














Due to lack of sufficient and appropriate test data for lowa concrete, the MEPDG default
values of the 20-year to 28-day compressive strength, elastic modulus, and modulus of
rupture ratios are recommended unless future research is performed.

. According to MEPDG, the concrete compressive strength at 7, 14, 28, and 90 days shall
be tested for Level 2 design. Based on the concrete strength gain, concrete elastic
modulus and modulus of rupture at these given ages will be estimated from the prediction
equations programmed in the MEPDG. At lowa DOT, facilities are available for testing
not only concrete compressive strength but also elastic modulus and modulus of rupture.
Therefore, it is recommended that lowa DOT can directly use the tested compressive
strength, elastic modulus, and modulus of rupture data for Level 2 design, thus elevating
the PCC input data from Level 2 to Level 1.

The available equations for predicting common concrete properties were assembled for
potential use in the MEPDG Level 2 design. Due to lack of necessary data sets, the
relationships between lowa concrete properties were established only based on the
limited data from CP Tech Center’s projects and ISU classes. The validity of the existing
equations for lowa concrete test data was examined. The results confirmed that there is a
strong relationships between concrete compressive strength (f°.) and elastic modulus (E,)
and splitting tensile strength (f°5,), and an acceptable relationship between concrete
compressive strength (f°;) and modulus of rupture (MOR). Multiple-parameters nonlinear
regression and artificial neural network (ANN) analyses also suggested that the f° of
Iowa concrete materials was related to not only the water-to-binder ratio (w/b) but also
the (uw) and cementitious material factor (CMF) at a given age (t). The following
equations resulted from the statistical analysis of the available Iowa test data:

o . (psi) = -134119+10300(w/b)+978(uw)+125(CMF)+30.6[log(t)]-752 (w/b*uw)

- 0.865(uw)*(CMF) (R*=0.76)
e E~=80811f 4 (R*=0.80)
e MOR=12.93p 4% (R*=0.54)
o £,=1.019£ 70" (R*=0.73)

These relationships can be used as references for lowa pavement design engineers.

. A survey on the currently available testing device for concrete drying shrinkage tests was
conducted. An Towa mix (C-3WR-C20) was selected and sent to Concrete Technology
Laboratory (CTL) for a shrinkage test. The test was done according to ASTM C157, and
the shrinkage value of the concrete at 123 days was 350 microstrain. The test result is
consistent with published results of concrete mixes having a similar w/b. Based on the
short-term measurements of C-3WR-C20 concrete, the ultimate shrinkage value of the
concrete and the time at 50% shrinkage were predicted as 450 microstrain and 32 days
respectively. Both values are close to the MEPDG default values (491 microstrain and 35
day respectively in wet curing). Therefore, it is recommended that the MEPDG default
shrinkage values be used for lowa pavement design until more lowa test data are obtained.

42



7. It was noted that many concrete property data collected in the present study were lacking
a complete set and had no information on concrete mix design, which made the study of
the prediction equation more difficult. Appropriately documenting all commonly used
concrete properties (such as slump, unit weight, air, compressive and flexural strength,
and elastic modulus), together with the information on concrete mix design, is essential
for updating the typical lowa material input values and providing rational prediction
equations for concrete pavement design in the future.
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APPENDIX A: IOWA MATERIAL—RAW DATA

