ 4 

axel :> ~, .5 4 4 . fi fi h 7 8 9 exe1 
3/ 4 to 1 3/4 t o 1 

"y('l 2 .5 ,3 3 . 5 4 4.5 fi Ii 7 8 exel 

1 n ,. 0"",. ::> . S :> . S 3 3.5 A A.5 5 (; 7 1 n ,. O"",. 

-- -- - - -- - - --- -- - -- - - - -- - --- - . _. 
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STATE HIGHWAY ' DEPARTMENT OF TEXAS 

ITEM 95. PAINT.AND PAINTING 

Revised 1l/1/33 

95.1. DESCRIPTION. Paint and Painting shall provide for ' the j:la.int 
materials inc11ming Veh icle, Pigment, Paste, Dr iers ,end Thinners, nixed 
paint; for their inspection, sampling, testing und packing; and for 
application to structures , All pe.int materials and applicati on shall 
conform to these specifications llIld. sholl be used where . specified nnd of 
the number of coets given 'on tee pillns. 

95.2. GENERAL. Unless 'otherwise provided herein, the =terillls entering 
into the composition of paints shall conform to the reCl.ui rements of the 
Standard Specifications of the Federal Specifications Board is sued by the 
U. S. Bureau of Standards, and' ih' t he examination of paints the methods 
specified therein shall be used. The . . Bureau of Standards CircUlars, to 
which reference is made herein, may Qe 'secured from. the Superin.tend~nt of 
Documents, Government Printing Office;' Washing ton, D.C., at 5 cents per 
copy. 

Paint shall consist of pigments of the reCl.uired fineness and composi 
tion ground to the desired' consistency in linseed oil in a suitable grind
ing machine, to which shill. be added additiono.l oil, tl:in.'"lor .. and d ·rier as 
reC,uired. . .. 

Paint s hall be furnished for use in ready mixed or paste form, as 
may be specified. 

PIGMENTS 

95 , 3. GENERAL. Dry pi gments shal l conform to t:1e r eC,uir ements 'hereinafter 
specified . All pigments except t he prepared aluniinum powder and lampblack 
shall be thoroughly ground with linseed oil to form a past" before Using. 
No pigment containing coo.l tar or aspntiltic 'products S;"111 be used. 

In ap.di.tion:to lampblack and och re as hereinaft er speci fied , chrome 
yelloR and chrome green may be used as, tinting. pigments; sub.ject "to the 
approval of the Engineer • 

. Ch~ome yellow shall conform to the re'iuirements of the Tentative 
SpeCifications for Chrome Yollow, Serial Designation D211-26T, of the : 
American Society for Test ing Materials ,rith s~b~e'iuent.amendments and ' 
additions teereto adopted by'the ·S6Ciety,;· .. ',.', .. 

. . , . ' .. . . 
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Chrome green shall conform t·o t he re'< uirements of the Tentative 
Specifications for Pure Chrome Green, 'Serial ' -Designation D212-26T., of 
the American Society for "Te'sting Materials wi t h subse"uent amendments 
and additions thereto adopted by t b Society~ ; 

.. 

' Inert :pi~ents, whe'j) Used, :· shall bo silica, magnesium silicate, 
aluminum s.qicata, bariUm,· 'sulp);late, puro ' tinting colors, or any ~ixture 

'. thereaf . Iperts' shall i-n" no case c.ontain· organic . . coloring l)l8.tts·r, soap 
or 'emulsifying products. ' ' . ,. 

", .- ~ . " :: ~ ,: ', . 

95.4. RED LEAD. The dry. pigme~\ : ~h,.;11 confotm tothe re,,"ui~aindnts of 
A. S. T. M. Specifications D-49-29 95% grad~, · as . fo:j.101!s: ... . ":. .. .. 

, . : ".The dr;r l?:i.~ent used in rillill:'i'rig the paste shall be made by roasting 
li thatge·: or lea.d, '01" compounds . of lead 11hich yield li tharc e by heating. 
The d.:ry : pigm",nt . shall Cb:1sist : emtirel~ , of '·'eiides. Q.f :1ead, f "ee from all 
aiiUl't·erants, .. and. shall conform to the' fol1<>17ing ' re'iuirerilentsl ' ". 

. . '" .. .' " .' 

.. " . " . .';; ' .: .~ . . : . . . ' i . :.; :;:'~" .' : . :. . .' 

, ':True' . red, .lead, Pb304" not .le s.s. than . .... :;., '." i . • > .•. :. . ,,,~ .. : " , ~.'.; . . 95.oj; 
. .. ~. '. . -'" .:", ;' "., . ' . - . - .. ' - ' ~ .' . : 

Totai impj.ri ties, inclUding. mo'i ~ture; solubl~ · m.,.t;tllt ;' . 
water and mntter insoluble in' u:-mixture of .nitric ': 

' .. .' ac~d and h.ydrogen peroxide, not more than ." .. . ; ..... : ...... l.oj; 

: :~.::: I 
. ". . . ' . .. .. . . ".. . 

Coarse particles retain~'d ' on ""NO; 325 "sl. ev~, ' ,n9t '90re ' ' 
·-t%n ••• 0_ · 0-························.······ ·· .. :; ~ .: ~':: ~ . :;~ . ~ ... . . 

95.5. BASIC CARBONATE WHITE ' LEAn .. : : The ' pigment shall . be the product mada 
from metallic Lead =d shdl have", composition Gorros'ponding approxi=t"ly 
to the foroula 2PbC03 - ~1;>,(:O!l)Z' It sp.a.ll be thor6u(yil;, 'uashed after 
corroliing, ·shall be free from ~mpurities and adulterants, and shall COl1-

form to~hej911b\ting re<lui·reme.!'ts; 
:.' ' .. 

'.: ' Coa;'s~ ' particles retain~don a No. '325 sieve 'not mora than ••. I.CI'), 
. " . . .. J . 

"" ., '. 'Lead Carbonate .......... ; ..... · ... ,.,' .: ... :, .... : . . : •.. .. ; .... ..... ,: .. .. . ; > ... , ... 65 to 75% 
, . " . , . . " . . :. . 

. : . 
. 95;6. · .:BASIC SULPHATE WHITE LEAIl. "The 'pigmellt' shdll . be·' the sublimed product 

'. ·" "pl'epar.ed .from lead s'ulf'ide ore.s, free. from impurities ' mid: adulter",tions, 
. iiJid ' shllll conforlll · tothe.~ollo\1ingre("uireDients: .. . ;'. . ..' .. . .. .... . . .... .'. '- .. '. . ' . 

Coarse particlesretQ.ine,d b,n:t:"iTo~> 325 ~~ev~ .. ~o( ltJ~Te thnn ••.• l.oj; 
Leo.d Oxide •....•............ ;.:; ......... :.: .. : . ... ......... .. .. ;: . .•. 11.0 to 18.Cfj, 
.Zinc Oxide not more tho.n •...•........•. .". ~ ~ ' . . ' ~: . " . • "/ ............. g.of, 

.. ; . 
The remninder shall be lelld sulphate. . ' .. 

6374.,.2 

" 

( 

I 

( 



I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
I 
'I 

1 
1 
1 
1 
1 

.' 
( 

( 

( 

. 9;5.7. PURE ZIN."C OXIDE: . The dry, pigments ·sha).l consist of pure oxi.de 
· of zinc which shall .cont.ain ,uQt . le's.s than nine.ty-eight (98) per cent of 

z.inC( oxi~e, nQ.t more than ,two":.tenths .(0;2) per cent 'of su'lphur ,or t.;o 
(2).percent of to,tal .impurities includine; ,moist-ur8. ' The pigmen't shall 
be so ground that 99-;1> will pe.ss "aNo. · 325 ' ( 44'micron) sieve. ' 

· ~5.8. SUBLIMED ·BLUE'LEAD. 
of sUbli~~~.~iUe'~~ad . fume. 
fo·llowil).g :reG.:ui,ern,?nts: 

The sublImed .1,1 ue le~d pigment shall ·.consist 
free from all adulterants and shall meet the , . 

Le?-9- ~~¥,la,t,~ (PbSO) •••....••. ' . ~ . ~ ~ ••• .. ~ .. : ' .45-55 per cent 
Le{1..d. 9:(Cidt? (fbO) ~ .. : ..... H ~ .... : . ......... ;. ••••• ~ : ~O-40. per C~Dt 

' . '. Le?-9. s'llfPl;li?-,?, (rop) ••..•........... :........ Not over 12 per cent 
Lead sulphite tPbS03)' ............... :....... Not over 5 per cent 
Zinc Oxide (ZnO) .......... .... . ....... .. ....... Not over 5 per cent 
Carbon and undetermined ........ : ... ; • • • . • • . . • . . . . Not over 5 per cent 

• . . This material sruill be. entirely' a' subl'imed prpduct !Uldshal~ not 
· be · a .mechanJ,ca). mixture . ei thei ip. part . .o·r,:as a whole, '9.\l% of th,is ,material 
· shall pas.s a st/Uldard No. 325 sieve • . ' Tile ~teri:al shall be \'ested' ,in' 
· accordance : with A. S, T. M. serial D"signa,t~on. D-126-27. · . ' . . •.. 

95.9. GRAPHITE. The pigment in both semi-pO.ste ond rea~y'mixed, pai:z,t. 
shall consist o.f finely ground gr"phi tic carbon =d 'insolub1e siliceo'us 
material'. ' . The graphi tic carbonm"y be deri vee} ;·from either natural. or 
artificial graphite and ,the insoluble siliq.eous inattermaybe· .~nh,e.r tfie 
naturally occurring insoluble inipuri ties of' the graphite or added ' i n
solub,~e silic::eous matte~ •. ,:, The pigment shall show the following anal~llie: 

Graphi tic Carbon not l .ess than •.• ••..••. .•..••.•.....• 50% . 
Insoluble Siliceous matter not less than ••••••• • .••... 30% 
S:qni of graphitic carbon and insoluble siliceous 'mat·te'r. '. 

not less than •..•............ . ... •.. . : .~ -: .. ~ .:.: .. ~ ! ..... ; · ; · "85% ~,. 
Calcium a'ld magnesi,um carbonate and sulplll',tes. . ,, :, . 
. :·not more than •• ; . . ... . ......... .......... ..... ~ .... ~ . : .. ~. 5tf, ~ ';:. 

The pigment shall be ground so that one hundred (100) percent 
will pass two hundred (200) mesh sieve . 

95.10. LAMPBLACK. The pigment shall be furnished in the dry form or 
ground in oil to form a paste. as specified. The dry pigment 'shall ,be 

, made by.burning oils or tars in such · a manner as" to .form a deposit of 
carbon' .or · soot • . It . shall be 'high"grade · ~n every respect. s·hal,.,l 'lle ,'fi;ee 
·from .oil, .greasy matter 'and from admixture Qf.any Qther -.substanc". " The 
dry pigment shall conform' to ·the,f~ollomng re'hlirement.s: · .,.' '''.' . 

'-Coarse particles "retained, on D. ·No . . 325 · s~qve . nO.t , m~re , t}Il\Il ,, ' .. 1.0% 
.. ·Ash;. ·'\not more·' than . .... . _ .• ... .. ~ .... ..... ' ......... " ....... ~ ' ..... . ~ .... .. ; . : ~ .. ........ : ... ;..1 ~ .~ 

llenzol extract (which nru.s t be colorless) ; not mote' than ,. ;' .. ; .~ :', 0;5% 
Tone when diluted with zinc oxide ..... .. .. ciee.r~biUa,:,gray ; ' . ' ; . 
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95.ll. ALUMINUM. FOr/dered al U:3inum shall be oade :by the bes t cOr:1I.1ercial 
r ,athods froo metallic aluninum having, a ninioum aluminur.l content of ninety

'nine (99) per cent. I ,t shail be pondered in the 'form of flakes, shall be 
polished and shall possess , the property of "leafing" whei1 suspended' in 
varnish or airplane dope. , It shall neo t t he , follol1ing r <;;quirenents: 

Acetone extract (2 hrs.) not 'Dore than, ' ,' . ,:. " •.. . : ' ...... . 
Lead and Zinc _ not [,ore than ..........•.... ....... . • . . .. .. 
Copper not" nore than .. ,..,.,.,. ..... ,.,. .. ,. ... ,. .. ..... ,. ; ... ,. ... . 
Sum of iron, Silicon and copper not more than ..... , •.....• 
The remainder shall be aluminum 
Adl,llt erant:~such as , pOI7Il-\lr\l<t:I!lica •. ,nqt mOre than .. . ... .. 
Passing 140 mesh sieve ...... ..... ,,", .... ...... .. .. .... ;. 
Passing 325 mesh siev~, nqt less t han . ............ : .. ; .... . ' 

3.0% 
0.Cf/, 
0.2% 
1.Cf/, 

0 .Cf/, 
lOO. Cf/, 
50. Cf/, 

95.12. , GENERAL. Paint pas,ta shall cor,sist of the specified pigment or 
pigments, ground to the re'luired consistency in raw or refined linseed 
oil'. The pnste s ci prepared shaH be Uniform i,n consist ency otldcomposi
tion and shall not cl']{o or "segregate ,in the .containers . When additional 
vehicle is &.deled, the paint paste shall bo such o.s to ra;,cdily break up. to 
form a smooth. uniform liCiuid of the proper brushing, consi'stency and o'ne 
r/hich will not run or sag. 

95.13; , PASTE PROPORTIONS. The pigment shall be ground in oil in the 
folloning proportions for 100 pounds of paste. 

Red Lead 
Basic Carbonate White , Lead 
Basic Sulphate White Lead 
Zinc Oxide " " , 
Sublimed Blue Lead 
Graphite 
Lampblack 
French Ochre 

VEHICLE 

Piginent 

91 - 93 
92 
~p 
84 , 

8~ . :- 90. ' 
65 
20 
70 

Linseed ,Oil 

9 - , 7 
8 

10 
16 

12 -10 
35 
80 
30 

95.14. " GENERAL. The term vehicle shall be used t o designate the mixture 
of pure 'li.nseed oil \7i th' the necessary amount of drier or ', tl1i'nner to ' pro
duce an acceptable drying coefficiEint and /l, ,'/orkabl e c,onsistency. The ', 
total ' amciunt of thinner shall in no c e.se exceec1 ,l o% of the total vehicle, 
nor shall the vehicle contain in excess of 1% of 'l7ater. 

, To each gal~on of pain~ , p:t:~par;ed ,as l~E!r~~~after specified. may be , 
added 'such amounts of thinner and drier as n<>ces'sary to ' secure workability 
and a 'good drying coefficient. but in no cass ' shall the ampunts , so added 
be such as to 'cause a sepani.tio;, of pigment arid vehic l e. nor shall they 
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exceed the follouing: 

Maximum amount of drier per gallon of paint - - - - - 1/3 ~int. 

" " " thinner" " . " " - .., - . -: - .1/3. ' " 

When the paint is for use on \7ork exposed .to \7ater .ac.tion the 
amount of dri'er Used shall not exceed 1/6 pint PElr gallon; . 

95.15. RAW LINSEED 'orL, ' Linseed oil shal l be the pure oil pressed from 
fla.:x:- seed ,and shall conform to the , following requirements of the ,A. S. T. M. 
Sta~dard SpeCifications for Raw Linsaed Oil D-234-28 with ' suD~equent amend
ments and 'additions thereto. 

Minimum 

8pecificGrav.it-Y 15.5° C./15;So C ........ . : 0 .936' ' 0.931 
.A.cid' N1l!Ilber I . • ~ . ' .: •••• ~:" ••• ~ " ... ; " • •• e ' •• """ . • . 4:0 ." • • " ... 
Saponification Number............. ........ 195 .0 189 . 0 
Unsapon~fiable Mat ter', ' per cent •.• ; •••..•• ' L50 . . ••..•.• 
Iodine Number (Wijs) •••.• ; .'."·1.... ........ . 177.0 
Loss on heating at ' 105'-llOO ·C., per ·cent .. : 0:.2 :,:" ",:; 
Color ' ; ' :';" L--.,;· ... : ......... Not darker than' a r freshly prepared solution 

t ,;. ofl.O g ; potassiuni: bichromate : in 100 cc. 
pure sulfuric acid (sp,og;r '. 1.84.) 

Heated Oil .. .... "" ............ " .............. .. .. " ..... " 
Chilled: 1 0il . J • • " ...... ~ ' : .. : .. ,. , .. ~ ... .. . : '; ...... '. :;. 

. . . 

1.0 
" , 4.0" 

, ~ ., ,' . . 

........... " .. 

............... 
; ..,- ~ 

' 95.16. BO I 'LED <I,I'NSEEJ)'· OIL:. BoHed: linseed oil .shall···b.e.: p1l)::e', linseed 
oil ·that has bean treated: by' beating and, incorporaj;1'hgr ~co!npo1lllds of lead, 
and at the' option of the manufacturer sUitable compounds of' o'ther drying 
metal S , so as · to ' produce 0. product thnt mll dry rapi'dly.: " It shall be 

,;' clear , free 'froni ' 'sediment·" and ,shall · 'conform to the .fo,Hcming· requirements 
of the A. S. T • . M. Standard Specifications D 260-28T with .sub.se\luent ' 

"' amendments and' addiotions ,thereto • . ;' ,: . .., '" ' . 

-.. -

. ' . ~ .. ,-, . 
• ••• ~" • • .:.. ... ' - - '~ .j -

. ,'J:-, Maximum '''. , .. , ' ,Minimum 

Time, of drfi,ng on glass , hourg .......... 18.0 ........ 
Specifi'c '>Gravi,t 'y -.15 .50 'C .'115 ';5 C ', " .' ." .' . • . .. p;)'<l~ "r •.. :(l-. 931 
A,cid'<N;UInb'e.r ; ~~';~;;' ... ~ , .' ... '" ............. .. , ........... .. .... t.... . 1.7.,t.!? .. ! ,','':' ", '. ,.,, ~ • • , •• """ 

Saporiific'atio,n ,Numbe,r ...... , •. i ' • ••. ••• , •• '. " .'. ' 195.0 ., . , .lS9··.0 
Unsaponifiabl.:e Mat,t .er, pe'r.·~ en t " t . P. t . .. ~ , •• : tJ t : , .. ,~ ~59 .: .. ",._:: l"' f -f" ........ 

Iodine cNliI!1be.r (Wi,js). " • .•••.• ·.·.·0' . •••• •• '," '.' <"" •. ' "', ,·.r. fC ." .),'(,9.. 0 
Loss on Heating at 105 to 110 C., per q~IlJ;: : "" ' .. ,o.~,2 ;;,.: .r",,,: ~ :! .; ..... 
Ash, per cen~ ••. , ... ....... .•••..•••••.•••• O.50 ~', , •••••• 
Lead; "';pe'l' ",~~J1,:\r ".., .,. ( •. ·.(. ·, •• , , .•••....•• , ., •..• •• t • • " . ... · .. · ,., .• { I '. 0 \05 1'" . • -" . ,, __ "'......... • '" ~.~, . .,.,., .• 1.. \"~:; ) 

" . , · r. ', . :-r"jl'r ( 0) '1 
95.17. .LONG OIL SPARVAB.NJ;~, ,, L.ongop ,."ll?V2v~sl:j }b~ a {?;~hlC e for 
aluminuta,.pairij; j1I~£!lJ jlllMt ,:the foll,owi~; ~eq1.Ul'emen~ ,~~ .. ', '. ( ,.) 

.' .'. ~ . . 
Exterior 

c~';" ,:'~ ~i ther be 
S'\'} .• J' 



" •. .. 

,': 1.,' .-: 
",' .. 

.. ..' . ~ ... \.. . " ... .. ' . 

~. ' " \: : ; ... ;: '.J: :~ ~ , ... ' .. ?, ,:' , 

varni s11. fulfifiiTIg the following requi reelEints: 

;;6~ VQl~t~'i(l'ciilia;'iti gums not less thai! •• : ';" .,'.':'50%" 
Ratio6f' bU' to gum not less tha~ • . ' . . ,'C : . ' ~ ' ;' . '3 to 1 
Shall :pass, a,sixty ,(60) per cent ,Kauri ,.eduction_ .-, ' 

" . .. _ . test • . : : ':; .. , .' . . .,'. ',': . . : .' :; , ,," .. ' . . ' , 
.. ' " Shall set.:;:t:Q·.tollch . • " .•.... ', .: : :, , : .. : : , ~ , , ", : .,,2 ' ,to 6 hours. 

Shall be dry hard and tough inno~;~?{~.tl~?4,po~rs: • . 

" ::, ": ,, The v!'rnisJ:l:,:shall be of such consistency that when thorou,~hly 
. , .. " clixed wi th-- aluirifilmn bronze powder in the» roportion of two (2) '!)ounds Der 
: .', . . , gallon 01' ·vehicle" j;p.~. P"'i-!lt ~ snaJ,l : Sh?w 'sl'-ti sfact9~ . spreading ouali t i es 

, . and shall npt run 01' ~M. l"h~)C~. ?-ppJ,i!l(l. t!l.?-, v!lrHcle : :?}:,:~r.aee .•. 
. . ',: • •. · •••• 4 • . • . . ,.4. " ' . f: ; .. : .i.~ .".' ..• ; ;. ·.: C' ;;·M·:· : 

. .. . . 95.18. DRIER. Thel>.e. $pi'.ci.;f~cat j. Qn~:: eoy.e.r:' bo~h. , !S~.ra1:gh.t ,qil,drier 
.-:: . (material free from. TllS;l!1Jl. Or, "~:;;!' ) . "-'lei ~a'9'<Ul dr.~(lr:.: (~te;ri~l containing 

varnish "gums"). Tlle ·: .4-'1'ier.-'~h?-).l De:, ~ornpps,e~ .o!: J. ,~ad, :, !!,aJ.lg§;n.es ,e, or 
: i' , : cabal t ,'. ,ot'a .. mixture ' :o-f: any. of , thlll>i' , .el epl,e)lj;ll. ppmP;i.Jl!lP-. !'-H)1.. , ,,·'. sui tv,bl e 

fatty oil" ,wi th or'. wi ,:th.out res~ns or "gums", a nd mineral s '!)iri ts or 
tu..rpentine,- or a mixt~r,e :.ofthf) $e solvents. 

' . . . " ' , ... . 
'. ' . , . 

The drier shall confonn to the follOwing. requi r,.'i'",e!\-~.s, ;:/i" 
. . . . .. .• .' ~ ~ .. • ..• • • . .• . ~: .- , .. :.,i ......... :::: : 

(a) ,Ap:pearall,c.a:.-.. J:r.e,e . .f.rorn. 's.e.dirne.I\.t. ,ap.d, s.uspe!l.d~g,,!"8-t ter. 
(b) Flash point (Tag closed tester):- Not less tha.'l 860 F • 

. (c) ' Elasticity': _ .: !Che-,cl.ri,er:. when .fl:O\'lecl:;on meta1-" ,l3Jl9.:. b~"d>for 
. -.: . ..' - 2 , hours:,· at· '2120F~ ", : .. s)'lal'l :' have an' ·.elas.t ·i .c" ·filra.' ,: :: . .- :< :;. t: . . '; ?',j: ~' ,: ;!u"; r ~:: ~. 

' ''(d) Dryingr- It', shall ~i:l( :with,pure raw. linll:eed: oJ;!.I, in, ~!l~ ;l?ro
'porti<>ri of T 'volume of· "i'rier', to 19, ,:v:ol umes ·.oi; ·oo-i;! , w,i, t);.ou.t.: .c~r4l!iJ!g, and 

. : .. t h e' resUl ti:.ng mixture , w:¥n' :Hovt,ect ·o·:g ,gla,s.s sha,J,-;L. d.ry:,:.~nJ¥l~ ~F,~: :j:h<Ul 
" ,! J:8 .. hours. " ... ..... , ....... .. ' : .. ' . '.-' ... : . , __ . ,,:., ;.,':~. , 

(e) Oolor:- When mixed Vii t.h vU.re ,raw li.nseed .oU. i '!l: :~l:),e. :':'\~..9'por
tion of 1 volume of drier to 8 volumes of oil, the resUlting mixture 

,', :,:.::.: .. shall be no · ~.r~"r, than a solution of 6 g. of potassium dichromate in 
100 cc. of pure sulphuric acid (sp. g r. 1.84) • 

.. . : ~ :· · :9~.19. 'TURPE:TTINE~: .:fu~~~tirie ·~il ~~. &;~rit~ "i~it'l't;.ie~tjlre made from 
" ... :,:g;u.m (oleoresin) fr~m.a·living,tr.ae, .Gommonly.known "as':. ~·gum<$i:>irits" or 

.. . ".-.n:turpentine" ," or steam-distilled ,wood , turpentine; 'which, :is·, distill.ed 
" . . . , :w.i,tll steam·from the'oleores~n within ·the . wood;. · '.The ':gom :,spi'rits of 

': -- turpentine, or steam--distilled 'WGG<i· wrp~nti'ii~, shall ;' cenfo;mf to the 
" " .. 'fOliowing:' requiremertts'f .- . ' , ' ,' :.7-; " . :.,_! 

• • • .. . i • . ...... . . . .. .' ' . ' . . ' . . , . . 
,::0 .... 

. .:, 
(a) kopearance: .... Olear . and . free f rom suspend:ed,;tl)S.tter.'. 

.(b) Wate,r:- None. 
''; :'''-' (6) ''- C6-'J.br:.:.,o·;·· '/St'an:dard" or "bettEir; ' . '., ',- ': , " . :" :.;'J~ '~ ., .. .-.. ;, 

(d) Odor:''; " Il,iia:hird~tici, 8'rtd ·chara:cterlstic"6f.:·guiii .spiri-ts 
tUrPentine • . If required, it shall conform to the odor of a sample 

fUI'11i'shed 'by th~nepartilien t. ' . .. . "'C': ,,,' • 

" (e) "Spe6:i'fib'gra,fi~yat 59.90 !59.90 F. " <0.800r:: to 
(f) Refractive index at 680 F. . . . . ~ 1.4Ei5 ... to 

" ~ ..• ''' ,.'. \ ~" ;~, 
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Resi due aft<3r TJolyniet"izat; orr wi th 38 1!, E2S04: -
Volume, not, more than . " "" " 2 . 0C; 
Refractive index a t 5So F., not· les s th8.n . . • 1.5 
Consis tency. . . . . . '. , ... . . V~. scous . 

' Color", " . ' .' • , ,', "',' .. Str,~w or d,arker. " 
(h.) ' I ni tia,l boilinp; -point at 750 nun. " reseure , . . 3020 to 3200 F. 
(1.) ' Disti'lli np.: ') elolV 3380, F. at 750, mm. press'J,r e . not 

l es s than •. " 90 .0ot 
, , 

95.20. l1H"'C!t'!>.t SPPlI 'l'S ., Fi ner81 sDiri"is s]:all be 'Petroleum dtstt ll ... ,tes 
and shall conform to the fo llowing r eQul,rements: 

(a) 
(b) 
(c) 
(d) 
( e) ' 

Apuearance:- Cle"r and free from sus"ended matt~r. 
Water:- :.'~o!1e . 

(0 . 

Color: - }To t darke r th<',n ~10. 21 Saybolt chromometer. 
FlashPoint (Tag closed tes te,r:l:- "'ot lower than 860 F. 
Co'r r os'{on:-' ' Shall no t cor 'rode clean metallic CODner in 
30 mil;!, a t t:",e boning Dobt or th e sDi.ri ts. 
Distillatiori; - Beiow 2360 'F. ;'not m;;'e than 5"-\. Below 446 0 F. 

(,.;) .. 
not 1",ss than 97c,i , . ' 
Acidi t y of Resid,ue:- c:eutr~,l. 

" 

" , Miin:J) 1>Anr:cS 

95.21. ,GE1"ER4L.· The resulting Daints rwhen mIxed' in the oroDortions, "g'i"en 
herein whe n bI".lshed ,on a ,smooth vertical surfa.ce shall d,rY hard and' elastic 
wi tllout runi!ing, streaking, or sa:f;f:ing. 

Where w",i te l ead is specified he rein ei ther basic carbonat.e o'r Basic 
;s)l):phate meeting, t ]ce r ,equirements qf these sD8cifications ma y be used. 

RED LEAD SHOP COAT FOR STRUC'l'URAJ, S~-.;;EL. 

Pi P-1I1ent Red. Lead. 

ilill.§.. Perce:1t "eight (Lbs.) 

Red Lead Pi,~ent .385 , 76.40 28 . 
Red Lea~, Pas te 
Raw Li ns eed ,on _ 1. 000 
furn'entine .nS2.5 " 
llri er . 0625 

, 2:\. .14 7.75 
~.23 0.45 
1.23 0.45 

'1;,q,~a.?- s , 1",51 
"iei,,,ht -oer (',al. , 

100.00 , .. , 36.65 
. ~4 . '2' 

2.232 
2.~52 

.147 , 

.147 
,.4.878 

Pas te ' Red,' Lead. 

