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CEMENT CONTENT OF PAVEMENT CONCRETE 
US 12 South of Paw Paw (BI 80024, C2RN) 

On December 2, 1959, the Research Laboratory Division received 

samples of six series of beams cast and broken during construction of 

the new US 12 interchange with M 40 and M 119 south of Paw Paw (Project 

BI 80024, C2RN). Project records indicated a possible cement shortage 

in the area represented by these beams, and it was requested that their 

cement content be determined by chemical analysis. Samples of project 

cement and aggregates were also sent for use in making the determinations. 

Cement contents were ,determined by procedures based on ASTM 

Method C85-54, as described in Research Report No. 300, 11 Determina-

tion of Cement Content of Pavement Concrete: Project F 62031, C2U, 

C3U" (Nov. 1958), with the results shown in the column titled "Original 

Results" in Table 1. Cement contents may ordinarily be determined 

using these procedures with accuracy within approximately 1/2 sack per 

cu yd, when original cement and aggregate samples are available for 

corrections. In this case the laboratory cylinder made with materials 

from the project combined in chart proportions had a cement content of 

5. 6 sacks per cu yd. Therefore, the apparently higher cement contents 

of beam ends from Series 5, 6,and 7 could not be accounted for at that 

time. 



Tho Project Engineer's memorandum accompanying the beams stated 

that fine and coarse aggregates for this project were from the Larson 

Pit (3-44), and silica extracts from these aggregates were used to 

correct the silica contents of the hardened concrete in all the laboratory 

cement calculations. However, further examination of the records dis-

closed that from September 21 through October 2, 1959, the source of 

the coarse aggregate had been changed to the Kellogg Pit (41-46). Thus, 

four of the six beam series actually had been fabricated with Kellogg 

rather than Larson aggregates. 

Additional aggregate samples were secured from each pit and new 

silica corrections were determined with the cement content results shown 

in the "New Values" column in Table 1. 

TABLE 1 
CEMENT CONTENT AND FLEXURAL STRENGTH OF BEAMS 

Beam Date 
Modulus of Rupture, psi Cement, sacks/cu yd* Agg 

Series Cast Station 
7 days I 14 days Original I New Source 

Results Values 

1 9-11-59 134+60 503 658 5.5 5.5** Larson 
2 9-14-59 110+50 657 767 5.8 5. 8** Larson 

4 9-21-59 1089+00 616 678 5.4 4.5 Kellogg 
5 9-23-59 1129+50 596 644 6. 5 5.6 Kellogg 

6 9-23-59 1094+50 702 701 6. 0 5. 0 Kellogg 
7 9-28-59 1071+00 588 681 6.1 5. 2 Kellogg 

*Aggregate Correction, percent 
Larson 0.77 o. 81 0.78 avg o. 79 
Kellogg 1. 31 1.29 avg 1. 30 

** These values now too high by an undetermined amoWlt 
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It should be noted that the aggregate silica correction is considerably 

higher for the Kellogg than for the Larson pit. This agrees with the 

petrographic examination of the two materials, which indicated a con­

siderably higher percentage of igneous rocks in the Kellogg gravel. The 

higher silica correction accounts for the drop in computed cement content 

of almost 1 sack per cu yd for beams of Series 4 to 7 inclusive. 

Shortly after completing the first tests, the Laboratory was informed 

by J. C. Brehler of another construction expedient that now makes it 

almost impossible to determine with confidence the cement content of the 

concrete outside the area where Kellogg coarse aggregates were used. 

It seems that Larson coarse aggregates used at the beginning of the pro­

ject had trouble meeting specifications and had been "sweetened" by 

spreading Kellogg bank run gravel over Larson bank run before putting 

it through the screens. Since there is a wide difference in the silica 

correction, and the proportions of aggregates from the two sources are 

not known, it is impossible to establish an accurate silica correction for 

determining cement content of concrete in the areas where this coarse 

aggregate was used. 