Table A.1 Iowa DOT compressive strength data

Year Mix Type # Samples f'c,28 (psi) Std Dev. Max Min
1971 C NA 4943 NA NA NA
1972 C NA 4838 NA NA NA
1973 C NA 4527 NA NA NA
1974 C NA 4760 NA NA NA
1975 C NA 4531 NA NA NA
1976 C NA 4361 NA NA NA
1977 C 90 4442 620 NA NA
1978 C 337 5023 562 NA NA
1979 C 565 4490 557 NA NA
1980 C 296 4843 532 NA NA
1981 C 320 4745 590 NA NA
1982 C 509 4512 590 NA NA
1983 C 487 4359 639 NA NA
1984 C 539 4704 701 NA NA
1984 CWR 204 4699 678 NA NA
1985 C 637 4863 702 NA NA
1985 CWR 702 4910 782 NA NA
1986 C 414 4726 818 NA NA
1986 CWRC 672 4501 798 NA NA
1987 C 418 5091 778 NA NA
1987 CWRC 570 4617 836 NA NA
1988 C 398 4950 892 NA NA
1988 CWRC 1121 4893 752 NA NA
1989 C 356 4746 813 NA NA
1989 CWRC 1137 4893 836 NA NA
1990 C 254 4779 782 NA NA
1990 CWRC 736 4780 752 NA NA
1991 C 750 4875 734 NA NA
1991 CWRC 71 4841 549 NA NA
1992 C 178 4877 787 NA NA
1992 CWRC 1659 4723 751 NA NA
1993 C 89 4898 949 NA NA
1993 CWRC 903 4890 957 NA NA
1994 CWRC NA 5027 NA NA NA
1995 CWRC NA 4876 NA NA NA
1996 CWRC 1090 4691 865 9865 7830
1997 CWRC 393 4612 797 8110 2690
1998 CWRC/QMC 720 4731 885 7690 2010
1999 CWRC/QMC 795 4771 769 8050 2240
2000 CWRC/QMC 336 5007 734 6920 3130
2001 CWRC/QMC 305 4087 589 5030 2430
2002 CWRC/QMC 626 4322 668 6320 2410
2003 CWRC/QMC 171 4284 560 5720 2660
2004 CWRC/QMC 129 4095 459 5300 2720
2005 CWRC/QMC 29 4216 632 5320 2770
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Table A.2 Iowa DOT - QMC project data (2000 to Present)

Coarse Work Incen Air Air MORys
Project No. County Year ness ability  tive Before After wi/c (psi)
IM-80-2(156)73--13-01 Adair 2000 55.8 342 102 8.2 6.5 0415 593
NHSX-520-5(34 & 64)--3H-38  Grundy 2000 61.2 35.7 101 7.6 6.3 0418 729
NHS-61-4(80)--3H-70 Muscatine 2000 61.5 36.0 101 8.6 6.5 0.395 690
NHSX-61-5(92)--3H-82 Scott 2000 55.9 349 102 7.9 55 0417 675
NHSX-18-6(58)--3H-34 Floyd 2000 55.3 344 102 7.8 6.5 0.388 705
NHSX-5-5(40)-3H-77 Polk 2000 56.3 35.6 102 8 6.6 0.380
NHSX-75-1(55)--39-97 Woodbury 2000 57.6 33.2 103 8.4 6.4 0431 621
STP-5-3(15)--2C-63 Marion 2000 58.2 33.2 103 7.7 6.3 0.366 618
IM-35-3(116)85--13-77 Polk 2000 63.1 33.5 102 8.5 6.9 0416
NHSX-71-5(38)--3H-14 Carroll 2001
NHSX-151-4(60)--3H-53 Jones 2001 51.9 343 103 7.7 6.4 0422 673
NHSX-151-3(112)--3H-57 Linn 2001 601
NHS-61-1(103) Lee 2001 58.2 39 100 7.3 6.5 0.425 657
STP-92-9(74) Washington 2001 59.2 34.1 103 8.2 6.1 0.405 608
NHS-75-1(75) Woodbury 2001 59.8 334 103 9 6.2 0418 531
NHSX-218-2(51 &57) Henry 2001 61 34.9 101 8.1 6.2 0414 641
NHS-63-8(17) Chickasaw 2001 59 34 103 7.4 6.3 0.420 694
NHSX-520-5(40 & 111) Hardin 2001 59.7 33.2 103 7.8 6.5 0415 620
NHSX-63-8(44) Chickasaw 2001 61.7 339 103 7.9 6.2 0.397 743
NHSX-63-8(21) Chickasaw 2001 61 34 103 7.3 6.5 0.409 650
NHSX-5-5(57) Polk 2002 614
STP-32-1(2) Dubuque 2002 57.2 333 103 7.3 59 0.408 602
NHSX-330-1(19) Marshall 2002 60.3 34.5 103 7.8 6 0.393 613
NHSX-65-4(77) Polk 2002
NHSX-330-2(39) Jasper 2002 62.3 33.9 103 8.8 6.6 0.399 615
NHSX-218-8(43) Bremer 2002 60.1 33.1 103 7.7 6.9 0424 716
STPN-5-3(43) Warren 2002 583
NHSX-520-5(38) Hardin 2002 61.3 333 103 7.8 6.2 0.380 647
NHSX-520-5(116) Hardin 2002 59.1 33.8 103 7.8 5.7 0412 614
NHSX-520-5(112) Hardin 2002 63.1 34.8 102 8 6.1 0410 657
STP-13-2(33) (4" OVERLAY) Delaware 2002 345 103 7.5 6.8 0.438 664
NHSX-151-4(56) Jones 2002 50.7 34.4 103 7.9 6 0377 681
NHSX-151-4(85) Jones 2002 59.7 34 103 7.9 63 0419 647
IM-35-6(94)140 Hamilton 2003 56.3 339 103 7.8 58 0.395
STP-5-3(19) Marion 2002 63.5 343 103 7.9 6.1 0.389 633
IM-80-1(251)6 Pott 2003
NHSX-394-1(28) Lee 2003 630
NHSX-394-1(29) Lee 2003 661
NHSX-394-1(30) Lee 2003 815
NHSX-218-8(67) Bremer 2003 640
NHSX-34-9(92) Henry 2003
NHSX-34-8(53) Jefferson 2003 717
NHSX-137-3(21) Mahaska 2003 652
NHSX-34-7(94) Wapello 2003 660
NHSX-218-2(117) Henry 2004 52.7 36.6 103 8.4 6.1 0.403
NHSX-218-1(51) Lee 2004
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NHSX-151-5(55)
NHSX-151-4(90)
NHSX-34-8(71)
NHSX-394-1(31)
NHSX-394-1(32)
NHSX-060-2(34)--3H-84
NHSX-30-5(146)--3H-64
NHSX-30-6(104)--3H-86
NHSX-394-1(33)
IM-NHS-235-2(498)11
NHSX-218-1(52)
NHSX-60-2(55)
NHSX-60-1(48)
NHSX-60-1(21)
NHSX-34-8(72)
NHSX-34-9(123)(121)
NHSX-30-6(105)
NHSX-20-3(130)

