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CEMENT CONTENT OF PAVEMENT CONCRETE
US 12 South of Paw Paw (Bl 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 -
B; 80024, C2RN). Project records indicated a possible cement shértage
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 sentfor use in making the determinations.

Cement contents were determined by procedures based on ASTM
Method C85-54, as described in Research Report No. 300, ""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 1n 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,



The 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 fo
correct the silica contents of the hardened concrete in all the laboratory
cement calculations. However, further examination of the records dis-
ciosed 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

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

Station Original New
Series Cast d 14 d g Bource
7 days 4 days Resulis Values
1 9-11-59 134460 503 658 5.5 5, b¥* Larson
2 9-14-59 110+50 657 67 5,8 5. g¥* Larson
4 9-21-59 1089460 616 678 5.4 4.5 Kellogg
5 9-23-59 1129450 506 644 6,5 _5. 6 Kellogg
G 9-23-59 1094450 702 701 ‘6.0 5.0 Kellogg
i 9-28-59  10T71+00 588 681 6.1 5.2 Kellogg

*Aggregate Correction, percent
Larson 0.77 0.81 0.78 avg 0,79
Kellogg  1.31  1.29 avg 1.30

#* These values now too high by an undetermined amount



It should benoted 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
highersilica correction accounts for the drop in comﬁuted cement content
of almost 1 saék 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 aggregatestused 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 2 wide difference in the silica
correction, and the proportions of aggregates from the two'sources are
not known, it is impossible to establish anaccurate silica correction for
determining cement coﬁtent 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



the table, but there is no way of finding out how much lower because of
the coxﬁbination of aggregates from the two sources mentioned above.

There was a great deal of trouble with the two cement scales on this
job. They werenot within specification tolerances on Sept. 8, 1959, when
first checked, although they were reéding light, giving about 1.1 and 1.7
percent excess cement, respectively, ét batch quantities. They were _
checked again on Sept. 24 when scale No. 55277 was found to be 96 ib
heavy, thus making a shortage of almost 1 sack per cu yd in the alternate
batches when this scale was used. After adjusting the knives on both
scales, theywere again reading-light by the same amounts asr in the first
check. On Sepi. 25, the plant inspector noted in the daily report that the
scales were not 'workiﬁg properly, but did not say what the trouble was.
Again, on Sept. 29, he noted that the hopper on the cement scales did no1;
cleaﬁ 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 paviné operaiion gave

the following data:

Estimated cement required .. ........ soosssassnanss 66,903 bbl
- Cement used, batch tickets ........... FERRTERPRETRRY 68,510 bbl
Cement received ..ccevvew vebeasse ecssan sesnsossas 08,134 bbl

Cement on hand after completion ....ooceve-0.. minus 376 bbl

- Actual overrun, percent ( 68,134 - 66,903 4 100) 1.8
66,903

o



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 whena minus inventory of 424.5 bbl was noted
would indicate a shortage of about 1600 bbil up to that point, The first
minus inventory (42 bbl) occurred two days earlier, but the amount
actually inthe 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

Fromwhat can be learned from the recordsand from cement deter~
minaﬁons 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 96-1b underweight deli‘vered by
scale No., 85277 before the scales were checked oﬁ Sept. 24. This fact .
accounts for the lower cement content found in beams of Series 4, How-
ever, 'the fact that there should have beenan overrun of at least 4 percent
due topavement 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



or not depends on the extent of the area or areas where shortages may
have occurred. |

Because of the circumstances s_urroulnding congtruction--that is,
cement deficiencies in alternate batches land the uncertainty of coarse
aggrogate proportions--it doesn't seem feasiblé to attempt to pinpoint

the areas of possible shortage by cement determinations in the laboratory.



TABLE 2
CONSTRUCTION DATA SUMMARY
Extracted from Daily Reports of Concrete Proportioning

N Pour £ .
Teport { Pour Dis Location Pour Area, Cemont Inventery, bbt
No. (1959} Stationing oq yil fotarks
Description ©On Hand Recojved Tatol Vaed Mel on liand
From To
1 a-10 11050 133314 NB POE ! 1909 .00 a7z, 00 arz, ob 492, 00 180, 00 Seriea 1 Boama {134440)
2 8-11 133+14 131+50 NB 2767 180,00 1220, 50 1415, 6O 961. 08 449, 50
128+50 124+40 Np
12400 119+40 B
3 b-14 119+4¢ 109400 KB ! e 449, b9 E218. TG 1668, 26 1104. 50 563,75 Beries 2 Boams {110456G)
109+60 107450  NB?
4 &-15 121+68 121490 L] L2 B63, 75 622, 50 1066, 26 b, 25 687, 00 Type iII Cement
14400 5495 Ramp A*
5 9-16 030 131453 NB POR?Y 1339 $67, 00 349, 26 1036, 25 471. 26 566, 00
12848 124+20 NB - Serlea 3 Boams (126490)
not tostod, steol reinforced
L] 9-17 125+53 122416 NB 3625 565. 00 1043, 50 1698, 00 1261, 60 346, 50
i21+p4 120468 NB