In any case, it is now apparent that the cement content of the Series 

4 beams was deficient. These beams were cast on Sept. 21 when a minus 

inventory of cement was first noted in the record. The cement contents 

of the Series 1 and 2 beams must also be lower than the values given in 
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the table, but there is no way of finding out how much lower because of 

the combination of aggregates from the two sources mentioned above. 

There was a great deal of trouble with the two cement scales on this 

job. They were not within specification tolerances on Sept. 8, 1959, when 

first checked, although they were reading light, giving about 1. 1 and 1. 7 

percent excess cement, respectively, at batch quantities. They were 

checked again on Sept. 24 when scale No. S5277 was found to be 96 lb 

heavy, thus making a shortage of almost 1 sack per cu yd in the alternate 

batches when this scale was used. Mter adjusting the knives on both 

scales, they were again reading light by the same amounts as in the first 

check. On Sept. 25, the plant inspector noted in the daily report that the 

scales were not working properly, but did not say what the trouble was. 

Again, on Sept. 29, he noted that the hopper on the cement scales did not 

clean out properly. This was brought to the attention of the contractor 

but there was no note on when it was corrected. 

A check of the cement records for the entire paving operation gave 

the following data: 

Estimated cement required ....•.....•••..••••.• ; .• 66,903 bbl 

Cement used, batch tickets ............•..•.••.•.•. 68, 510 bbl 

Cement received ...•....••••.•..••...•••••..•••.. 68, 134 bbl 

Cement on hand after completion .•....•..•.... minus 376 bbl 

( 
68, 134 - 66, 903 X 100) 

66,903 
1.8 , Actual overrun, percent 



Length measurements of 97 cores from the project averaged 9. 4 

in. , which would normally create an overrun of more than 4 percent. 

The actual overrun was only 1. 8 percent, which accounts for little more 

than the excess resulting from the scale calibration. The fact that the 

bins were full on Sept. 23 when a minus inventory of 424. 5 bbl was noted 

would indicate a shortage of about 1600 bbl up to that point. The first 

minus inventory (42 bbl) occurred two days earlier, but the amount 

actually in the bins was not determined at the time. A summary of pouring 

operations and other information from the project records is shown in 

Table 2. 

Summary 

From what can be learned from the records and from cement deter­

minations in the laboratory, it is probable that there was a cement de­

ficiency in some areas of this project shortly after construction began. 

Part of the shortage was caused by the 96-lb underweight delivered by 

scale No. S5277 before the scales were checked on Sept. 24. This fact • 

accounts for the lower cement content found in beams of Series 4. Flow­

ever, the fact that there should have been an overrun of at least 4 percent 

due to pavement thickness and calibration of the cement scales indicates 

an actual deficiency of considerably more than the 376 bbl shown by the 

cement records for the entire job. Whether this deficiency is significant 
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or not depends on the extent of the area or areas where shortages may 

have occurred. 

Because of the circumstances surrounding construction--that is, 

cement deficiencies in alternate batches and the uncertainty of coarse 

aggregate proportions--it doesn't seem feasible to attempt to pinpoint 

the areas of possible shortage by cement determinations in the laboratory, 
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TABLE 2 
CONSTRUCTION DATA SUMMARY 

Extracted from Daily Reports of Concrete Proportioning 

ReJI'IIrt 
Pour Location I Pour Ar<ln, I Cement Inventory, bbl I 

•• I 
Pour Dule 

(1959) Stationing 

From To 
: I:klaorlpllun I oq yd I On l!nnd I Reco!ved / Totnl I Used 'Net on llnnd I 

9-10 

9-ll 

9-14 

9-15 

9-16 

9-17 

9-18 

9-21 

9-22 

9-23 

H 9-24 

9-26 

" 9-20 

.. 9~29 

9-30 

" 10-1 

110+30 

133+14 
128+50 
124+00 

119+40 
1(19+00 

121+68 
1HOO 

140+30 
l26HS 

122+53 
121+84 

1033+95 

1048+22 
1059+30 

1011+91 
1083+56 

1095+47 
1105~10 

1116+59 
1130-+10 
l13HJO 

1136+38 
1130-+SO 

133+14 NB POE 1 

131+50 NB 
124+40 NB 
119+40 NB 

109+00 NB 1 

lOH50 NB' 