Dubuque
Jones
Jefferson
Lee

Lee
Sioux
Marshall
Tama
Lee

Polk

Lee
Sioux
Plymouth
Plymouth
Jefferson
Des Moines
Tama
Webster

2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005

52.8
52.2

56.1

57.5

36
36.8

36.7

34.8

103
103

103

103

8.1
8

8.1

5.9 0.408

6.3

5.8 0.400

6.1

0.400

0.403

662
634

564
658
601

582
584

685
668

621
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Table A.3 Iowa DOT - QMC project unit weight data

Unit Weight (pcf)

148.4
147.2
147.2
147.2
147.2
147.2
146.9
146.8
146.8
146.8
146.8
146.8
146.4
146.4
146.4
146.4
146.4
146.2
146.0
146.0
146.0
146.0
146.0
146.0
146.0
146.0
146.0
146.0
145.8
145.8
145.6
145.6
145.6

145.6
145.6
145.6
145.6
145.6
145.6
145.6
145.6
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.2
145.0
144.8
144.8
144.8
144.8
144.8
144.8
144.8
144.8
144.8
144.8

144.8
144.8
144.6
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.4
144.2
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0
144.0

144.0
144.0
144.0
144.0
144.0
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.6
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2

143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.2
143.0
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8

142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.8
142.7
142.6
142.5
142.5
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4
142.4

142.4
142.4
142.4
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
142.0
141.8
141.6
141.6
141.6
141.6
141.6
141.6
141.6
141.6
141.6

141.6
141.6
141.4
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.2
141.0
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8
140.8

140.8
140.8
140.8
140.8
140.8
140.4
140.4
140.4
140.4
140.4
140.4
140.4
140.4
140.4
140.4
140.4
140.3
140.3
140.2
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0

