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DIVISION 600 - MISCELLANEOUS CONSTRUCTION1
2

SECTION 601 - STRUCTURAL CONCRETE3
4

601.01 Description. This s ec tion d es c ribes s tru c tu ralc onc rete, whic h c ons is ts of5
P ortland C ement, fine aggregate, c oars e aggregate, and water. Itmay als o inc lu d e6
ad d ing ad mixtu res forthe pu rpos e ofentraining air, retard ing orac c elerating s et, tinting,7
and otherpu rpos es as req u ired orpermitted . A llc onc rete d es igns fors tru c tu ralc onc rete8
to be plac ed on H D O T H ighway projec ts mu s tu s e tec hnology to red u c e the embod ied9
c arbon footprintof c onc rete u s ed in the highway infras tru c tu re. e . g. , c arbon d ioxid e10
mineralization or equ ivalenttec hnology s u c h as C -S -H nanopartic le-bas ed s trength-11
enhanc ing ad mixtu re (C S H -S EA ), ortec hnology ormaterialthatallows the red u c tion in12
the s ize of the c arbon footprint of the mix, e . g. , s trength improving ad mixtu res ,13
s u pplementary c ementitiou s materials (S C M s ), orotherEngineerac c epted method s that14
c an red u c e the embod ied c arbon footprintofthe c onc rete.15

16
601.02 Materials.17

18
P ortland C ement 7 0 1 . 0 119

20
Fine A ggregate forC onc rete 7 0 3. 0 121

22
C oars e A ggregate forP ortland C ementC onc rete 7 0 3. 0 223

24
A d mixtu res 7 1 1 . 0 325

26
W ater 7 1 2 . 0 127

28
M ac ro-S ynthetic Fibers forC onc rete Reinforc ement 7 1929

30
Us e c oars e aggregate forlightweightc onc rete c onforming to A S TM C 330 exc ept31

forS ec tions 5, 7 , and 9.32
33

601.03 Construction.34
35

(A) Quality Control. P ortland C ement c onc rete prod u c tion req u ires the36
C ontrac tor's res pons ibilityforq u alityc ontrolofmaterials d u ringhand ling, blend ing,37
mixing, plac ement, and c u ringoperations .38

39
S ample, tes t, and ins pec tc onc rete to ens u re the qu alityofthe c omponents ,40

materials , and c onc rete u s ing qu ality c ontrolmethod s and tes ting. S ampling and41
tes ting for qu ality c ontrolmu s tbe performed by c ertified A C I C onc rete Field42
Tec hnic ian Grad e I following the req u irements of the s tand ard tes tmethod s .43
P erform q u ality c ontroltes ts forthe s lu mp, airc ontent, temperatu re, u nitweight, a44
B ox Tes tfors lipform c onc rete, orotherreq u ired properties d u ringthe prod u c tion45
of s tru c tu ralc onc rete other than c onc rete for inc id entalc ons tru c tion. S u bmit46
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q u ality c ontroltes tres u lts .47
48

(B) Design and Designation of Concrete. D es ign c onc rete mixtu re for49
c onc rete works pec ified . S u bmitmix d es ign u s ing S tate H ighways D ivis ion form50
D O T 4-151 oran equ ivalentform ac c epted by the Engineer. D o nots tartwork51
u ntilthe Engineerac c epts the mix d es ign. The Engineerwillac c epta c onc rete52
mix d es ign c omplying with the information given in Table 60 1 . 0 3-1 -D es ign of53
C onc rete, and otherpertinentreq u irements .54

W heneverthe c onc rete’ s 2 8 -d ay c ompres s ive s trength, f'C, is 4, 0 0 0 ps ior55
greater, d es ignate c onc rete by the req u ired minimu m 2 8 -d ay c ompres s ive56
s trength.57

58
The c onc rete’ s 2 8 -d ay c ompres s ive s trength, f'C, whic h is les s than 4, 0 0 059

ps ilis ted in Table 60 1 . 0 3-1 – D es ign of C onc rete, is ford es ign information and60
d es ignation ofa c las s .61

62
P roportion c onc rete thatis d es ignated by a c ompres s ive s trength s o that63

the c onc rete c onforms to the requ ired s trength.64
65

D es ign c onc rete plac ed in brid ge d ec ks and pavements expos ed to traffic66
wear, withairc ontentof3 perc ent, u nles s otherwis e s pec ified , inc lu d ingentrapped67
and entrained air. M aintain airc ontentforplas tic c onc rete within a toleranc e of168
perc ent, plu s orminu s , d u ringthe work.69

70
Us e C las s B D c onc rete in the brid ge d ec ku nles s the c onc rete is d es ignated71

by c ompres s ive s trength. Inc orporate into the brid ge d ec k c onc rete: water-72
red u c ing, s hrinkage-red u c ing, and migrating c orros ion-inhibiting ad mixtu res .73
A llow als o, s et-retard ing ad mixtu res in the c onc rete with the c apability to vary the74
d egree ofretard ation withou tad vers ely affec tingotherc harac teris tic s ofc onc rete.75
S u bmitallthe d es ign ad mixtu re d os ages .76

77
C las s A c onc rete mu s tbe u s ed when the type ofc onc rete is notind ic ated78

in the c ontrac td oc u ments .79
80
81
82
83
84
85
86
87
88
89
90
91
92
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D es ign c onc rete as s pec ified in Table 60 1 . 0 3-1 –D es ign ofC onc rete.93
94

TABLE 601.03-1 - DESIGN OF CONCRETE

(800 Maximum Cement Content lbs. /c.y.)

Class of
Concrete

28-Day
Strength
f'C , ps i.

Minimum
Cement
Content
lbs. /c.y.

Maximum
Water-

Cement
Ratio,
lb./lb.

Minimum
Cement

Content with
Mineralized
CO2 lbs./c.y.

Maximum
Water-

Cement
Ratio with

Mineralized
CO2 lb./lb.

Minimum
Cement
Content

with SCM
lbs. /c.y.

Maximum
Water-

Cement
Ratio

with SCM
lb./lb.