121+90 NB 
5+95 Ramp A' 

131+53 NBPOF.~ 
124+30 NB 

122+16 NB 
120+68 NB 

1046+22 EB POB 

1059+30 EB 0 

107H91 EB 

1083+56 EB 1 

1095+47 EB 

1105+10 EB 
1116+59 EB 

1130+10 F.B 
1138+64 EB 
1136+33 Wll 

1130+80 Wll s 
1115+77 Wll 

1115+71 1105+68 WB 

1105+68 122+0~092+07 rn 
1092+07 
1(}78+55 

I06H97 
1054+93 

1043+36 

12+65 

1078+55 WB 
1066+97 WB 

1054+93 WB 
1043+35 wa 

1033+95 WB 

60+25 Ramp D IO 

1909 

2757 

3140 

1339 

3525 

6664 

6043 

5632 

6126 

5432 

6367 

6693 

,~, 

2509 

1836 

10-2 Rumps A+ C 11 1485 

" 
" 
" 
" 
" 

10-7 

10-9 

l0-0 

10-10 

10~12 

10-13 

10-14 

9-l~to- 9-Ift Loro0<1 
• -n to 1~-1 K•UOQ 

1U-T to 11-11 Loroon 

141J+30 
128+49 

124+63 

120+68 

1138+64 
1151+60 

1166+73 
1171+17 

1190+15 
1204+21 

13J+51 SB POE 
124+80 sa 

107+50 SB 11 

110+00 SB 13 

5+45 Ramp Au 

1151+60 EB 15 

1166+73 EB 

ll17+l7 EB 
1190-+Ui EB 

1204+21 EB 
1219+06 EB 

IIOTE1 &0014, C1 (UB 1f1 - 8\a 10n!il5 to 1300..00 (WB·~JI} 
Goon, C 1 (M tO} • 810 140+30 to 118+~0 (HII•Bil} 
QOO:t4, Cl (M tO-M \19} ·Sia \IOHO to 91+50 \HII-80) 
ftOUI, C~ (M 119} • Bla 91+$0 to n+OO (1!11-BB) 

3328 

4607 

1682 

12lll 

7472 

""' 
7709 

0. oo 

190,00 

449, 50 

563. 75 

667, 00 

565. 00 

340, 50 

-41.75 

-525, 25 

~424. 50 

-940, 25 

-1073,76 

-422. 50 

~655. 50 

-381.75 

~695. 25 

-736, 50 

-1108,75' 

-931,75 

~303, 25 

-380, 00 

-919,00 

-611, 26 

sn.no 672,011 682.00 

1220,50 14H), 50 9tH. 00 

1218. 75 1668. 26 1104.50 

522. 50 1(}06. 26 :lb9, 25 

349. 26 1036, 26 471. 25 

11)43,00 1606. 00 1201.50 

2441. 25 2797.75 2609.00 

1830,50 2159.26 2201. 00 

1539. 26 1497.50 2022, 75 

2270.75 1746.50 2170.00 

1398, 50 974.00 1914.25 

2098. 50 1158. 25 2232, 00 

2898.75 1825, 00 2247.50 

2091, 25 1666, 75 2224, 25 

1041.75 466, 25 868, 00 

349,00 -32. 75 602. 50 

621.75 -173,50 562, 00 

804. 50 69.00 1177.76 

1746.50 637.75 1569. 50 

1219.50 2,67. 75 591.00 

340, 50 46.25 426, 25 

2096.00 1?16. 00 2835. oo 

2441.00 1522. 00 2193.25 

2812. 25 1941. 00 2613.15 

'B" booo-couuo lold to Uo lnlo old pOvolnonl 
'14' olnb 
'~2' olob 
'11' olob 
'3J'" 12' l>olwoon DR tro~ko (U oq )'<~} 
'lner,..•d 6' lor ourvo 
'99' gop 1074t14 to 1015+13 ilol 119 lnlorot<llon} 
'Linoolll roduood24' lor box oulvoo-t 
•at oq )'<I atl(olomuoo 81 
"64' ~urvo hoodor (5 balohoo - a9 oooko) 
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19(1,00 