Percent 'l't . ' (LbG.) 

83 . 09 
15 .14 
' -, , .88 

.88 
100.00, 

; -, 

100. 
18 .23 
, .1,. ,06 
' .. (., 

1.06 
120.35 

.. 24..,67 



95.23. RED LEAD FIRST FIELD COAT (LIGHI' BROWN) FOR STRUCTURAL STEEL. 

Pigment - Red Lead Paste- Red Lead 

Gals. Percent Weight Gals. Percent lVeig ht 

Red Lead Pigment 0;'4{)5 75.98 28, Lb:. 
Red Lead Paste 
Raw Linse'Eid o'il 1.000 '21.04 
TUrpentine 0.0625 1.22 
Drier ' 0.0625 1.22 
Lampblack .54 

:, : 

Totals 1.53',: 100.00 
Weight pe.r Gal. 24.15 Lb. 

95.24. , WHITE LEAD PAlm', TI~D GRAY, 

Formula 

2.232 82.58 ' ,100. Lb. 
7.7'9 2.352 15.05 , 18.23 

" ' 

.4'9 0.147 .875 ' , 1.06,' 
" .45 0.147 ' :' " ' 875 1,06 , . , 

.. . 20 " .0.082 .62 , ,0.75 
36.8'9 4.96 ' 100.00 12i.10 

2,~.42 Lb., .. 

FOR FIRST' FIELD COAT, 
STRUCTURAL ,STEEL . " -.. 

' . . " . 
Allowab le , pei:c ent ages 

Gal; :pei-cent ' Weight ( lb ,.) 'Max. ; ,Mip. 

7~. Whi te Lead in Oil Paste , 
French Ochre 
pure Raw ,Linseed Oil 
Drier,(l Pt.) 
Lampblack in Oil (ra oz.) 
Totals 
Weight per Gal. 

4. 
.125 

'70;;'l3 ,' , 100. 
;75 1. 

' ,23; 32 31. 
.68 .90 , , 

.02 .031 
100.00 132.931 
Not ' les"s th'an 17 lbs. 

95 .25. LITHOPONE, PAINT '- ~1ATER IALS AND cOMPOSITION , 

77. --
25. 21. :' 

" 

(a) 'The ' Paint shall be composed of 60 ~rc~nt b'Y weight of pign:ent 
and 40 percent of liquid vehicle. The piglll'lnt ,shall not' settle out. or 
cake to such extent that it , will not , read.i ly break "up_ 

.. , .. , :- . ' 

The 'pign:ent shall be composed of ,40 per' c 'ent , lead 'trti'e' zinc oxide, 
40 per cent light pro,of lithopone; and m per cent inerts. 

The liquid vehicle shall be composed ar M J?8r cent pure raw lin
seed oil, ' and 10 per 'cent gum spirits turpentine and" oil 'drier. . . , . 

(b) , Zinc O~de:- The d"ry pign:ent. ,' '''Zinc Whi-te"or Zinc" o:il,de " 
sh!3-ll conform to ,the. requirements of pl.ragraph 95 ~7. . ' , .. ',._ 

(c) L1 thopo'n~ ,: , ;" ', The l~~hqpone pigIilElnt -$ ha lli'~\"i made py , sui tl'iiile' 
treatment ' of a mixture of precipl-tated zinc sulfide end pre'cipi'tated.' "" 
"'arium sulfate. It shall be light fast, , L ,e. it shall b ,e a br:ight white , 
and shall not darken :when eJqlosed to sunfight. The tinting strengt):)" (br 
!:.iding power) shall be high. 
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The dry pigInm,t shall meet t he following requirement s: 

Maxi mum Minimum 

Coarse pa rt ic les and skins ( t otal r esidue 
retained on a standard No. 325 screen), per c ent 1.0 
Zi n c sulfide, pe r c ent 30 . 0 26 . 0 , 
Zinc Oxide , per cent 1.0 
Material soluble in water, per cent 0 . 8 
Barium Sulfate 74.0 67.2 

(d) Raw Linseed Oil;- The raw linse ed oil, us ed in the liquid ve h
icle shall confor lil to the r equ irelll'l nt s of paragraph 95.15 . 

(e) Drier for Lithopooo ' Paint:- ,Drier s hall b e composed of turpen
tine, l e ad and manganese oxides cooked in linseed oil. The proportion 
of lead s hal l be not less t han three (3) times t hat of rranganese. It 
shall contain no r es in or val'nish gwns, ani not more than seventy (70) 
pCI' c,ent shall volatilize at 450 degr ees F. When flowed on 'me t a l and 
allowed to dry, it shall proiuce an e l astic fi lm. Too flash point shall 
not be lorer than nine ty- five (95r degr oe s F ., when tested i n an open cup 
test er. Whe n a mixture ' of ten, (10) per cent of drier with ninety (90) 
pCI' cent pure r a w linseed oil is flol'iBd on a glass slab, which is then 
held nearly vert ical , and is kept a t a temperature of s eventy (70) 'deg
rees F ., with f ree access ef a ir, t he c outing sholl dry throughout, 
neithcl'Bticky' nor brii;tle,' in not over ten (10) hours. 

(f) Turpentine For Lithoponc paint:- The TUrpontine u sed sholl be 
that cO!1IDlonly knO\Vll as Gum Spirits. This is the product distilled from 
the oleor esi n, e xudi ng fran living , pine trees and shall comply \n th the 
Detail ReqUi r ements of, the U. S . Govenuoont ,Master Specifica tion No . 7b, 
Department ot, Connnerce Circular of The Bureau of Standnrd~ No, ,86. Steam
Distilled Wood turpentine shol l not be UStJd. 

95 .26 BATTLESHIP GRAY EQ,UIPMZNT PAINT 

(a) The Paint sooll b ,o compos ed of 19% by ",eight of pigm:mt and 81% 
of liquid vohicle. ' 

The pigment sholl be c anpo sod of pure Titanium DiOXide and "hite 
,lead carbomtc in the r utio of 76 to 16 nnd sll':!ll contnin suffici ent 

, :nuttloship Gray Tinting Color to m::ttch u sample nhich will bo ':furnished 
by the Dcp:lrtment . 
Noto:- This ~ll us ua lly r equire 3bout 8% 

The liquid vehicl e shall be composed of 90% phenolic Varnish and 10% 
pure gum spirits ,' of turpentine urn oi l drier. ' 

(b), Whi1;o Lend Carbon:r te:- The mito Iced cc.rborotc sho ll conform 
to purngr'rlph 95 ~5. 

(c ) Phondlic ,Vnrnish:- Tho varnish port ion of t ,he v ehicle shall be 
free 'from r osin nnd contilin n0t l ess than 52% of non- volo.ti I e m,'lt ori!ll. 

The non-volfltilo mntcrinl shall bo Bakelite SynthetiC Resins 'Or 
Bnknlitc Synthetic ROSin combinc.'<i wi. th otror phenolic reSins ,'suitnbly 
dis p:> rse d by' heat in lins eed oil or chim V/ood oi'1. The v'olnti'lo pert ion 
to b " tUrpentine or n mixture of turpentine e nd moored spirits., 
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(d) The paint shail dry rapidly' to t6uchana: shaii be nard and tough 
in tw.el ve hours. A metal panel coated wlth this mater'ial and allowed to 

. 'di'ythoroughly shall show no discoloration or dulling after seventy two 
hours immersion in cold water. . .. , . . 

(e).,Raw Linseed 011:- The linseed oil used in the vehicle shall con
form· to the l'equirements of paragraph 95 .15. 

(r) .Drie r fo!' ,Battleship Gray PaiDt::- Drier' shall conform to the re 
quirements. of paragraph 95.25 (e) ." 

, - . , - . ' .~ 

(gr Tllrpentirlefo'r Battleship Gray Paint:- The turper,tine used 
. shall. conferm. to paragraph 95.25 ' (f). 

95~27' ALUMINUMPAU;T FOR FIELD CQATS STRUCTURAL STEEL. TIW paint shall be 
mixed in the proporfiori of tVIO' (2) 'peunds ofalumlnuEj bron·ze powder per gal
Ien' .of vehic.le , .of Leng all ' Spar Varnish • . Thi .s maKe$, a pa~nt containing 
twehiy':'ene ( 21 ) per ' cent pigment a,nd , seve'nty-nine ( 79)., ,per, cent, vehicle. 

'The weighed amount .of powder $h8..11: t:e placeg.in a suitable mixing container 
.' and the mee-sured velume' of vehl<;:le" thEm peured , Dverit. .The oowder ~n",ll 
be in6orporeted , in the paint by' visereus st.l.r·ring withe po.ddie. ' The pew
der VillI ridiiiy dlspers~ ,in the yehicle . .. Befere ' remeving any paint frem 
the mixing centainer, the.paint sllall . q8 there)lghly .stirred te insure a 
ulliferm' mixture and tne pr:.int shair' be sui tably stirred · during use. The 
paint shall be mixed en the job andon1y eneugh for .one dc.y's use shell be 
mixed c.t .once. 

Where twe field coats .of ['.lum.inwn pnint c.re sp0cified; thG first coO-t 
' srw,ll be tinted\vith lc.lI'P ,black. paste .or pruss len blue 'peste in tho qU8-nti ty 
of .1/5,1 b ~ or m01'~ to .eo-oh gc.Uon .of po-int • The ,exo-ct Ojuantity used shall 
be sufficient to give a centre,st in ' celor ,which c~m. bo : recdily· dIstinguished. 
\VhePG throe field coats .of cluminum pr,int arc specified tho. secend. cee.t 
.shall be tinted. 

95.2BSU13LIMED BLUE LEAD PAINT FOR FIELD COATS ,- STRUCTURAL STEEL. 

Sub limGd Blue I.ec,d P igmGn t 
Sublimod Blue Leod ~stG 
ReI' .or Bolled Linseod Oil 
Turpont inc ' 
Drier ; :: . 

Pigment 
90 lb. 

. 4 gnl. 
1 . 

12' gals. 
2.,pts • . 

PD.stc 

· 100 lb. 
2-,-2/3 gal: • 
l~ gels. ~. 
2 pts. 

The pcndy mixed pUnt 'Rhen prepc.rcd by ol.tlwr Qf tho abeve methods 
:shall 'conkin 66 to 74% pigment ,ecnq, shall \~"igh no~" lbss thecn ")17~; peunds 
per gallon. . . . . . ' . 

95.29 GRAPHITE P.HtIT FOR SECOND FiELD COAT',,:"'STRUGTURALSTEEL. 

Graphite Pigment 
Rnw Linsoed ' Oil 
Turpent inc o.nd" ; Vela t 110 . Mutter 
Drior 
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Mn"imuin Minimum 

35 
70 
6 " 
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27 
65 
, 3, 
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95.30 WHITE LEAD PAINT FOR TIMBER. The priming coat for new timber. or 
for old timber on which the paint is in good condition (Designated "An) 
and the priming ~oa~ for old seasoned timber on which there is no paint 
and for timber on which the old paint is ·scaled or chalky so that the 
timber· is practically bare (Designated "B") shall be mixed as fol l o\7s: 

White lead in oil (90% pigment) 
Zinc oxide in oil (84% pigment 

.. . . .. 

.. .. .. .. 
Raw linseed oil ... . ........... .. .... . 
lJ:u.,rpent ine •••..•.......•..• " . .••... 
Drie r ..................... ' ......... . 
Weight per gallon .••••••••••••••••• 

"An 

80 lbs. 
20 lbs • 

4 gals; 
2 gals. 
1 pt. 

"B" 

· ... 80 Ibs . 
20 Ibs. 

· ..... 7 gals. 

· .... 1 pint. 

The s econd coat (and followine coats, where specified) for all timbe r 
paint, except gua rd fence and creosoted ttmber, shall be mixed as follows: 

Vlhi te lead in oil (90% pigment) •••• 
Zinc oxide i n oil (84% pigment) •••• 
Raw linseed oil .............................. ~ ' ..... . 
Drier .................................................. .. 
Weight per gallon . • •• •••• ••••••••••• 

80 Ibs. 
20 Ibs. 

5 gals. 
1 pt. 

Where specified t he prime coa t may be used con1'orming to the re'l,uire 
menta for "second coat." -

95.31 WHITE LEAD PAINT FOR GUARD FENCE. The prime coat shall conform to the 
~equiremonts for prime coats 1'01' timber as provided in parag?cph 95.30. 

The second coat for painting timber guard fenc e shall be mixed as herein 
specif'ied. 

The composition of the pigment, based on the dry weights of the ingre
dients, shall be as follows: 

White lead 
Zinc Oxide 

.' .............................................. .... ....... .... ... .. 

........ ........ ................................ . ................... 
Inert material ................................................ .. ' ." ............ .. 

The composition of the vehicle shall be as follo\7S: 

Raw linseed 
:Tdpan drier 
Turpentine 

oil ............................................................... 
................................................... .. oo . ............... .. 

........................................................................... 

65% to 70% 
20% t o 25~ 
10% to 15% 

~he paint shall be mixed using 60 to 65% pigment 
and weighing not less than~ __ ~ __ .,.pounds per gall~n. 

and '40 to . 35% vehicle, 

95.32 . ALUMINUM PAINT FOR CP.EOSGTED TThffiER. Aluminum paint· "for tImber Shall 
consist or a pigment · meeting the requirements of p·aragra:ph 95.11 and ,Ii vel}.lcle 
me~ting the requirements or paragraph 95.17·. The paint ·1'qr immediate use shalf 
be mixed in - the· proportion of 2t pounds of aluminum 'powder to 1 gallon of l ong 
oil ,spar .varnish and during use shall be kept ,thoro~hly stj.:rred. . 
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95~33 'CONTAINERS MID ·MARKING. All "paints s hnll be shippe!i 'in' strong, sub
st':mti'o::t ' cant-nncrs, . plainly llCrkc'd with .tlD. , \~eJ;gnt, 'ocilo;r D,hd vpl=, in 
gaHons; of the. poi pt . c<lnt ent ;:'& :t rue . :~t.".tenPnt of, tNe- · p arceritcgo col)lposi-

... tion·. df tho : Iiigl1P iit', ,tlD ,propor ticln..<> : 6fp:L@1ient to . vilhic:U,', :tho . . '!P-\1D .&nd 
,6d,dress of: "the ' nnnufoc.turer ·;,'Md ·tl13 ·"s. t,on'<:i l .p f ' .the· authorized inspecting 
:ngcnc-y; : .My f.tic~' lSe: o;~cont"i·ner :ilot· · rom:irked' Vlill "not be" accept e d for 

.: use .under tfu.s·e, s pic if"ic a tions ; 
" .", 

~ " . 95.34 CERTIF IED ANALYSIS." When, in too opinion of too DoparullCI).t. , it is 
no.t :feasible to .hD.v.G .-t·he ingredients nnnlized. and/. 3J7 the miiing ,T.i tnessod 
by the 'nuthorized .inspecting ,agency;. a "cort:lno d a nnl;ysis "ilr' be Gccept-

. ,.able in li(m tlDi'eo:f.: (Written pClmis~ion 1;0 m:~v q :il1Spectio~:.~ust be ob
·tqtl.Jed;) . ·Th:} mnnufu~turer o,f 0 o.ch . . brand '01' :pcin.t supmi tt,ed t:o;t" ac.c:op t ance 
uniler these. speci:fications shc.l l •. fi·l ·e· 17i't1i tID' Commission· a certificate 
of.aD.alysis . settrng forth the. trnde nnmb'or brnnd of paint to oefurnished 

,together ·"ith a facsimile copy thereo:f' e;'ld',, ' typic a l analysis sho.ving the 
.. pcrccntnge: of' cac·b- ,of tho c11omicn1. .c l e!!X'nt.s in the pigIOOnt vChicle: •.. :.,The 
"milhufacturor shall provid D:. thnt ·all ·piii'nt furnished und<: r thc'scrspedfi -

co t.ippssh·811 c'0ni' Otlli 'to; th.<3.' cortf·fi ed ·anal ys'is CS fi led and to. the. tstotc
m:mt ', 0;f" the ' various' pc~:c'cntages o:f the ingredi ont s on tho · recep.t(\c+~ ,or 
container. The certi.fi,ed nanlysis ' sh1ili .b,Q ,8V1cp;n :!ic. by <rpcr.::;qq jhQ.Y.:j:;ng 
legal authori ty to bind, the compony "by': his 'lets . . ." ' . , ' 

• • ' . : . . ' • • • .. • • • • • • • • . ' __ J 

95.35 SAMPLING AND 'TESTUU; 'B~io'l:'; milk '1:S 'conili!e'ric'e'd ·o';. t ·m : IlllnD,facture 
of , these paints,' trew,nufactu're'r' ?h:"il, p;lrmit: the authori.zed insj)3cting 
agency to secure,, 1'ej?resen't.ative· sample's or all pigoonts ,and vehicle.s to be 
used in such paints. The · rmnufaoturer · shall fl.lr'nish, ~o :sa~d: " ,au:tli'orized in
$pec1;ing ageI:>~'Y' .sudl ·.pe.rtinerit · datu as is necessary 'in order . '\D iden,ti fy 

: )he:.proj6ct, reci,uis it'i on , or !iest.ination of .t he paint togetter . ~~li: ·t,he 
sPecification paragraph number. or numb!,lrsapplicable and sha+l:"'give" 's'aid 
agency .. reasoD,.'" bloc .·notice· prio>:, to ;.begi nnil)B of any mixing .o.r peckagi ng. 

." . The nOli' oppearo!lceof 'aeid ' lnspect:Lngageii.cy t S r e present ut i.ve Will not be 
. "consideied us sufficient cnuse f .ol' pro.ceerling with ' the worl<;. ·Vli:t!iOlit·' proper 

... .. , inSjlection.: .· ,... .". .. . . .... ..... . . •. 

Pnints which on analysis show more . the·jl'li ,3 · pcr cent :v C:rbt~'on ;;iJn the 
pro'portion of any pi@t1ent-s or vehi·he frCill t he t ca lled for will be reject-
ed.", ·· ., .,", . . ;' : ".,', 

In te s tin g ']Xlint used under the se ' sJe,c.ific.-'ltions t l)~ .. t ·csts··shnll con-
form to the following :.' . . ', ' . " ' .•.. . . . , .. . ... ,'. , ', ., , .. ' . '. ' . ,': 

. . l·.~tJr~·t:n'~. 'o~: V{Q'ter' ~~·.~~i;t ~~~~·~e .. : bQt~rrnin[)tion of ,wator 1'1i th 
ani~l r.o agtJilt .. · .' . . , .' '." 

2 . Ruw Linseed, .on .. Me1l:1;1odS or: :t estirig pre scrib ed 'i,n;A .• S . T. M. 
Standard Snocificati6ii .for Raw Linse ed .Oil ,D234~28. ·: ... ':: .. ",,' . " 

3. Boiled .LinseedOi;L .•. ... Me.thod"· . of' . t·(is·t'i·rig . ,ll!:~l'cribq4;i.h ,A • . S. T. M. 
Standard SpccHientibh :f,,'r Boned. Mnsoed' oil' b260-2!3'J'. ,.: :. , .' 

. '; :: :;; ' : .' . c. ·4. · Deter!l>i.n(l.t.i~!), :,b:t·· .. V.o~u H~:l' , .O.~l~. · ~n:",{;'.1'i6;le -,', .:a.urel,l}L pf :S~ondnrds 
Misc. Pub '. No.,15; , -'P~' ~.49~. · :' "::.;: "(:. - ~ '_ i ..... , . .. .... :: .. : . .- ~. , r- ~ .. ~ . . ~,. /:.,! i~ . 

5. Long Oil Spar Varnish. ; Mtithqd.s ·' 'in' Bureau of., 'Stnndartis', 'Spe c; 
.... ,~:: .!iY)Jl~c.l .. T'l.':-ll.,;Un H&lP,.: ~l/ 1,9.3.1), .,.," '. ' .. " ,. ' ..... .. .. ..., . ,", '. 

" H ' ' ., .~.. . 5. Drier;t~ , Me.:\;l1.ods; in .B~en\l, of. ·St.ai{d~,.d.:s.'· : ...... S.p:l. q .• S.ymb. 6,YT, T . .,D ... ~5 ... 5.:.,.1,·' ·:.·. 
. (Mar. 31 ' .T931) .. ' . ' ' . . . ' . . ' 

, .. ! ; ' ~" ".' ?/"Re'd,' T,6n:d • . A • . S.·.T; M; : stimd~rd ·Ue1;hods· Routine <lUlulysfs: , rtr.r~ 
: -~ '..'. L:) ·:r:e~d ·. n49 .. ::29:·.·;;··;" .'; ~_. :- .- I ' " " , . ' " ~" . . : : .'. • .... ': '1J " ~: !'vx.: " " i. !j' ... . ~ 

,. 1.'., ' , ·8 .. · .. 'Wl:lite . "1Ii3hd);~ '··.' :A., .'S.,,~; .M; · St'aiidb.r~:· M~thods·' ROU:ttW'f'AndlY.~ ai6f.: '.': 
Whi tp Pi'gm,,.nt s D81.,.2·4. ', .. ,: .: . ,.:... ' . . ... :, . . ' .' .. ,, " . ' . : .. ' .' . .. 

. 9 • .. SUblimed Blue,J;'end . .. ·Shall lie mn.de in '"ccoroance lVith ,m,et.ho;d, of· 
. ' . ' •• • :. .I • •• ~ .... . \ ;" . .. 
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anc.lysis of pn.int mr,terirls, sub-committee Vlll A.S. T .M., Vol. 22, part 
1, and subsequent revisions thereto o.doptcd by tho Gocicty. 

10. Zinc Oxide. A.S.T.H. Sta!1dard Method of RO'-!tine Analysis of 
White Pigments D79-24. ' 

11. Gr'aphitG Pigment. Methods of tests prescribed in Bul-l'etin 
1216 (U. S. Department of Agr.) 

'1'he r eferences made above to the A. S. T. M.; Bureau of Stand2.rds 
and the U. S. Department of Agriculture shall be , Interpreted to mean , 
the I e-test subsequent r(iv lsions thereto. 

The No. 325 (44 micron) sieve referred to in this speCification is 
a woven rectangular mesh, wire : siav.:> having not less than 322 nor more 
than 327 meshes per lineal inch 'in either direction. Th<) nomiml. size 
of opening shall be ' .0017 inchos square and the size of wire shd 1 be 
.0014 inches diameter ',; , 

No sieve' is to ,be used' in the determination of the finenoss of the 
pigments for these puints which on examinatien under ('. 150 ' m('.gnification 
l ens in a microscope shows c,ny irregulC'-rity of wiru spn.cings in tho Illcsh 
or shows, ony noticec.ble 'amount' bf':vIGc.r on the sides' of tho wires'. ' 

95.;36 INSPECTION. The Contr8.ctor for these pc. ints shalJ 'alJ:ow "the: 'State 
Inspector free access to all p~,rts of his shops while vlOrk on thc:se:'p('.ints 
is being cnrriod out; also the Contl'2,ctor shnll give the Inspector eVeI'll 

"r :easonebl e f~. cility to enc.ble him to 1r;s~ro that these ,p('.ints c.r'b' ,being, 
Im:'.dc , in accordn.nce with this 'specl(ication. ,', ' . 

PAINTING ' 

95.37' DESCRIPTION., The 'pc.'inting of structures shell lncl,ude" unless oth· 
erwise' pr-ov;ided .in ,the contr.'c:ct, the propel' p,r epOoration 'Of "tl1e .. ,,surf;:,ces, 
the epplication'" !protpctlng' [lnd , drying of, tho ':pc,1.nt coo,-tlngs" the' ,pr,otect
ion of pvdestrian, vohicu12r, or other trnffic upon or undcrnea );h the br
idge structure, the protection of ull pcorts of the structure (superstruct
ure 'llild substructure) .Qge.inst disfigure<'lont by spetters, ,.splc.shes and smi
rches of pc.int , or of paint~ctoricls, and the supplying ,of : 8.1i~:;tpols, ' 
tncklo , scaffolding, l nbor, workmanship, p('.i!1t 'lIld r!lnterials neccssC:ry f or 
the entire vlork. , ' i:, 

95.38 WEATHER GONDITIONS. Prtint , shc. ll not be appliod whon th0 nir' ,tomper
('. tnre is below' 40.tiegroes Fehr onhcit (400 F.) or vihen tho cil' is .misty, or 
when, in the opinion of th3 Enginoor, condit ions 2.r~ otherv/ise unsatisfac 

. tory for tho vlork. ' It ,shOo11 not "be "'c.ppl1ed 'uppn ,camp . or :,frO,st.ed surfaces. 
Materinl pn'int'od' und0r cover in damp or cold \'J~rtther'''shull reinain 

unGer cove r until dry or un t il IVenthor conditi'Jns permit it'S 'exposure in 
the open . Painting in oplln yerds or upon er0ctEld structur e sho.ll not be , 
,done '~7hen tno riwt'cl his absorbud sufriciont hect ' to caus(fCtli:e p::i'nt: Ito 
b'lister nnd produce. c. porous p[(int film. ,,', ';"", ' " ,;;, i':, , (",,: 

9S.39 " NUMBii OF ' C6ATSJ~'ND'c(5LOR~ ' ·.All 'rl0\~ stru·ctur.·c.l 'st(iet ;vIQtk · ShC:f'l, un
l ess "other\;jisee'spcci'c.llY ' provide'd: 'upOrl th~ iheri's' :ot" i.'rF th6 ;liiitJci'f':r "pro
visions, be painted three coats of paint. Tho first coot is to b~ applied 
immedlet0ly Q.fter the Sup fabricctlon is comp10te llxcopt that , t ,ho .. i!},side 
of top chords f()1' trusses and luced l!lcmb"rs or inaccessible pires sno.l1 
bo painted b0fore ('.ssembling. Th0 second r,nd third cc::tts nre to b0 a'pp
lied efter nIl orectbn is complote, except thc.t itr'JIledietoly follo~inr; 
the field riveting of tho member s, tho he"ds of fie.ld rivets, enc'. nIl ab
rasions of the shop coat dUd t o hancling at the shop, shipmont, croction, 
etc., end all fielc! erection marks shall bo thoroughly covorod with one 

coutdof shoo paintiand permitted t o bocome thoroughly dry bef 8re the first 
rlel cont ~s appl ed . 
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'Unless ,otherwis,e provided upon the plans or in the special pro 
visions, all timber :including gU,ard ,r ,a11s, shall be given two coats of 
paint . " ' 

The coloro,f each succeeding c'oa't 'shaH' be.. :mffic.ientiy different 
from that proviously appUed to ' readily permit the':d.iscovcry"of an in

, complete application of the paint coat. , The '.c(:ilors of the ' coats 'shall 
" . 

, be ,determined by tile Engi neer. ' " '; 

115.40. SHOP CLEANI1U. All surf aces of inetal , to ,be p,aiflted ,shell be 
thor oughly cleaned from rust, l oose" mill , scale,' :<il.l:'t" o'r grease, nnd '111 
other foreign sUbstances. The removal ' o{ 'riist, s~ale;aJ?d dirt ' s):lall 
generally be done by' tho use of s nnd blast, metal' brushes'; scrape,rs, 
chisels, hammers" or other effeeti,ve mearis. , Oi:l; and gr,case mny be re
moved by the use of gaSOline ,or benzine • Bristle "or ,wood f :1bre brushes 
shall be used for removing 100sl'ldust, ' 

05.41. FIELD CLEANIID. When the eroctionwork ,is: complete including all 
riveting, straightening of bent metal, etc., all adhering 'rust, ,scal e, 

, dirt, grease, o,r other foreign mat'ter shall ,'be removed ,as spe,cifi e,d under 
shop cleani ng. , " " 

95.42. APPLI CATI ON . Painting shall be doll', in>a neat and worklrtru\like 
manner. Brushes, preferabl y, shal 'L:p!l, round or oval ' in shap'e;' but if 
1'l at brushes are, used they shall not',' ",xceed four inc,hes in width. 

The paint when applied shali ' be sO manipulated Under the ' brush, as 
to produce a uniform, even ' coa ting , ;,n 'close ' co~tact with 'the metal or 

'with previousl y applied paint, and shal l be worked into all corner s , nnd 
c r evic'es. ' ' 

On surfaces which are inaccess.ible to 'paiht 'brushes" the paint , shall 
be applied with sheepskin daubers specially bonstructod f8r ' the pur pose . 