A 30 0 0 532 0 . 59 50 4 0 . 62

N A N A

B 250 0 47 5 0 . 66 450 0 . 7 0

C 2 0 0 0 41 8 0 . 7 5 396 0 . 7 9

D 150 0 38 0 0 . 8 5 360 0 . 8 7

B D 37 50 610 0 . 49 N A N A

S E A L 30 0 0 610 0 . 55 N A N A

D es ignated
by

S trength
f'C or*f'r

A s
S pec ified

610 0 . 49

N A N A

N A N A

*f'r =S pec ified M od u lu s ofRu ptu re

95
S tru c tu ralC onc rete D es ign –The C arbon D ioxid e mineralization proc es s is96

ou rpreferred method for C O 2 footprintred u c tion fors tru c tu ralc onc rete. O ther97
C arbon D ioxid e red u c tion options , materials , ortec hnologies may be c ons id ered98
fors tru c tu ralc onc rete mix d es igns ifa C arbon D ioxid e mineralization s ys tem on99
the is land is u navailable, orC arbon D ioxid e is in s horts u pply. O theroptions to100
red u c e c onc rete’ s C arbon D ioxid e footprintinc lu d es bu tare notlimited to ad d ing101
S u pplementary C ementitiou s M aterials , ad mixtu res , blend ed hyd rau lic c ements ,102
or a c ombination thereof. A d d itionalmeans and method s of C O 2 footprint103
red u c tion notlis ted herein may be u s ed iftheiru s e c an be ju s tified and ac c epted104
by the Engineer.105

The red u c ed c arbon footprintc onc rete mix d es ign for allis land s mu s thave a106
red u c tion of P ortland C ementc ontentand s tillc omply with the c onc rete d es ign107
s trength and other d u rability req u irements as s pec ified . S ee Table 60 1 . 0 3-1108
D es ign ofC onc rete’ s s pec ified limits forc ementc ontent, waterc ementratio, and109
otherproperties when u s ingC O 2 mineralization.110

Its hou ld be noted thatin s ome c as es the u s e ofS C M s in mixes may notres u ltin111
ithaving the s ame s trength c u rve as theirc ementc ou nterpartand more c u ring112
time willbe need ed to meetand exc eed the d es ign s trength. In s u c h c as es , the113
C ontrac tormayreq u es tawaiverfrom the 2 8 -d aylimit. S u bmitlaboratorytes td ata114
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with the requ es tto the Engineer. The waivermay be granted on a c as e-by-c as e115
bas is , e. g. , mas s c onc rete. The Engineerres erves the rightto limitthe amou ntof116
S C M s in the mix orrejec tthe mix d es ign.117

S lipform C onc rete D es ign –The B ox Tes tmethod meas u res the res pons e ofa118
s lip form c onc rete mixtu re to vibration and the ability of the c onc rete to hold a119
vertic aled ge, thu s d etermining the workability and s u itability of the c onc rete120
mixtu re fors lip-formed pavingapplic ations121

122
Dimensions of the Box Test123

124
The Figu re above s hows the c omponents and the c ons tru c ted ins id e d imens ions .125
The B ox Tes tu s ed :126

127
4 pc s -½”nominalthic knes s orgreaterH D O P lyform with a hard , s emi-opaqu e128
s u rfac e of thermos etting phenolic res in-impregnated materialfor the Tes tB ox129
form , with a length, wid th, and heights u c h thatwhen the Tes tB ox is c ons tru c ted130
mu s thave internald imens ions of12”X12”X 12”.131

1 pc -½”nominalthic knes s orgreaterH D O P lyform with a hard , s emi-opaqu e132
s u rfac e ofthermos ettingphenolic res in-impregnated materialapproximately 24”X133
24”orgreaterforthe platform . Itis optionalthatthe platform is c ons tru c ted as134
s hown in the photos .135

4 pc s -2”X 2”L -brac kets to be attac hed attwo oppos ite externalc orners to hold136
the two P lyform piec es in an L -s hape. (M ore brac kets may be u s ed ifd etermined137
itis need ed to keep the Tes tB ox forms s q u are, rid ged , and in an L -s hape. )138
S c rews , glu e, etc . ifu s ed mu s tnotc au s e bu lges orprotru d e into the interiorofthe139
form .140

Two eac h-1 . 5ftpipe c lamps141

Ieac h-hand s c oop142

1 eac h -1”s q u are head penc ilvibratorthatmu s tbe able to vibrate ata minimu m143
of12 , 50 0 vibrations perminu te. P rovid e a powers ou rc e forthe vibrator. Rou nd -144
head ed orlargervibrators mu s tnotbe u s ed .145

1 eac h-ru ler146

1 eac h–16-inc hby 24-inc h L -s haped s teelframings q u are.147

1 eac h–1 8 or24-inc hI-B eam L evelS piritL evelTool148
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The Box Test Steps149

S ample c onc rete ac c ord ing to A A S H TO R 60 S tand ard P rac tic e for S ampling150
Fres hly M ixed C onc rete.151

D ampen the forms and platform with form oiland as s emble the B ox Tes t152
c omponents (forms , platform , and c lamps ) on a flatand levels u rfac e. The153
as s embled 1 ft³Tes tB ox is held togetherby the pipe c lamps and L -brac kets on154
the platform . S c oopinto the box the fres hc onc rete, eac hs c oopmu s tbe u niformly155
d is tribu ted in the box, s o eac h layeris approximately u niformly level. S top the156
c onc rete plac ementwhen itreac hes aheightofapproximately9. 5”. D o notd o any157
c ompac tion d u ring the plac ementof the c onc rete exc eptfor the d ropping of158
c onc rete in the Tes tB ox. W ith the vibratorat12 , 50 0 vibrations perminu te and159
keeping the head ofthe vibratorperpend ic u larto the platform and c entered in the160
box, c ons olid ate the c onc rete byins ertingthe 1”s q u are head penc ilvibrator. Take161
three s ec ond s to lowerthe vibratorinto the c onc rete u ntilitalmos treac hes the162
bottom ofthe box. D o nottou c hthe platform withthe vibrator. Upon reac hingthe163
proximity of the bottom of the box immed iately s tartrais ing the vibratoru pward164
taking three s ec ond s to remove the vibratorfrom the c onc rete. D o notd o any165
fu rtherc ompac tion orfinis hingofthe c onc rete. Immed iately, and c arefu llyremove166
the pipe c lamps from the s id e of the box, and then c arefu lly with minimal167
d is tu rbanc e ofthe c onc rete, remove the B ox Tes tforms in an as c end ing vertic al168
d irec tion. C are mu s tbe taken to ens u re the c onc rete willnots tic kto the L -s haped169
s id e wallforms . Immed iately d o a s u rfac e void evalu ation and ed ge s lu mp170
meas u rementofthe c onc rete s ample.171
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172