440,50 

563, 75 

687. oo 

565,00 

346. 5(1 

216. 75 

-41.75 

-625.25 

-424. 60 

-940. 25 

-1073,75 

-422. 50 

-555.50 

-361.75 

-695, 26 

-735, 50 

~uoo. TS 

~931.75 

~303, 25 

-380.00 

-919.00 

-671. 25 

-132.75 

Rumnrlw 

9erlea 1 Baama (131+60) 

9erlea 2 Beams {110+60) 

Type Ill Cement 

Series 3 Beams {126+00) 
not tastoU, steel reinforced 

Flrstlncldenoe of minus Inventory 
3orles 4 Beams {1089+00) 

Series 5 Beams {112!1+60) 
cement bins fuU 

Cement scales not WOl'klpg properly 
Series 6 Beama (1094+50) (8:30 a, m,) 

16 oaoks used for culvert headwa\ln 
Series 1 Benma (1071+00) 

Cement hopper not dtacbarglng pruperly 
Contractcr notified 

Serlo a 8 Beams ( 1035+25) 

2 batcben wasted due to water valve failure 

Series 9 Benma (123+75) 

Serlea 10 Beams (1156+75) 

Stone ocnlea not working properly 
Sedes 11 Beams {1214+00) 

"llamp A, 4' wldo11lnB; 1\&tnp c, 11' olob< 
piU> 01' ourvo hoodor (G tmoboo- '16,5 ucl<ol 

"Looo 29' lor IIR, piWI 6' lor""""" 
"-1'1 .. 9' w!donl"'l HB, and lla"'P D 

'I' rodhu w!donlog 
"on aomp A 5% H,.,o1 n jUS oq j'<l), 

p\uo lW<199' poun on lot l\9 !24' x 198'). owl pour 
otllorrlonS\(9' x46'1 

"Docroooo<l 7' lot ""'"' 



Report 
No, 

" 
" 

" 
" 

" 

TABLE 2 (continued) 
CONSTRUCTION DATA SUMMARY 

Extracted from Daily Reports of Concrete Proportioning 

i'nur O..W 
(1969) 

10-15 

10-16 

10-17 

10-10 

10-20 

10-21 

10-22 

10-23 

10-26 

10-27 

10-28 

10-29 

10-30 

Hl-31 

11-2 

11-3 

11-5 

ll-7 

tl-9 

11-lO 

11·11 

1219+00 
1233+40 

i246+65 
1255+05 

i2611+35 
1261+20 

1295+24 
1300+01) 
1294+20 

1261+10 
1266+66 

1252+3~ 

12311+25 

1223+64 
1206+96 

1192+21 
1176+60 

1168H4 
1154+80 

1143+00 

140+30 
102+00 

99+92 
613+11) 

7H96 

tzaaHo "n 
1246+65 F.B 

1256+05 EB 
1268+35 EB 

1281+20 EB 
1295+24 EB 

1300+00 ED POE 
1291+20 WB POB 
1281+10 WB 

1266+65 WB 
1252+33 WB 

1239+26 WD 
1223+64 WB 

1206+96 WB 
1192+21 WB 

1179ttl() WB 
I-168+44 WB 

1154+80 WB 10 

1143+80 WB 

1137+30 WB 

131+47 SB POt 
99+92 SB 

66+ 10 SB 
75+90 SB 

63+85 SB 
63+65 51+65 SB 

51+65 

""" 11+35 
11+75 

121+66 

20+02 
3+)3 

102+00 
13+54 

47+00 SB POB 

11+35 Ramp c" 
11+75 Ramp c 19 

12+40 Ramp C '" 