140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
139.9
139.7
139.6
139.6
139.6
139.6
139.6
139.6
139.2
139.2
139.2
139.2
139.1
138.8
138.8
138.4
138.4
138.4
138.4
138.0
138.0
138.0
138.0
1374
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Table A.4 “CW?” project data

ID Age (day) f'c(psi) Ec (psi) f'sp (psi)

CW-B 0.5 685 2239424 89
CW-B 1.0 1481 2369168 224
CW-B 2.0 2710 3178214 296
CW-B 4.0 3738 3829728 319
CW-B 7.0 4952 4479009 415
CW-B 28.0 6690 4621292 375
CW-B 56.0 7846 5080550 536
CW-M 0.5 3260 4081588 397
CW-M 1.0 3750 4117468 333
CW-M 2.0 4770 4449651 437
CW-M 4.0 5036 4781834 338
CW-M 7.0 5303 4363452 355
CW-M 28.0 6587 5024031 411
CW-M 56.0 7183 4879745 402

Table A.5 “MMO-F” project data

ID Age (day) f'c(psi) Air% SL.(in.) Unit wt (pcf)
MMO-4A 28.0 4772 7.80 2.00 140.9
MMO-4B 28.0 5510  7.20 1.50 141.8
MMO-4B 28.0 5550  7.20 2.00 141.8
MMO-5A 28.0 5460  6.00 2.00 143.1
MMO-5B 28.0 6260  5.20 1.00 144.8
MMO-5B 28.0 5930  6.10 1.75 143.6
MMO-6A 28.0 5340  7.70 1.75 141.6
MMO-6B 28.0 5400  7.80 1.75 141.8
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Table A.6 “MMO-L” project data