173
Surface Void Evaluations174

The grad ing of the res pons e of a mixtu re to vibration mu s tbe as s es s ed by175
c omparingthe s u rfac e void s obs erved on the s id es ofthe box u s ingFigu re 3.176

The void area forany ofthe fou rs id es mu s tnotexc eed whatis s hown in photo 2177
ofFigu re 3, i. e . , the void areamu s tnotbe s imilarto the void areas s hown in photos178
3 and 4 orexc eed them , to be c ons id ered an ac c eptable mix d es ign fors lipform179
pavementc onc rete.180

If a mixtu re res pond ed wellto vibration, the overalls u rfac e void s s hou ld be181
minimalbec au s e the mortarwas able to flow and fillthes e void s , henc e the s u rfac e182
wou ld have a s malltotalvoid area. H owever, ifthe s id es ofthe c onc rete formed183
by the box tes thad large amou nts ofs u rfac e void s , the mixtu re d id notac c eptably184
res pond to the vibration. Ifthe c onc rete d id notres pond ac c eptablyto the vibration185
the mix d es ign mu s tbe ad ju s ted u ntilthe void s d o notexc eed the void s s hown in186
photo 2 ofFigu re 3.187
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188
Figu re 3 s hows the es timated s u rfac e void s .189

Top or Bottom Edge Slumping190

The toporbottom ed ge s lu mpingmu s tbe meas u red byplac ingan L -s haped s teel191
framing s q u are s traighted ge atthe pointthe c onc rete s ample protru d es ateac h192
fac e the mos t. Us e the I-B eam S piritL eveland a tape meas u re orru lerwith the193
L -s haped s teelframings q u are to meas u re the d is tanc e between the I-B eam L evel194
S piritL eveland the u ppers u rfac e ofthe c onc rete s ample along its ed ge. thatis195
notprotru d ing and is vertic alto find the length of the longes textru d ing pointfor196
eac h fac e. D o a meas u rementon eac h ofthe fou rs id es , meas u ring the topand197
bottom s lu mpofthe tes ts ample.198

Ifno vertic alfac e c an be fou nd on a s id e the c onc rete mix d es ign is nots u itable199
foru s e in s lipforming. Ifthe toporbottom ed ge s lu mpingexc eed s ¼“foranys id e,200
the c onc rete mix d es ign is nots u itable foru s e in s lipforming.201

Videos of Box Test202

https : //you tu . be/XnKbxs 3bA oQ203

https : //you tu . be/P 6M KXItC iU8204

205
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Verify thatthe c onc rete is an ac c eptable c onc rete mix d es ign by performing a206
minimu m oftwo more ac c eptable c ons ec u tive B ox Tes ts thatd id notexc eed the207
maximu m void area and ed ge s lu mp requ irements . If the two ac c eptable208
c ons ec u tive B ox Tes ts c annotbe ac c omplis hed , then ad ju s tthe c onc rete mix209
d es ign and s tartthe tes tingproc es s overagain.210

In ad d ition to the B ox Tes tperformed d u ring the tes ting ofthe mix d es ign in the211
C ontrac tor’ s materialtes tinglaboratoryperform ad d itionalB ox Tes ts on prod u c tion212
c onc rete in the field d u ring the tes ts trip or firs tprod u c tion pou r whic hever is213
earlies t. A d ju s tthe mix ifthe res u lts ind ic ate the c onc rete d oes notmeetthe above214
req u irements . P erform B ox Tes tin the field onc e a monthifpou ringis c ontinu ou s215
orwhen the Engineerreq u es ts itto be performed .216

217
Us e the abs olu te volu me method to proportion c onc rete materials in218

ac c ord anc e withreq u irements ofc onc rete d es ignated by c las s , c ementc ontentin219
pou nd s perc u bic yard s , ors pec ified 2 8 -d ay c ompres s ive s trength. Us e abs olu te220
volu metric proportioning method s as ou tlined in the A meric an C onc rete Ins titu te221
(A C I) S tand ard 211 . 1 , "Rec ommend ed P rac tic es for S elec ting P roportions for222
N ormaland H eavyweightC onc rete”.223

224
Us e c oars e aggregate s ize N o. 57 (one inc hto N o. 4)orN o. 67 (3/4 inc hto225

N o. 4)forc onc rete. Forc onc rete plac ed in bottom s labs and s tems ofbox gird ers ,226
u s e N o. 67 s ize aggregate. S maller s ize aggregates may be permitted when227
enc ou ntering limited s pac e between forms and reinforc ement or between228
reinforc ementwhen ac c epted bythe Engineerin writing. M aximu m aggregate s ize229
mu s tnotbe greater than 1/3 of the s pac e between reinforc ing s teelbars or230
reinforc ings teeland the form .231

232
Us e the followings tand ard method s in Table 60 1 . 0 3-2 –S tand ard M ethod s233

ford eterminingc omplianc e withrequ irements ind ic ated in this s u bs ec tion:234
235

TABLE 601.03-2 – STANDARD METHODS

S amplingFres hM ixed C onc rete A A S H TO T 141

M as s P erC u bic M eter(C u bic Foot)Yield and A ir
C ontent(Gravimetric )ofC onc rete

A A S H TO T 121

S lu mpofH yd rau lic C ementC onc rete A A S H TO T 119

A irC ontentofFres hly M ixed C onc rete by the
P res s u re M ethod

A A S H TO T 152

S pec ific Gravity and A bs orption ofFine A ggregate A A S H TO T 8 4

S pec ific Gravity and A bs orption ofC oars e A A S H TO T 8 5



601.03

560A-02-23M
601-9a REV09/13/22

A ggregate

Temperatu re ofFres hly M ixed P ortland C ement
C onc rete

A S TM C 10 64

M akingand C u ringC onc rete Tes tS pec imens in the
Field

A A S H TO T 23

C ompres s ive S trengthofM old ed C onc rete
C ylind ric alS pec imens

A A S H TO T 22 (4-inc h
by 8 -inc hor6-inc hby

12-inc hc ylind ers )