107+50 20 

3+13 Ramp B 21 

HOO Ramp B 22 

93+54 
9l!+54 

95+35 
106+00 

102+00 
107+50 
129+50 ., ·~ 

129+50 
107+50 

130+50 

106+06 

107+50 106+00 
101+15 102+00 

130+50 
102+00 101+00 

" " 

'locr .. oo41' tor""'"' 
"Wolab 
"!G' lo 12' olob 

.. 12' ''"" 
"Ph'" 262 llno•lll lo• h•I<IK•" "'"'~(ODD Oq ydl, 

oo4 ro~loo P'"" !"' R>mp h /:•0 •1 )d) 
"Woloh 

735·7 -732,75 2614,00 18111, 26 

5767 -736.76 1118,00 081,25 

7171 -1076.25 3470,00 \1393, 76 

6309 -113,25 1645. 25 1532. 00 

7098 -657.50 2425, 26 1767,75 

7051 -898. 25 3091,50 2193. \15 

6381 -472. 75 3136,76 2663. 00 

6339 -247.25 2231, 25 1984, 00 

6580 ·232, 50 2276. 25 2043, 76 

1733 -254. 00 87~. 50 620, 50 

17(13 9. 50 350.25 359. 75 

6384 -233. 25 1645.75 1612.50 

6435 -635.00 2442. 0(1 1807,00 

1293 -479. 26 670. 25 391, 0!1 

'"' -58, 50 522. 00 403. 50 

2511 -303. 76 1390. 25 1094, 50 

3227 193,50 454, 75 648. 25 

1159 -475, 50 350.00 -126.50 

1264 -530, 25 518.00 -18.25 

'" -465. 50 524. 50 59,00 

"' -253. 00 114.16 -78. 25 

"' -363, 00 175,25 -187,75 

"17' lb I', /n<l<>ll"'f so• ou"o boodor (lB ""'"'' 
"l51allool"'l .. prooon!o 906 oq ~dl, pluo IL>mp 1\ • 

~olamo.ooSII~J oq ~d) ond llorrloo­
Kolomo>oo S!o (BO oq yd), 1""1<>11"11 
2U' """'hood" I" •••~•I 

''Llmll·ol-pou• olnUon OOl gl•on (J~9 oq ~dl 
"Pl"" IWo rDdll/or /lomp A,,ofld lnol<kll"' 50' our•• beodor 

-8-

2018,00 

2!157, 50 

2507.00 

2189. 50 

2866, 00 

2906. 00 

2910.25 

2216,50 

2297.76 

611, 00 

503. 00 

2247, 50 

2286. 26 

449. 60 

767,25 

901, 00 

1123. 75 

410.75 

447.25 

312. 00 

284, 75 

167,75 

-136,111 

-1076, 25 

-113.26 

-661.60 

-896,1!6 

-472. 76 

-247.25 

-232. 50 

-254, 01) 

9. 60 

-233. 25 

-636,00 

-479,25 

-50. 50 

-303. 75 

193.50 

-475,50 

-530. 25 

-465, 50 

-253. 00 

·303, 00 

-376. 60 

Romarka 

Serloo 12 Bllama (1256+25) 

SerleB 13 Boama (1267+00) 

Serlea 14 Bcama (1240+50) 

Serlea 15 Beama (l113Hl0) 

Serlea 1!1 Beama (ll46+00) 

3 lb chh>ride (Peladow) added per batch 
before 9:00 and after 4:30 

3 lb chloride added after 4:1JIJ 

3 lb chloride after 4:00 

465 Balchea 

3 lb cblorlde and straw covering 

3 lb ch.lorlde and atraw covering 

Straw covering 

Straw covering 

""So. llrldge" 
"Til"'• ndll!or ll!Jmp• Band C (204 ·~ yd) 
"II'· ll' •uloblo 
h262' of 9• (262 oq ydt ond !IJ' of 12' (1$0 •q yd) 