Paint' shall be thorpughly ' stirred , preferably . by, means of ' mechanical 
mixers, before being removed from the ,cQ)ltoiners, '-'and ,to. \Ceep the ,p,igments 
i n suspension shall be kept stirred whilebciilg applied . 

If 1t is necessa.y in cool weathe'r to' 'tliinthe paint in or der that it 
shall spr ead mor e 1'reely, ,this sholl be donc "o'nlyby ,heating ,in hot TIotor 
or on steam radiators '~ , ' 

. 1;5 .43. SHOP PAI N'rINC';. When alltabricntion work is' coniplete ,cnd llt;ls been 
tentatively accepted as ' such"all surfaces ' not pointed before , asseinb'ling 

. ' . " , I 
shall be cleaned as provided in Par. 95.40 Cnd ,painted ·one coat of Red Lead 
shop pai nt con1'ornung' to' tho requiremonts or .these spociff~et'ioiis: ' Shippi ng 

. . .. "' ,' " . " . '.. .. '" . '. : ,e. 
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piecGs shall not be loaded for shipment until thoroughly dry. Bo paint 
ing sh311 be done after' loading materinl on CDrs. 

Erection mQrks for tte field identification of IIDnbers . shi:l 11 be 
pa in ted . upon previously painteo.,· surfaces'. 

With the exception of abutting chord mrl column splices, column 
end truss shoe bnses, machine finished surfnces shull,be cooted ns soon 
ns prnctic~ble ufter being nccept~d, wi th a hot mixture of "hite lcod 
and tallo>1 beforo removed from t te shop. SurfDces of iron .nnd steel 
cnstings millod for the purpose of removing .scal<;s, ..scnbs,. fins, .bliS 
tel's, or other surface d"i'ornmtions. shGll gcmrally be given the shop 
coat of ]X'.int. 

The canposition used fo.r co:oting mllchine finished rurfnces sh;:ll 
bo mixed in the follo\virig prop0:r'tions: 

4 Ibs. puro tallow. 
2 lbs. pUlB\vhitelelld. , 
1 qt pure linseed ai·l. . . \ :. 

, . ~ ~ 

95.4.j, FIELD PArnTING. As soon ns thc.field clenning. is dona t. oJ4~ 
sntisfnction of the Engiooer, the ' hQ"\ds offield rivets and be.lts .ruid 
any otlDr surfaces fran which the 'shop . cwt of paint h:ls beco'nB \iom, off 
or hets becomo ot terl'lise' derciptiv~, shD.il bo covered wi in on ~ c o";t ;of~ the 

SaJID pnint as used in tho shop. ' ' . .r .. ' . 

When tho pain t applied for "toqching up" rivet hellds Ilnd abraded 
surfaces has boc ane th oro ugh iy dry; tho first field c 0'1 t :my be applied. 
In no case shall a cJ>nt be~ppli8d,. un·til the p.lBvious cont h.'1s. dripd 
throughout the, fu.lrthicknoss 9f)hc peint film. ' 

Smell crClcks and cavities. which J::uve not been scaled in 11 mlter 
tight manner by the first field coat shall be fiiled wi. th red' .l ead. p,llste 
tafor" the second fieldco;o t is ' applied. 

95.45. MAINTENANCE PAINTING. Unless otterwise provided, mmntellllnce 
painting sh:ll l consist of the removal of the rust, scale, dead peint, 
dirt, greese or otter foreign metter from tte rootal rurts or portions or 
existing structures and the applicntion of pnint thereon in conformity 
wi th the generQl reQuiromcnts of those specifications. 

All rrotal surfaces not in clooo contact with othor lmtal surfac c's 
or with wooden fleor er truss menDers, concrete, stene =sonry, etc., 
sholl be considered as exposed to deteriorr:tion by rusting cnd shall be 
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thoroughly cleaned and painted theJ~)lmb'1r of· coats indi,cated in and made 
apart of the · contract: · ' . , 

Unless otherwise provided, metal after .being .c l eaned to the satisfac 
tion of the Engineer, shall bo painted" ,;,Hli at lea~t two coats , of ,paint. 

The requirements and methods Of proc.ecl,ure .for. maintenClnco, cleaning, 
and painti,ng sha1!i "bethe soin'e as ' specifi.ed for ,shop anci field : Pl'1inting. 

, . . . . ' . , ' 

Whenever ro'adway or ' sidewa lk pia'clci~ is l a;id too ~losely in c,ontac t 
with the metal ,to' 'permit free' access for propercleanillg: illld, pointing, the 
planks shnlleither be' removed or , shall' be , cl.\t to provide at least .a, one
inch clearance for that purpose. ' The removal or t he cutting of ,planks 
shall be cl,one as directed by the Engineer. All planks removed shall be 
satisfnctorily replaced and if broken or otherwise injured, to ~n extent 
rendering them unfit foi-' u~e,tJiey sha~l bo' r~neiv~dnt th~ expense of 'the 
Contrnctor. . ' .' 

95.46. REMOVAL OF IMPROPER PAINT; ' Allsurfacos conted wi th impure or 
= authorized paint or paint Ilppl~ed 'on stir:t'ac,os ;whieh show insufficient or 
improper cleaning shall be 'thOroughly cleaned ';,nd repainted to the s::tisfl!c
tion of the Engineer, at the expense or the .. Contr.(\c tor. The acceptt'nco of 
tho fabricated ' steel and paintii:)g by' the ,inspector shall not be p, bar to 
subsequent rejectio'n', ir fotUld d<;l!'ectivo . Sc'e:, par. 5,8 or', those 'specifica 
tions. Cleaning and repa'int1ngor: 9thor nQc,e,s'snrycorrections 'wil'l not be 
considered to consti tilte ' basis 'or claim ror ext.ension of contract : time. . . 

95.47. BASIS OF PAYME~~. Unless specific~llyst~to~ otherwise tho ' cost of 
all paint mnterials and the . applicnt i q.r(of "t ho :s olllO 'shali be included in 
the contract uilit pric'ebid per ' pouild . ot'st:ructura l steel, qr pe,r . M. F.B. M. 
or Timber; 'as the case may be , a s ,provi<\ed in,Othe peTtinent speci1'ic~ tions. 

Maintenance painting whe n not per,:t:oI:med by Btnte, Maintenance, ·force s 
shnll be contrhcted ror On n lump. sum 'basts .. 
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STA'l'E HIGH1VAY DEPARTMEnT. OF TEXAS 

ITEM 87. CORRUGATED GALVANIZED METAL PIPE. 
(Rev. A~t· ist, .' 1933) 

. .: '; ~" -' 

.. " ' .. 
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I ) 
1 .' 
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"' . . " 
(!fo.te: This item supe rsedes Item 92 of the specifications, 
approved Feb. 26, 1926, by the Ghief Engineer .. of the U • . S· •. · 
Bureau of Public Roao.sfor uSe ' of· ·the .State·· Highway Depart-
ment of Texas.) .. ' .' .' . 

1 
I 
1 
1 
'I 

'I 
1 
I 
1 
;1 
1 
;.1 

I 
, 

1 
I 

Carbon .' " 

. . 87.L DESCRIPTION. Corrut;atedGalvanized Metal Pipe shell .:coIlS.izt of 
furnishing alld p la.eirig corrugated' galvanized ·metEd . pipe conforming to 
these specifications . The pipe shall be 'furnished of the.sizes· and 
dimensionsJeq,p.red and shall be i !).stalled at such places as sho\ID on 

c. the.plans '01' as des iOlated l?:i tlie Enginee r "in accordance .\;ritll. these 
specifi.cations·, and in' conformi ty 'with the lines and grades . given. 

:", 

,> 

87 .2~ BASE METAL. Corrugated' metai pipe culverts shall be fabricated 
from corrugated galvD.ilized sheets'; >·the base metal of which shall be made 
by t.."e· open hearth process. The base·'me·to.l sho.ll conform to some one of 
t he follol1ing ' chGmiccd requirelLents.: 

0" • 

Element.s 
, ~ . 

Te.ble I 

Chemcal composition by l adle analysis 
(Position of base metals does not 

.~. ________ ~i7n~d~ic~a~te~p~r~e~f~e~r~e~n~c~e~) ____ ~~ __ 

Pure 
.. iron 

Copper' : Copper: Copper Copper~ 
:Br.P.I. Iron : MoTy Ir.: Steel 

. : 

Tolerance 
by check 
e.nL'.lysi s 

of 
finishod 

sheets 

Manganese 
Phosphorus, MaX. % 
Sulphur,llBx. %. 
Silicon . 

.015 

.040 
.015 
.040 . 

.015 

.040 
.015 .: 
. 040 ' .050 ., .010 

Copper ,lAin. % 
MolYbdenum, Min. % 

.20 .20 .40 .20 .02 
: .05 

Sum of first 5 elements 
M<>x.%-. ' .10 .25 .25 .70 .04 
Sum of first 6 elements 
Max. % ,10 : .. .04 

( 
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87.3. RIVET.S. All rivets sha1.i be of the same materi al as : the base metal 
specifi.ed for the corrugated sheets. They shall be thoroughly galvanized 
or .sherardized'. 

87.4. :' sPELTEll, ·COA,TING. Weight of Spelter Coating. The .Base metal 
sheets shaU ',be ga,lyanized 'on both sides by the hot-dip process, after. 
which t llese sheets may 'be sheared to proper sizes. Sheets perforated 
for drainage shall be galvanized after drainage perforatioI)s have been 
punched. A coating of prime western spelter or equal .shall be applied at 
the rate of not less than 2' ounces per square foot of double exposed sur
face. If the average spelter coating ; 'as determined f rom the required 
samples, is less than 2 ounc es of spelter per square foot, or if a ny one 

(8/1/33) 



specimen is less 'tmm" 1'<'80 6unc'e;;· of 'sp'slt'e;
surface, the lot semp1ed shall be . r .ejected. 
of first class commercial quality, free from 
bli sters, f·l ux, and 'linco'ated ·sP9"ts •. 

per sq . . ft. of double exposed 
The finished shee ts shall be 
injurious dafects, such as 

87.5. MILL AND FACTORY INSPECTION. If the engineer so a1ects, he may 
have . the' material inspected' and semp1ad in the rolling mi1~ or in the 
shop 'where ·fabricat"d. H" may requira from the mill, the .chemical 
-analysis ·of any heat. The inspection, either in the mill or in the shop, 
shall be made under the direction of the Engineer. The Engineer or his 
representative, shall have free access to the mill or shop for inspec
tion, 8.'ld every: facUi ty shall be Gxtanded to him for this purpose. Any 
material' or pipe' which has been previously rejected at the mill or shop 
and included in a · later lot, wi11 ,be considered sufficient caUSG for the 
reject,ion of tho entira lot. 

087..6. SfU.lPLING. Chemical analysis of the base met.,.l of the fin~shed 
sheet, when required, may be made of the samples taken for weight of 
'spe1 tar coating. test. For tes.ting. coating of sheets .before f,ab .r,icating, 
sainp1e' strip about 3 inches wide, shall , be c.ut crosswise or diagonally 

. across the sheet, the full width', from one sheet of each lot of · the same 
identification symbol. From this strip 'and along the newly sheared edge 
samples at inches square or equivalent area sha1~ be cut from the middle 
and near each end. For testin~coating of fabricated culverts at least 
one sample 2t inches square , or eq¢valen~ area shall be se1ect~d f,E0!l!.._, .. _ .. 
each 20 culverts ·of .. a; shi.pment., "provided that not less than three samples, 
each from a different ·sec'.tion, shall. repre'sent 'any one shipment. 

- . .. . ,....:.. . ;~ . 

"87.7. ANALYSIS OF FINISHED SHEET. ?/hen not otherwise provided, ., c.hemica1 C"" 
'analys"is, When requ1:red, 'shall 'be made' in accordance with the methods of 
,the Americail' Socleti .fo'r .T .. e ·s:tin'g .Ma,t'erfals i Serial Designation A 33-24. 
No lot of metal shall b'e rejected for ~ompositionoFbase metaJ. 'untiT'" . 
after 'a, check has been made in any case .. in which the analysis of the base'. ; .. ' 
metal ',is in d1 sput " , the question may be ruferred to an umpire chem~~.t · 

mutually satisfactory to bo.th partie·s ·,· whose .decision shalT· 'QB·.cP'l6;ide:red .,. ·.r 

.. final~ The co·st of .lab"oratory check tests shal:1 be paid by th:e , S,t€;te ·:.fo:r "'-': 
all cU:1verts accepted under these specifications, and for all culvert!?:" ... . -,. 

' rejected the costs ·of tasts shall be borne by the Contractor. . ,':"! ,' . .,': '.: ::; 
, .. . ,,' ;;-.[\)\-'--, ; ,~.,.-: 

87.8. ' TESTS FOR SPELTER COATIN.G. The t est s for weight of · spelter . ~oating . 
shall be made ·as ddscr-ibdd in "Tentattva Standard Specifications for Hi~.,. "',., 
way l!:aterio.1s and Methods of Sempling aI)d Testing", T-65" adqpt.e<!: .p. Y.: 'i.t~e, .::.t:-c 
Ainarican Association of: State Highway Offic'±a1s, with subsequent revision . .. , . 

-'. • .. .J 

87.9. ACCEPTED BRANDS OF METAL. No l"etal will be accepted tinder" thT'S'" 
5.::.' c. 'specification and no ·bids ·wHl;b·e :con.sider.ed·for ·.thE! :mat~ria~s .. ab,ove 
'." .described · until after .. the,- .sheet .. man.ufact·ur,E!r ';!l" .cert if,ied: ~a~;v;~i s and 

manufacturer's guarantee have been passed 'upon by ~h~ . . ])ngj,nee,r an,d 
acceptad. Misbranding or other misrepresentation, and non-uniformi ty of 

.' ,pro.d1iC.t : vli 11 "achbe .ptln.s5.d·"r;ed "ra sw:t:'j,c i e>;l- ti' .• . ~.~on 'r tJ:)"" '~<\l;~c o~ HI!W' the 
~." J'~.!aCceptance of ·any brand: .unde.r. f'thJs. specif,i.c",tioIl" , Wl,d . I!Q:ti.c~ :; I1 .. "'Ili! to the 

.. , '"Sheet man:ufacturer .of. the .. discQntinuanc.e ·of 4cceptanc,e .of , any brand will 
be . .considered ·.to be·. notic:e t ·o, B:llculyert. ,,e:oll)panies . \Vhich ;hand1e. ,that , 

:,.' "'. p:,"rt icUJ.;ar .b rand. ·The ,.kind, .of ·,base.· metal ,WhiCh,' it ·i s pro po ~e.d 'll'~ furni sh C' 
, .jsnall be . designat·ed by .. :the. bi·ddeu.·.· One Q,rand " and .one brand .,only;, shall ) 
,.' ... :. be ·. approvedfordiach,:kind. o:f-baseAmet:al :furn~shElq. ·,by ,_e!j.Ch ;of . ~h@:'actual 

C"; 'manufacturer.s of;r.the ·; sheets;:": :, 'c-' ' . r.:: .... .. ,," ": 
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87.10. SHEET MANUFACTURER'S CER'rIFIED ANAI.YSIS, The-'manufll.eturer-of , 
each brand shall file witll the Engineer a certificate. set ting forth .the- . _.' 
name or· brand of metal tQ be furnished und typical analysis showing the 
percentage .of carbon, manganese, phosphorus, sulphur, silicon and copper; 
'alSo ' molybdenum, when pro,vtded ' fo'f "uD.'der ',tlie"Partic'ul:ar kirid .of base 
metal. The certificate sliall be·sworn · to ' for -- tho> ·manUfacturer 'by a person 
having legal authority to ,bind ' the company . ',' , 

87.11. SHEET Mk'ruFACTUBER'S GUARANTEE. The manufacturer of the sheets 
shall s.ubmit with .the certified analysis a guarantee prov:.iding_that all 
metal furnished shall ,conform ,to the certified analysis filed, shall 
bear a sui table identification brand or mark, and shall .b e replaced wi th
out cos t to the P1¥Chaser when not i,n conformity wi tli Iile . spec if~e.d !l.l!!lly
sis, 'gauge, or spelter coating; and the guarahtee shall be so wo,rded 'as 
to remain in· effect so lon'g as' the .manufacturer continues ,to ' furnish 'mate
rial. 

87.12 .. I:P~TD'ICATION .. , ~o .2ulver~s will be:!!-Ccepted unless ~l)e metal is 
identified by a stamp on each section showing -

.First. Name of sheet manufac·turer 
Second. Na;n~ pi:~ :;r;~d 'and kind of base metal 
Third. Gauge number 
Fourth. Weight .of , spelter coating .. 
Fifth. ', Identific·ation :symbols;' (1) heat "number 

(2) pot, number 

The identification brands shall be placed on the sheets by the manufactur
"ers of the sheets ': in such:· .e:. 'way ,that· when rol:l:ed . into"'cUlverts .' such 
identification shall appear on the outside of .' each .section of each pipe. 
Pipe having any sections not so stamped shall be promptly rejected. 
The kind of base metal ' ~)i;nLbe designated independently of the brand or 
trade mark so as to claarly identify the base metal furnished with one of 
the "Kinds of ,Base Metal" enumerated in Tablci 1. TliEl..':aesignation of the 
"Kind of Base !.letal" may be accomp1isbed by pl:a.cing on· the ' sheets the ' 
initials .of, the exact ,name, of. the base .. metal "given in, Table"l, .:as follows: 

PI for pure .. iron; ,CBPJ ' !:or C'opper,,,bearing pure iron; 'CI"for copper 
iron; CMI for cop,?er molybdenum iron; ar:d CS for coppe~ .stee~. 

'87.13. CORRUGATIONS. Corrugations shall 
,'·more than' 2-3/4 ,: inches "center , to center, 

depth of not less '. than 1/2 cinch '. 

not be '.less than 2i.' inches nor 
The :corrugations ,shall have a 

'~ ~'" .. ' '~ '. 

87.14. PERFORATED PIPE. Perforations ,shal1 :be approximately.:l;/4 inch in 
diamet'er after galvanizing, punched li inch centers lengthwise in the sheet 
so as to be in inside ridges of all but th e end :,corrtiga:tiims';;b::t'- each cul
vert section. The number of longitudinal rows of perforations ~all con
form to the following table: 

Diameter No. of rows of holes 

8 8 
10 B 
12 10 
15 10 
18 15 
21 15 
24 20 
30 20 
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· 87.15; ' . GAUGE 'DETERM!'NATION~'ANQ,,..-rqLERANCE. ... ,~tl,. ga'Jl:ge' .. ·.o.f ·)~u1.~.~it sheets 
· shail . be. · ·d.6t~m:lzied , 1Iy J"ei.m 1; " oiily_,!, The gauge. j'(~~ght :·toler§lIlce,s, which 
' are, the ;Iame a 's" indicate.d in,' Table , II 1. of A. S·.T ,.140 :, Spec. ,A,93-:27 , shall 
be as indicated below." ... 

'.,'~ , 

<:i:. l 

"h . ' ''1" 
}{. . 
~! 
\: 

\ 
i 

( 
I 
I 
I 

, . .. ' 

Permi ssiple. ·'l'olerances · in Weights . of : ; . 
" , Gauge ' rangEl ' , Sheets, 'Plus .or ~,inus, ,L,1 P.ercentag." 

__ ~ __ '-,,---,-_____ . ..:...-.;...~.:..' -,o~f~TheoreticalWeight( 1) , 
,Gauge range 

, l'1~lght of sheet'i. :All,: 'of ·one ,, 'gauge 
__ ~o~~'-'._p~e.!:r....!!.s9.g.!.._'fut.!.·. ____ }and si'ze in 

.. Single. 
• , . packages 

Singl;'il ,,!. ,G~lvanized 

Sheuts .. J- ·sheet. gauge No . 
,: ' Not lighter 

1. ' 

: .. ' 

. ~; . 

,! '" 

Not less than shipment (2) 

"'~' . 

(1) 

(2) 

. . ,than 
, :: .. ~. ':' . 

42.5 5.0 ' . 7.0 . ' 10·;0 ' ,: , 16 

" 

: : 

References . are ·to 'gross ',.weight·s ,of bUndred material and to net 
. weights of crated 'an,Lboxed mllterial.If the minimum or maximum 
"only be 'ordered 'double tolerance is ' to lie taken on permissible 
sice·. . . 

.' 
All 'oione ' gauge and ;, sizeilL 'shipment sliall ·. apply to 10t··s ·:of not 
less · th8.n 6;600 lb. . .. ' ', ' , . . ' 

.. .. , .. 
;(. . . ,FABRICATION . , , 

. ,', '". \, . .' .:' ' 
• . ! . 

87 .• '16. SHAPE; Cubterts' , fUrnished under . this . specH,ication 'shall be of 
·the . full circle ;' 'riveted :type, 'wi'tll lap ,joint eonstllUction, and shall be 
-perforated ,men spedifie~h.b*"the · Engi'ne,e,r . . APar,t .'clrcle ·cul1l.erts, with 
or witlioutflat bottom, or ' full . circle culverts 'of the ,nes'ta"o'le knock
down . type; may .be .speci·fied ~f,o, r special . requirements). : 

, ' . .. . .' 
.... . ; '.... ; '~ ; ' , . • • : • A 01 • [:. ; • .:. 

87.17. DIMENSIONS AND 'WEIGHTS. :, The length of 'sheets, widtilsof laps, 
gauges, and computed . ·wei:ght:s ' per -lineal foot . of the finished .culverts, 

· shall · be cas ',spec,iiied ' in ' the ,.folTowing .. table "'" ·The .. dimens'ions. '.,gi ven for 
diameter of' pipe are nominal. The a.vera.ge ",w'elght perlineal ·,fo.ot of a 
finished culvert, exclusive of, erid finish, shall 'not "uilderrun ' the com
puted weight specif~ed , by .more than five 'per c ent .• 

' .. -_ ..... -. -' . 
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: Length ' lviinim'\lIll Galvanized: , Computed weight per : 'Coimecfing 
Nominal ' ' :of sheet ' width sheet : , linear foot of fin- : bal'lds 
diameter! :before of lap, 1dnimum i~hed cUlvert exclu-~ ' galvanized 
inches 

8 
10 
12 
15 
18 
21 
24 
30 
36 ' 
42* 
48* 

x- -
54 

60 
66 

72 
78 

:'84 : ' 

:fonning, inches : gauge sive of end fbish, ' : sheet, gauge 
: inches : number pounds No. ( or heavier) 

. : ~ 

1"'-2B* 16 . 7.3 , 16 ' 
2 ' ~ " 

35 : 1- 16 9.0 16 2 
41 11. 16 : 10.5 16 e 
5Wc 11 16 12.9 ' 16 2 ? . 
60 V· 16 15.3 16 
69t, f 16 17.7 16 e I" 
80 2 14 25.2 16 
98 2 14 30.9 16 

117 2 12 51.0 14 
137 3 12 59.5 14 
156 3 12 61Lo 14 

- - - - - - -
1-80 3 12 77.8 14 
1- 98 .. , 
2-98 3 10 108.9 12 
1-98 3 10 120.6 12 
1- 117 . 

" 
2..:117 3 10 r30.4 : ' 12 

' : 1-117 3 8 172.8 12 
1-137 

, 2-137 3 8 185.2 12 

* Two sheetS ' lI)ay be used by allowing ' sufffc ient total "sheet lengths to 
provide for an additional standard lap. " " 

X .. Sizes below dotted line are to be used only in special cases. 
," 

All culverts 48" diameter under fills of 25 ft. or more, and all 
culverts of 54" diameter or larger mder any heights of fill are to be 
strutt'ed as provided in Par. 87~25. 

87.18. RIVETS AND RIVETING. Rivets shall be of the following diameters 
for the gahges spec iried: 

'No. 16 gauge material - 5/16" 
No. 14 " " - 5/16" 
No. 12 " ..11 • , - 3/8" 

:No, 10 " if 3/8'" 
No. 8 ,Il " " - : 3/8" 

-

All rivets shall be driven cold -in c,smh a.: manller that the plates 
shall be drawn tightly together · thro\lghout :, the,:, entire lap. The,center of 
no rivet shall be closer than twice ·.its "diameter from the edge of th" 
metal. All rivets shall have neat .. workmanlike, and full hemispherical 
heads or heads of a fonn acceptable to' the: Engineer , shall be driven l7ith
out bending, and shall completely" fill . the hole. Longitudinal seams shall 
be riveted with one rivet in the vaHey ' of each full corrugation. The 
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lcing~ t~in.a.J,' se.3lllS of all pipe 4i2 
do-uple riv.e,te,'i." C'l,rcuiIlferentl.al, 
ri~et spaeingoI 6 incbes, ' a~cept 
12 'in"l,l pipe. ' , , ',' , 

. . . , ' ,. " 

inches' or more in diamet,er shali be 
shop- riveted, :seams shall have a, maximum " 
that six r<ivets \<ill be s~fi,cient in " 

:.f , 

87;19. NET LENGTH OF CULVERT plPE. The length of culvert speci{ied snaU" 
be the net length of 'ohe fL1ished culvert which does not include ,any mate
rial used, to procure' an end finish on the pipe. , If the average ~eficiency 
in length of any shipment of pipe is greater than 1 per ce,lt, the shipment 
shall be rejected • . ' " 

8,7.20, LENGTHS OF SECTIONS. All pipe 'shaH be furnished in the lengths, 
ordered, ~xcept thl:\t' pipe for cUlverts twenty- six feet or more i11 length 
lJ!8.y be furnished in. s',ections not less ' tllan twelve , feet in length;. For ship
,ments invplving less than carlo'ad lots, the'se requirements may be modified 
to allow ,shipping lengths to cO'nfonn to' most economical railway :tarifi regu
lations~ 

87.21. END FIlnSH. The inlet :and outlet 0'£ all culverts fabric:ated of 16 
or 14 gauge sheets '~hall be re~nforced in a manner approved by the Engineer, 
when specified. " 

87.22. COUPLING BAtIDS. Fiel d joints shall be made with b".1ds of the same 
'base metal as the culverts and, shall be not less ,than ,7" wide ,for diameters 
of 8" to,30" inclusive' 12" baJ.lds for culv~rts with diameters , 36" to 48" . ", ' . . . 
inclllSive and 24" b~.J:lds for culverts with diruneters 54" to 84" inclusivo 

_ _ , except !7:,Clre field riveting is: specified. 'Such bD.nds shall b" sO construct
ed D.S to lup 'on an 'equal portion"' 'Or-each of the...culvt;.r.t .s:cc.t~.ons ,to _ b.e 

, c-cimiected, but 311al1 be connecte,d at the ends by galvanized engles havihg 
~engths equal to full wid,th of band, OOvil1g minimUm dimensions of 2" by 2" 
by 3/16" spread to a 980 angle. The 7" ba,nds 1'!hould ,have' ,a't least two 
'gal:V8-'1ized bolts not less than 1/2" by ~il. ' The' 12'" bands st,ould have 
thr ee, 8-').d the 24" band have five, 1/2'" 'by ~" ,bolts. ': Othe r equally 
effective ,methods of connectLlg coupling ba,ilds ,m';'Y be used if approved by 
tl1e Engineer. 

87.23. '.70F.KhA..'fSEIP. It is the'essen.;:e of , these , 'specificatio;1s toot in 
addition to compliance wi th the detail.s ,of. constructiO:l the conpleted. pipe 
shall S11O\7 careful, finished workma.ils:i ip'in all particulars . . ,Culvert pipe 
on whic:h the spelter coating has been bruised or ,bro)i:eh ei t:her in the shop 
or in shipping, or which .shows defective workmanship, shall be rejected. 
This rtlquireme'1t a;ppli'es not' only to t h e bdividual pipe, but to the ship
ment on an:,' contract ,as a mole. Among otners; ,' the follo\7inr; defccts are 
specified as CO:1stituting poor worl::manship, =d' :tll\l presance of allY or all 
of them in any bdividual culvert pip" orin genor,al in any shipment sho.ll 
constitute sufficient cause for rejection; 

", 

:. ... 
. ' ;' 

. !,. 
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1. Unevon laps. " , ', ' . 
2. El.'l.~pticcl s),;>ping; - . , ' ,',' 
3. , ,Variation from D. s'trc.i'ght cenferline • 
. 4. .R4gged or. diugonc.l · shc0-:l'G¢i. odgos". 
5. Looso, ·'unovpnly·. lined,·or spo.cod ;riv9ts. 
,6. Poorly. ,Iorm<ld riv.:Jt hep,ds. ' 
7, Unfinished ends. 
8. Illegible brc'-'1d. 
9. Loci: of rigidity. 

• \ • .' 
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Bruised , ,scaled., or' bro}:en spelter c'oatIng. 
Dents or b(1nds i ,n the me'te.l itsel:f. 