Flexu ralS trengthofC onc rete (Us ingS imple B eam
withThird -P ointL oad ing)

A A S H TO T 97

236
W hen c onc rete is d es ignated by c ompres s ive s trength, f'C, or flexu ral237

s trength, f'r, or inc lu d es C O 2 M ineralization tec hnology, C S H -S EA , or S C M s ,238
preq u alific ation ofmaterials and mix proportions propos ed foru s e before plac ing239
s u c h c onc rete is mand atory. The Engineerwillpreq u alify c onc rete bas ed when240
d atais available bas ed on pas tperformanc e rec ord s u s ings tatis tic alc ompu tations241
of popu lation s izes and (n-1)weighting, ortrialbatc h tes treports in c omplianc e242
with c ompu ted minimu m average s trength formaterialand mix proportions . The243
Engineerwilld etermine the minimu m average s trength on the probability of not244
more than one in 20 tes ts falling below the s pec ified s trength forthe following245
c ond itions :246

247
(1) W hen pas tperformanc e rec ord s are available, fu rnis h the following248
d oc u mented performanc e rec ord s :249

250
(a) M inimu m of 15 c ons ec u tive 2 8 -d ay s trength tes ts from251
projec ts havingthe s ame materials and mix proportions .252
(b) Two grou ps totaling 30 or more tes tres u lts repres enting253
s imilar materials in whic h mix proportion s trengths are within 20254
perc entofs pec ified s trength, from d ata obtained within one yearof255
the propos ed u s e.256

257
The Engineer willanalyze performanc e rec ord s to es tablis h the258

s tand ard d eviation.259
260

(2) W hen s u ffic ientpas tperformanc e rec ord s are notprovid ed , the261
Engineer willas s u me the c u rrents tand ard d eviation to be 50 0 ps ifor262
c ompres s ive s trength, f'C, and 50 ps iforflexu rals trength, f'r.263

264
Unles s s u ffic ientperformanc e rec ord s are available from otherprojec ts at265

D O T M aterials Tes ting and Res earc h B ranc h (M TRB ), s u bmittes tperformanc e266
rec ord s ortrialtes treports forpreq u alific ations , bas ed on d ata ofthe mos trec ent267
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tes ts mad e on the c onc rete ofthe propos ed mix d es ign. The d ata mu s tbe from268
tes ts thathave been performed within one yearofthe propos ed u s e and d one at269
an ac c red ited materialtes tinglaboratory by c ertified materialtes tingpers onnel.270

271
Inc lu d e the following information in tes td ata and trialbatc h tes treports :272

d ate ofmixing; mixingeq u ipmentand proc ed u res u s ed ; the s ize ofbatc h in c u bic273
yard s and weight, type, and s ou rc e of ingred ients u s ed ; s lu mp of c onc rete; air274
c ontentofc onc rete when u s ing an air-entraining agent; the age ofthe s ample at275
the time oftes ting; and s trengthofc onc rete c ylind ers orbeams tes ted .276

277
S how thatc onc rete s trength tes ts eq u alor exc eed minimu m average278

s trength in trialtes treports . The tes tis an average of2 8 -d ay tes tres u lts offive279
c ons ec u tive c onc rete c ylind ers orc onc rete beams taken from a s ingle batc h. N o280
c ylind er or beam mu s thave a s trength les s than 8 5 perc entof the minimu m281
average s trength.282

283
S u bmittes td ata and trialtes treports s igned by an offic ialofan ac c red ited284

laboratory thatperformed tes ts .285
286

The Engineerres erves the rightto s topworkwhen a s eries oflow-s trength287
tes ts oc c u r. D o notc ontinu e c onc rete worku ntilthe c au s e is es tablis hed and the288
Engineeris informed ofand ac c epts , the nec es s ary c orrec tive ac tion to be taken.289

290
(C) Batching. M eas u re and batc h materials in ac c ord anc e with the following291
provis ions :292

293
(1) Portland Cement. Eithers ac ked orbu lkc ementmay be u s ed . D o294
notu s e afrac tion ofthe s ac kofc ementin the c onc rete batc hu nles s c ement295
is weighed .296
W eigh bu lk c ementon weighing d evic e ac c epted by the Engineer. S eal297
and ventbu lkc ement-weighing hopperproperly to prec lu d e d u s ting d u ring298
operation. D o nots u s pend the d is c harge c hu te from the weighinghopper.299
A rrange the d is c harge c hu te s o thatc ementwillnotlod ge in the hopperor300
leakfrom the hopper.301

302
B atc hing ac c u rac y mu s tbe within 1 perc ent, plu s orminu s , of the303

req u ired weight.304
305

(2) Water. M eas u re water by volu me or by weight. Us e a read ily306
ad ju s table d evic e formeas u rementofwater, withac c u rac ywithin 1 perc ent,307
plu s orminu s , of the q u antity of waterrequ ired fora batc h. A rrange the308
d evic e s o thatvariable pres s u re in the waters u pply line d oes notaffec t309
meas u rements . Eq u ip meas u ring tanks with ou ts id e taps and valves or310
otherac c epted means to allow forc hec kingc alibration.311

312
(3) Aggregates. W hen s toring and s toc kpiling aggregates , avoid313
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s eparation ofc oars e and fine partic les within eac hs ize, and d o notintermix314
variou s s izes before proportioning. P rotec ts tored ors toc kpiled aggregates315
from d u s torotherforeign matter. D o nots toc kpile together, aggregates316
from d ifferents ou rc es and ofd ifferentgrad ations .317

318
W hen trans porting aggregates from s toc kpiles orothers ou rc es to319

batc hing plant, ens u re u niform grad ing of materialis maintained . D o not320
u s e aggregates thathave bec ome s egregated ormixed withearthorforeign321
matter. S toc kpile or bin aggregates atleas t12 hou rs before batc hing.322
P rod u c e orhand le aggregates by hyd rau lic method s and was h and d rain323
aggregates . Ifaggregates exhibithighornon-u niform mois tu re c ontent, the324
Engineer may ord er s torage or s toc kpiling for more than 12 hou rs or325
remixingofthe s toc kpile, orotherremed ialmethod s . Keepu s ingremed ial326
method s u ntilmois tu re c ontentproblems are res olved . W hen there is c lay327
ord irton the aggregate was hthe aggregate u ntilthey are in a q u antity that328
no longeraffec ts the c onc rete mix and is ac c epted by the Engineer.329