1033+95 1044+22 EB PCB

7 9-18 1046+22 1059+30 EB°® 6864 346, 50 2441, 25 2787, 76 2509, 00 278, 75
1059+30 107148} EB
8 8-21 107149 103466 EB' 6043 | 28,75 1889, 50 2159.25 2201, 00 -41. 76 Flrat ineidence of minus lnventary
1083+56 1096+4T © EB Serles 4 Boams {1085+09)
L] 522 1095+47 1185+t0 EB 5692 ~41, 75 538, 26 1497, 56 2022, 75 -625, 26
1105410 1416468 EB
10 9-23 1116+58 1130410 EB 8128 -525, 25 2270, 95 1745. 50 2170, 60 -434, 60 Serios 5 Bezms {1120+60)
1130+30 1138464 EB cement blos ful}
1837+30 1138e38  WB
1t 9-24 1136+38 1130480 WB® 5432 ~424, 50 13g8, 50 974, 00 1934, 25 -46. 26
1136+80 1115417  WB
12 226 1115+77 1105+68  WB 6357 -940, 25 2035, 50 1168.25 2292,00  -1073,75 Coment scnles nol working properly
' 1105468 Logz+oT wB Sarles & Beama {1094+56) (8:30 a, m,)
122400 .
13 2-28 1692407 1078¢65  WB 6693 -1073, 76 288,75 1826, 00 2247. 50 -422, 60 18 vacks used for culvert headwalia
1678+55 1066597 wh Serles T Beawa {1071400)
14 029 HOGGHT 1054483 WB 5206 -422, 50 2091, 2% 1468, 75 2284.26 ©  -566.50 Cement hopper not digcharging properly
1054483 1043436 WB Contractor notified
15 8-30 1043436 1033495  WB 2509 -655, 50 1041. 75 486,25 864, 00 -381, 76 Serioa § Beams (1035+25)
8 10-1 12465 60425 Ramp DY 1838 -381, 15 349,00 -3z, 76 602, 50 -626, 26 2 botches wasled die to waker valve failure
17 10-2 Rampe A+ C'' 1488 -85, 25 521,75 ~113, 59 562, 00 788, 50
18 to-1 14436 13145t 5B POE 3328 -736, 50 804. 50 69,00 1179.%6  -1106, 75
128+49 124480 8B
13 19-9 124463 07+50 S8 4607 -1108, 76 746, 50 837,16 1569, 50 -931.75 8erles 9 Beama (123+75)
!
20 10-9 120+68 110408 SR 1682 -831, 76 1219, 56 287,76 591. 00 -393, 25
21 10-19 000 6+45  Ramp A M 121% -303, 25 340, 50 46,25 428, 26 -3g¢, 00
22 10-12 1138+64 1i50%4¢ EB® 242 -380, 60 2056, 00 1716, 00 2835. 00 -919.00 Series 10 Beams {1166+75)
1161+60 L166+7% EB
a3 10-18 1166+73 1171+17  EB 8245 -819, 00 2441, 00 1522, 00 2193, 25 -671, 26
1177+17 10415 EB i
24 10-14 1190+55 1264+21 EB 708 671,26 2812, 26 1941, 00 3675.15 -192. 5, 8tone acalen not worldng properly
1204431 12154086 EB Berles 11 Benms (1224+00)
fpn - Inta pid ment “Ramp At 4" widoning; Tamp ;12" alsh;
NOTE:  Aggrepaias used li.nh:“ couran latd to o lnio ol paveren Plas l!';' curve header (6 batchos - 46,5 sacks)
$-40 10- 9-14 Laraon 132 aisb * Logy 2 for R, plus @' for curve
9-31140 10-2 Hebloxi 18 pleh "fua 9t widentng HB, aud Ramp D

. den)
107 1o 11-12 Larem #3305 120 batween RA tracko (44 4" radiw wideolog
: Bt on Remp A 695 lineat 1t {638 s yob,

“Inereanad 5' far eurve
ROTE: 40024, CF (UL 17 - Bla 5030sm5 10 1300400 {WB-EE) .,,.'::: 1974414 (o 1075673 {M. 119 fulerneciion) plus %0 98° goure on M 149 (24' x 188, aud paur
60072, C3 (M 42} - Bta L4430 to 116420 (MB-BD} "Lingal fi Teducod 24" for bok culvert M Berelen 8l {a> x 46 -
86024, C3 1M 40 - 24 1197 - Bin 110420 fo S1437 (NB -8 121 aq yd at Kalamazao St Decreszod 7' for curvm
%111, CI{M 119} - Bla 95450 1o M0 {HB-SD)  ~ "84 gurvo hoader (6 batches - 30 eacke}



TABLE 2 (continued)
CONSTRUCTION DATA SUMMARY
Extracted from Daily Reports of Concrete Proportioning