87.24. FIELD' INSPECTION AND .ACCEPT.il.i1CE. The field i'nspection shall be 
made ·by the 'Engineer who sha1 i be furaished by the 'seller wi th an i t em
ized statement of the . sizes ·and lengths of culvert pipe in each' shipment. 
This inspection shall include 8.21 exanillation of the .culvert pipe for 
deficiencies fn l engt:'.ls of sheets used, nominal s-pecified diameter, net 
length of fi"ished culvert pipe, and any evidence of poor 170rkmanship as 
outlined above. The inspection may i nclude the taking of samples for 
chemical a.'1alysis and determination of weight or spelter coating . The 
inspcc',;ion Sllall be mad" ? romptly upon the arrival of the material, and 
the State Highway Department shall be responsible for any demurrage which 
accrues on account of the neglect to malee proper inspection after receiv
ing 48 hours notice of t:,e arrival of shipment. The pi pe making up the 
shipment shall fully meet the requirement s of the se specifications, and 
if 25 pel' cent of the p ipe in ally shipment fails to meet these require
!!lents, the entire 'shipment mt'Y ,be rejected . 

87,25. INSTALLA.TIOlii. The pipe shall be so placed that the outside laps 
of circumferential joints point upstream and with the longitudinal laps 
on the sides. When it is necessary or advisable to use band couplers, 
the (lifferent sections of pipe shall be securely fastened toge t he r before 
placing the pipe in the trench. III general, the mi.nimum cover, 'measured 
from t.'1e cro l'm of finished roadl7ay surface to shell of pipe, shall be as 
follows: 

Dia. of Pipe. Inches Min. Cover, Inches 

Up to 48 18 I ncluding Paving Slabs 
54 to 60 24 " " II 

66 to 72 30 II II . II 

78 to 84 36 II " II 

~ere culverts are required t o be strutted the vertical diameter 
should be increased by forcing the pi pe out of r ound five (5) per cent 
of the nominal diameter. Timbers necessary for retaining t he culvert 
in this position shall i nc lude soft !i!aterial f or compression ce.ps and 
shall be furnished and. p laced by the Contl'acto r wi thout addi tional 
compensation. Pipe s shall be strutted in accorda.'1ce with t he detal.ls 
shown on the plans. 

87.26. AS'i'HALT DIPPED PIPE. Where specified on t~"le. p la.'1s , corrugated 
galz8.llized metal culvert pipe &lall, after fabrication at the p l8.llt 
before shipment, be submerged in a bath of suit able asphalt pipe coat
ing, aRproved by the Engineer, maintained at a te4>perature of from 400 
to 500 Fahrenheit , and the pipe shall be kept in such ba.th until 
attaining the Bame temperature. It shall then be thoroughly.drained in 
en inclined position until cool. The quality and character of the 
asphaltic coating and the met;lod of application s118.11 be such t llC.t the 
coating on the pipe shall be tO~l and pliable and shall adhere firmly 
to the spelter. Abrasions and spots where coating is removed in 
handling during Shipment 8.lld installation shall be retouched with same 
grade of asphalt as original coating properly heated. 
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87.;27. MEASURE¥ENT AND PA'[iENT. payment wj,H be made at the contract 
uni t prill.es .bid pe.r lineal foot fo.p th~ several sizes of "Corrugated 
Galva.niZ'ed Metal Pipe" or "Asphalt Dipped Corrugated Galvanized l!etal 
Pipe" .as the case may be, me,,~ured 90mplete in .place, whi.ch ·price shall 
befuUc.ompensation for f"QIIlishtng, hauling and installing the pipe and 

.band 'couplers, for preparing sub-foundations and' backfilling,. and for 
all material, equipmant, tools, labor, and incidenta.ls, but shall not be 
payment .tor excavation ,nor for concrete or masonry he·adwall~. 
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STATE EIGh""1'lAY DEPARTMENT OF 'rEX.AS 
(l';'J.r. 24, 1933) 

SPECIAL ITEi.(. BIT"UUUrOUs PAvED IllvERT CORRUGATED GAL" . .unZED 

METAL PIPE (PAT~JTED) 

1. DESC::UPTlOi~. Bituminous Paved Invert Corrugated Galvanized Het"l Fine sections 
shall be furni shed a.nd installed in accordance to the sizes and dimensioi1s a.t the 
locatIons indicated on the "plans a nd in confonni ty wi th the lines 3.nd gr.o.dEOs given. 
The pi.pe may be used only as an alternate to other ty-pes of non-"patented me.t'crials. 

2. MATERIALS. Bituminous paved invert corrugated galva'lized metal 1?ipe shall conform 
to the reouirements of Item 87, Corrugated Galvanized Petal Piue, for mat 8ri als ,. ma\ID
facture, galvanizing, fabrication, testing a;od inspection and shall be coated for at 
least tile lower half with a bituminous material, of such characteristics ~ud a;1alysis 
as to meet the requirements as herein specified; thi s !TIS. torial to be aP:9li eel i;1 such 
manner 'cllat one or I:lore smooth pavements shall be fonned in the lowest Dortion of the 
invert. Each :9avement shall be of such width that the thickness above the c"est of 
the corn:ga-cion, measured at the middle of the paveme,1t shall be at l east o:.lo-eig'hth 
(1/8) of a>1 inch. The bituminous coating sl:all aiL'1ere to the metal tenaciously and 
shall not c:li:9 off in hano.ling, shall not lose its stability when subjected. 'GO the 
highest SUYillne r teml)erature and shall be im"ger: ious to moisture. 

3. T::;STS. Tb.e tenaci ty of a iLherence of the conti.ng shall be indicated by t:,e 
succes sful l1i thsta:lding of a steel ball 21;' i!lches in diameter, vleighi.ng 1. 57 'Jounds 
dropped from a height of 7·b.· feet through a v ertical tube of 2il;: inch inside diameter, 
u"9on the oU"cside crest of a coated. ccrrlJ.gatioll of a ful l rou:nd , ri",eted sectj.on of 
culvert ;1i"ge. This shall be conducted Vii th the sT)ecimen a t a tem'Jera.ture ·Jf 500 F. 
Failure of the coa.ting on the inside of the culvert Dipe, as i .!ldicc\ted by the spalline: 
from the metal or the fonnation of cracks longer than. one-half (1/2) i"ch from the 
point of impact, shall be considered sufficient cause for rejection. 

The loss of stability when sub.jected to high SUlnmer temnerature is i.l1.f..ic?ted by 
its withstanding the follo\Ving test. 

Parallel lines shall be dra·.m along t he crest of t~,e corrugations and 'che speci
men place" on end in a consta!lt t emperature ov en "i th the line of the corrugati.ons 
horizontal. 1'::1e temuerature of the sT.>ecimen shal l be maintained wi t;'l;.n 20 F. of 
t5o°::!'. for a ueriod ~f four hours. At the end of this tLue no part of any li"e shall 
have dro")ped ~ore than one- quarter (1/4) inch. 

The imperviousness to mo i sture shall be deterrained by the fo llowi ne; test : 
A 25~solution of sulp..huric acid, or a 25~ solution of sod.hull :',ydroxide, or a 

satura'Ged salt solution (sodium chloride) shall be ule.ceo. in a valley of a coated 
corrugation for a period of forty-eight (48 ) liours,· during whi ch time no loosening or 
separati.on of the coating from the galvanizing shall have taken pIc\ce . 

4. COHSTRUCTION METHODS. l,lethods of Construction shall be in acco"dance wi th 
Par. 87.25 of tbe speCifications for "Corrugated Galvanized If.etal Piue." 

5. MEASUR::::·; :ENT X!D PAYMSl'JT. Payment will be made at the contract uni t 'or ice bid per 
lineal foot for the several sizes of "Bituminous ?aved InvGrt Corn,gated j,ietsl Pipe", 
measured COlIl'91ete in "Olace, whic..":l price S!lall be full corn,!ensation for fu.rn).::;11ing, 
hauli;}/!: aC1d installing the p ipe ao1d band couolers, for Dreparing sub-fou116.!3.tions and 
bac"::filling , and for all material, equi'JIlle!1t, tools, labor, a,old incid.entals but shall 
not be pa:ilnent for excavation nor for concrete or masonry headwalls. 
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STATE liJGh'WAY DEPBThlENT OF TEXAS 

Revised 11/13/33 

ITEM 85. REINFORCED CONCRETE PIPE CULV3RTS. 

(Note: Effective February I, 1931, t!lis item supersedes 
Item 90 of the specifications appro.ved Feb. 26, 1926.) 

85.1. DESCRIPTION. Reinforced Concrete Pipe Culverts shall pro
vide fo r the ,furnishing and placing of extra strength or ,standard 
concrete pipe manufactured and placed as provided in thes e specif ica
tions: of the sizes and to the lines and gr ades as s;10wn on the plans, 
or as altered by the En?,ineer. , 

85.2. li.ATERIALS. The l1l2.terials u sed in the constr"J.ct;,on of the 
pipe shall co~ly with the following requirements : ' 

Portland , Cement shall m~et the require~ents of the current 
Standard Specifications and Tests for Portland Cer.lent of the .A..nerican 
Society for Testing i.\aterials . as provided in the pertinent specifi
cations of this Department. 

Reinforcement may consist of wire which laee ts the require-: 
' ments of the current Specifications for Cold-Drawn Steel , l,1ire for 

Concrete ReinforceI!1ent of the American ' Soci ety fo r 'resting l-'.a.terials, 
or of bars which meet the requi rements of ' t he curre!lt Standa rd 
Specifications for Billet - Steel Concr 8te Reinforcement Bars of the 
American SOCiety for Testing Materials. 

Fine aggregate shall consist of sand , stone screenings, or 
other inert materials with similar characteristics, or a combina tion 
the reof, having clean, hard, strong, durable , uncoated grains and 
free f rom unjurious amounts of dus t, l umps, soft or flaky particles, 
shale, aIF-ali, organic matter, loam ,or other deleterious substances. 
Fine aggregate s£13.11 be well graded and shall pas s at ' i.nch screen. 

Coarse aggregate Shilll consist of crushed stone, gravel, o'r 
other approved inert materials with similar characteristics, or com
binations thereof, having clean, hard, strong, durable, uncqated 
particles, free from injurious amounts of soft, friable, thin, elongated 
or laminated pieces, alkali, organic or other deleterious matter. 
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'i'he water used in mixing morta r or concre t e shall be free 
from oil, acids, alkalies, and vegetable matter and shall be 
rea sonably clear. Under no circumstances shall sea water be used. 

85'0' COMPOSITIOll. The C'oricrete si1all be . . il.-:mixture composed of 
not less than one (1) part Portland Cement, two (2) parts fine 
aggregate and not more than four (4) uarts coarse aggregate, with 
water mixed in '-such .proportions .. as wiil produce a homogeneous 
concrete mixture of such ' quality that the c'(increte will meet the 
test and des'ign requireoents, qerein specified. A one (1) to two 
(2) mortar is requ; red, buj{ -."tlje coarse aggregate Il)8.Y be decreased 
in order to get the desired workability. 

85.4'. ' PIPE. Concrete pipe shall be cast ' in sec tt .ons, th,e,.lengths 
of which ~hall be as herein specified or shown on plans. ' When no 
particular length is . specified, . the pi'pes 'shall be manufactured in 
standard lengths of not le'sa than three .(3) feet, nor. more than 
six (6) feet. . 

The'sections of the pi,pe , shall be . smooth <i.ad .str!)ight with a 
true circular cross section arid the ends of the pipe shall be 

perpendicular to the longi tudinal a.."ds. The pipe shall not be 
patched after being removed from the ' fonns and shall be free from 
fractures 'or cra.cks passing through the shell, except that an end 
craCk that does not exceed the depth of , the joint, or a fracture 
t :·.at at its deepest point does not 'exceed the depth·.of the ,joint 
nor extend more'. than ten per cent (10%) around the circumference 
shall not be considered cause lor rejection unless .. these defects 
.occur in more tha..'1 five p",r cent (5~~) of t he » i p einspected. It 
sh a11 be free from surface rp\lf;h ness a nd· defec t s which indicate 

. imperfect mixing and molding. a,l1d shall produce a clear metallic 
ring when stood on end and tapped ><:i th a ; light .h ammer. The diar.Jeter 
or nominal size shall refer to inside diameter, which shall be uniform 
in 'all directions.. Variations of t h e internal diameter shall not ex
ceed one and one-half (l~) 'Jer cent nor shall the S'-hell thickness be 
less than that specified"by ··more . t h an ' f ive (5%) per cent a t any point. 

The joints shall be of t~1e lock tyPe, bell and spigot, tongue 
and 'groove, . or ot2er type. appr 'oved by: the En;<;ineer,. and shall be 
self centering when laid so that the Dip e 'will make a continuous 
condui t with a smooth and uniform interior surf ace. 

(8 \'&) 
The pipe shap not abs6rb 'mqi-sture' in excess of eight -per cent 
of i ts .dry we~ght • . ' , ' 

When a single line of reinforcement is us·ed, .i.t shall be placed 
in the center of the pipe shell. When two lines of reinforcement are 
used, one s:1all be placed near t :1e in,1er and one near the outer surface 
of the pipe. When a single line of elliptical reinforcement is used 
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in circular pipe it shall be placed near the inner surface at the 
"top" and "bottom" of the p ipe and near the outer surface at the 
sides. Each line of circumferentfal reinf orcement shall be assembled 
into a cage which shall have sufficient longitudinal bars or members, 
extending through the barrel of the pipe to afford rigidity and main
tain the reinforcement in exact shape and correct position within 
the f6nn. The'reinforcement shall be lallped not less than forty 
(40) diameters or, if welded, the .joints' shall develop tile full 
strength of the reinforcement. The spacing center to center of 
adjacent rings of circumferential reinforcement in a cage ~~all not 
exceed four inches (4") up to and including pipe thirty-six inches 
(36") in diameter. The bell shall have a circumferential rein
forcement equal in uni t area to that of a single line Vii thin the 
barrel of the pipe. Variation in the position of the reinforce-
ment cages shall · not exceed one- fourth (t) inch from the position 
provided in the design, nor s~~ll the cover on the reinforcement be 
less than three-:ourths (~)ind{" ii't any pOint. 

85.5. STRENGTH. Concrete pipe shall be ·manufactured in -sUch manner, 
. wi th such worlonanship, and of a conroosi ti.on of materials of such 
quality that samples taken .from 'the" ma..'Illfactured pipe shall show a 
load su:w>orting capaci ty per lineal foot of pipe, when initill-l ·. c,\a,9~-,'" 

. ing occnrs not less than .~l!a't . given in the following table. -Samples , . 
shall be s.elected and t .ested as p,escribed in the "u. S. Depar,tment 
of Agriculture BUlletin No. 1215; II ' .. . ..... ,.' 

Size of 
p' .. l.pe 

12" 
15" 
18" , 
24" 
30" 
36"', ' .. : 

.. 
Size of 
. Pip~ . :', : 

·12"-
15" 
18" 
24" 
30" 
36" 
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Extra Strength Reinforced 
, " 'Concrete Culvert Pille 

3 Edge Bearine: Sand Beari!!€; 
Cracki·ng Ultimate , . . Cracking Ultimate 

Load' . Load : . Load Load 
3,200 4,000 4,800 6,OOG 
3,600 5,000 5,400 7,500 
4,000 6,000 6 ,000 .9,000 
4,400 8,009 6 ,600 12,000 
5,000 iO;000 7;500 15,000 

~ , ,~ 

6.000 . 12,000 9,000 18,000 

' :, ',.' . Standa.rd ·.Jl.einforced 
.. Concrete CtiiVert 1'ill'e 

. ~ .. ,. ~ .~ .. " .-

3 Edge BeD,ring Sand Beari!!€; 
Cracf!-ng : .. : .. ;Ul timate : Cracj¢ng . Ul timate 

Load. ,. Load ,· ... : Load . ; ... ~ Load 
1,,1:;00 .·" 2;090,' . , :2 ',400 3,000 
1,800 2,500 . 2,700 3,750 
2,000 3,000 3,000 4,500 
2,200 4,000 3,300 6,000 
2,500 5 ,000 3,750 7,500 
3,000 6,000 4,500,. 9,000 
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Extra Strength Reinforced Concrete , CulveTt Pipe" 
. .r. -. ' . ' ,", 

For 

Uniform Load ,-of 4,000 F01111ds 'Per Square Foot.' Ultimate COm:" 
' :9res'sive Strength of , Concrete;' 2,750 Po'UndsJ'er ,Square ' 

" Inch 
(fe ': l,0301bs') ' 

, FOR lLlt:m !·iAJ)E PIPE 
' . : 

Hun. Di s t. Center :' ' ,", Mi nimum Area of Ci rcular Reinforce-
': ' :Reinforcement to "':ment Square 'Inches pe';" "Line~'Foot 

, :" - : C6lfrpi'essive "Siirfaee" :' : " ::of Pipe : ,'" 
.- ' " : : " ' in " InclteS ' ,,: ,:, ::Colii ' Drawn Steel , : BiHc\lt-,;Steel Hard and 

Internal" : Minimum: ' :Wire .- , : Intennedi'a;te Grades 
Di'ameter"{Thick- : " , ,, ' :'f s' ;: :27;5<X#. ' sq;'i n. :rs =20;,oOo: lbs. sq. in. 

( 

of Pi:pE{~ ':!n~ss ":of: ., .~. -,.~. (>. 'J :', ""!. ~~ . .:- "- : .' . '.' . 
in : shell :Elliptical: " "- ;e,', :Elliptical ' =; ' ",:, ,:Elliptical ( 

Inches in: Circular : Reinforce- : Circ\llar :Reinforce-: Circular :Reinforce- ,/ 
.. ,, ' ---, ~ Inches , : ,:aeil!fo.rc~~ment_tn:_ .. ;Re~nforce- :ment..in" " _: Reirrl:orce-,. :ment in 

:ment 'in "r- :Cfrcw:a:r ':' : riieiit in : Circular :ment in : Circular 
:Circmlar,':Pipe:, &: r ," :Circular , :Pin e & ' ,' :Circular :Pipe & Ci-r-
:Pipe .,-"' ;",::C1r!!lllar , ' :Pipe , , :Cir . .Rein- , ' :Pfpe :cular Rein-
:: ' :'''-';::,Rel nforce-':'' -:: ' :forcement ', :, :forcement in : : 

'. <, ~m.in,till.: ':in Ellipti":': : Elliptical 
"':'Enlptical: " :,cal ',pfp:e : Pipe 

-, . . -.. .. ~ 

~\ £'Pipe . . • .- 'J •. r . :: 
1 Line .13 
1 " .17 
1 " ,.20 
1 " .27 
1 " .33 
1 u .33 
1 II .40 

- , ' ,, - , 
(: '" '. , ....... I . ', I ... ~', e , .~ • •• 

. . : :f..:";:J _~ ._.'~' .,j~,; ::~:;.' _ .{:~ ',''', 

1- 174" : ': ,1-1/2 :'1 ,Line .n: 1,Lin s .09:':1 Line .15: 
1-3/8: 1- 3/4 :1' II ' .15:!', ' II ; . 12: 1 II .21: 

' l - 5/8'J':':: , '?-1!8 , : 1:':, 11 :: : .18: 1. ·: ,1' :; , ' .14: l ' II .26: 
' 2 _,.,.:",!j·~L2-,,7/8.,'. :1 ;· 11, , .26:. L ,c" :~;: .19: , l , 11 .3.7: 
2-1/4: 3-5/8 H " II .36: 1- ' II •• 23: 1 II .51: 

,3-5!8 _: .... 3-5{8 ... ,,, :2 "ea .23.:, 1 II .23: 2 :",,!~, ea.33: 
4-3!8': : ' "'4f,,/j,/S- , -', ,:: 2 II II .28: 1 II .28: 2 II ".40: 

122..1/2; 
15 2-3/4: 
18 : ~1/8: 

, ,24 ,:,! , .,.3-; .7./ 8:, . 
30 4-5/8: 

, :30". . 4-,5/[3,; . 
36 5-3/8: 

·:· :::-· .· .. ·~)yt~. __ .. __ . ~: ... , I ~~ ' " ... ~ .:~.- " .. - .. ~ '.: .~ .. , 

", .", ,:Wh:eri';,loii4ed to the'; c!ra.cking IGad:,; ': as" shown i;ii" the above table, 
,_ '" , ~ .. :-':"c .. ::~ ~,-:, .,tp-ere"sha,jJ.9;i'ia.no ,~crack.j:nLthe" 1?arr'el-§6:iL.pipe _wij;h-B. _,surface width 

, , :,,"' , of one-hundredth inch~ "(0C;>()I !') or more" f b,r fa iel)gtli '~ of one foot' (1') 
or more .. ':~):-f' ,_, f •. ~ \ ' ,' " 

. • ' ~l," :, 
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EXTRA STRENGTH 'REINFORCED 'CONCl:Th'TE CULVER,+" PU'E 

For . 

' Uniform Load of'4,OOO Pounds Per Square Foot. Ultimate Com-

pressive Strength of Concrete, 4,750 Pounds Per Square Inch 

FOR MA.CHINE HADE PIPE 

: Min. Dist. Center : . llinimum Area- of Circular 
.. ' : . J ·:Reinforcement . to ' . : Reinforcement Si:J:uar.e Inches Per Lineal 
. '-" : : : Compressive· Surface Foot ~of Pipe " : 

•. . ,' .-... : ... . 1.- ...... .... in .. Inches .' .:. Cold Drawn Steel W~re : . :Billet Steel 'Hard 
Int'E;~'J::l!.inimum:'Circu:;lar : ' ': f; =27,500 ·.1'bs. sq. in.'.: and Intermediate 
Diamet'er:Thiclmess:Reinf'orce-:Elliutical . : Grades ": ,'.(k 

'o"f f'i.pe· "f of' Shell ':ment in' : Reinfo1:ce-' • . ; : fs = '20,00.' . . ~.[j., '~S. 
·· .... ih · .;. ,. : ' " ·i)1 ·:Circular :ment . in ......... . . ·:·sg· • . ·.in. v 

Incb'~·s:· .:' ;Inches :Pipe ' : Circular Pipe:' :EIlf'ptical: " : Elliptical 
. "'''' : . : ' : and: C1.rculax' · :·Ci rctilar : Reinforc&-':' .. : : Relnf-orce-

" ' : ' .. . : Reinforce;." " :Rei'liforc~merit:in- ' !,;: Circ:uiar :m:ent in 
• :nientin :men1; tIi : Circular :lieiriforce-: Circular 

:Elliptical:'Circular :Pi:O€l ' and: ' ·:ment in :Pipe and 
':Pipe ' :'Pipe : ' :Cir~lar" : Circular . :Circular : 

. • . . ,; : Reinforce- :Piue : Reinforce-

:.~ ... ,,~: ..• :.... .. ~~.: .-.. ." 
: '.' .. . 

" , l<!. , . : .:: 2 ~ · .. '1 
" Hi " C ' ~2:"1/4 ' : '1:::f:j-8 ' . 

18 ::;' 2:-'1/2 : 1~1/4 ' '. : 
24 :" 3 . : 1~.lj2' : 
30 : . '~J:12' ' : 1'-314 . : 

::'':!- 30 ;: : : '3-:1/2 . ·: ' .. '~ll2 '"",:, . 
36 4 3 : . 

465~5 

1-1/4 
1",1/2 . 
2 
2:-1/2, .. 

. 2-'1/2 . 
3 

:me.nt in • . :'llent in 
:Elliptical: :~JJptical 
: Pipe • . :Piue 

. . :. ; . 

:1 Line.14: :1 Line .19: . 
.:'1 . 1' ,i " .19:1 i, · ',17:1 " ' .. . 26:1" II ' .24 
:1'" .·24:1 \I .21:1 " .34:;1."'; " .29 
:1 ," .35:1 " . '27:1 ,.. .50: :.; .. " .39 
:1 ,n . • 47:1 !' . • 3~. :1 ,II .66:' ". \I .48 
:;'2 . i,!'.ea. 34: L . -".ea; 34 . :1. ~ .!'.ea;·. 48; :L:i.!' . __ • 48 
: 2 II "". 4i : l ' \I "'.41 .• 57: . II .57 



Standard Reinforced Concrete Culvert Pipe 

' .... For 

Uniform Load of 2,000 Pounds Per Square Foot. UHiruate Com
-oressi ve Strength of Concret.e, 4 ',000 Pounds Per Square 

Inch 
(fc = 1,500 lil8.) 

:T0R bAC!':DlE HADE PIPE 

. :,' 

, 

H!:in. ·. Di st. :,.Center . . : . J.Iinimum Axea· of .. Cir,e;uJa. r Reinforc'e-
:.Reinfo!'ceIl!~n.t ,to ment Square Inch,esver Lineal Foot 

( 

:. :Compressive SUrface: __ .....,o~f...,EP,;;i~p~e.;.,. ,:.: .. ;,;"':.,.,.--'-:,....,--=-,.-,,-,-_~--::-:::::--:-_-:-__ 
: . in InCl.~e·s ". : Cold Drawn " St"ee~l ' . · ~ : .3i l"let S ·~ee] . Hard,(apd 

Internal:i,iininrum: :Wire .:bterme<iid:te Grad~,S 
Diameter,:Thick- : :fs = 27.5~, 'sq: in:!::r; = 20','000. ibs.sq~" ill,. 
of Pipe ,,:ness .of: . .. . . . ~-'-, .-. .' ( 
" in' ~ '· ':shEilf : . ;::EIlliptical:, ; , . ,:E,U,ip '(lCal , : . '.' ,:Elliptical 
Inches;. ;ih : Cir=lar . , : 3.ei,nforce- : Ci rcular ' : %i,nforce- : Ci rcular: :aei,J'orce:" 

".;. : . 

,... ;.. 

. . <.. . .. -. .. •. . .,." . 
" : Inch!1.B .. : geinfp.,ce-.,:ment.' in .. , .. : Rei nf.o rce- :r,lent In : 1le,i nforce- :,"ent in 

• . :me;1t:.i :n: Circular :rnent in : Circular :went in : Circular 
: Circular ::pi '9,e& ' : :Circu~ar :Pip.e 3: : Circl',lar :Pip e & Cir-
:Pine: Ci rcular : Pi pe : ,Cir.. Rein- ' : Pipe ; cule.r 1lein-

- :c~einfo~ce-: ':f'o'rcernent : fo rcement :tn' 

12 · 1-3/4 1/8 
15' 2, . 1 , 
111 · :2-1/4 1 l/S 

. 24· 2-5/S 1 1/4 
30 ' -:3 . 11/2 
30 . '3 :' '2 
36 ,": 3 31s:' 2 3/S 

:rqent in' · ;in :!J.liIJti':"i ::El}.iptical 
,:Elliptical: :cal Pi',)e :Pipe 
:Pi pe • 

:1 
:1 

1, 1/4 :1 
1 5/S :'1 
2 :1 ' 
2 . ' :2 
2 3/8 :2 

Line ;08: 

" .11 : 

" .1'1:1 

" .21:1 

" . 2~n 
"eo. ..... 21:1 

" " :26:1 

.. .. . ,,--

. :1 :Line ';1:1: ' 
: 1 , " .1,5: , 

Line ~.' 12 ::1 " . ,.19:1 Lin,e .;17 
".i7 : 1 ,, ' ': .: ~O: 1 ,,'. , .,;a3 
II . ,21:1 ' " .3'8:1 " .... • 29 
" , .:'21, :: 2 . "ea.,. ;:l'9: 1 " ': :' .29 
". 26 2 II )i ' '''6 1 " "" .36 • , : , 00':> : 

, 

I ,,~~ 
'1, 

r '. ~ 

I 
I 
I 
I 
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I 
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I 
I 
I 

•• 
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I 
I 
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STANDARD REHlFORCED CQrJCRErE CUL":':RT PIPE 

For 

Uniform Load of 2,000 Pounds Per Square Foot. Ultimate Com

pressive Strength of '.Ooncrete, 2,750 Pounds 'Per SqUate . Inch 

(fc = 1,030 Ibs.) 
FOR IillID 1iADE FIFF. 