330
P roportion aggregates by weight, with an exc eption being that331

aggregates in c onc rete forminors tru c tu res , c u rbs , and s id ewalks may be332
proportioned by eithervolu me orweight. Forvolu metric proportioning, u s e333
meas u ring boxes of known c apac ity to meas u re the q u antity of eac h334
aggregate s ize.335

336
Us e batc h weightbas ed on d ry materials plu s the totalweightof337

mois tu re (both abs orbed and s u rfac e)c ontained in aggregate. M eas u re338
ind ivid u alaggregates to within 2 perc ent, plu s orminu s , ofreq u ired weight,339
and the totalweightofaggregates to within 1 perc ent, plu s orminu s , ofthe340
req u ired weight.341

342
(4) Admixtures. Ens u re thatallad mixtu res u s ed are c ompatible with343
allthe otherad mixtu res u s ed in the c onc rete mix. S tore, proportion, and344
d is pens e ad mixtu res in ac c ord anc e withthe followingprovis ions :345

346
(a) Liquid Admixtures. D is pens e c hemic alad mixtu res , in liqu id347
form , e. g. , air-entraining ad mixtu res , and c orros ion inhibiting348
ad mixtu res . Us e mec hanic ald is pens ers forliqu id ad mixtu res with349
s u ffic ientc apac ity to meas u re the pres c ribed q u antity foreac hbatc h350
ofc onc rete. Inc lu d e a grad u ated meas u ring u nitin eac h d is pens er351
to meas u re liq u id ad mixtu res to within 5 perc ent, plu s orminu s , of352
the pres c ribed q u antityforeac hbatc h. Read grad u ations ac c u rately353
from pointofmeas u ringu nit, and c ontrolproportioningoperations to354
permita vis u alc hec k of batc h ac c u rac y before d is c harging. M ark355
eac hmeas u ringu nitc learly fortype and q u antity ofad mixtu re.356

357
A rrange with the s u pplier to provid e a s ampling d evic e358

c ons is ting of a valve loc ated in a s afe and ac c es s ible loc ation for359
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s ampling ad mixtu res . S ampling is not requ ired if not otherwis e360
provid ed .361

362
W hen u s ingmore than one liqu id ad mixtu re forc onc rete mix,363

u s e a s eparate meas u ring u nit for eac h liqu id ad mixtu re and364
d is pens e s eparately to avoid interac tion thatmay interfere with365
ad mixtu re effic ienc y and ad vers ely affec tc onc rete. D is pens e liqu id366
ad mixtu re by injec ting s o as not to mix ad mixtu re at high367
c onc entrations .368

369
W hen u s ingliqu id ad mixtu res in c onc rete thatare c ompletely370

mixed in paving or c ontinu ou s mixers , operate d is pens ers371
au tomatic ally with batc hing c ontrol eq u ipment. Eq u ip s u c h372
d is pens ers withan au tomatic warnings ys tem thatwillprovid e vis ible373
orau d ible s ignals atthe pointwhere proportioning operations are374
c ontrolled , when the following oc c u rs : q u antity of ad mixtu re375
meas u red for eac h batc h of c onc rete varies from pre-s elec ted376
d os age by more than 5 perc ent, orthe entire c ontents ofmeas u ring377
u nitfrom the d is pens erare notemptied into eac hbatc hofc onc rete.378

379
Unles s liq u id ad mixtu res are ad d ed to the batc h with pre-380

meas u red water, d is c harge liqu id ad mixtu res into the s tream ofwater381
that d is pers es ad mixtu res u niformly throu ghou t the batc h. A n382
exc eption is thatair-entrainingad mixtu res maybe d is pens ed d irec tly383
into mois t s and in batc hing bins , provid ed ad eq u ate c ontrolof384
c onc rete airc ontentc an be maintained .385

386
M eas u re and d is pers e s pec ialad mixtu res , as rec ommend ed387

by the ad mixtu re manu fac tu rer, and as ac c epted by the Engineer.388
S pec ialad mixtu res inc lu d e high-range water red u c ers req u iring389
d os ages greater than the c apac ity of c onventional d is pens ing390
eq u ipment. For s ite ad d ed , high-range water red u c ers , u s e391
c alibrated , portable d is pens ers u pplied by the manu fac tu rer.392

393
(b) Mineral Admixtures. P rotec t mineral ad mixtu res from394
expos u re to mois tu re orotherd eleteriou s c ond itions u ntilu s ed . P ile395
s ac ked material of eac h s hipment to permit ac c es s for tally,396
ins pec tion, and id entific ation.397

P rovid e ad eq u ate fac ilities to ens u re thatmineralad mixtu res398
meetings pec ified req u irements are kepts eparate from othermineral399
ad mixtu res and thatonly s pec ified mineralad mixtu res c an enterthe400
work’ s c onc rete mix. P rovid e s afe and s u itable fac ilities fors ampling401
mineralad mixtu res atweigh hopperorin the feed line immed iately402
in ad vanc e ofthe hopper.403

404
Inc orporate mineral ad mixtu res into the c onc rete u s ing405
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eq u ipmentc omplying with the req u irements for P ortland C ement406
weighhoppers and c hargingand d is c hargingmec hanis ms s pec ified407
in A S TM C 94 and S u bs ec tion 60 1 . 0 3(C )-B atc hing.408

409
W hen c onc rete is c ompletely mixed in s tationary paving or410

c ontinu ou s mixers , weigh mineralad mixtu re in a s eparate weigh411
hopper. Introd u c e mineralad mixtu re and c ements imu ltaneou s ly412
into the mixer, proportionately withaggregate.413

414
W hen interloc ks are req u ired for c ement-c harging415

mec hanis ms , and c ement and mineralad mixtu res are weighed416
c u m u latively, interloc k their c harging mec hanis ms to preventthe417
introd u c tion of mineralad mixtu re u ntilthe mas s of c ementin the418
weighing hopper is within toleranc es s pec ified in S u bs ec tion419
60 1 . 0 3(C )(1)-P ortland C ement.420