unit

f'e,7 wt SL Air Cement Fly Ash Water F.A. C.A.
(psi) (pcf) (in) (%) (pey) (pey) (pey)  (pey)  (pey)  Wihb
C3-S1-1 6416 147.7 1.63 5.1 624 0 268 1467 1511 0.43
C3-S1-2 5969 146.9 1.38 4.8 624 0 268 1467 1511 0.43
C3-N1-1 5689 146.6 1.75 4.9 624 0 268 1467 1511 0.43
C3-N1-2 5647 146.9 1.63 5.0 624 0 268 1467 1511 0.43
C4-S1-1 5659 144.7 2.13 6.1 603 0 260 1339 1684 0.43
C4-S1-2 5689 145.4 2.25 6.2 603 0 260 1339 1684 0.43
C4-N1-1 5415 146.2 2.75 6.3 603 0 260 1339 1684 0.43
C4-N1-2 5510 146.6 2.75 6.2 603 0 260 1339 1684 0.43
C3WR-S1-1 5808 146.6 0.88 5.4 572 0 246 1370 1716 0.43
C3WR-S1-2 5939 147.3 1.13 54 572 0 246 1370 1716 0.43
C3WR-N1-1 5701 144.7 1.50 7.6 572 0 246 1370 1716 0.43
C3WR-N1-2 5546 142.0 2.25 8.0 572 0 246 1370 1716 0.43
C4WR-S1-1 5987 145.0 1.38 7.2 593 0 254 1503 1538 0.43
C4WR-S1-2 5689 145.8 1.13 6.4 593 0 254 1503 1538 0.43
C4WR-N1-1 5248 140.5 2.63 9.7 593 0 254 1503 1538 0.43
C4WR-N1-2 5391 142.0 2.25 8.7 593 0 254 1503 1538 0.43
C3WRC-S1-1 5331 146.6 1.63 5.5 487 86 246 1365 1706 0.43
C3WRC-S1-2 5272 143.5 2.63 7.3 487 86 246 1365 1706 0.43
C3WRC-N1-1 4961 142.0 3.25 8.3 487 86 246 1365 1706 0.43
C3WRC-N1-2 5421 144.7 2.00 6.6 487 86 246 1365 1706 0.43
C4WRC-S1-1 5307 144.7 1.50 6.7 503 86 256 1494 1529 0.43
C4WRC-S1-2 5361 144.7 1.38 6.6 503 86 256 1494 1529 0.43
C4WRC-N1-1 4651 139.7 4.25 9.5 503 86 256 1494 1529 0.43
C4WRC-N1-2 4425 139.7 4.25 9.6 503 86 256 1494 1529 0.43
C3C-S1-1 5116 147.3 1.38 44 513 91 260 1334 1675 0.43
C3C-S1-2 5896 146.2 1.75 53 513 91 260 1334 1675 0.43
C3C-N1-1 5480 148.5 2.88 4.7 513 91 260 1334 1675 0.43
C3C-N1-2 4961 147.7 3.63 5.0 513 91 260 1334 1675 0.43
C4C-S1-1 5683 146.6 1.38 4.8 529 95 268 1463 1502 0.43
C4C-S1-2 5760 146.6 1.75 4.6 529 95 268 1463 1502 0.43
C4C-N1-1 5421 146.6 3.88 54 529 95 268 1463 1502 0.43
C4C-N1-2 5099 146.2 5.63 5.9 529 95 268 1463 1502 0.43
C3F-S1-1 4663 145.4 2.50 52 513 127 271 1303 1638 0.43
C3F-S1-2 4544 145.8 2.38 5.7 513 127 271 1303 1638 0.43
C3F-N1-1 4478 146.6 3.38 5.7 513 127 271 1303 1638 0.43
C3F-N1-2 4455 146.6 2.88 5.7 513 127 271 1303 1638 0.43
C4F-S1-1 4860 145.0 3.13 5.8 529 131 280 1427 1470 0.43
C4F-S1-2 4860 145.0 2.88 5.8 529 131 280 1427 1470 0.43
C4F-N1-1 4604 145.4 3.00 6.0 529 131 280 1427 1470 0.43
C4F-N1-2 4794 146.6 2.25 5.9 529 131 280 1427 1470 0.43
C3WRF-S1-1 4085 141.6 2.75 7.7 487 118 256 1339 1675 0.43
C3WRF-S1-2 4580 143.1 2.63 7.7 487 118 256 1339 1675 0.43
C3WRF-N1-1 4902 142.7 1.50 6.8 487 118 256 1339 1675 0.43
C3WRF-N1-2 4717 143.1 2.13 7.0 487 118 256 1339 1675 0.43
C4WRF-S1-1 4735 143.1 1.50 6.0 503 127 266 1463 1497 0.43
C4WRF-S1-2 5164 146.6 1.63 5.9 503 127 266 1463 1497 0.43
C4WRF-N1-1 4711 143.5 2.50 6.9 503 127 266 1463 1497 0.43
C4WRF-N1-2 5087 144.7 2.25 6.6 503 127 266 1463 1497 0.43
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Table A.7 “OGS” project data

Slump Unit wt. f'c, 3 f'c, 7 f'c, 28 Pc, 90
Mix w/c (in.) (pef) Air% (psi) (psi) (psi) (psi)
Control 0.43 2.25 143.0 5.1 4000 4950 6320 6990
Ash 1-20% 0.41 3.25 142.8 52 3470 4780 6170 7210
Ash 1-28% 0.39 2.50 143.2 52 3400 4690 6290 7070
Ash 1-36% 0.38 2.50 145.0 4.0 3540 5250 7370 8360
Ash 2-20% 0.40 2.50 141.8 5.7 3620 4820 6370 7140
Ash 2-28% 0.39 2.50 141.4 6.3 3400 4550 6140 6800
Ash 2-36% 0.38 2.75 140.8 6.5 3110 4240 6100 6810
Ash 3-20% 0.40 2.50 141.6 6.0 3500 4760 6350 7130
Ash 3-28% 0.39 3.50 140.0 6.8 3250 4290 6010 6620
Ash 3-36% 0.38 2.50 140.6 6.6 3310 4470 6110 6940
Table A.8 “IPC” project data
f'c, 3 (psi) f'c, 7 (psi) MOR, 7 day (psi)
CU-Ref 3300 3800 490
CU-C98.1 4300 5000 570
CU-C95.9 4200 4500 660
CU-C89.0 3800 4300 520
Table A.9 “HSCPP” project data
LTPP Section ID Test Age (year) ., psi E, psi MOR, psi*
19-3006 22 6672 4641206 725
19-3055 29 6092 3770980 624