Min. Dist. Center 
Reinf~rcement to 
Compressive Surfa.ce 

in Inches 
. : 

Internal: lliniirmm : Circular 

. ' ' 

, ilinirnum Area. of 'Circular 
:Reinforcement Square 'Inches per Lineal 
: Foo t of Pipe 

. 
: Cold Drawn Steel Wire:Billet Steel Hard 

:Elliptical:fs _27,500 Ibs.sq. ,i'~iand · Intermediate 
( ... Diameter: Thick- : Reinforce-: Reinforce- : Grades 

of Pipe :ness of :ment in :ment in :is = 20,000 Ibs.sqin. 

l 

in , :Shell in:Circular :Circular Pipe: __ ~ ____________ ~~~ ____ +-____ ~~~~~ 
Inches" Inches :Pipe : a.'ld ·Circul~r : Circular : Elliptical: :Elliptical 

, 

12 2 1 
15 2 1/4 1 1/13 
18 2 1/2 1 1/4 
24 3 1 1/2 
30 3 1/2 1 3/4 
30 :i\ 1/2 : 2 1/2 
36 .. *. 4 3 

: 

4659-7 

: Reinforce- :Reinforce- : Reinfo r ce.. ': :Rei tifo rc€-
:mont in :ment in :ment . iI)" ~ mcnt in 
: Ellipti,cal :,Circular · :Circula, .:.C1rC,?-lar : Circular 
:Pipe ,:Pipe : Pipe' and ,.:.Reinforce...: Pipe and 

:1 
1 1/4 :1 
1 1/2 :1. 
2 :1 
,il 1/2 :1 
2 1/2 :2 
3"" , .. :2 

Line , 
II 

II 

II 

II 

: Circular ·:ment . in : Ci rcular 
:Reinforce-:Circular :Reinforce-
. t" .'0' • t1'n .men 1n ' , 1P~ . . men 
: Elliptical : :Elliptica l 
: Pipe , : Pipe 

, ' , 
.07 : :1 
.09 :1 Line .08:i 
.12 :1 II , .10:1 
,17:1 II .1:3:1 
,23:1 II ,17:1 

Line 
' II 

II 

II 

II 

.09: 

.13:1 

.17.:1 

.25:1 

.32:1 

Line. 12 
" .14 
" .19 
II .23 

"ea,',17: 1 " .17:2 "ea •. 23:1 II ~ 23 
II II . '20:1 II .20:2 II II .28:1 II .28 

" 
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85.S. MABKIliTG. Eaell section of pipe shall be cle2.rly marked with 
the 'following data: ... " 

( 
I 

' (a) Date ' of manufactu,re; 

(b) The class of, pipe. shall be indicated by an "X" for eXGra I 
strength pipe. 

(c) The name or trade-mark of the manufacturer. 

85.7. T3S"'S. 'me manufacturer shall provide at the pl'ace of man
ufactUre satisfactory testing'eauipment <'nd f'acUities to enable 

, the---:Blngineer to' carI'Y out the' :test here'J.n provided for. , 
.~ . 

'me Engineer shall be en~itled , to, test ,a number of pipe equal 
. to t'w'o , 'petcent(2~) of tl'iEi 'IlUmber ordered but not to exceed five (5) 
pieces 'o'f ' a;ny .one siz,e. "':i:pe :for testing :shall; be sele'cted 'at ,random 
by, the 'Engineer from the ' stock of 'pipe aV'ail:able. for the work; , .In' 
,case. of a failure of not more 'than, one ' specimen , out of 'ea.ell :[i v,a 
,Se4-ect'ed:, J;roll\ "each si;;,8 , as" above, the Contta:cto:r shall 'be' enti tJ.ed 
toa retest ' on :t.wo :(2) like specimen~ ,for each specimen that' :f.ai:led. 
'.-be pipe shall be, acceptable only when al~ ,a,f these retest specimens 
meet the tes ,t requi:rement,s.' ' No further ' retest shall be permitted. 
:::he 'p~pe shall be ,testect oiily 'after it, nas' b.een allowed t,o age not 
le~s 'thali. fourteen '(14) 'days. ' 

'Pipe shall b,e considered ,ready for shipment at such age 'as ' 
they, riteet· ·the t"e:st ,:requi-remenlls or vihen tests "of the teSt specimens 
indicatir- :t!18:t, ,t'l:te ,ooncrete haS' attained the specified strength. " ' 

, <»es:t 'specim:enS' of thEi concrete consis,ting,,()f six inc;:h ..1lY " ' 
twelve inch (S"xI2") cylinders molded "a,,-id cas\: in accordance with 
the 'practice of the ,S,tate ''Hi~'rway Department shall;, when tested at 
,the age of ,twentY-'eig.1).t (28 ) days, develop an average compressive 
,strength of. 'not ' less "t.!lan three thousand (3000) pounds :per square 
. inch. " . . 

In 'addi tion to the ahove' :specif1e'd tests the pipe :will be ' 
subject ,to inspectioii. at a ll -times prior to placing. The ui ue will ' 
be subject to rejection tl:l1;'ough failur,e to. co.mo.ly wi ~h :the aqove or 
any of the fol l owing conditions: 

(1;) Where the permissible variations are exceeded; 
' ,'-," 

Fractures or cracks passing .through. the body or bell. . " : 

Failure ', to give a: , clear ringing sound "'hen tapped wi th ii' 
lightl:iammer. 

(4) Exposure or misplacement of the reinforcement. 

4659-8 
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(5) Incomplete or improper mixing of concrete. 

(6) Porous spots on ei ther inside or outside of pipe. 

(7) Unauthorized patching. 

85.8. INSTALLATION. The trench shall be excavate~ to fit the curve 
of the body of the pipes and holes for bells shall be dug if necessary. 
~e pipes shall be laid carefully to line and grade in the trench. 
Joints shall be properly grouted and connections between sections of 
'Dips shall be at least as strong as the body of the pipe. No pipe 
shall be laid wMch is cracked, checked, spalled or damaged, but- all 
such sections of pipe must be permanently removed from the work. 
Nothing but fine material, free from large stones, shall be placed 
around and about the pipe, and. all material placed around the pipe 
shall be thoroughly tamped in place with a thin iron tamping bar. 

85.9. HEADWALLS. The ends of pipe culverts shall be prot ected by 
concrete headwalls as shown on the plans. 

85.10. MEASUlIEMENT AND PAYMENT. Reinforced con'crete pipe for culverts 
shall be paid for at the ,contract unit price bid per lineal foot of the 
several sizes of "Extra Strength Reinforced Concrete Pipe" or "Standard 
Reinforced Concrete Pipe" as the case may be, measured compl ete in 
place, whi ch price shall be full compensation for furnishing, hauling 
and installing t~e pipe, for preparation of bed and for all material, 
equipment, tool s, labor and incidentals necessary to complete the work. 
The excavation and backfill of the trench will be measured and paid 
for as provided in the pertinent specifications for "Structural 
Excavation". Concrete headwalls sh8.11 be paid for as elsewhere provided. 

4659-9 (Rev. 11- 13-33) 
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STATE HIGHlYAY DEPARTMENT : m' TEXAS .", 

Revis ed 11-13- ~)3 

SPECIAL ITEM , VITRI FI ED GLAYPIPE CULVERTS. 
" . " 

DESCRIPTION, 'VHrified Clay Pipe Culverts shall provide for the furnish
ing and placing of doub le strength or triple streneth vitrified c lay pi pe 
meeting the r e tjuiremil,nts of these speci ficati ons and of thesiees an>i to 
the lines and g;-adc s:: shown on the plans" or ",5 alte r ed by the Engineer. ' 

MATERIALS. Vitrified c lay pipe shall lie of the'bell, or hUD and spi got 
t ype and shall' be s elf-cent ering when laid so that ' the pi pe wi ll ~e a 
continuous conduit wi toll a' smooth and uniform interior, surface , " It' shall 
be made in seCtions the lengths of which shall..be as shown in the plans " , 
or as herein specifi,ed. 'When no particular lenGth of s ecti on ' is specifi'(1d 
the pipe shall be man ufac tur<3d in standard l ,engLs of not less th,an tro (2) 
feClt nor more th= six (6) feet. ' " 

,The pipe shall be of the first quality, strai ght; sound and' th~roughly 
and perfectly burned and wi thout wa rps , cracks or other imperfections . " It 
shall be round and true to form and the el,ds or' the pipe shall be perpendic~ 
ular to the long'-t~db,al axis. It shall be fUl l y and ' smoothly salt-glazed 
OVer, the entire inner and outer surfaces, except the,t the inside of the hub 
or bell (L'ld the o';1tside of the spigot may b<3 unglazed for two-thirds (2/3) 
of the depth of the hub, On all other porti o~s ,of tho pi pe the glazing 
shall complet<31y cover &"ld form D.Il integrcl part of t he body of the p ipe . 
The inside of hub,'and outside of the ,. spi got smll bil scorad i n three (3) .. , 
parallel lines ez:tending completely around the circumferences, The 'pipe . 
shall be manufactured at a sUitable ' temperature t o s ecure a t ough, vitreous 
material which , .,hen broken, shall show a dans a solid body wi thout detri ': 
mental cracks or l ami nations. It shall be of such to,'ghness that it may be 
cut with a chis<31 and hammer, and shall give a true mutallic ring when st ruck 
with a light hammer. The nominal si ze sl'ClcifiaQ slid l refer to the insi de 
dirunct or; Var iations of the. ins ide' diamat,, !, sh<'.ll. not oxce0d two (2%) per
cent, no r ' shall the shell t hickness bo l ess th','.ll spec ifi ed b y more th"" five 
(5%) percen t ~,t eny po i n t. 

The maximum average ebso?ptioa by the Standa rd 30il i np, Test 
exceed eight (8)6 ) percent of the dry weight of the pipe classification. 
pipe will be classifiedar.d paid for as "Vitrified Cl ay Pipe" (Double St 
an.d "Vitrified Clay Pipe " (Triple Strength ) . 

STRENGTH. Vitrified clay pipe shall be manufactured in such manner and I'1Ork
manship and of materials of such quality t hat samples ' taken from t he Il'.anu
factur ed pipe shall show a load supportL1g capacity in pounds pe r linenl foot 
of pipe . when initicl cracking occurs, not less t!k'1Il that given in , the follow
i ng table . Srunples sik'1l1 be selected and tested ~',s prescribed i n the "U. S. 

" ,Department of A.:;ricul ture Bulletin No. 1216." 
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Size Double Strength Vitrified Clay Triple Streng~h Vitrified Cl ay 
of 8ulvert Pine Culvert Pine 

Pine 3 Edge Bear ing Sand Bearing ~ 3 Edge Bearing Sand Bearing 

'. 
8" 1200 . 1800 1800 2700 r 

10 " 1200 - ' 1800 1800 2700 
12 " 1200 1800 'r ],800 2700 
15" 1500 2250 2250 3375 
18" 1800 2700 . , 2700 4050 
21 " 2100 3150 3150 ,4725 
,24" 2400 . , 3600 3600 : 5400 
27" 2700 40!50 ,- 4050 6075 
30" 3000 4500 ' .•. .,: MOO 6750 
33" 3300 4950 " ,4950 7425 
36" 3600 5400 5400 8100 

DIMENSIONS. The minimum requirements ,for vitrified clay' ,culvert pipe shall 
comply with the f ollowing . 

· ' 'Double ' Strength Vitrified ' Triple Strength Vitrified 
Si ze Clay Culvert Pine .. : - Clay Culvert Pine 
of ,. Minimum Minimum Minimum Minimum ,Minimum Minimum 

Pipe :Thickness : 'Dept h of ,Diameter : Thickness . Depth of, Diameter 
:of Shen :in! Hub in . ": Length in : 'of , Shell :in':' Hub iIi : -Length in 

Inches: ' Inch3~ I nches Feet . ' Incll.)!J Inches : 'Feet 
, ' 

: 
8 11/16 2 1/2 2 7/8 2 1/2 2 

.10 7/8 2 1/2 ': " 2 1 1 / 16 2 1/2 - , 2 
12 · 1 2, 1/2 2 11/4 2 '1/2 : 2 
15 I' 1/4 i il/2 '2 1 9/.16 2 1/2 

' .. 2 ' : 
18 1 1/2 . 3 .' 2, 1 7 / 8 3 ' . 2 . , 
21 1 3/4 3 2 2 3 / 16 ' 3 2 
24 2 3 Z . 2 -l/2 3 ,2 
27 2 1/4 3 1/2 '. 2 1 /2 2 13/16 3 1/2 2 1 /2 
30 2 1/2 3 1/2 2 1/2 ' 3 1/6 ' . 3 1/2 ' 2 1/2 
33 2 3/4 4 ' 2 1/2 , 3 7/1e, ': 4 " ' 2 1/2 
36 · 3 4 2 li2 3 3 L4 ' , : . 4 2 lL2 

TESTS. The 'manufac turer 'shall provide at the place of ' manufacture sati-slactory 
testing equipment and facili ties to 'enable the Engineer to carry out the t ests 
herein ,provided for. 

The Engineer shall be entitled to t es t ~ number 'of pipe ',~qu41 to two (2%) 
percent of t)1e number ordered b:ut not : t i;>, exce0,d f~i;e (5) :plcc~s :of any OUO 
si 'ze. Pipe for testing shall be selec;:t'ed 'at ' rapd()m -bY" the , En~neer ' from the 
stock vf pipe available for the work. , In cas e of ' a faUure of mOX,e ~han one 
specimen" out of each five sele,cted 'from each ,csize la:s~ e.15ove ; " tbe ' Cont'ractor shall 
be enttUe'd to ' ;' 're test on two (2)U'ke s'peciniims :f~r ('~a.ch :sp~'cfm~~ t hat' failud. 
Tha p:,j:le 'srU"ll be acceptabl o ' onl y when' all ' or thes3 cret .:i'st s'p3c'im0ns ' Oc'et the 
test rbquir8Jnents. No fm'ther r e test s,hall be pCITnittod~ ' ,'" 

f 

" 
( 

( 

In addi tion to the above tests the 'p ipe"will be-:sUpject' to ' inspec t ion at (, ' 
all times prior to placing. The pipe will be subject to rejection ,,through 
f ailure to "omply with the, above or any of the foll o\7ing conditions: ,, ' 
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(1) Variation in any dimensions exceeding the 'germissible variations 
given. 

(2) "ractures or cracks passing through tl-e body or hub, except that 
a single crack at either end of the pipe not exceeding two (2) inches in 
length or a single fracture in the socket not exceeding three (3) inches 
in width or two (2) inches in length will not be deemed cause for rejection 
unless these defects exist in more than five (5) percent of the entire ship
ment or delivery. 

(3) Blisters where the glazing is broken, or which exceed three (3) 
inches in d.iameter, or which project more than one eighth (1/8) inch above 
the surface. 

(4) Laminations which indicate extended voids in t),e pipe material. 

(5) Fire cracks or hair cracks sufficient to impair t he strength, 
durability, or serviceability of the pipe. 

(6) Glaze which does not fully cover a~d protect all parts of the 
shell and ends,other than those excepted above, or which is not of the 
first quality. 

(7) Failure to give a clear ringing sound when tapped with a light 
hammer. 

(8) Insecure attachment or fitting of branches or spurs. 

INSTALLATION. The trench shall be excavated to fit the curve of the body 
of the pipes and holes for hubs or bells shall be dug if necessary. The 
pipes shall be laid carefully to line and grade in the trench wi th the bell 
end upstream. Joints shall be properly grouted and connections between 
sections of pipe shall beat least as strong as the body of the pipe. No 
pipe shall be l aid which does not meet the requirements herein before stated 
but all rejected pipe must be permanently removed from the work. Nothing 
but fine material, free from large stones, shall be placed around and about 
the nipe, and all material placed around the pipe shall be thoroughly tamped 
in place with a thin iron tamping bar. In ~eneral, the minimum cover, 
measured from the crown of finished roadway surface to shell of pipe shall 
not be less than one (1) foot or one-half the nominal diameter of the pipe. 

HEADWALLS. The ends of nipe culverts shall be protected by concrete head
walIs when and as shown on the plans. 

.. .MEA.SUm~MENT AND PAYMENT. Vi trifi ed clay pipe for culverts shall be paid for 
at the contract unit price bid per lineal foot of the several sizes of 
"Vi trified Clay Pipe (Double Strength)" and "Vi trified Clay Pipe (Triple 
Strength)" as the case may be measured complete in place, which price shall 
be full compensation for furnishing, hauling and 'installing the pipe, for 
preparation of bed and for all material, equinment, tools, . labor and 
incidentals necessary to complete the work. The excavation and backfill of 
the trench will be measured and paid for as provided in pertinent specifi
cations for "Structural Excavation". Concrete headwalls shall be paid for 
as elsewhere provided • 
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I Ti;')f. 106 .i·lAME PLATES, MTJ!!A'U'..ERS. 
, ' .Revi sed 11/13/33 

Name' Plates and Markers 'shall nrovide 
,for furnishing and placing llame -olatns en bridges, an" markers at 
:the begil),dng ,,¥,d ei\d ef pre.ject s ; in accerdance ,with the oertinent 
-ohms , snecificatiens a!lQ 'as: directed by the Engineer . .. - - . ..' 

DESCRTPTION. 

106. 2. MATSRIALS . T,Tame Pl ates and !.!arkers shall be brenze 
C<lstl.'l1F,s:': 85% co'o}ler;'5%' tin, "5% iead ' and5% zinc." Raised edges, 
letters a;;d stencil bleclo$ :shaHoe pelished. , The, size ef the 
pV, tes' er markers' iihal i be ' as gi vim 'on the plans ai1d tl,le minimum 
thickness shall 'beane- quartet inch. Tlleyshall · be p re'fided with 

, p~rm~pent f~stening~ to the concrete or stoel. 

'106 . 3: FAME PLAT:o:S'. , One e r mere name pl a tes , shall be -orevided 
, fer 'each brio&e. 'They: shall be pl aced on .. th'eright side, of the read
wq;y as a::O'~reacheden end posts' eT end ste,el spanser en end r ailing 
p'os ts ef 'end cencrete s-oarlrf; unles.s ' e1h"rwi se, Drovided. They s 'o!'l.ll 

' be placed on steel S1?ah~ when ther.e 'are .. nO' .ce!lcrete spans on the 
ends ef t l'e project. ... 

Name 'Plates shan cbtrt ai'n 'the' vlerds', JlState -Highway Cerrunission"; 
the names ,'ef t11e members 'of. the ;State ".ighwq;y Ce::1D)ission,. , State 

, Eighway E:ngineer,' 3ridge En.1ineer; ,Divisl:el) :Engineer, Resid,ent 
En;?-ineer;' County, s treani; year of ,constnJ,ction and ~eneral Co!ltractor. 
The l et ters and edges shall be raised at least 1/8" fo r name plates 
a!ld 1/16" fo r m$,rkers. All letteri ng shall be block or " l ain !,;othic, 
cut square and not tapered. 'ehe s i ze of t:Oe letteri!lg' shall be as 
shown on t he pl:ms and in general will not exceed one inch in height. 

106.4. EABIn ,'tS. Mar}{ers shall be placed at the beginnin,,,: and 
end ef the ", rej ect , paralleling the ccnt"rline in case ef Fed" ral 
Aid 1lro,jects. Arrows sh"11 be stenciled on center block to' s21 ew 
di recti,on. '"he m~.rker s will be f'~',rni shed f ree to the Contracter . 
The data for all stencil work necessary nhall accompa ny t " e appli 
cati.on of t~,e 'qesident ~ngi ne e r for Harkers. 

"/hen the end of tr.e 1lreject is on fill section place """,-ker ?t 
top of sl ope . If f ill exceeds 4' - 0" place ""'rker on rip.:ht-of-way 
1 i ne or as the Ene:i near ffiA.y di rect. 

"I'nen the end of the project is on a level or cut sectien pl ace 
marker 1'-0" f rem the back side of ditch as shewn on the p l ans. 

When the end ef t he '!)roj ect is the end of a concrete bridge 
place In"rl:er in r ail post (left side as appr oached) at end of b ridge. 
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Where necessary, concrete posts shall be constructed for plac
ing markers. ~ne posts shall be precast of 1:1 1/3:3 concrete. rt 
shall· be' 6 ";k8"x4:1.-6" s e·~ 2',:0" ~n : the , ground. Around .the pos t shall 

• I' • 

"": be placed a base of 1:2:4 of l'~0"xll·-Oilx2I-0". The post shall be 
reinforced with 4-t" round bars longitudinally and shall have 2-t" 
round :tia:r.S : .transversa·; ;"',>ne:: n:ear. ·the· .bo·tt.oll1" and one. near the ground 
Unewhi'ch ' sm;,ll, d'Owel ·.;i.n.tp .> the· ba,se . co~creta/ : The posts shall be 

. chamfered ~" ;'on 'alL squaT.ll :c.orner.s;.::: Themarker,: ah!,:ll be placed on 

; " ' : . 
~ . , 

thEi ' 8" fae'S ;of toe Jpo8.t:ran:d ifl,J;sh. weith .};~e; :po.llt. '. . 

" ' .' ;, : : : ';"'I06·;5;",··MEJ(SUREMEN'l' ·l\.ND ,;Pl!.~~,'L ~1I"en~, .. for: "Name Plates" 
,::c shan :b~ :rna:deaii ' tlIe" ccntmc:1? 1in.it, ":Q;I'.i:cll, f'Or: 'lll;ch p1.a,>~ .e which shall 

. iriClIJ.<ie :fuI'riishing.;. plac1ng,': all ·!lla.tEjr;i1lo1!l:. tools,; la:bpr a nd 
. ' ·. ·incfde'ntali ·necessary: ··.to :complet€!th,:e; work; ; ,: . ., ' . ... ' ;.,.' 
: .. ~ . ' . " ', •. : "J : , .. ,' .' -", ., :'.': . ;" . ,". '.' .... ...... , .: '.' . . _. • ." 

.~ .' ~', . '~" I '{:' . :. ". ... , " , . 

If the 'dir'eO't' ps:yment'::abov:e ,ts :, no1; p.l1a'",id~,( Oll ·pioposa1 pay
!!lent for name plates shall be included in the uni t "price bid per 

.. ' 'pdttnd 'Of'i'truc:t'liral :: s·teel :wI:ien .16.(:!i.ted '~on ·;steelo. shall be included 
' iIFtlie conttactiurttt'Pirice pe,!'/line~r fQQ~, .o{ico~~J;'ete raili ng when 

, io'c~ted' ori ;' c6nctete " raHing;: :,::SUch p~ymen~s ,. shall : ' b.e · f~ll com;:>ensation 

'"',' 

'. ' .. for "fiirni shfrtgi' placing~ :all :materials:,. .: tqol.s.: If',bqr ,;~nd incidental s 
"' necessil;ry: to complet,,· :: the work. ,:::' ! .... "" , . ' ".' 

. ,' ; .. :"/ - . . . ... . . '" .. 
, 1J9 di rect payment wi 11 be made for·mar1;:~rs. · Tlle" cost of placing 

.. ' mark'e!';; , '0 furni shihg'mat .erials;,fDr " ~llq,,,):l,,,e.<ing '::()J:lc rete pos ts wbere 
' :nec\;,ss·atyshail·'be· J..;ncluded l ·n .onai:9:fi:: t .1o:e.' nay tt~ms oi . tbe contract . 

. '. This in" t!-,od 'of pa:yirient" f o.ri )l'.a'Tke:r$ '·",U;L: ""p~iy':~unl,~s s,'? therwi s e provi ded • 
• • ' ,' '.,; , ' ' : ', ." • • ' . : .: \ .... " , .,. _ " A • • 

,', ~'< ;" : . >-~. :.,. ~ :; ':: : '"' .,, ",' , • ," 
" ;- ,," ' ., 

.' .~ : .... 
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SPECIAL SPECIFICATION FOR "GUNITE ENCASEMENT OF STEEL "I" BEAMS" 

GENERAL SPECIFICATIONS FOR "GUNlTE". 

1. "Guni te" as used herein is the name given to a mixture of sand and 
cement of the propprtions specified for different types of work, thoroughly 
mixed in a dry state, and placed under pneumatic pressure with a machine 
manufactured under the Trade Name and Trade Mark" Cement Gun". 

2. Cement shall be any brand of Standard Portland Cement which shall 
conform to the Standard Specifications; Paragraph 85.19. Each bag of cement 
shall be deemed to be one cubic foot • 

3. 
be well 
between 

Sand shall be clean, sharp and free f r om clay, loam or silt. It shall 
graded and have sufficient fine material partially to fill the voids 
the coarser particles. 

4 . The term "dry" as applied to the sand to be used shall not mean that 
all moisture must be removed but rather that it shall contain a normal content 
of not less than 3 pe~ cent of moisture. 

5. Befor e placing the mixture in the hopper of the "Cement-Gun" all 
material and lUIllps over 3/8 inch in size shall be removed by screening. 

6. No less pneUIllatic pressure than 30 pounds per square inch at the 
"Cement-Gun" shall be used in placing , the mixed material. Where the lengths 
of hose exceed 100 feet the pressure at the "Gun" shall be increased so as to 
produce a minimUIll nozzle velocity equivalent to 30 pounds air pressure at the 
"Gun" with 100 feet of hose. Air must be maintained at a steady pressur e. 

7. The water used in hydrating the material at the nozzle shall be clean 
and free from all substances that would interfere with th'e setting qualities or 
strength of the cement. It shall be maintained at a uniform pressure of 60 
pounds per square inch or at a pressure greater than 15 pounds above the 
pressure of the air as usod. 

8. The contractor shall do the work only with experienced men. No man 
operating the nozzle of the "Cement- Gun" will be deemed experienced unless he 
has done considerable work in other countracts where the work was of a similar 
type to that specified, or has otherwise proved his qualifications to the 
satisfaction of the Engineer by other equally important work. 

9. In shooting all surfaces the nozzle shall be held at such distance and 
position that the stream of flowing material shall impinge as nearly as possible 
at right angles to the surface being covered. Any deposit of loose sand shall 
be removed prior to placing any original or succeeding layers of "Guni te" and 
should any sand de po si t be covered with "Guni te" it shall be cut out and 
replaced. 

10. The "Guni te" shall be kept dampened by sprinkling for at least four 
days after placing. No "Guni te" shall be placed during freezing weather unless 
under directions and precautions directed by the Engineer and in no case shall 
it be placed against any surface in which any frost is present. 
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11. In case of "Guni te" construction where steel members are to be 
encased by or to support "Guni te" they shall be delivered and erected 
unpainted. 

I 
I 
I 

lZ. "Guni te" shall be mixed in the proportions of one part cement and I 
three parts of sand. 

13. The metal reinforcing mesh shall be either electric welded fabric I 
all No. lZ wires spaced 2 inches in each direction, or No. 10 wires placed 
3 inches in each direction, or it may be expanded metal of no less than It inch 
opening and of equivalent cross sectional area as the welded fabric. Holes I 
not less than 1/2 inch in diameter, for attaching the "Gunite" reinforcement, 
shall be punched, during fabrication, in webs of members as near as possible 
t o top and bottom flanges. In placing the mesh or r ods, no less than 1/4 inch I 
in diameter shall first be fastened to the steel through holes punched in the 
webs or stiffeners and subsequently t he mesh shall be securely tied outside 
of these rods with wires spaced at about lZ inch intervals. The mesh shall 
conform, in so far as possible, to a spacing liz inch out from the face of the I 
steel members. "Therever adjacent sheets meet they shall lap at least 4 inches 
and the sheets shall be securely and properly fastened together. 

14, The steel members to be covered with "Guni te" shall be cleaned 
thoroughly of all paint, rust, scale, grease or other material before the 
"Guni te" is applied. 

15. The "Guni te" encasement for all steel Beams shall follow generally 
the outline of the member. The corners shall be squared and the surface of 
the "Guni te" shall be finished as directed. 

I 
I 
I 

16. For all exposed members, "shooting strips" shall be employed to 
insure square corners and proper thicknesses of the "Guni te". The finish of I 
the web portion of the "Guni te" shall, when exposed to view, be treated wi th 
a "Brush coat" of clean water applied "i th a nhi tewash brush, or a "flash coat" 
finish. 

17. !.Iethod of Me a suremen t o: This item shall be measured by the square 
foot complete in place. Measurement of all areas spall be deemed to be the I 
actual area of the "Gunite" encasement of the members to be covered measured ! 
along the center line of the "Guni te" section. . 

18. Basis of Pawent: The unit price bid per square foot for "Gunite" 
shall be full compensation for furnishing, hauling and placing all materials 
including Gunite reinforcing , for preparation of all material, royalties and 
f or all labor, equipment , tools and incidentals necessary to complete the wOrk. 
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STATE JUGrt'~AY OF TElCAS 

SPECIAL ITEH 
" ; 

llITUHINOUS CONCRETEPAY)~HENT (MODIFIED TOPK!:CA TYPE) 

1. DESCRIPTION: :8i tuminous Concrete Pavement of the modified "'opeka Type shall 
consist . of a "wearing course composed of a c.ompa.cted .mix t\lre Qf miner al agf';regate 
and bHuminous 'material a,01d shall be 'qOnstruc ted .,on t h e com'iil'eted and aU1Jrov~.q, 

,,,.,b,?-se course, ~ 'or" in t he ca'se of a ,bridge, .on the preparedfi'oQr slab, in -asc9'--
. da,nce wi th 'these suecifi_cations and in conformity with the ,lines, gradEli, .c'om--

, :.: ,. 