421
In d etermining the maximu m q u antity offree waterthatmay422

be u s ed in c onc rete, c ons id ermineralad mixtu re to be c ement.423
424

(5) Bins and Scales. A t the batc hing plant, u s e ind ivid u albins ,425
hoppers , and s c ales for eac h aggregate s ize. Inc lu d e a s eparate bin,426
hopper, and s c ale forbu lkc ementand fly as h.427

428
Exc eptwhen proportioning bu lkc ementforpavementors tru c tu res ,429

the c ementweighhoppermaybe attac hed to as eparate s c ale forind ivid u al430
weighing orto an aggregate s c ale forc u mu lative weighing. If c ementis431
weighed c u m u latively, weighc ementbefore otheringred ients .432

433
W hen proportioning forpavementors tru c tu res , keep bu lk c ement434

s c ale and weigh hopper s eparate and d is tinc tfrom aggregate weighing435
eq u ipment.436

437
Us e a s pringles s -d ialor beam-type batc hing s c ales . W hen u s ing438

beam-type s c ales , make provis ions to s how the operatorthatthe req u ired439
load in the weighing hopper is approac hing. Us e d evic es thats how440
c ond itions within the las t20 0 pou nd s of load and within 50 pou nd s of441
overload .442

M aintain s c ale ac c u rac y to 0 . 5 perc entthrou ghou tthe range ofu s e.443
D es ign pois es to loc kto preventan u nau thorized c hange ofpos ition. Us e444
s c ales ins pec ted by the S tate M eas u rementS tand ard s B ranc h of the445
D epartmentofA gric u ltu re to ens u re theirc ontinu ed ac c u rac y. P rovid e not446
les s than ten 50 -pou nd weights fortes tings c ales .447

448
B atc hingplants may be eq u ipped to proportion aggregates and bu lk449

c ementby au tomatic weighingd evic es .450
451
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(6) Batching and Hauling. W hen mixingis to be performed atthe work452
s ite, trans portaggregates from batc hing plantto the mixerin batc h boxes ,453
vehic le bod ies , orotherc ontainers ofad eq u ate c apac ity and c ons tru c tion.454
Us e partitions to s eparate batc hes and prevent s pilling from one455
c ompartmentto anotherwhile in trans itord u ringd u mping.456

457
Trans portbu lk c ementto the mixerin tightc ompartments c arrying458

the fu llqu antityofc ementreq u ired forthe batc h. O nc e the c ementis plac ed459
in c ontac twithaggregates , batc hes mu s tbe mixed and plac ed within 1-1/2460
hou rs ofc ontac t. C ementin originals hippingpac kages maybe trans ported461
on topofaggregates . Ens u re thateac hbatc hc ontains the nu mberofs ac ks462
req u ired by the job mix.463

464
D eliverbatc hes to mixerintac t. C harge eac h batc h into the mixer465

withou tlos s of c ement. W hen c arrying more than one batc h on a tru c k,466
c harge the batc h into the mixer withou ts pilling materialfrom one batc h467
c ompartmentinto another.468

469
(D) Mixing. M ix c onc rete in mec hanic allyoperated mixers . W hen ac c epted by470
the Engineer, batc hes thatd o notexc eed 1/3 c u bic yard may be hand -mixed in471
ac c ord anc e withmethod s d es c ribed atend ofthis s u bs ec tion.472

473
Us e s tationary or tru c k mixers thatd is tribu te materials thorou ghly and474

prod u c e c onc rete u niform in c olorand appearanc e. W hen there is variation in475
mixed c onc rete attribu table to worn pic ku porthrow-overblad es , the Engineerwill476
ins pec tthe mixer. Ifthe ins pec tion reveals thatblad es are worn more than one477
inc hbelow the originalheightofthe manu fac tu rer's d es ign, orare d amaged repair478
or replac e blad es . Upon req u es t, make a c opy of the manu fac tu rer's d es ign,479
s howingthe d imens ions and arrangementofblad es .480

481
C harge batc hes into c entralortru c kmixers s o thatportion ofmixing water482

enters ahead ofc ementand aggregates . D elivera u niform flow ofwater. P lac e483
the entire amou ntof batc h waterin the mixerby end of the firs tq u arterof the484
mixing period . W hen mixers with mu ltiple c ompartmentd ru ms are u s ed , the time485
req u ired to trans fer materialbetween c ompartments willbe inc lu d ed as mixing486
time. Us e d ru m rotation s peed as d es ignated bythe manu fac tu rer. Ifmixingd oes487
notprod u c e c onc rete ofu niform and s moothtextu re, provid e ad d itionalrevolu tions488
atthe s ame s peed u ntilthorou ghmixingofeac hc onc rete batc his attained . B egin489
meas u ringmixingtime from the time c ement, aggregates , and 60 perc entofwater490
are in the d ru m . D o notexc eed the manu fac tu rer's rated c apac ity forthe volu me491
ofc onc rete mixed in eac hbatc h.492

493
Eq u ipc entralortru c kmixers withan attac hmentforau tomatic allytimingthe494

mixing of eac h c onc rete batc h. The timing d evic e mu s tinc lu d e an au tomatic495
featu re forloc kingthe d is c harge c hu te and ad evic e forwarningthe operatorwhen496
the requ ired mixing d u ration has been met. Ifthe timing orloc king d evic e fails to497
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operate, immed iately fu rnis ha c loc korwatc hthatind ic ates s ec ond s , to the mixer498
operator. If the timing d evic e is notrepaired within three d ays afterbec oming499
inoperative, s hu td own batc hingoperation u ntilthe timingd evic e is repaired .500