* Estimated

Table A.10 “FEQMC?” project data

1D Age (day) f'c (psi) MOR (psi) ID

Age (day) f'c (psi) MOR (psi)

FE-1A 14.0
FE-1B 14.0
FE-1C 28.0
FE-1D 28.0
FE-2A  28.0
FE-2B  14.0
FE-2C 28.0
FE-2D 14.0
FE-3A  28.0
FE-3B  14.0
FE-3C 14.0
FE-3D 28.0

7239
6683
6698
6301
6587
6380
5776
6221
6428
6969
5823
6277

549
569
617
604
726
615
571
615
728
644
634
725

FE-1A
FE-4B
FE-4C
FE-4D
FE-5A
FE-5B
FE-5C
FE-5D
FE-6A
FE-6B
FE-6C
FE-6D

28.0
28.0
14.0
14.0
28.0
14.0
14.0
28.0
14.0
28.0
28.0
14.0

6317
5887
5712
5919
5569
5776
5696
5267
5951
5919
5314
5251

701
743
660
644
715
616
596
692
650
683
684
635
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Table A.11 “MTE” project data

Air (%) Slump (in.) Unit weight (pcf) .55 (psi)

MT3015-30s 4.9 0.69 145.7 7281
MT3022-30s 5.7 1.44 146.7 5649
MT3057-30s 7.0 2.69 145.0 5450
MT3057-45s 59 1.07 143.4 5954
MT3059-45s 6.1 1.00 146.1 6744
MT3016-45s 6.6 3.63 134.5 4595
MT3019-45s 7.8 2.57 140.2 4939
MT3020A-45s 6.0 2.28 140.1 5322
MT3021A-45s 5.7 2.69 138.7 5138
MT3016-60s 7.6 2.28 140.1 4810
MT3019-60s 7.8 3.13 141.1 4709
MT3020A-60s 7.7 2.94 138.7 5032
MT3021A-60s 6.4 1.88 139.5 4455
MT3058-60s 8.2 2.88 138.0 5139
MT3016-90s 8.9 3.25 137.5 4568
MT3019-90s 8.8 2.19 137.2 4502
MT3021B-90s 8.9 2.94 138.5 4021
MT3058-90s 8.6 2.44 140.0 4934
MT3020B-45s 8.4 2.44 136.5 4651
MT3021B-45s 8.8 2.81 136.5 4004
MT3058-45s 8.7 2.19 136.5 4538
MT3016-60s  NA NA 136.5 NA

MT3020B-60s 7.6 3.13 137.8 5461
MT3021B-60s 5.5 1.44 136.5 6522
MT3016-90s 7.4 3.69 140.5 5527
MT3058-90s 7.1 2.77 140.5 5782

Table A.12 “FEBCO” project data

Test Section Test Age (year) ., psi g, psi

1 21 8590 630
2 21 8160 730
3 13 6860 680
4 19 6920 600
5 20 6770 600

Table A.13 “PVT30” project data

Section Number Air % (MOR),3, psi  Cylinders ()5, psi  Cores (£ )2gyears PSi

1,5 3.5 800 5370 8090
2,6 2.6 780 5520 8070
3,7 32 790 5850 8100
4,9 34 800 5490 7500
9 3.5 810 5870 7820
10* 6.6 770 5290 7540

* Air entrained
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Table A.14 LTPP f. data (from table “TST_PC01”)

SHRP ID Construction Date Test Date Test Age (Year) f'c (psi)

19-3006 01-Oct-75 01-Jul-91 16 8480
19-3009 01-Dec-75 01-Jul-91 16 6875
19-3028 01-Nov-84 01-Jul-91 7 7035
19-3033 01-Aug-83 01-Jul-91 8 7515
19-3055 01-Nov-68 07-Dec-89 21 8545
19-5042 01-Sep-75 07-Jun-91 16 8145
19-5046 01-Sep-75 10-Aug-90 15 7495
19-9116 01-Jun-72 26-Apr-90 18 6985
19-9126 01-Dec-64 27-May-91 27 9530