Dact,ed thick!:.~Ss, ~,nd typical cross section _shown on the pl,~ns._ : "',.: >;, 
2. - :MATERIALS. ' ~el!lineral '~gregate shali be Gomposedof ~ ' c'9irs~8;~~~~ci~e :of 
crushed stone, a fine aggregate, and mine ral filler; Sa'Ilp1es -'6fthe coarse -
aggrega.te, fine aggregate, ,apd ,mineral filler sl:J«:),l be, submi.t~E'!q, ,, in accordance 
wi th 'prescribed methods;" 'Approval both of the material and <if. the source of 
su))'ply mus,t be ' obtained from the Engineer prior tode1,i~erYcif ~terial. 

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

The coarse.iggre~ate sMil cbi1sist ' of clean'tough ' d\J.tabi~ :ffii.<gnents of rock 
(excludhig schi oj t ;shaie or slate) of ilniform' quali tY ' thr~U;ghout; -' Shall be free 
from an : eJl:cess "o[ hii.ti or elongated pieces, ancifree. !fhini :~of't or-:di sintegrated 
s tone. :Q.i rt, organic or other injurious matter OCCUI' i:tig- Eii~h;~r ; fi:'~e or as a 
coati'ng on the - stone. Ail "liniestone shall -meet t he reqi1ir~ment~ of the soundness 
test. All stone shall have a Der cent of wear of not more than 6, and when 
't~'s~ed by iEib?d.t6rym~th(;d~ skilfUlf ill t he ' fb lloVli!).g · teciui~~i;;ent~: . 

:.,. "::,' . : 

, " : " pas~~n~ r~hch ' scre~r , ~ot l,ess . tl'>,an-::i;-:':.~95% 
PaS~lng 'fn,:h s~t~en, . no~ mOt;e ' thaI+~+,~-:"":80% :. '. ' .. 

The fine 'l-ggr"gat,e , $~l.l. cgn§,tet of s,a,,4 or a cOl1)binlj-tion _of sand and stone 
scr<;emng s. S~nd she:ll .1l#6omposedof ~o;;;ndd\i.r,?-bies~one 'p~rh¢l.~~ f>:~" ,f,ol1) 
loam or other injurious 'forei gn 'matter. Screenings 'shall be of the s-ame or simi
llj-t: ma terial as ,spE)qi f ied for coar:"e ,a;;,p'egate . . The sand or cQ!I1bination .• of sand 
a ild screenings~hal1 meet the fo~~ ~;';ini' r~~~r~mel)ts :, . ,--' , .••• ,''-., :,.:: 

' . ' '" '-,' 

.:" . 

Pas iin~I07ir1~sh ~ ~~ev,~, :'ti9U e~ Uh~ -~": ~77~"~ 95% , " 
Total retairied' .oli'49-m~s'h, si eve -~, ... -,,: ,~::-~,,:-,.;'lz.:4Ci% . .., • .. .... 
Passing 40'::mesh' sieve, ~et'ained ' on 80 ' mesh sieve 25-60% . . 

" ., )'a?sing 80-!llesh ,sieve, :r:etail)eq on 2QO 'I'~sJ" sieve 25-4Q% 
'! " ·: ,Plj-~.sing 'iOO':"mesh . si e.v:e!: ,'~ci t 'qvef ":-.~,;'7 ~-~':''':':77 -'6')t. _- _ .' 

i. . • . ' , " , _ • ". . . ~:. .. , ( ., t. , '.' . • . • . 

The -mineriL f iller$hail ,Qollsist .of lime~tou.e du~f; cioli:>mite d)l$t~ or :P.i:i. 
l aIid, qement: ' • ~t shaUbe free from :foreign or oth~rinjuri ous matter.W!\el) . 
t es ted by means of laboratory sieves it shall meet t he following reCiuirement.: 

Passing 30-mesh sieye :---:-,-:--.,-:- -,------,--::7.- '- ,--7 199.%, 
, Total passing 20Q-niesI:t~r~ve, n?t le s ~ ~tha.n -- 6Q~. ; 

..... " , : , . .. .. ..". " ... _ . .. .... , .. , . 

. ,.. 
. : .. 

. The b:l'tilmi:nou.srrliifhi 1i:l t sliiill 'be OA..;55 , oii ' Asphalt. Thema:t~rial shliibe 
homogeneous, free from water, shall not foam when 1ieated t 6 ' 175 ' degfees C~' (347° F.), 
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and shall meet the following requi rements: 

l. Penetration at 250/250 C. 100 gInS. ' 5 sec.' 
2. Penetration at 00/00 C. 200 gIns. 60 sec. 
3. Ductili ty at 250/250 C. ems. 
4. Flash Point °C. 
5. Mel ting Point °C. 
6. Los$ at 1630 C., 5hrs. % 
7. ?enetration of, Residue 250/250C. 
S. Solubility in CS2 
9. Bitumen Soluble in CCL4 % 

Mill· 
50 
22 
50 

232 
45 

30 
99.5 
99.5 

Max. 
60 

60 
1.0 

The paving mixture shall consist of a uniform mixture of coarse aggre~ate. 
fine aggregate. mineral filler and bituminous material ' to be proportioned by , ' 
weight; the grading of each consti tuent sha.ll be 'such as to produce, when proper
ly' proportioned. a. mi xture conforming to the following iimitat;,ons for grading. 
The exact proportion of each constituent producing the total aggregate w;, th~ 'n ' .. 
these limits. shall be as directed by the ~gineer. When tested by means of 
laboratory sieves the paving mixture shall ' meet ' the following requir.em'9nts: 

Passing linch screen a.nd retained" on t inch screen -,,:. : 5~10% 
Pa.ssing i inch screen and r 'etairieo.', on 10 mesh sieve --.:: 15':"22t 
Total reta.ined on 10 mesh sieve , .. :L"''-____ ____________ -c_' 2~'32% 
Passing 10-mesh sieve, reta,ined on 40-mesh sieve ----- - 7-22% 
Passing 4d-meshsieve, ret;"ined:,on' SO mesh sieve - - - - :..-i4:.34%' 
Passing SO-mesh sieve. 'r 'sta.ined 'orr '200 mesh sieve ----~ '11-25% , " .'C' ' 

Passing '200-mesh "sieve '-- '--.~.:.:.:.- --'.:. --------------------- :' '7':'~2% ,,,' 
Bi tUinen" iloluble i'n cltrb6ndi sulphide -----------------'- 7}.:'1l% ' , , 

- ; '- ' . ... . • , .. ' . - • .. r 

,The 'percenta:i.re df' bi tuiiieniti' the finished course shall not vary, inore than: 
one-half percent frbmthe propo rtion' '~st""bli 'shed: by ' 'the :l:ngineer. ',' ,All niaterials. 
and sources of materials shall be satisfactory to the :l:ngineer and whenever 
requi.red by him, : sampl'es of 't he hOt' nibtture may be 't8.ken several tImes daily, 
to b e acceptable'; ' imist invariably' :conf'onir to all reqUirements. 

Theinineral aggregate shall in all cases be measured ' by weighing, unless 
specific methods of gauging, ap:oroved in vlri ting by the Engineer; ' a reused' 

, :.-

3', CONSTRUCTION IJETEODS: When the hi tuminous concrete pa.vement' is'-tii ' be la,td: 
on a concrete base course; or in cas~ of a ' bridge, on the ci:mcret'e ',siab' f160'r," 
the surface of the slab shall be fi nished moderately rough wi th the coarse 
aggrGgate well embedded, but not , 'cover€d , wi th a coating morti>,r and wi th the 
entire surface free from all depres'sio'ns or other irregulati,ties. - : .. ,:. .. 

For t 1ce verification of weights or proportions ,and ' character of materials 
and c1,eterminations' of temperatures secured, ' the 'Englneer~ or his authorized 
representative, shall have access at ,any time to all parts of t;, e paving plant. 

, Suitable·and accurate thermometer's, weighinif' scales; and' other neceSS'ary , , 
apparatus. shall be furnished , and kept in order' by the Contractor ' an,i' itrs'ta1,ied' 
as di rectedby the Engineer. 

The coar~ ,e " and fine aggregate shall be 'hea:§ea , as diT\,cted to between 250 
and 350 degrees F-. iti ' imitable ' appa.ra.tiis ' in 'wl1icn the" aggregate shall be contin
uously ,agitated during the heatiM • .,nd in Which , thl' temperature. ,ca.n ,.be .efficient-
1:>, and postively ~~n1trolied.; c , " "~ " ',"" ". CC ,:: ,' , " " " ': • 

. . . .. , ~ ' :'.... . . • . . , .• ..• I ' 
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, §!).'h!l«p_i:,tu!nino~£I!l!l-,t,~r.l~lG.llh?,1;k'!le,) ~eW~A:j;jlJ.y:clMjal~fl. in }p~j;Jl~!1 !39':;'9iE}1l.!pe(k 
.' fi'§,§:r :t~,'t~1, j;. o:f~ eY~h;n,eaHllg~~;f:rJ.~',~ ·.!In:.u.r!l.'lJIS./l~h(rwHl],,\~-: eff~·9i&l).l ;g>d, 'P.m!~,e~,: 
':~ con,~I:'9J.)~ !?J{j;h~d).e?:j; t aJi;,,·a;!.kHlJl~~;' {,H i;' ~~1;I.:9,~t n~1!-t,E}¢!, !:.li';/l r dJ.X.!lc.t<3d .,b~ - .tP6:<~::-:; .' .... 
. ' gj..n,!l~.T'" to rl!. · ,:t;~peJ'a;m:;,efJ>.!lt)Y~en , i:l,90 sd.egr.'1!l§;,,]!',; W\(i~3oP,- cj..e.gl;'!l!ls . F .-, .:, All ., bi,t1.lffi'~9US 
~;1;,el'.j.al·, · Q~.a~~fl." b . .!ly,Q.@2 350 d.M.r.ee;>p F~:c \lith,r;lr b.ef9I~,' or;-.<1-:ur_ing:· mi;ting . wi th ~ !~p..e 

; ~.(>.r.~ ::agg"egat~,'l shal-l · J).',?::, rp',jISCY,e~. , '.) 1: ; r: ,;· ,, ·, ,,<j " ('.' C"'. ,"',1'< : ' .. '.:' -, :::. <.".. . 
"" ';1, ', ~,*; .tIJ \. ~'!.;.:~:~ ':,: '~ t,:·! j_.·~ :} .:~ . .u:!\.<.~ .f:::-:':.[ · ~:.J.:-; ':'1'70" ( .~;:;i; )[·JQ ';i,· ... 'lf~; t!~O'f " :": i,')';nS T" ,L", " Lr;.-.ri ... v¥~·. ti' t ~ 

. cf'ei M!XING: l!,~ J'h,e : pr!lp?-,.e,d,,, a,gzr6l.g§l.ttl@ ,~~ .tf.le;ofi~~~JI!\}." f~g~:r;.': .a.I).,cl .. th,e; P,j. tum.i~~:Q.~; , 0 • 

l1l§l;~~~sU,; ~~l;J,:;ge., pr~po_~,!;; !l1.lM· P¥'dv~:j.gl;li lfgj ~l.l'l" ,!Jl,~f~d as:~ d;-re,ct ecl ;; ,n.': th~ , ~,:r:,cj.e.r.-
Jll~:q.t"t>9¢1!ld' fl; IJ.!ldr,tn. AA!3CJ.U?-t,!l 1f':!}'&1'S&' t~bJE!i; ~ppar&j;~c !W ' ~h~~" th~ re~ t.iI,lg;imiltture 

:'i;~J:1?,~iL~ bll" th9F9W;)l1Y-. h,omo~,lI1le0't6 ' ar4)i611anRme~~",et'&'i tl!e, requ~.rmnen~s 1l.er~iIl ' ' .. , 
.. sp!leJfhll.~" , ;whEln .. discharged. _t.ne. mixtnre ,sh1?-1.~: .. ,*!J.'" a ,,~emperature of b.e~ween .2.50 
and 350 degrees F. 

~,?! :,' LAYING; J~!T!le " bi :i¥ninf)l),~ ,: ,conct:e,~.e m~xtuJ!l •. }w,atege:.~,~.,;p.r:e:~re<l:: as: .spE\q~':fied
shall :\>. e i; h?,,,,1 pd - tp;,~~ ~,!70 r~; .in.,fi gli t " "ehi 9te)l~ iP!"~rJ o;\fEn ~CT~ed -; .oJ ;~lJ: ;t'0t?i .. &n 
~te:;:j.';uS . :' and. if ne.cessary. covered. with canvas. of .suffic,ient size .to. protect 

~,,;~h!33¢l.Mr~:Jo,a~ .• , . The , cl,i.,spllJ:.chi~ ; p.f-the , ve1,l; q~ef ~~n be arranged- so that .all 
;; m",};~¢.~l·,: fle')Jyered . may )le; pl,aced,' al)A( .s~~l;; ~ye; :re.9,E)).y,ed:, i,'li tial .. rolli,ng:.,1n d~ 

lieWP.' .i(' ~.IS!. mi.;<.tur.e ,shal.l , be ... laid. on;t1: ,0"" . 1;1- b,a,~, e -~9}l,;,se , :w~!ch.,is dry .... or · i!,. ~ 
case free from standing water, and free from loose or foreign mat;eT,i¥J;l, •. . ~d" ... 
only when weather conditions, in the opinion of the Engineer are mlitable, co~ 
tact surfa;C~Jl _ 9f .. curbsi·,·a'ld .struc·tures: and .all 'joiIlF,s-,·.wnen,4o:, r .equir{!d, .. ·):>y the 
Engineer • . spall ; be .paiI!'Yed: with ' ~" tl;lin. '. uniform· ;coa,ti,ng, 9f. ,.§I,~phaJ, ti,e .. c;:;ement 
before . tl1 ~ ;,90llT.se, i s_.spread, . '1'11.e. mi:lttur!l:, ~hall ·. J> .. ~ , a,t ; a, ;..t9JIl~.r.~,tjlr~, ,of: .. ?50 to 350 
degrees F.}t!'p.en laid." . .,.~e mJxt;ure _shailkb~j dum:p~d .on, .!':, "P\1!JIpipg ':S9a~lcoutside ;;:;::;::, 
of the are,a; on : which .H; i .B· :to: beyspr,ead •. " ~;hJl . . en1;t.re. -~9?d g.j..stl.'.tbut~d . into place 
and raked .t9.: grade, ip.. a : uni.fo.J;'lDly.l.Q.os.e·. +~'y.e.I', o_~_'>Uc~:, d~pt.ll: tbat a!t~T5'recei ving 
ultimate c'omp~essi.oIl- .by . rolling U .shalLhave the .. coIJlPIlQted ,depth ,s~, on the 
plans. Adojaeent. to £lush.curhs . gutters ;. l;ine~s. ;·. 'a!ld s~ruc.t,u;'es, t11.e. ·.mi:xture 
shall be raked uniformly high so t~-at when ' comuaetecl it will be slightly above 
tb,.ll i~tdg,e o.{_ the ,curb :0 r, fl)lsh s true tp.re.~ ... ... ,,: . ::, ': ,. . ,. ' . ";; ~ 

. ';;, ~ !: ) ..(.; r; .t>'.(.-.~ : :l ~;. .. .. '. :. , " ", " ":" ... .. , , . 
,s",,'i.r,ROLLING;o.: Ilollers . us~ 0Il .·the qi,t:umino~s ' ,C9Jl,C:k!3,te; sh.~ll"pe, ,well:-balan~~~,·. 
s elf--prope~J~cj" ,o tarjdem .. r()Uers, w!)ighing . b~:tl'!e.e_p.'l., ~Il!i: .ll.-. ton,s: ;e.ach.,· .. Ea.ch .she,ll 
have a compression under the rear roller of between 200 and 300 -pounds Der linear 

.. inch'·.of roller 1l.OO s~-all be -provi.dedV(Ith. ~_.ash pan. _ wl;li.ch .. s~l;L' :preyent ashes 
., " lro.m, d.1;9pping u,?on tbe , bi tuminous c9n9.ret~ . .. :,., .'<..;" '" . ' . . 

. The bituminous concrete wearin,,: ci~~~se'. · lai.da~ · ~pecified, . sh.,;,i{ be" F?iied 
at once while ·the mixtu re is w~.rm a',1d -pliable. beginning at the edges and working 
towjl:pl,str'e "enter, followediL1lllediately .by c.ro.ss, rolling . or .diagonal · r.olling. 
i~eap~ foJ. Dreven.ting the 'Oi tllininaus Ire, terial hell!, aiLl1epng to theroller"p.all be 

" pr~vided as ciire~ted b;r the· :En,gi..neer. . . , . . ,', . ' . . .:: 
. .. ' . ' . . ".. . . . . ', . . : . . . .. . .• . . ... , ' . ... . . 

, ' .'C' ," Tlje mo.tion. of·· the ro).ler sha).l at , a).l. times, pj;l . ,slow .. enough.. to ~void di.splace
ment ·of the hot mixture .a" ci any dispi'acenients .. occu:nng as !3: . resun. of . reversing 
t h e direction of t~' e roller or by any other cause', shah at once be corre'cted by 
the use .of .rakes. and .of fres};) mixt;lre where requir:ed. Rolling shall continue 

:' wi.th, out ·interrup.ti on: until ali roUer. · marks ciisai:mear an.d: the. sUrface shows no 
"j _furtper. compressibili tY. Af;te'r .the- pavern'ant ~s. 'had i tsini tial compressi9n . . 

1 imEls t .one . iius.t, 'o'r .I'o·r.tland .Cemen.t. .a·s .· Clinic feit 'by :the-. Erigj:nee~ .,shall ·be.· swept . 
thinly over all the entire surface. ' A Sufficient number. of :rol,t'ers must be .. 
employed to obtain t he maximum compression, and 'in no 'cas'e" shallless " than '96 

"" Re..J>, ,cen~ o.f~j:~?e. ,:palcul:a:t.edi d'lnsit,Y .. be .. obta:i,}leq" , ,]l~c:~s :V(¥:<;l1. t~,e'·;:!'!?~ler .:.c!"nnot 
effectively reach sha;J,1 . );>e,. cRl1lpl:'e~s"q: .. )'Iith,.no,t ~-~ .:tam'Qe,t's.:. ,"·" , :;:';:;"~-":'~ '. ::. . 
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.7. ·JOINTS: . Pbicing of . .the surface . CPl1rse shail be. as. nearly c ~:>nt~nu.ous · as 
possible, and th,s .roller ",hal~pas~ over ·. :the unprotected" end of the fr~sllJ.y ' laid 
mixture only when the. l~ing .Ofthe course is di'scimtinued for .. such leng·~p · .of 
.time as 1;0 p.e'rI!lit the .' mixtuI'El to Q.e·com.e · chU·lea.: lnaU cases when the wo'i:k is 
reS11med the material· laid .shall be ·cut back sO .. as · to -or-oduce a slightly beveled 
edge for the full thickne~s of the course .•. ·.·The oldni~teriai whid:> ha'sbe~n ("<it 
aw~ shall be removed from the work and new mix laid against the fresh ",it . . If 
des,ired';' 'a ' stol1t rope may lJe .'str.et~hecl. a,oro·$8 . the ' pavement whe.re the.'. joint is ' to 

· .he"Diade. When .·.the work '.is: resU)ned'; , the"materiallidd shall be' ·cut baCk to'the 
· : rope which will 'be removed ,togeth~r ·wi.tll ~he :surpius .mll.terial and the fresh mix 

laid: .against the :joint thuS;J.ol'llled .• , Rot smoothi~:· i-~.ons may be used for sealing 
.j oints, but in such cas's ext·reme. :care sha,11 . be. eitercised to avoid burni.ng . the 
surface. . . 

8 • . ' NON SKID SURFACE · COURSE; Tl)e .. granular type . surface mixture shall consist of 
.a: uniform mixtur.eof cQarse ·ll.ggregate, . fine~ggregate"mineral. fi1ler and . ' . 
bi tuminous materials to be PI'(:>P9r:tiqn~d by w.ei.ght, .t.o produce a mixtur,? ",oiruning 
within the following limit.s" , The ·. exac.~ propprH<?l,l of ' each ' consti tllent .prodl1cing 

· the total mixtur'e : shan 'qe .. a;s di,;r:e<;ited,·,.by . the.;. E,ng~neer •.... When tested .by 'meims of 
laboratory si eves theg,!,~,n1l1ar · type · ~rt:ace :lIli1<tl1re : shalLmeet , the fon6w~ng 
requirements: " .. ~ ; ", ",. ", 

., , 

passing! inch .screen, and~etai~~d9~ti~~h~t:reen -:- 2~-,·. 47,05· ~·· 
·.passing· 4 . inch screen" and , retained on ·1 ()".me$n. sieve -.,. .r" 70 

Total retained onlOmesh , ~i~v~ -~~-,.:~~~-.:. - ~.,.';~~-~-':::..-.::' 65-75% 
.Pa$siTIg ' lO mesh sieveand.retain~d· on40 ,mesh ' si.eve :..:.. - ' 3-10% 
' Pa$sihg40 ~esh. ~ie~ea:nd . r~tain·ed . . on . . s6 me$h si eve , .::.,.- : 6:-i2% 
;>assing . . 80 mesh~ieve and retal.ned .,on; 200 mesh~ieve -- 4-10% 
PassJng)lOO mesh ,sieve . . " ".' 3-6' "J, ." 
Bi tumllmsoluble . in carlJoIl d~~;:;~~~~~=;;==~=:~;===;====" 5,- '~"' ~ ' 

The granular type ' surface mixture shall"be: ~UJirped;"hd then, ~pread ~:th a 
finishing machine over the modified Topa.1ca surface following i 'ts ini Hal rolling. 

, The granular mixture ' shal;L p.e., applied .El.t . th~.ate of 30 .. to, 4(). pounde .'u er square 
· yard and the· rOlling' continued until . t he final . com~btion · .is reac!'i~d;""" " : . . .' . . . . ' . ," . ' -.' . . .:- ,- .. -,:, ' . " .. -' . . 

Surface Te.~~s. · . Bef<:>re . t> e cOll!ple.ti~rr. o{therolli ;;g, • the surface siw,ll be 
tested as follows, and corrected 90S nec·essary. by p ro?erlya,dding or. removi,ng mate
rial, retesting, and rerolling until the finished surface complies with the test 

: regu.i remen ts .. ' 

~ I ": .. 
. .,' The finished pavem13n-t ,shallshow,- HO · devia.ti:on ,[romti:,.e geperal su,rf"o'e, in 
excess of 1/16 inch 'Per foot as !l!eas;;red~n .the following manner.: A IO-foot 
straightedge shall be placed parallel tp: thecenteI' line . . of the' 'roadwfLY" sO: as to 
bridge any depressions, and touch all high spots. Ordinates measured (rom the 
face ,of ·the straightedge to the ,.surface of the . pavement shall not exceed 1/16 inch 

· ·fo r · each fO'ot in .distance. ·from the neare·st point ;of contact . .' .. . . - '," . 

Such portions of t he .completed pavement a'S'are 'defective .in··fini;h , . com
'Pression, densi ty, or compo'?tti on, . or that do .n<>t :qomply i·nail resne';ts. ''-VO:'th the 

. regu.irementso:f .thespeciJ:i cations·,~haii .. be ,t ·8Y.:<;n up;"er;,oved,and" replaced with 
,snita,ble ,lPz'te.rial •. :properly ;I:aid in acc·ordll.nce .l'i th the$.e . specifica.ti ~ns . and at 
the ' eJC'O.ense :of · the C<mtrll..cto.r:. , :'; 

, .. 
· METHOD ·OF MEASUREM])N'l!; : . '!.'he y',,~dage t.o,\?e pai(ior '.~b,alilJe th~ ~~he; of~quare 

yards of wearing: Qrurs'e in place, :c;ompleted ,and . aC~"I!t.ed. 
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, BASIS OF PAYMENT: Payment will be made by t he yardage measured as provided 
' a.bove at the contra.ct uni t price bid p9r square yard of "!!i tuminous Concrete 
Pa\;;ement" (modified Tope.1{a Type) which price shall be full compensation for 
quarry.i",,·., furnishing all materials, for all heati=, mixing, hauling, placing, 
rolling and finishing, and all labor, tools, equipnent ann. incidentals necessary 
to comnlete t 1,e work. 
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1. D0scrim~~. This itc~ ~1~~1 cons ist of a we..,.ri~lg course co 'rDo~e(l of a 
compact ed. mixture (laid col o) of niine ra l · a.{~grz~ate 'ind b1t1)minou~ '!aa~e~L'll ~1aving 
a total depth ,after compaction as .. S.!l9wn, on -pl al1~ ... .cr~.ot . ~ess t~'!an two ).i1cb.cs) t a.l1d a 
su r faGe coveri"ng; " and sha..1I be· c6ris'thi~ cJ~~ci 6n:' tne':'-prepared ··base ·; CQ"l.lrSe ';:':'1 accordance 
wi t,h thes e specificatio:s.1s : tll1d. in .. ~9-X9rn:'.i ty wi th -the lines , . ~rad.es , .. cOT."!:-Qactec. thiclc-
!less, £":-1(1 t;}--pical cross-"sect"ion S)\b:w"i1 'on :ch.e u-pla.ns. .. 

.. ' : , .... 

2 . 1. Bottom Co'~~se . ' ' On t11ebJ.'1lpa~~d base' co,irse ' "s ;,i s 6where s1) ~cifie~_ , 
there shG.ll be cOi1s~nlcted 8. , :99~t 01!l , course I "} incb.?s :th;.c~~ ~:f te r corr9res sio!1 , w::dch 
shall coa si s t of a unUormmixtur a iif'minei'al ag.~niga.te', mineral , f Hl or, aST.l;~ltic 
c'~e:'lt , lime a::td J5quificr ~. p ro.:.· ortio:q.0d. as perei :..:af/~er s"gecifi ~d . rl"l<) cons t i tuents 
of t he base cou.rse shall meet' t~~e :fbl1o~,1in!~ '·; rf)qn:i.rem:e?it·s·( 

l~i neraJ. A"':p-'re.R.'a te . ~ ' ;rr::18 ·:'nlin·ei~a.i i3.~;?;rega:te··:: :f or - 'i,;he' 'bot tom CQ1'.rse shall 
consist of ,cleD,n , tough , .. durable ,cTll,shed rocl': of a-pTlrpved guali ty, passL:r; screens 
havin{.;· .ci rcular ' openi'ri:q;s :!}'ot · ·kr~·ater · ·th(l:rl : 1%.' i!J.-b~e ·s :" in di'aniet;er: a··ld:· beiDJ; r etained 
on a .,.. j_nch sereell. It shall hav8 a ,,~rce~tal';e of wear n,)t more t :.1.3.n 6 aad sr.,all 
be well ' g raded. froin ' the l art,'iist to 1- 1rich"id.ze. ' , , 

Hiner-al FIller; ' Th'e' tlin;,cr al: i'i-ller ,snall" consi st of cl ean crusl:ed rock 
' scr~enin.osorsand of arpr~v~d cri;'i it;i and Rp,:,rbved ,Hinestb" e dus"t : if , necessa ry, 
all of w:'lich s::all pass t;,e t inch screen. Of 'o'e,is material 20 to 35%' shall "b'E\' :re
~ained 011 , the 10 mesh sieve . , 

Asphaltic Cement. Asphaltfc 'cerirent ' s11l3.11,mee t the, raguirom'er:ts .given 
below for 0 A-5 or F A-5. 

o A-5 Oil As phaltsnaif "':)e; : h6mo'g eneilus; f 'i'ee froln wate r ', al1c1.s:n1'.11 not 
foam "hen heat ed to 1750 C (347~F). 

-\' . . 
- " 

1. Specific Gravity 250/250 C (770 /770F) not I p- ss than 1.01., 

2 . Flash Point. "'cit less than 1750C. (34'7"]'/); ' ," : ., 

3 . Melting Point . '.. ... 400C ' (i040P) ' to "soGe cl400F) . 

4. Penetr~Uon 'at 2S6C ' (770 y)' ioo G., 5 Sec . :'SOto 70. 

5. Loss at 1630C (325°F) 5 hours': riot nior e ' tliari i.O%: 
:' . 

a . Pe~etrati~nof resu.tue a t '25°6 (77°Jt) -not les stha;-, 40 . 