Report | Pour Date Pour Locallon Pour Area, Comont Invantary, bbi
No. {1959 Siationing ag yd X . Remarka
From To Deseription On Hond | Recelved Totn Used ¥ot on Hand
25 0-15 1219400 12394400 LB 7351 -732, 76 2614, 60 1881, 95 2018, 00 -130, 76
1233440 1248465 BB
26 10-18 1246465 1266405 BB 5787 -798. 5 1718, 00 981, 26 2069, 60 -1078, 35
1266+ 08 1268435  EB - Serden 12 Beams (1256+25)
27 10-17 1208435 1281420 EB 7174 -1078, 25 3470, 00 2393, 76 2507. 09 -113. 25
1281420 1286424 ED
28 10-1p 1205+24 1300400 KB POE 8300 -118, 25 1845, 26 1532, G0 2189, 60 -BBT. 60
1300+00 1204420 WB POB
1204420 1281420 WB ' Baries 19 Deams (1207+00)
29 10-20 1281410 1266166 WD 7098 -857, 50 2426, 26 187,96 2666, 00 -890, 24
1966166 1252433 WB
3¢ 10-21 1252430 1238425 WD 1651 -298, 25 081, 50 2193, 25 2866, 90 -472, 76
1238425 1223+64 WD Serles 14 Boama {1240450}
31 to-22 1223464 K206+48 WD 8391 -472.76 3135, 76 2663. 00 A0, 25 ~247,25
. 1200496 1192481 Wn :
a2 10-23 1192421 1176480 WB £539 -247, 26 2231, 25 1984, 00 2210, 50 232, 60 :
1178460 1168444 WB Herles 15 Beams {£173400)
a3 10-25 1168+44 1164480  WB'® s8an -242, 50 2276. 26 2043, 15 2297.76 -254, 00
£154+80 1143480  WB : : deries 16 Beams {1148+00}
a4 10.27 1153+80 119T+30  WB 1733 -264. 00 @14, 50 820, 60 811,00 9, 60
35 10-28 149430 135447 88 POR 1703 9. 460 360,25 158,76 504, 06 =293, 95 3 ib chloride {Peledow) added per batch
102400 99492 8D . bofore 9:00 and after 4:30
5 10-29 99492 28410 88 8384 -233, 95 1848, 16 1614, 50 2247, 50 -635, 00 3 th chlorlde added sfter 4;00
88+10 75468 8B
37 10-30 75498 63+85 8B 9435 -835. 00 2442, 00 1807. 00 2286, 15 -419, 25
63485 61485 8B
a8 10-31 51486 47400 8B POB 1293 -479, 26 870, 25 391, 00 149,50 -59, 50
a9 11-2 020 13435  Ramp "' 2191 -58, 6t 522. 80 463. 50 78T, 26 -203, 76 3 1b chioride after 4:00
11435 1147 Rampc'®
11475 12440 Hamp C*
10 1-3 125460 107450 ¥ 2671 -302. 76 1390, 26 1094, 50 901,00  193.50 165 Botekea
11 11-5 20402 9413 Ramp B2 3227 193, 60 464, 76 645,26 1123, 75 -475, 5D
3+13 1400 Hamp B*
4z 11-5 102400 o354 M 1169 - 4750 350, 09 ~125, 50 110,78 536, 26 3 1b ehlortde and straw covering
13+54 a2+54
11 1-7 102400 95+35 1264 -530. 26 518, 06 -18.26 447. 25 ~466, 5 4§ 1 chioride and slraw covering
107450 108408
128450 “ *
44 11-9 129460 2 u 838 -485. 50 524, B0 59, 00 312, 00 -253. 60
107450 106408 , ’
45 11-10 130450 b 708 -253, 0% 194, 98 -18. 25 284,76 +384. 00 Straw covering
L07+50 100486
W1+16 102400
18 11-1t 130450 519 -363. 00 195, 25 -18T, 75 127, 76 -376. 6O Steaw coverlng
102+00 101400
¥ Incrensed 7 for curve T 4 2', énchuding B0° ourve beader {16 ancke} =ngg, Dridge"

*Throe radll for Rampa B and C (234 sq yd)
7330 - 2L varisble
‘ ™ 282" of 9' (262 aq ydt And 143" 81 127 1150 aq yd)

" 16 ntab

“ 16" 1o 12” stab

“ 12" nlab

“ Plun 262 lincal ft for bridge 0 §23+25 (099 oq pd),
and radive poar Tor Ramp A {50 ag ¥

11§ alab

" iSlalloring repreccnio 996 5q yd), plan Ramp A -
Kalamazos 8t {83 64 ydy 20d Perrion-
Kalamnzoo Sta {80 ag yd), dackuding
26' ctrve boaday (3 snckal

+LimiL-of -protir alstlan sol given (149 agq yd)

“ plu e radil for flamp A, and sncloding 56' curya heoder