501
Fors tationary mixers , u s e mixingtime between 50 s ec ond s and 5 minu tes .502

S elec tmixing time, as nec es s ary, to prod u c e c onc rete thatmeets u niformity503
c riteria when tes ted in ac c ord anc e with S ec tion 11 . 3. 3 of A S TM C 94. The504
C ontrac tor may d es ignate mixing time for whic h u niformity tes ts are to be505
performed , provid ed mixing time is notles s than 50 s ec ond s or more than 5506
minu tes . B efore u s ingc onc rete forpavements ors tru c tu res , mix c onc rete to meet507
s pec ified u niformity req u irements . The C ontrac tormu s tfu rnis h labor, s ampling508
eq u ipment, and materials req u ired forc ond u c ting u niformity tes ts , inc lu d ing the509
B ox Tes t, and the C ontrac tor’ s q u ality c ontrolfor the c onc rete mixtu re. The510
Engineer willnotfu rnis h for the C ontrac tor’ s q u ality c ontrol, tes ting equ ipment,511
e. g. , s c ales , c u bic meas u re, and airmeter; and willnotperform the C ontrac tor’ s512
q u ality c ontroltes ts . The Engineer willnotpay s eparately for the C ontrac tor’ s513
q u ality c ontrol, e. g. , labor, eq u ipment, materials , ortes ting, bu twillc ons id erthe514
c os ts inc id entalto c onc rete. A fterbatc hingand mixingoperationalproc ed u res are515
es tablis hed , the Engineer willnot allow c hanges in proc ed u res withou t the516
C ontrac tor re-es tablis hing proc ed u res by c ond u c ting u niformity tes ts . Repeat517
mixer performanc e tes ts whenever the appearanc e of c onc rete or c oars e518
aggregate c ontentof s amples is notc omplying with the requ irements of A S TM519
C 94. Fortru c kmixers , ad d fou rs ec ond s to the s pec ified mixingtime iftimings tarts520
as s oon as the s kipreac hes its maximu m rais ed pos ition.521

522
Unles s otherwis e ind ic ated in the C ontrac tD oc u ments orac c epted by the523

Engineer, c onc rete mu s tbe mixed atproportioning plant. O perate mixer at524
agitating s peed while in trans it. C onc rete may be tru c k-mixed only when c ement525
orc ementand mixingwaterare ad d ed atthe pointofd elivery. B egin mixingtru c k-526
mixed c onc rete immed iately afterthe introd u c tion ofmixing waterto c ementand527
aggregates , orintrod u c tion ofc ementto aggregates .528

529
Inc lined -axis , revolving d ru m tru c k mixers mu s tc omply with Tru c k M ixer,530

A gitator and FrontD is c harge C onc rete C arrier S tand ard s TM M B 1 0 0 -0 1 , 15th531
Revis ion, orlaterpu blis hed by Tru c kM ixerM anu fac tu rers B u reau . Tru c kmixers532
mu s tprod u c e a thorou ghly mixed and u niform mas s of c onc rete and mu s t533
d is c harge c onc rete withou ts egregation.534

535
The manu fac tu rer's s tand ard metalrating plate mu s tbe attac hed to eac h536

tru c kmixer, s tatingmaximu m ratingc apac ityin terms ofvolu me ofmixed c onc rete537
forvariou s u s es , and maximu m and minimu m mixing s peed s . W hen u s ing tru c k538
mixers formixing, ad here to the maximu m c apac itys hown on the metalratingplate539
forthe volu me ofc onc rete in eac hbatc h.540

541
O perate tru c kmixers atthe mixing s peed d es ignated by the manu fac tu rer,542

bu tatnotles s than 6 ormore than 1 8 revolu tions perminu te. M ix tru c k-mixed543
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c onc rete initially between 7 0 and 1 0 0 revolu tions atmanu fac tu rer-d es ignated544
mixing s peed , afteringred ients , inc lu d ing water, are in the mixer. W atermay be545
ad d ed to the mixtu re notmore than two times afterthe initialmixingis c ompleted .546
The ad d ition of water atthe projec ts ite mu s tc omply with the req u irements of547
S u bs ec tion 50 3. 0 3. Eac htime thatwateris ad d ed , tu rn the d ru m an ad d itional30548
revolu tions ormore atmixings peed u ntilthe c onc rete is mixed u niformly.549

550
W hen fu rnis hings hrink-mixed c onc rete, trans ferpartially mixed c onc rete at551

the c entralplantto a tru c k mixer. A pply requ irements fortru c k-mixed c onc rete.552
The Engineerwillnotc red itthe nu mberofrevolu tions atmixing s peed forpartial553
mixingin the c entralplant.554

555
W hen ac c epted bythe Engineer, c onc rete batc hes notexc eed ing1/3 c u bic556

yard may be hand -mixed on a watertight, levelplatform . M eas u re the proper557
amou ntofc oars e aggregate in meas u ringboxes and s pread iton the platform.558
S pread fine aggregate on thatc oars e aggregate layer. L imitc oars e and fine559
aggregate layers to a totald epth of one foot. S pread d ry c ementon this560
mixtu re. Tu rn whole mas s notles s than two times d ry. A d d s u ffic ientc lean561
water, and d is tribu ted itevenly. Tu rn whole mas s again, notles s than three562
times , notinc lu d ing plac ing in c arriers orforms . M ortarmixers ofappropriate563
s ize may be u s ed when ac c epted by the Engineer.564

565
(E) Transporting Mixed Concrete. Trans portc entral-mixed c onc rete to the566
d elivery pointin tru c kagitators ortru c kmixers operating ats peed d es ignated by567
the equ ipment manu fac tu rer as agitating s peed ; or in non-agitating hau ling568
eq u ipment, provid ed c ons is tenc y and workability of mixed c onc rete u pon569
d is c harge atthe d elivery points u itable forplac ementand c ons olid ation in plac e.570
The mixed c onc rete after hau ling to the d elivery pointmu s tc omply with the571
u niformity c riteria when tes ted as s pec ified in S ec tion 12 . 5 ofA S TM C 94.572

573
Forrevolving d ru m tru c k mixers trans porting c entral-mixed c onc rete, limit574

c onc rete volu me to the manu fac tu rer's rated c apac ity for agitator operation.575
M aintain agitating s peed forboth revolving d ru m mixers and revolving blad e type576
agitators as d es ignated on the manu fac tu rer's metald ataplate. Eq u iptru c kmixers577
or tru c k agitators with elec tric ally or mec hanic ally ac tu ated c ou nters . A c tivate578
c ou nters afterintrod u c ingc ementto aggregates .579

580
B od ies of non-agitating hau ling eq u ipmentmu s tbe s mooth, watertight,581

metalc ontainers eq u ipped with gates to permitc ontrolof c onc rete d is c harge.582
P rotec t open-topped hau lvehic le agains t the weather and wind with c over583
ac c epted by the Engineer.584