6 { ~otalbi tumen (soluble in carbon disUl-qhjde }, · ·;dt '~~~9tha ,lgg . 
. ,... .. .... . '. ' 

'. : ~.: . : ;. ' .' . . : . ' " . l' . • . . .. , ~ - ' ! " . " : I " 

,b.:,: , Or ganic ,matter insoi u,ble - not niore ' thari ', O.2~ . 
.. , ,."' , 

~. .. '," . ' " .: 

Note: Ma.terial for any one contr'dct shal l not vary niote than '" ,- ' 
0 .020 in specific g ra'fi t J'. 



- 2 -

.. ," '.~ :' 

H A- 5. n"xecl :3en;mdez "aspnalt"'sb1iir' b'ii :', omo o;e:'l eous , free :trom water, and 
sh8.11 not foam when heated to 175° C (347°F). 

. ~ . 

,": -' " . ," , .: . 
. :. I ;t .s11al1 m.eet .. tl1~ : fol.low.d.ng rHq-o.i'l;'e!'lel~ts :' . . 

:. :!T:· .' "".! ', :.', : ' ~ ,\ ... ",;' ,,,,,, 

Fl'ash Po int .• . ... . not less, t1k'ln. l?5,0C. , (347():P:)·, . ' " 2. 

3. Melting Point., ... 450C (1l30F) to 55°C (1 3J.o11') , ,,", : . .'.~. ' 
: ,:.' . : ' 

-- 5,, ' 
. ,- . , I ' ' "' ' , e' " 

Loss ,at 1-&3° C (325°F) 5 hours>,- not mor,e , t]l= ~.,O%" ' 
.- i 

i. : . .' 

a . 
r ·'.' ,.· . "', .•.. ., .... ' / '" ". : . . ... ; :- ,_. 

Penetrat.i'On ··of -~,,:';iduE> . a.t2q() C (7-7°iF) . " ; i 
. .... 

:- ."} 

. ' 

. " .". . . ,:~ • .' ,'. c ;: ," _ ,". i.': .,r. .., \ -., i ; 

6, ' Total b~ tumen- (soluble 1, ~ 'CapbQn di'&uipl~i.de) ''1ot less ti1.<"'~ ,94. 5~. ' . . . ~ .. 

b, I'~o rr;ani c ma t ter ~i'~~;;~~{'~ ~, n~t':~ci';e:. ;;h,,;ll 2;Q{;;;:'3,,5i;, 
"' ." -, Tests'.of the nh,ysic;;tlU9:nJi. ch.®'i..c<tl-: 'Pronert~~s oJ·" t ),.e:"aapPl3JJ : sl1fl,ll be made 

in .accord.a:lce · ... Hh,-.t)-:emgthods:· 'llre.ll.cri:bed · inUni-:te<l. St,l3.t'ei;~ l;i~:.ca:r·tIii1i}:r:;oI ; ,~~x:i,cul ture 
Bulletin' 1216; ".:' ,.. .. !' ,. :. ' " ,-' .. ' . ........ ' . . : " ' : ,:., ,; .r" · . • ' .' 

, :,', ~.; '" , ',0,.. ':. '. . . :~' . 

Lime. The lime shall be cO",,'lercial l1;-ydrated J.ime meeting t he r equirements 
of .-t h e' :American So:ci,ety. :of' ' ~est;,i.-"g . J&\:terte:1s', '.: ,,",""',', .,;",.,,,,:.,'C!::c .. :;:}:'.l/':':;,,:.-:, 

Liquifier. T'ne liquifier shall be na'?tha varying between 45 a ·.,d 58 
degr!3es', "3aume ' ":to. )lw:e-t - ~1-le . . requ·i"):'e,TEJ.:e;(lt .. ~. ::of· :.-~9: .ns ;~~Yi Q:~1 :qD'Xlq..~-;t;;i. o~~. ,: . . -,!'. ~~~ 

. !.·:;'· \ .:~r·· "' (-'-:( ",: ,-:' ," :" , ; ...... : 

When tested by labora. t ory metll0ds. t:le paving 'mix'Gu re for 'oottom cou rse 
shall meet the following requir;81llents . , , .Th.e .. exa-c.t ,prp:port:ion.,.and, :c.!1ar>~tor of each 
constituent 'Producing the tote.l inixt'ure wi thin '~ };~ se iimit~ ; si-wYl be a's di rected by 
the :3.!ngine er~' J~.~" · 1'~'" . . . .. ~ . ~ . , \ .. -<.j ,, :- "; .. "'r':' 4 .: 

Mineral Aggre~te' : " . " o , , . , }' 
'. , 

l,iineral. ,];iller. , ' : .,' i : '" 

: ~." . ," , • . .. , y . 

: .. 

Lime. , "'. ' 
", ," ': .. : 

(~ ., ... . . " . .... "' .. , " 

,. 15. r ,30,. pel;', cent 

. -', 

4. Q - 6.0 per ,cent 
' ", ':; 

0. 5 - 1.0 per cen t , .. . . 

0.6 - 0. 8 per cent 

2 • .2 . To'll Cours.e. Upon the po ~tom cour.se there shall 1).e cpnsi;ructed 'a top 
w}-,ich sh;..:1T be t. 'i'~ch thlck af te',: compression, ahd w:l ich shall 'consist of a 

u nifor.n mixture oLlIlineral aggregate. mi)19ral filler., lime and. liquifier proportioned 
as hereii13l'ter sp·ecified. · The 'c6n'stfbue'nts of this course s~lall ineet the following 
requ5. r 8Olents: 
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Mineral Age;regate. Tbe mineral aggregate 
b tt • t'nat 11 .0 tl' t' 1 1 11 o om course . exce1' " _ . a ' , 0.1. . . _,e rna erla." i ~-~~ 

shall be the same as for the 
'Jass a 5i8 inch screen'. 

Hineral Filler. The inineral filler~1i.alibe ~:t~iie '~~~: ~;iii ty " ~~ for 
t.he bbttom . course. :. All shall.. pass .. a .. l/4 ~nch "cr~en. Of this materi al no t less 
th8.ri 15'\', nor moret).-w.n; 25'16 shailpass ', theBO inesh $treenand be ;, r-etained ona 200 
mesh screen a'1d .no t .} ess . thin B~: ilO'r : niore·"thaii'. i2% sh,;,.il pa:'S's 'a ,200 m<l.sh. screen. 

,', '. ... L~ me. . 'fuelime' ShaU"o'e t~~: ~~:n~ : as'~'~;, :the ' ~ot~'0~ ;hoti;~:e'. ~" ".! ,; . ,", 
..... ,:. ():·:< ..... .. ,.: . i··. j .:· .. ':~ ~." ' . ... '; .... : :., 

LiguifiE •. ' .. ·The liquifi er shall be the same as for the bottom course • . - '". ., -, ~ ",. -;. ';:. . ~ ,.- -. : ::; .. ~: . ". ,- ,; : ; . 

. r. ., The pavingmixturew-h'e:ri ' test'ed' by ' labo'rat6ry :inethod:ssh,;.ib .rilp'C~t:.: th~ ":, , i.' 

. ; tp}l~Wil:lg r.~qliiremellts. , The.exact ]:lro1'Ortiori'aria. .cooracter -'of' eacll ' con.st.i.~:ent .,:c 
· ·produ;cing .. the t .o·tal mixture. within tr,ese' 'Hmi ts ' shall ·be ali ':dire'cted Qy;· ·olc·e .. : ,i" 

En.~_ l' lleer. . , . . ,", '-:. : "':'0 •.. , .. ' " :,' '.' . , .... '.' ,; .. ·f, .'j '. . " , ~ 
C'~ .' , : J .~:' > .:: " 

.•... 

Mj;nerql J\ggrega.t \,! " .. ,_. , .... ,. .:,',,,, .' . i .-

Filler ','; . '-

-". 
. , .. . 

Aspha~ tf c . Ceme;'t .. : ' . .:~ .. ..... .. :: . :.;"';' ' 

Li~e " 
.. - ", 

;Li~ifier: 
'--

·Min · .. 

55% 
' .. ,'! .. ", " 

20% .' 

:, ...... . '.: '. 

0.6% 

Max " .' , " . ~ - ... ..-
75% 

, . :~, .:~, < ': ;: 
',; :'40%·' ,', . ..... . . .. f " .• 

.... .; .. ;.,; ~:.: ··.:)· :~1::' ''' 

. . "" .,'. : .l :~:O%" .:'/." ,,,,;.:' ' ... ,r:,) 
.~ ::.:·.·.· .. ··c .,;~,/.".: ; ' . , ~_~:\.~':?": ::;.~ ~, 

0.8% 
.' .,:.; . .. ' . . r ". ': ', • .. . .. , " . . "'" '.:.' . . . : ..... . , .... ~ . • ~: .. ~.'; ·t ·l:·.i· ... :~~:.: ...... ~ .. ·.'-' .· ~ ~ j .. , 

'.' · ,:2 •. 3';;. Surface. "Covering 'Mat'eri,al. . "''['his ma.terial :shallconsill:t o.i" . .'G:l;ean • .;c?cry: .. ,'c 
' ,:sand "or 1.imes.-ton.e·:or. Portlana 'Cerirent ' :61aced ':i en :sueh.,:quantHy·,·,s,0 '·as.4 0 cover,."th,e , ... ,', 
.ne,~;).~~e. ';nuri~ce ' ~~:i~~~ a." ' ~hi.n;. ~~~:r6~>, c~~r.~e~ "~; .':: .~ ;:. i :; .':.; ..... ; . ; :~. )~. ! ':.' :··; .. r :': ': ('::,< :,·?: ·::·(;v~~~ 

. ,' ..... : -;. ,':: '\.~.:' ":!'" f. .. ·I,· : ~'· ..•. " .. :., .;' :· ·I ~'~"¢ '~'.'" 
,.;" i:,{ ::3. 'Constrtic'ti6rlMetlic',i"s'; :":·· . . . ' ';'}', . : :', • '. "--V, ':.~ :":' ~ :: ' "-U ! 

, '3;1. " Th~ pet6e~ta.~e :; ~fbi tume~ iri·: ;~: ':~i~i~~~<1 ; ~~;~:~ 0~~{i ' ~Oh~~;;~;;~: :: ... , , . ' , '. ... -. 
1;ha!l .-,,'Oer C~!lt . f.romth.e pr qpo rtionest ablishei!- by the ~~ineer. All materials 
ii4d) sources of ,ilia teri'aXa ,,,snan .. ::be ' sat! sfactcirY-" to: the ': !i:rigi neer::and::,'wheneYi3J;'\·re'
qul.'r~dbY .him s8n'ri>les . (if ' the ' inixturemayi'be taken ' severa.l times; dail'Y !and.'. the..;;" ." ,,!~ • 

. mixture to :be .a.ccentable must inva rj,"a:biy 6i:5rU'onn ' t6:;all ·requiremen,ts.·, ... , . ., ." ' ." ..... , ., ' 
, " .I'. : ' ',' ... , .; '. : ' . " ;.'. . • ... ' . ... , 

:.," .~~ ... . . 
;.~~'; . .," .: 3.~: : For, the ver( ficQ.tion · 6f weights::or proportions a.."1.d. . character:ofo. mi,.j;.~.,; . 
. ' rials ' 8l1d determinations 6ftemp'erature 'sec1ired;' t :"e JEngineer, :,or :his "; a)),tho.:rtz·e9<,::, 

representative. shall have access to 1),11 Darts of tl"·e paving plant at , .any: tiiI!e:. , ,-,,i 
~itable and accura'~e thermometers. weighing scales and other necessary apparatus 

"'sha:l.:j,~ 'b (l '; fUi:'~i sh:ed and;Jkept , ·i'if! btaer bf' tli.e';'Cont ractor..ranfu:igs.tal~ed::by . · t jl,!) .<. .' . 
~i~.~e,~~~~ .~.y.;;.t~i ' .O:: }::", .) [~~"':':. ;..: t ':.J..,. · ', >: r..II ··.i'$J,~ ": . 'I _' 'f..jf. ,' . .'::,:.{ . .:/ {. L:::;' ~.(l . . :; , . ':'. ·~, ~rt1.) ; ~ ,;' 

'f;""' ,· '" ~~ h~~~ '; . .." .P ..... : • .: , , - (-.·':".; .; .. ~._. ':::':C :~:--f . ~ ~.t;::,; ... " ·.,r-'.t--:e,T. . .• 
3.3. Inspection. Approval of sources' "of ': material ' supjJly.:·,;;·e,./ . .i .. ,' 

~,' 1a.rJ7~"Sources " of sUPPly for tli.e·"asphal tic"f cement~Hine : and.c c.oa~s,e~ agg!'eg~t,EL-s1lall be 
,~:;;. ap'i>rbved-'?y ' the:"Eh€;i neerJb'efore,' -the .' deli,very 'ofe mat-erilj.lsc, i.s: !starJ::ecl; i ~ and .;sampl~s1 

'. sh8:ll":besu.biiii·tt ed .f·n [ accord8:bc e: wl-tho<theJ'Dequ:iiI'emen.tsNjf t b Eh .EiJ.€;i!leer ~s .:pr.e6~r..i!r 
·ed in the U. S. Departmeht'~ of ··· :A;gr.i cul.ti'irec·lluJ.;le-tini·No·' ··,' .12lEh :"',",", ;' ~ _' .. I.: ,:, '" ",.'" ,l;::.\I <4.'~ ,Hl 



., . 
~:. . ;:.: ...... :' '-.. ". ~.~: .. ~:.;".~:~ ..... . 

:,~: .'5 ;::., .... , ~:" ':'~;: ' .,. ' I ' .' 
., ' ,.", .. ,:; ,: . 

3,.4. Plant .In.s.pection: Ha,t,eri.aJ,,'> ,aad ",he :or:elJaration. oJ .. ,l)li~.ty:J:'~s, shall be 
sub.fact . to inspecit.loC(lat. t;;;e rerrneri e,s ~: ld; 'JjJ.a:p·ta:Si~!iY b'e',:~o;XriiGtei(j,. ~" ., .. ,- .. ' ,' , .. ' .. '. . . :', .. :.'. -':. ;: :".:', , .. , : ..... ; .; .. " ~ .. .'~:'~ ..... " 

,: .,,: 0 ,5. . ihe~sD~i'tce~~d~haiJ.'. be:;se~aiatiii i;\G£tt;d. 'Fn' l':et'tl eii 'so d ;is L~'1e<i as 
to 'adniH of even' heatfngof th~ ("iti r~ inass' ;\~l th "aiie±'f'idi entaiicl;" '?Osft:ti'!' c"ntr61 
of the l1eat at a,11,. times ... It shall be ne",ted as directed by ,the .. :E:!lf,in~er to a tem
perature betwe~n '250°F' arid '350oF: . 'All" oi'Mni\16us ' mit'erlal'neatea, bey.o"d' 350°:;:-, either 
before ·.or .,during .mixing:wi tll, the minera,l, aegr.egate .s,~ll be.; .,reject,ed,. . -... ". ' ..... , ' .. " . .. . .. : :, . , . "" -, " , .~.' -,: . . . : .. ", ".:" .'~,,- ;, ' ::.:,.;'.;:"':'.: ."-: ~'~; 

3.6. · Mixing. The prepared ,E\g-;re:-;ate and the mi ne~al ,fillet; a'1d tl",e ~,snhal t 
cemen,i.shall be ,pi:qportloned '.liy :wei'<':l, t"g;, fO'X: , ¥ac~(1?1!-.tc;~ arie!- mi'Xed ;as di rsc;teq:lJy 
the ' 3:ilginEler in the .. omer: nie:riti'oned ' ;.n 'ad,equate anclsuitdble :ap-oata:ttis;a'JPJ:'oved by 
the 3},gL1eer'; so ' tliB,ttl1e resJ.ni'~ :~,ifturil~'haLl 'b~ ; tb6toti,i-.u;j.'hbri?6o:€i;eouse;nifshall 
meet all t;le requi.rements her0i,n ... specifi ed. The mixer used shall m .ve re'!oj'virig: '.". 
blades and shali:' "b'e of the batc)i";type. , .. . , ~". ..... .. :'. :: ::;'",',''' ": '.:n, : 

3.7. Hiner?l" aggregate sha,ll in ,,11 cases be measured by w~~.~l)i1lg unless specif
ic met;-,ods of gallG'ing, approved j.n wri ting by the Engineer, are tti3ed; , 

. '. ': ,~, .. :."~ , .... ". , '.' r .'. .. ,'., . 
3.8. The mineral aggregate must b ,s perfectly clryW!"iC"n 'coated arid have ". tern

nerat-nre of not.·less than 6OQ~ nor more than 1750F. T)'e bitumen, ',"hen I:',pplied to 
the "~regate, ' ~st have a t;';iiperature of not less thar, 25003' nor tii6'rli t11an 350°F, 
and must be fr.ee from u:1lnelt,\!d lumps . .. ' . . . : . ' '.' . ", ' ~ .. ~ .. ,.: ::::' : .'; 
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( I 
"" In , pJ;'enaring .. tbe , na-vi·ngmixtnre .for .. qoth t 48,(.tOp. .. ,ap.d, .qQt't;om cw);,s.es, the stone 

a:lrI, sa;''l.., siW-I)." fi~stb;; '-9~~~~d '~nth~mi~#itg cu~p'e.f'¢'th::\F.f~l,1':~~f)~q'i-ifier. ~hall I 
be add.ed, if needed, ' a..-1:d as soon as thea~g;r;'e!;ate . l.ii;q9.a:~ tid :,thete'l!+tf , ~l)e,a.s')J:;ij.Hi. c 
cement sl'>.all be added. More Jiquifier sliall 'ol1eribe;;,dd,ecliind the 'miXirig coT>t inued 
until the aggregate is com"Oletely coated wi th the nS1?1:!q,Ui,9 " c~e!,l~~ " , .r0.~ ... l'>,yd~ated I 
lime shall then be add.ed, and more liquifier, if neces-sary; '-·'to '.-gecttre';.t,:,-e pro1)er 
distribut~?1)- of the, lj.S.,,):l~ltic cern~nt. The Wixirg,, ~):l?,il , cOI1H",!-~ .. }ll1tgall :particles 
of t~eaggt:eg~i>(l a.e .completel:i a,ncl ';}lpi.fORI1,+Y,'. cQg\~,q. : "!~t!t tt;e~~p.l1alF~?el'!ierit. ", ' I 

. ·~ i . 9: ' .. '.~! l)li. ner4 : ii}le, .~~o;'id)~:: ~~ ' Gq,~ ~., i?t~ ': h;~>n~~i~ : ¢%n~~7 · Sh~ t:.)r i ~ 
evenl~ ~1 s tn bJ.\ted . ov"r~ll,e ,$urK,:,ce pf, ~):le , ae;r,~~~il-.te !l.!ld " n9~ . cl~:1J,E)9-, ,1~,:,0 ~1ee:l~" 7f ,: 
the m1X111g chamber. The asphal hc cement should a.lso be Il.dded slowly ,1n ' a t ,'Un .· I 
she~t: til<;>, fu I ,I , ,,,idtl:) of the-, mC\x~ne,: , ,<;hamber. . If the. :fiUer .a :" .d ,aspl:'-"J tjc c.ement are 
no~. added . ill ' t~~~ : i:na.n]1~i, ·. th~ ' }i!Jle: ;i-?qU~::ed , to .·· · Rr.9cit,9!;l ·. ~ ;~,~r9~: pe:y~ ~ig , m~~tiin"", ~/~~1 

~: !~H~~~~~:ml~:,~eS" p~~,ba~G~~ , ~t~,er:l s~:::9m. ::?; :;~; .e~;t~f~ ::~7;~:;~~)~c?;: ,~1l I 
3. i~~ The ' ;~~i~ : mi~tu~~; ' ~hei,; '~r'~;~rl; prepared, J;ri~~t ' b~ ii'riifbt,h' in ~()MjO;~-

t ion, free from lumps or balls containing an excessive quantity of cH"meil; ':t:riiii(::c I 
materials containing,l.es.s " bitumen. than .that . required. a:;ld .,not sho!1!l , eyj.dence of the 
impro1)er application ' o'f the" ii.iJJi.i:i'ie~ • . ,'.... . .,~,.,' ." ': ' ' .c'>;::.,". ·'" ,. " . 

' .':. Z.lh ', The: b~ 't~i'~~~ ';: ~0;6;~te: riA~~r~ ~~ep~i~:~ ~p~<;ifi~4~ 1ha'(f:'bil'l~\ll!;lq. to I 
,. the: ~?rk i)l~i6h~: ~:?hiCJ-es;; pr.;'Yi ~~siY;, Ci ea,nea: 9t, '~Il.; jO}~ig~tjjl~t~fi~+sc' >: ~~e · ~.is+ ; ( 
. -patching of the vehlcl!,s ; -sha~;J., be .. ,arr?-n$ed. , sO, t.h?-~ . !,-l,+"m""te.ri"l , il-el1yer~d . may : be . ; I 
pl"-ced a.nd shall have received ' i'ni:tiai 'Tolling' in' daylight; .' .' .' . .. . " '" .;, ,; 

I 
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3. 12 . f.l,,·.ci nR BO,ttqrn Course. Prior to the 8.rrival of tli8 cottom course mi x
ture on 'che work the .p'3;s;el".our .se ~h9.1J. ~.av:8 bFlen. cleime!i of,. a,ll ),oose .. ancl f.o rei.,;;n 
m:=iterl als' . . .. The oo,'i-;:tom', ·c.our·s. e ·~mixt.u.;e' ~haal ·b.Q laid· only on a .bas .e . course .Wl1:1 .. C:'l . is 
d.;y a"m o'i~lY' wh~n ' the'·"(l,8\,: ·ther. :'co:n.clit'j. on.'s " al·~ .. ':sui t~b.le . ... ··CO!l:'ta:ct ' sJ,i·lI.f:~ ... ces· _of ' .curb:- -.: 
i .,!€; ,? anq. guttars,.: acl", a:ll .iO ints sh.?i1be·~ei.r;ted w':th .n' .t)1;i,ll, unjfon~.q~~.ti)g ·;( .. 
as?h,;~:)..ti .c cement .b efor-e .. t·he .. s;urface ·mi xture j . S; snrem.:J. Upo.n ,s.rr,i;y>ll, on .tl:'.e ; ':Iork . 
t lJ..~ bot:~Qm cou..rse mt,xtn re 18&11. b e, · ~e"O.os·i ·ted. . . outside of ., t!1~ , ~re.a ,on w}:lich it :.is ·t.o 
Q~ ; snre~q .: the. entireloa.cl '~.i~,tribu t;ed ~'ntciplace,,' p,nd spreit,:lbys',i.it.a,ble means In . 
a um I om l aJrer .of not] es s t nan C'ne and o:1e.>',alr 'i nclles i. n dErpth , ai,tei; .cow.,oress ion. 
'1:118 mixeo. ["ateria1 sik"l.l1 be kept clean a t all times a.nd 0.irt or f ors'{p.;ri materials' 
sIT:l.!,lLnqt be all ow'edtQ ·mi.¥ '(!i "h ' m,de!, ·. 0 J? op. t'he' mix~ .. m"te."~,,I:,'whi1..e , .b~i,n~; :'1:n-:-
loaded ,;f ,.om . cars, sp r ead or .r911ed. ·.· . ,." ,., ' , ..... -... , .. ' ..... , .. 

- . " - . " , 

3. }.3 . The time a '1u manner of roll i ng shall be governed by the condi tion Q£:' ~.: 
the ,?aving mixture. If t'he pRYing ;llixture contai.ns enou Rh liquifi er to '~)e ' s of t 
and.:o1i:' .. stic . it .. shE),lLnot be roll edunti1 · .the ,· bit1,l11len "h",s }',ardened sufficie;o tly .. to 
g\ve tl-'epavementthe ;nec~ssary s.tabi1,1 ty;,hen ~l:operi~ :c,9ns QH4e.ted .. by: rolling, . 

, . . . , ,. " . ~ . 
. :_ tibeI', :p!'oper1y cUl;ed, ~)-ie .pavi!l'~ .)ll~xt\',~e, ~h~l.i b~ ro.ll ed ' I'd tl} ';a now"rr:oller : .' 

'wei ghin{; not less ·tban lO ,:tons, or. with a ··roller hav:in~ .cor.rpressiori o{~ n9( luss ·· '. ;. 
than 200 pounds per inch of r~a.r ' wh~el wi dth . 'T),e i 'ni t ial ' roilIng" snall b e contin": 
,+ed 'HntH t he desired :b~nd ,between . t"e ,. ingredient '. C!f the ag,,:t'egate .. is sec-ure!'l .and 
porous or low spots 'disclosed" . Depressions made by rolling. shall bEl ~:tille!'l . ,'lito" .. 
ad,U.t iona1 materiala11d .rerolled ;0 t hi.t thesud'ace of t~'isb'ottoin '. c6i.;" rsc wHl. '.0-8 ' 
~f a unEoro char:>.ct e r ~nd ,1ave t ;,e reQ1.li·red · gra~e " al1d prown'. :. ' .' .. ,.; . . , .. '. 

~ .,' . . i;· 
3 .14 . After bein.g spread and rolled as above specifi. ed , the bottom course 

must,be 1:)rot ected f ·rom alLtrav.eL-. a)'ld kep t ·perfectlv,. clean until ; t he ·, top cou.rse bas 
,been .ap) lted. If an,v !!art of . t h;,s'. course . ~hOVlB a' kck;df;)8hd"b:et;;in~~: lo6se ·0/:'. ... , 
broken 'U}1 or covered with mud, itmust berl'nl aced Viit:!! pr01.Jer .'.riw.tenal · li'.id, in,,"' .. ': 
ar;r;:n'0.a:,)~e with. t:le require~epts .I';i ven h erei n. If the ,bott~~ . G~urseb ;,cQmellwet .. ,· 
be:fore i ~ can be covered , .i t raust. be aU owed', to dry'before tl1e~ , s\1rface :-P1\y'"menl; f$ 
. . . ....., ... " . ~ :. '.- ., ' ..... ,.",. ' .. . ":,. 
lai d . , .. . . 

3. 15 . Placing Top Course. After this bottom course' is " r operly roiled t :., e 
top CGur.se shall be ; spread :and: rol ).ed .in .a d l.niforr.> l a:rer , to, acde"9th .. ·' f. )lot 18S.5 
thG,n one- half of an :inch after .compres~io.n, so a8 ~_ to : c'6\r:e·t :·.tYie:' 'i.L'1"d-ei''J.iT;U~j:,::--bQt t(;ml .. 
course. Ad.jacent to n{"sh curbings; giitters; li ;,~rs anit s.truCtures the ;';;rfaoe'" 
course' S,h2.11 be "snrea<i. uniformly h"h so that , when , com-oleted, ~Ji. .)I',in,. oe , sU,:1tly 
aboye the edge of ' , ti:e ,Cu.:rbing. ,gtlj;t~r:, e t ~ : ,.,· Aci;j~~$llt ,~ tOcU:tt;:t'!ii~;-gb.~t:IT '';!ld ran:: 
w~ trp.ck liners, alld al). other l oeat i.ons il".accessibl"s · ;to ' t/le r ol).<)r, t he cOl'l'pres':' , • _ , •• " 1 

sion shall be eff~cted w}th ' i ron t~mners weii,hi ru; not · les.s tl18n ~5 _ po1l)~~ S and hiw -
ing a beari. " g area not exceedi11g 4 8' squarE'lnches.,,' '' ;''- ' , .. ,' " " 

3.16. Final Corrrpres sion. After the top course h :·.s been spread. evenly , r oll in! 
shall begin at the sides and work to the c enter of the roadway. T"he total compr;es;s. 
ed dept;) of the fi.nished mixed materi.a1 surfa ce shall not be less than .tr/o inches~ ' 

Tl~e motion of the roll er shall at all times be slow enough to avoid displ a.ce
ment of the mixt"re ac1d 8.rry displacements occurring as a result of r eversing the 
direction of the roll er or by any ot:~.e r means, shall at once be correcGed 'oV the 
u se of rakes and of fresh mixtures w:.,ere r equired. Rolling shall proceed 8.t a 
rate 'JOe in excess. of 150 square yare's per hour per rol' er. Rolling s:'1811 co ntinue 
wi thout interruption until all r oller marks di saprjear and t h e surface shows no 
f u.rther compressibili ty. 
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. : i ' .,' i .,:,', ' ; ': . , _ .... . .. _.. . . .. . - ., ... . 