Table A.15 LTPP f°, data (from table “TST_PC02”)

SHRP ID Construction Date  Test Date  Test Age (year) f'sp (psi)

19-3006 01-Oct-75 02-Jul-91 16 493.5
19-3009 01-Dec-75 02-Jul-91 16 558.5
19-3028 01-Nov-84 02-Jul-91 7 514.5
19-3033 01-Aug-83 02-Jul-91 8 496.5
19-3055 01-Nov-68 03-Jan-90 22 568.5
19-5042 01-Sep-75 13-Jun-91 16 630

19-5046 01-Sep-75 14-Sep-90 15 612

19-9116 01-Jun-72 26-Apr-90 18 495.5
19-9126 01-Dec-64 27-May-91 27 604.5

Table A.16 LTPP long term E. and Poisson ratio data (from table “TST_PC04”)

SHRP ID Construction Date Test Date Test Age (year) Poisson Ratio Ec (psi)

19-3006 01-Oct-75 08-Jul-91 16 0.21 4825000
19-3009 01-Dec-75 08-Jul-91 16 0.22 4525000
19-3028 01-Nov-84 08-Jul-91 7 0.205 4400000
19-3033 01-Aug-83 08-Jul-91 8 -- 4325000
19-3055 01-Nov-68 13-Jun-90 22 0.16 3475000
19-5042 01-Sep-75 17-Jun-91 16 0.215 4350000
19-5046 01-Sep-75 01-Oct-90 15 0.215 4525000
19-9116 01-Jun-72 28-Jun-90 18 0.265 4900000
19-9126 01-Dec-64 31-May-91 27 0.2 5575000

Table A.17 LTPP MOR data (from table “TST_PC09”)
SHRP ID Construction Date (MOR)14, psi (MOR)28, psi (MOR)365, psi

19-0213 25-Jul-94 500 590 610
19-0214 25-Jul-94 700 770 890
19-0219 22-Jul-94 440 530 590
19-0220 22-Jul-94 770 720 770
19-0223 26-Jul-94 460 520 680
19-0224 26-Jul-94 790 750 930

Avg. 610 647 745

STD 161 113 143
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Table A.18 ISU CE382/CE383 data