585
W hen hau ling c onc rete in non-agitating tru c ks , c omplete d is c harge within586

30 minu tes afterintrod u c ingmixingwaterto c ementand aggregates .587
588

W hen a tru c k mixer or agitator is u s ed for trans porting c entral-mixed589
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c onc rete to the d elivery point, c omplete d is c harge within 1-1/2 hou rs , after the590
introd u c tion ofmixing waterto c ementand aggregates , orc ementto aggregates .591
Fortru c k-mixed c onc rete, c omplete c onc rete d is c harge within 1-1/2 hou rs . This592
time limitation is permitted to be waived bythe Engineerifafterthe 1-1/2-hou rtime593
limithas been reac hed , the c onc rete has a s lu mpthatitc an be plac ed , withou tthe594
ad d ition ofwaterto the batc h and hyd ration ofthe c onc rete has nots tarted , i. e . ,595
the temperatu re ofthe c onc rete is les s than 90 d egrees Forthe req u ired maximu m596
temperatu re ofthe c onc rete. A ls o, the s ettime is inc reas ed bythe u s e ofaretard er597
in the mix d es ign and ac c eptanc e ofthe inc reas ed s ettime is obtained before u s e598
from the Engineer.599

600
S u bmitd elivery tic kets from manu fac tu rers of tru c k-mixed c onc rete and601

c entral-mixed c onc rete with eac h tru c kload of c onc rete before u nload ing atthe602
jobs ite. P rinted , s tamped , or written d elivery tic ketmu s tinc lu d e the following603
information:604

605
(1) N ame ofc onc rete plants .606

607
(2) S erialnu mberofthe tic ket.608

609
(3) D ate and tru c knu mber.610

611
(4) N ame ofC ontrac tor.612

613
(5) S pec ific projec t, rou te, ord es ignation ofjob (name and loc ation).614

615
(6) S pec ific c las s ord es ignation ofc onc rete in ac c ord anc e withC ontrac t616
D oc u ments .617

618
(7) Q u antity ofc onc rete in c u bic yard s .619

620
(8) Time ofload ingbatc hormixingofc ementand aggregates .621

622
(9) W aterad d ed by the rec eiverofc onc rete and rec eiver's initials .623

624
(10) Information thatis nec es s ary to c alc u late the totalmixing water625
ad d ed by the prod u c er. Total mixing water inc lu d es free water on626
aggregates , water, and waterad d ed by the tru c k operatorfrom the mixer627
tankatthe projec ts ite.628

629
(11) The amou ntofwaterheld bac kfrom the batc hed c onc rete mix that630
c an be ad d ed to the c onc rete mix atthe projec tand s tillnotc au s e the mix631
to exc eed the ac c epted mix d es ign waterto c ementratio.632

633
(12) Read ings ofnon-res ettable revolu tion c ou nters oftru c kmixers after634
the introd u c tion ofc ementto aggregates , orintrod u c tion ofmixingwaterto635
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c ementaggregates636
637

(13) S u pplier's mix nu mberorc od e and inc lu d e the mix d es ign name.638
639

Fu rnis h ad d itionalinformation d es ignated by the Engineerand req u ired by640
job s pec ific ations u pon req u es t.641

642
(F) Consistency. Regu late the qu antity of water and ad mixtu res u s ed in643
c onc rete mixes s o thatc onc rete c ons is tenc y, as d etermined by the A A S H TO T644
119 tes tmethod , is within the nominals lu mprange s pec ified in Table 60 1 . 0 3-3 -645
S lu mp for C onc rete. If the c onc rete s lu mp exc eed s the nominals lu mp, ad ju s t646
s u bs eq u entbatc hes of the mixtu re. If s lu mp exc eed s maximu m s lu mp, the647
Engineer willrejec tc onc rete u nles s itis s olely d eemed by the Engineer as648
s atis fac tory foru s e.649

650
The Engineerwillals o rejec thars h oru nworkable c onc rete thatc annotbe651

properly plac ed . Remove rejec ted c onc rete atno inc reas e in the c ontrac tpric e or652
c ontrac ttime.653

654
S lu mp forc onc rete mu s tbe as s pec ified in “Table 60 1 . 0 3-3 – S lu mp for655

C onc rete”.656
657

TABLE 601.03-3 - SLUMP FOR CONCRETE

Type of Work
Nominal Slump

Inches
*Maximum

Slump Inches

C onc rete P avements 0 –3 3-1/2

Reinforc ed C onc rete S tru c tu res :
S ec tions O ver12 Inc hes
S ec tions 12 Inc hes Thic korL es s

0 –4
2 –5

5
6

N on-Reinforc ed C onc rete Fac ilities 1 –3 4

C onc rete P lac ed Und erwater 6 –8 9

B rid ge D ec ks 0 –3 3-1/2

* A waiver to the maximu m s lu mp req u irementmay be req u es ted from the Engineer.658
S u bmitju s tific ation forthe grantingofthe waiverreq u es talongwithhow the mix d es ign’ s659
c omponents ens u re thatthe mix willnots egregate.660

661
In ad vers e ord iffic u ltc ond itions thatmay affec tthe plac ementof c onc rete, the above662
s lu mp limitations may be exc eed ed for plac ementworkability, with the ad d ition of663
ad mixtu re c onformingto S u bs ec tion “7 11 . 0 3 –A d mixtu res ”, ifthe d es ign mix red es ign is664
ac c epted by the Engineerin writingand the water-c ementratio is c omplies withC ontrac t665
D oc u ments req u irements . P rovid e ad d itionalc ementand water, or ad mixtu re atno666
inc reas e in the c ontrac tpric e orc ontrac ttime.667

668
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(G) Forms. C ons tru c tforms in ac c ord anc e withapplic able s ec tions .669
670

(H) Placing Concrete. P lac e c onc rete in ac c ord anc e withapplic able s ec tions .671
672

(I) Finishing Concrete Surfaces. Finis h c onc rete s u rfac es in ac c ord anc e673
withapplic able s ec tions .674

675
(J) Curing Concrete. C u re c onc rete in ac c ord anc e withapplic able s ec tions .676

677
601.04 Measurement. The Engineerwillmeas u re c onc rete in ac c ord anc e with the678
applic able s ec tions .679

680
601.05 Payment. The Engineer will pay for the ac c epted c onc rete u nd er the681
applic able s ec tions .682

683
684
685
686

END OF SECTION 601687