Th e;~J;'l;er s :':on 1 (trit> t~';s, s ':O:rf) ?~ '~a,,,,j:'A~; np:?;,t~/~, tiJ. t;~~y6\N~~~'~11d,;;]o e ' ",;;~"l s of 
the ;,s8,u'e 'ml' s t 'oelr ejYt cl ean 'l:'id ' 01.1eo" /'l~ ,,,,n, t?,p,e,s,., " ,,,TO, Il:li>ter ,,~hal:l o,e" !lP;:ol );,E).d , t" , the 
whesl g,' ,of' t;':e 'roller'~' ~A:ihe's';- eO'p,t:.' '(j,i:l'tY,"";'at,er ':or .'o<;r 'ea,s e ',,!us{ .. !lo Lb ~ :e.llo.v(p,o. to drop 
f rom "t Ile," rollcrbritot~', ep'i;v<;!melit " Aft~t. ~):u3" p,e:";em~I1-:G, ));1.'8 : hia. :~,~ : ~ llit,i",J; ,' COInnres s- ~ 
ion liinestone suirfacecove,ri'ag ,rna fci'ria,J, , 8:s ~d'ii~Gted b" ,t;t]e ; Eng,i'~,?,e:r • '.s)', ,;:(11 , l1 e :;wept 
tl-!inly o"e~~ t;',e' m'ltifreiurfEi'c'e. ·' A"siif'fl:ci Gi{t n1.u,ib,er 'ott .'roi'ic',s:' must , be 'eJ)\':JJ.,o:ren, to 
o b tatn • tl'->a ICaiirniim Cflmpris s{(jn'. 'i rid, i n;' Ii!:!' e~~~ ,i:h~:n. Yea s ' t,iiiii; "l,€;,,{ '~j 'i;:;~ ;';<lc)l lated 
denS"i.t.y: .. ~:~ cb ta.ined. -.':' ';-',~' ,~~:!: ,; ~ ;. '~ ';~ ~:: ','; -: ,r ,: .. ';.'~i ~ "';; :'~ '.\ . ' : .;; .. .. :: \" \ ~::":" ~'; '. ~ .f..( i!~',,';; ! .• ~' . ." ';: '. '.' . 

.... .. .. - .;. ~,,' t " :l ..... .. ':'1",:' L::~.: ".":: )'~:' .. ,{': ... :. ', ' . ... ;'. '. '." 
3,17; Sin'fae\' 'd'ests :0": ·'S'er orli t~'G ' coni'bl eh 0 Ii of~P,e " ro1.J. i,n,~;"tlle ,s'l1,rf,,-pe s11'an', . 

be test ed as :" ollows alld corrected as necessary by ,?'r 'o'peI-ly' itifiiJ 'lg or' reo;o'Ti )1g mate
rial. r C'i;es tbg ~nd rer?p~n~ .~~il Vlr.f.irisr-rd, ,s,lr{aC,f', cPI!9U ,o¥ wi,th ,;G'le t ,'st, ' 
requirffihen 'cs'. " ""i,:,':: ';'"." """;' ";"""',, ,." ", "", ,; '; : ', ',' J: .. :,,;,:;,:: .• , '," 

. _. . . ,. t. " ... " " : .I •. ~ .. . . ' :; .: .. . . : ,. r;,:·" '.' .: ... ;1'.( .. :, .... .,.: .!;:,"~ .L .:. ;·' '"'.:.: " .:i'.'" 
,The ' filii shedpavCllient 1;'ha1:l , s'110W ' no ' dev i.(;J,t;on ,f1'Pin,J ;)le, g e!J1lr,<iJ" s:\lrf.a~,.,.~n excess' 

of 1/16 . inch '!Jer fbotiti/lTteasur'ed" f ri "t f;e'i" ['oll dw{ hg m;"~nh'i "A'io f oot ' straight edge 
shall be placed par3.11el to thE) cen'Cer. line , p f , ~l\eroa(\'I1a;v 89a,!L .tq :P,;'io,g.e" I",ny ,9:e
pressi on: ' Bild touch ' all hi i.;li suots~ ; oi-df~ t~s m(i?:!jW',~d h om, 'the fac(>qf, the pav:~ent , '; ' 
shall n?Jt exceed ' i/lo fncn'fiii' , il~i:h' 'foQi ' i;; : d± sti!-b6e : h9m.: the ' P..eafe;',. po i ~t ; (.l f cc;>:\tact; " .. :',:.":',.' ".' ,'.',';, ": : : ::.:.:.~. :.:.~- ,~'::'~<. .. : .. '. ,:'.~';' .. '~ .'., .. ;.::.':'!.' .:'<'i~ .;:~ '''' '~''',: __ .~.'.:.>,:' •. ~'.-.,~';.~::~' .~; . .-":."i::::;;. ~:: :<'",: .! ~ :- :: ,~, '. 

SUch'Oortions rof ; th~':'c6'ni:p:r~ted' nair$meiitas , are,.diif ecb v.:e , i.n ; fi p~&h" c\'l'''rD r~&siQn i '' , 
densi ty ' or ~ compoSi ti on ' or : thi<~ :d~n6!, ~~;';~1y:)'i)a),1', ~~ ?:p ~e~s :,~i t j};,t ll<l! ; ~"q\l.ir<;ments : . 
of the s::)eCificationihhal1 'be t(lkeii : \i-i?~, r~ci(n:,~d<ind ' reill;:cei " ,,\i ~h , ~¢,~gpl !" ,ma.tori Itl ' 
proocrly laid ill accordance Viit'h"t heii) ' sp'ecificatio:ls ""iid ',,:tth e emor..se of t~oe 
Con trac ·00r. 

• 1 .{ •• ~: :';~ , ~ :-~) ';'.:';-: : :~'. ' .:: ) ,' 

. 3.18; ' Protection ; of : pavOOi~nt; ' ':: i{d.ft: :e' \il1l~:;qi ~i~lf ~~i~/~~~~~~~~j';;tur,~ . . 
permane •. lt :'side. supp O'rts ,SUch' a:~ c;:ir1)s; ' Eicl~i \:lg~i ;"he'aiier,s ' o l':: iw{t:er~" ;lW.v.e. , ;w t , been ".COil
& t ruct eo, ,' ',jlarucs ' c'f: ' sUitable 'thi'c1&~i;? ~ihiali 'O'e l 'a1(\: :D.'i:"i~ ~i.ci;e,:Of th.eoa:v.emQr;t ., a!ld '. '. 
rigidly su?ported s6 '~s, to;.V~~;'e,n~.';tli~, '"c~i~~r~, f5P~ ,?'l~:~,r.~~~ 'o\i:~ ,v,~d'; J; ,J:;~: ' rolle~ . • . 
These, pla,n![s shall I'ema1n 1n 'pl'!l.ce llIitll f1nal com')8,ct1on nas been obtaE,ed. D'TIng' 
the construction of shoulders t be sD,rface of tl' e 'Oavement shall be 1:ept clean ana, 
free from. f ore i gn ma terial. . ... ... . . ... , .... ", I.,,· . '.;:: . " 

: .' '. . '. • ··:;(.:t :; . ~ • ___ . . -::. __ . ;:'::::". -... -'~' 
; . ' • ~ V" ',; . : ;-, •• :.' -- ;; ; ~~::':'i-~ ":' "} j' _: . , ~!!~~. ;'" " . 

4. ' i.5et',bd of Meas'nrelhe'ilt: : ~e, y~;r'~age to" ),l s, PIl.tcJ,.' fO,r_ s;hit,+ bf{ ,,~he .. " UlPQe,r- of 
square~""rds ofwel1,rii:'.g ¢buriB ' 1'n' place, ' eomi;>l'eted Ul"-cl , ';lccellte<!::; , ['" ,; .• , ..:';, , ", .. ;.' -; " '.' :: .. . 

. '". .. ,. . . ... , ~ . ,'. .'. .' ..... .\- '. . . " . , . _ , ,- ~ ' " ~~."~ i :;1" ;' :.1" '-;<":<1'£ .:,.' : _i • , 

5.'lasis of: PaYment ~ , Thii('i~eT!1 , ~han D:~ i;>il.idf6r;:bY' .pie" y,ard«4e-, mea..m',redas> " 
'Orovided" il;;ove at , t1;e rirl cE; -\l'id" t;,et ',$:tl',mre yare.' fqrAi;':l~ 'e,sLte : Pay:~mfJU,t w~,icl1yprj; ge ,' '" 
. . .. . ...... ,' . . '- '" ",' . . ; .. ,. ·. : .. . . ' ~ . · . f ;:. .; : .':-: . .. ~: ' :', .. 7 " ,J-;; ~ .. . , • . • - . ' • •.• .• - •• : "'* 
s21all ' be f'lllcO=e!1sation :fo~ ~~rF,)"i~! hit(.1i ~);1~ ,j1,,; , i3-1} , i~",tHrj'¥i', , ; to~ ;1',1+ : nf'aolng" . 
mixing, l'B-ulint:. ' 'Olaci:\e;; ' Tollinp,. ·· Il:nd: ,fltii ~htJ)f;,." i,>I~ ~l,a?or. , .. .ti9Pls~ : eil7~~.:om;,nt .Glnci , .' 
incide"!.1"ca ls !1ecessar:r to complete t!le ' vr6:dc: ' . ' .. 

:: ,. ~. , ... ,., .... " ,',",',',",'-' ",', .. : .... -... :.:.:: .. ~ . , ' 

',I.:;' ":'.: ,'," ." .: .", ' F'.:; i. \~ i·J. ::: 
,:-;U 1793 ·· . . i'· 
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1. DESCRIPTION: 

COLD ROLLED RdcK ASPHALT 

(DURACO) 

S.A.P. No. __ _ 
F.A.P. No. ____ _ 
Job No. -::-_-,-_ 
____ County. 

This item shall consist of a surface course composed of a mixture of asphalt 
and natural limestone rock asphalt, coarse1nineral aggregate, liquifier and water, 
which shall be laid cold upon a prepared surface b,ought to the proper cross
section and compacted by means of rolling. 

The specifications for the materials shall conform to the requirements given 
below: 

2. MATERIALS: 
(a) Asphaltic Oil shall be an aS0~alt base oil fulfilling the following 

requiremen ts: 
Specific gravi~y @ 250 C, not less than ...................... . 95 
Percent of asphalt @ 100 Penetration, not less than .........• 50 

(b) Mineral Aggregate - Coarse: This shall consist of a clea.>1, tough, 
durable crushed rock having a percent of wear of not more than 6. 
The size of this aggregate shall be as follows: 

Retained on the~" screen, not more than ..................••. 5~ 
Passing t and retained on 10 ............. ..... ............ . .. 50 - 75 
Passing 10 and retained on 40 ...........••.. . •.•••••.... • ... 10 - 25 

(c) Mineral Aggregate - Rock Asphal t. This shall consist of a carefully 
selected, well graded as to size, LIMESTONE ROCK ASF.~T containing naturally from 
9 - 15% of na~ve bitumen and tram 85% - 91% of carbonate of lime and the size of 
this aggregate shall be as follows: 

Retained on i" screen ...................•. . .................. 5fo 
Fas sing ~' retained on 1" ................ ... ................. 11 - 25% 

" i" " " #10 ........ " .•... ..... .. ..... " ...... 7 - 25%> 
" !flO 11 " #40 ............ . .. ........... ........ . 11 - 36% 
" #40 " "#80 ...••....... • ...................... 10 - 25% 
" #200 . . . . . . . . . • . . . . • • . . . . • . • • . • . . . . . . . .. 5 - 11% 

(d) Liquifier: Naptha and meeting the following reqUirements: 
Ba1.Hne Equivalent @ 25 C .•........ .•.. ....• ...... . •... .. ...... 40 - 50 
Flash point not less than 1250 F 

3. PREPARATION & MIXING OF MATERIALS: 
In preparing this material ready for use. the LIMESTONE ROCK AS~T shall be 

run through a pulverizer having gratings with 3/8" openings D.nd mix3d ",Hh coarse 
aggregate, asphaltic flux oil, liquifier and water in accurate propor·'ions. The 
proportion of each ~~all be as follows: 

Coarse aggregate........ ..... . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 20% _. 30% 
Rock Asphal t " ..••.... ...• .............. ....... . ..... ..... 53 - 75 
Liquifier ......... .. ............... . ...................... 2 - .5 
Asphal tic Oil ....•.....•........ . ...... . .................. 1. 75 - 3 
Water permitted ............ . ............................... 1 - .3 
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4. The percentage of bitumen iT. the fini shed course sh-'l.l l no t vary more than 
1.0 percent frOr.l the proportion established by the Engineer . All materials 
shall be sati sfll.ctory to the Engine",' ~Jld whenever re quired by him samples of 
the mixture may be taken several times daily 'U1d the mixture to be_acceptable 
must inVariably conform to all requirements. 

5. For the verifications of weig.'1ts or proportions and chara'cter of ma terials 
and determinations of temperature secured the Engineor, Or his authorized 
representative, shall have access to all parts of the paving plant at any time. 
Suitable and accurate thermometers, weighing scales and other necessary appara tus 
shall be furnished and kept in order by the Contractor and installed by the Engi
neer . 

6. INSPECTION: Approval of sources of Material supply: 
Sources of supply for the as~~ltic oil, fine and coarse aggregate shall be 

approved by the Engineer before the delivery of mater ials is started, and samples 
shall be submit t ed in accordance with the requirement s of the Engineer as pre
scribed in the U. S. Department of Agriculture Bulletin No. 1216. 

7. PLANT INSPECTION: 
Materia.ls and the preparation of mixtures shall be subject to inspection at 

the refineries and plant as may be directed. 

8. The Asphalt flux shall be separately heated in kettle s so designed as 
to admit of even heating of the entire mass with an ef f icient and postive control 
of the heat at all times. I t shall be heated as directed by the Engineer to a 
temperature between 1400 F and 1800 F. 

9. MIXING: 
The prepared aggregates and the asphalt flux sr-all be proportioned by 

·"'Cigc1Ulg for eac':! batch, and mixed as direc t ed by the Engineer in the order 
. mentioned in adequate a.'1d sui table. apparatus approved by the Engineer, so that 

t he r e sul t i ng mi xture shall be t lloroughly homogeneous and shall ,jee t all the 
requirements h er ein specifi€,d. The mixer used shall have revolving blades and 
shall be of the ba tch type . 

10. Mineral ag«;rega te shall in all c"ses be measured by woi g.'1ing unless 
specific methods of gauging , approved in wr i ting by t he Engineer, are used. 

11. The mineral .o., ~greg!'.te must luv0 " t emperat ure of not less than 50 degrees F. 
The asphaltic flux, IVhen applied to the aggregate, mu€~ have a t emperature of no t 
less than 140 degrees F. nor more than 190 degrees F. 

In preparing the DURACO paving mixture for surface course, the crushed 
stone and crushed rock asphalt shall first be placed in t he mixing ch~~ber after 
which the liquifier shall be added, and as soon as the aggregate is coated there
with the asphaltic oil shall be "dded,and the mixing continued until the aggre
gate is completely coa ted with asphalt. 

It is contemplated that the paving mixture will be prepared at some central 
point and shipped ready for use to the work and unl oaded e i t ller in stock pile or 
in trucks and placed in the work within at leas t t hree week s fron the time of 
shipnent. If materia l is stored in a stock pil e It must be placed under caver 
or shed. 

12. MET'dOD OF LAYING: 
The sub-planking of br i dge floor to be covered ~hall be swept clean and 

painted with an asphaltic base oil or a cut bac1c a sphalt paint (50% roofing 
asphalt - 50% gasoline). This paint shall be put on at the r a te of one-tenth 
gallon per sq. yd . The a sphaltic oil or paint shall be br oomed i n with a wire 
broom or or dinary £, i bre :lush broom. 
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The DDliACO mixture shall be spread to a tbickness of It inches taking care 
to break up any lumps which may be present. Where a patch is made the mixture 
shall be feathered out on all edges by first combing the edges with the rake teeth 
and then smoothing with the back of the rake. Par ti cular care should be taken 
to see trot all the paint is covered up with mixture and no paint l eft adjacent to 
the work so that the roller can pick it up. In laying, an allowance of approxi
mately 50% shall be made for compression, that is, if the thickness is to be an 
average 1", the mixture should be raked to a thickness loose of It inches. After 
same is rolled as indicated below then in the same manner the second course is 
placed and rolled to the cross-section shown on plans, sO that the total average 
thickness is 2 inches. 

The DDliACO wearing surface shall then thoroughly be rolled with a power 
driven roller, having a compression of not less than 200 Ibs. per lineal inch 
according to thickness of pavement. 11here possible, the surface shall be diagonally 
rolled and all places inaccessible to the roller shall be compressed by means of 
hand tamps. All low and uneven places shall be built up with additional mixture 
and re-rolled. Bond between one day1s work and the next shall be accomplished by 
roughing up the end of the pavement laid the previous day and depositing fresh 
material upon it, feathering out the new mixture where it joins the old pavement. 

13. TRAFFIC: 
No traffic shall be allowed on that part of work under construction ~ut the 

completed pavement shal l be thrown open to traffic within 24 hours. 

14. INSPECTION: 
All work and materials in connection with the construction of the pavement 

shall be subject to the inspection and approv~l of the Engineer. 

15. PAYl.lENT: 
The compl eted pavement shall be paid for at the unit bid price per sq. yd. 

which shall include the use of all necessary equipment, tools, material and 
labor. 

2802(Revised) 
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1. D3SCIUPTIOE. '!'hi. s item sllall cons i. st of a pavement composed 
of coarse and fine mineral ag{?; rega.t es, pr emixed V7~_ th asphalt t c emulsion 
and shall be cons tructed on the completed and my·woved fou:1da'Gi on as 
specified, or in the case of a bridge U1)on the -p r e,?ared floor of same. 
The pavement shall be laid ·q,s black base course, wearing course, or seal 
eoa t as cal led fo r on t J.1e plans , aJ. l in acco rdar.ce wi th t118se specifi
cations and in confonnity with the lines, g rades , compacted thi d:ness 
and t ypicG.l cross-section shovm oa the p1.ans . 

2 . MATERIALS. The Uineral ,1.gf; regate shall be composed of a Coarse 
Aggregate of cnlshed stone , and a f ine agp;rega.te of s tone screenings or 
natural sand. Sarn!'res· of the coars e ar::sr egate anc. fine 8.t~~·regate shall 
be suomi '~ ted in accordance wi th "?rescri bed methods . 

3 . The Coars" .I,g,:;regate shall consist of clean , tough , o.u rable 
angular }lart icJ.es of crush ed rock , (excludi ng sl1ci s t , shal e or slate) of 
u..'1ifonn quali ty tJlroue .. hout , sh;:tl l be f ree from an excess of thin or 
elongated pi eces a-~d f ree f rom so ft or aisintegrat ed stone , dirt , organic 
or o ther injurious matter occuri ng ei ther f ree or as a coating on the 
stone . All stone shall meet the requireme!its of ~~:!.e soundness t es t . 
All stone shall have a -pe rcent of wear of no t r:lOre than 8 , a~1d w11en test
ed by l abora to r y metllods , shall f ulfill t he gradLlg requi r ements of the 
cou rse for which it is to be used a nd. shall be construe". to mean all the 
T!'laterial retained on a 1/4 11 screei1 . 

4. The j~inc Aggregate shall cO~lsist of sand , or a cornbina:i:.ion of 
one or mo r e sa;1ds a.nd s ·;~one screenil1,f.;s . The sand s!1al1 be cO!!lposed of 
sound , dur ab l e hard ,Jarti.cles. reasonably free from a coati:1g of clay or 
loam. T:.l1.e screenin.;~s sllall be of tb e SElJne or similar material as speci
fied for Coarse Aggre~~ate . The; Fine _~5.;::;r e(?;ate she.ll be of such g rading 
t llat it will pas s a 1/4 11 screen a~ld fall wi thin ~v~~. e f ollowing limi ts . 

Passing 1 /4" Screen ... ...... .. .. .. . .... . 
Passing 20- :;e8h Sieve . . ... .. ........... . 
Passing 50- :iesh Sieve .. ..... ......... . . . 
Passing 100 1,'esh Si eve . ................ . 

95e;, to 
50; to 
5~ ·co 
0% to 

100% 
80% 
30% 

5;"; 

5 . ~he Asphal t ~t1l'1.1sion shall be hor.lO(.?;en01 .. ~s i n character 8-'!d the 
stabUi t y shall bG such 'Ghat it will uniformly coat viet and dry mineral 
particles wi thout showi ng any appreciable sepll.ration of the asphalt c 
t ent , whi le it is being ma...Ylipul ated and/or i:L1coryorated i!.yGO G1ixtures . 

5557-1 
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It shall be miscible in all ordinary pr ol)ortions wi th .".ny "Dotable wate r 
with alkalini.ty 1lot exceeding two hundred. ".nd fifty (250) "?a.rt s Del' 
",illion . 

The amount of sB::;)Qnifiable sUbstances sb.all :10 t exceed 1.5 percent 
wl-,en de terr"ined in accorda",ce with Test Beth on. 37-=, as described on Page 
753 of the Third. ~;;C. i tion of "As"?hal t and Alli ed Subst"'lces" , by Abraham. 

When distilled in accorda,:'lce with t:le met:, od desc r ibed Ll A.S.T. !!. . 
Tentative Stannard , Seri r;J.1 Designation D- 2<:1A- 28- ~, '~he perC81'ltage of oil 
c1.isti llate " " d total distill".te in t,le ernJ.ls i on s::e.ll be as fo llows: 

'fota.l Distilla te .......... ...• . 40 t o 
Oil Dis ti clate . .... . ..•...... 0 to 

45°~ inclusive 
2:~ 

Asphalt ic "esidue obtained by distill .? t,i.on shall meet the fo llo,.,
i nts requi remen t s : 

SpecifiC Gr avi ty 25/250 C - ;,Tot les s t h e.n .• • 1.QO. 
Penetrati on at 25°C - 100 g rrn. 6 Seconds ••• 70 to no 
Ductili ty !\t 250 C - Eot "ess than .......... 60 Cli 
Solubil ity j.n CS2 - ;'ot Less than .......... 99.0% 

VOLATILIZ3R. 1'ol ".tilizer sl1",l1 co;~ s i c t of a vol a tile li quid with 
an initial ooi15.ng D Oi:.1t not l ess than gOoF., and with an end point not 
more '~han 4100F. 

6. COl!STRUCnmJ METHODS. The wee.ring Course sha ll be cOID'P0sed of 
fine and C0 2 rsc aggregate , vol atili zer a~~d col d emul s i f ied asp!1al t , end 
shall have an aver age t h ic!cness of not less tllan 1- 1/2" after compR.cti.on. 
T:'18 com~osi tion of t~1e ftnished mixture, :::I f ter complete eY8.pora.tion of 
the liquefying e.gent a11d volatilizer, s:,a11 fall '7!.thin the limHs 8.S 

follo",s : 

AsphaH Cement .. .. ........ ... 4. 0% to 6 . 0':; 
l'ine \.ggregate . ..... . ... . .... 10.0% to 30 . 0% 
Coarse Aggregate •............ 64.0% to 86.0% 

The Co a rse ,\.ggre~ate con'ceilt s ~1all be g r aded so ".s to f a ll wi. t:lin 
tlle limi ts as f ol l ows : 

Passing 1" Scr een . ........ .• 95.0% to 
Passing 1/2" Screen ........• 30 . 0% to 
Passing 1/4" Screen •...... .• 0 . 0% to 

100 .0% 
65% . 
5.0~~ 

7. The Seal Coat sha ll be compos ed of Fine '\.ggregate , or fi.:1e and 
coarse aggr egate , vola tilizer and cold emulsified asphalt, and. shall have 
an aVer8€e t ,ickness of not less t '.lan 1/2" a f ter corc.pact i.on. T!,e co;",,?o
sHion or' tile finished mixt ,1.re after compl e te eva:oorati. on of the Liquefy
i ng ae,ent anc.. volat ilizer, sh all f all with in the lii:li ts a s follClvs : 
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Asnhal tic Ce:,'ent . ........ ... .... ...... 5.0% to 8 .0% 
Fi~e Aggregz..e . ..... ......... . .... . .. 62 .0% to 92 .0% 
Coarse Aggregate ..... . ...... ... ...... 0.0<0 to 33.00; 

The Coarse Aggr egate shall be gr.<l.ded so as to fall wi thin the 
limits as follows: 

Passing 1/2"Screen ...... . ............ 100% 
Pe.ssing 1/4" Screen •....... . ......... 40"1, to 95 . 0< 

8. PROPORT I ONING MATERIALS AI'ill MIXING. All materials shall be 
accurately p r.oport ioned by weight , or by volume based on weight, in 
batches of a size which wil l no t exceed the capacity of the mixing device, 
which shall be of a pug-r:ill, or concrete type of mixer. 

The mineral aggregate graded and proportioned as hereinbefore 
specified shall first be p laced in the mixer, then volatilizeI' introduced 
to the extent of from two- tenths (2/J.O) pe rcent to six- tenths (6/10) per
cent by weight o£ the tota l mix and the p rope r 8l1lount of emulsified 
aspllalt added and n i xed 11.11til all mineral particles are thoroughly coated 
and t~le resultant mixture thoroughly homogeneous. Excessive mixing will 
not be permitted . 

9. LAYIFG A:.:m ROLLI NG. The Asphal t I·fixtures, prepared as herein
before specified, shall be conveyed from the plant to the work in sui t able 
vehi cles and shall be successively d9~osited upon the foundation or 
previous course. If spread by hand the mate rial shall not be deposi ted 
upon the -place it is to occupy but suffi ciently ir, advance of the course, 
so that in pl acing, all the material shall fJ e turned by means of shovels 
or forks, and uniformly leveled by means of rakes or other su itable 
aP'lliances, to the requi r ed dep th a.."1d contour. Care shall oe taken to 
p revent segregati.on . The mixture shall then oe allowed to ha rden until 
it reaches a semi-plastic condi tion. The hardening time required will be 
dependent upon depth of layer, temper ature and atmospheric conditions, 
and 'will be of such du ration as deemed necessary oy t he Zngineer. 

When the mixture h as hardened su.fficiently to be in a semi-plastic 
condi t;.on, it shall receive an initial rolling which shall be su.fficient 
to smooth the surface and thoroughly key the stone . After complete 
aeration, which shou ld be from twelve (12) to twenty-fou r (24) 'Jours after 
laying, it shall be finally rolled wi th a three-wheeled, self-propelled 
roller giving a compress ), on of not less than 200 1)011.."1ds n er inch of roller 
width, until t;, e f" rface is firm and unyielding. 

''!hen the pavement is composed of two or more courses of the mix
ture hereinbefore specified, each mixture shall be laid as hereinabove 
required. Each course shall be so laid that the uppe r surface of the 
course shall be parallel to the established g rade and contour of the 
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finished pavement al'.d be below the esta.blisned grade a"Id con'oour by nn 
amount which will appr oxi mate t he aggregate depth of all t).le succeeding 
c-mrses. After r eceivi :lg final compaction, each course s>all show an 
average depth equal to the specifi ed de" th • . 

the 

1 
1 
1 
1 
1 

10. SURFACE T3STS. Before the completion of t;,e rolling , 
surfa ce shall be tes t ed a s follows, and corrected as necessary by 
ly adding or removing material, retesting and rerollirg until the 
finished surface compli es with the t est requi r ements. 

p roper- I 

.' 
The f inished pavement shall S;,0W no deviation from the general 

surface in e1:cess of one-sIxteenth (1/16) inch per f oot, as measured i n 1 
the following manner: A ten (10) fo ot straight edge shall be placed 
parallel t o the cente r line of t:,e roo.dwa,v so a s GO bridge any depres- 1 
sions and touch all h i gh spots. Ordinates measured from tIle face of the 
straight edge to t\18 sur face of tl,e ,?aveme:,:>. t shall not exc Jcd one
sixteenth (1/16 ) i nch for each foot in dis tance f rom t':le nearer points 

1 of contact. . 

Such portions of the completed pavements ~,G are defective in 
finish, compression , 0.ensi ty, or composition, or tha.t do not compl y in 
all respects I<i th the requirements of the specifi.cations shall be taken 
u,?, remoyed a.nd r eplaced ,,1.th su i t able material, p roperly laid in accor
da:t!ce with thes e sy8cifi cations a...""1d gt t l' 8 expense of th e CO~1t ractor. 

1 

11. 
the number 

I.!ETFOD OF If.ZASUR2I,\EHT. The yardage to be pai d 
of square yar c'.s of pavement in place, completed 

for shal l be 
1 

and accepted. 1 
12. BASIS OF PAYHENT . This item shall be paid for by the 

yardage measured as p rov ided above as the p r ice b i.d " er square yard for 
"A,,,ulco Asphalt Pa'rement " which pri ce shall be f ul l c anpensation fo r 1 
quarrying, furnishi ng all materials, f or mixing , hauling, placing, roll
ing and finishing ai,d for all labor, tools, equi :9'oent and inci cJ.ei1tals 
necessary to complete the wo r!c. 'I 
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