SL. f'c,7 f'c,28 MOR28

1D w/c Air% (in.) Unit wt (pcf) (psi) (psi) (psi)
CE382-F05-s1-1 0.55 6.0 NA NA 3112 3112 NA
CE382-F05-s1-2 0.40 6.0 NA NA 5395 5395 NA
CE382-F05-s2-1 0.42 5.0 1.50 146.0 5053 6083 667
CE382-F05-s2-2 0.55 6.8 4.00 NA 3696 4365 550
CE382-F05-s2-3 0.84 9.0 5.50 132.0 1948 2428 490
CE382-F05-s3-1 0.58 6.0 NA NA 2141 2141 NA
CE382-F05-s3-2 0.78 6.0 NA NA 2561 2561 NA
CE382-F05-s3-3 0.78 6.0 NA NA 1259 1259 NA
CE383-S06-s0-1 NA NA NA NA 6246 6246 680
CE383-S06-s0-2 NA NA NA NA 4538 4538 NA
CE383-S06-s0-3 NA NA NA NA 3506 3506 490
CE383-S06-s1-1 0.45 5.5 NA NA 4602 4602 NA
CE383-S06-s1-2 0.55 5.8 NA NA 3687 3687 NA
CE383-S06-s1-3 0.70 6.4 NA NA 2348 2348 NA
CE383-S06-s2-1 0.43 1.4 NA NA 4370 4370 NA
CE383-S06-s2-2 0.55 6.5 NA NA 3462 3462 NA
CE383-S06-s2-3 0.70 7.0 NA NA 2392 2392 NA
CE383-F05-s1-1 0.49 53 1.75 142.0 4923 5937 705
CE383-F05-s1-2 0.55 6.3 3.00 138.5 3309 3727 610
CE383-F05-s1-3 0.61 10.0 2.00 136.4 1868 2587 500
CE383-F05-s2-1 0.41 4.5 2.00 151.4 5218 4802 673
CE383-F05-s2-2 0.47 7.1 2.38 142.0 4037 4175 555
CE383-F05-s2-3 0.59 9.0 1.50 129.0 2285 3223 567
CE383-S05-s1-1 0.42 5.5 3.00 139.6 4914 4914 NA
CE383-S05-s1-2 0.53 53 0.50 138.4 3516 3516 NA
CE383-S05-s1-3 0.70 7.0 0.75 137.5 2397 2397 NA
CE383-S05-s2-1 0.48 7.0 1.50 141.5 4376 4376 NA
CE383-S05-s2-1 0.55 6.5 3.50 137.6 3450 3450 NA
CE383-S05-s2-1 0.62 5.5 2.50 138.3 3171 3171 NA
CE383-F04-s1-1 0.47 8.5 4.50 NA 4332 4001 580
CE383-F04-s1-2 0.65 6.2 1.25 NA 4878 5472 568
CE383-F04-s2-1 0.45 4.3 2.50 NA 6048 6554 593
CE383-F04-s2-2 0.55 8.5 2.50 NA 4251 4072 528
CE383-F04-s2-3 0.67 8.0 1.50 NA 3187 2869 467
CE383-S04-s1-1 0.42 3.6 0.50 141.0 5893 7105 850
CE383-S04-s1-2 0.55 6.2 1.25 138.0 4472 5575 649
CE383-S04-s1-3 0.70 8.0 2.50 137.0 2130 3577 519
CE383-S04-s2-1 0.53 5.2 4.00 135.0 4762 5469 749
CE383-S04-s2-2 0.49 9.0 2.25 133.8 1767 2064 370
CE383-S04-s2-3 0.66 8.5 2.00 138.0 3394 3401 481
CE383-F03-s1-1 0.42 7.0 2.50 138.4 4717 2921 613
CE383-F03-s1-2 0.50 10.0 3.00 136.7 3035 2981 467
CE383-F03-s1-3 0.70 9.5 3.25 131.4 2177 2857 461
CE383-F03-s2-1 0.46 5.2 3.00 139.9 5715 5277 690
CE383-F(03-s2-2 0.67 6.5 3.75 137.2 3464 3692 544
CE383-F03-s2-3 0.75 9.5 2.00 136.9 2475 2706 475
CE382-F06-s1-1 0.43 5.8 1.60 141.8 4589 5554 672
CE382-F06-s1-2 0.56 5.7 2.00 136.3 3581 4991 590
CE382-F06-s1-3 0.54 9.0 2.25 137.0 2255 3262 442
CE382-F06-s2-1 0.41 3.8 2.75 138.7 4734 6174 669
CE382-F06-s2-2 0.55 5.7 3.50 141.4 3209 4234 561
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SL. f'c,7 f'c,28 MOR28

ID w/c Air% (in.) Unit wt (pcf) (psi) (psi) (psi)
CE382-F06-s2-3 0.60 8.3 2.75 136.8 2340 3245 348
CE382-F06-s3-1 0.42 3.5 2.00 138.4 4376 5034 624
CE382-F06-s3-2 0.46 5.5 3.50 143.2 4350 5304 672
CE382-F06-s3-3 0.62 7.6 1.00 137.4 2600 3168 572
CE382-F06-s4-1 0.42 4.0 2.00 138.3 4959 5722 644
CE382-F06-s4-2 0.54 5.5 1.00 136.9 3661 4602 532
CE382-F06-s4-3 0.55 5.8 2.50 139.3 3124 3792 503
CE383-F06-s1-1 0.48 4.5 1.25 140.3 4271 5082 604
CE383-F06-s1-2 0.51 6.5 2.00 137.3 3800 3419 358
CE383-F06-s1-3 0.51 6.0 2.00 136.3 1781 2547 374
CE383-F06-s2-1 0.43 43 1.25 140.3 4689 5556 687
CE383-F(06-s2-2 0.51 6.5 1.50 137.3 3236 4234 619
CE383-F06-s2-3 0.62 8.0 1.50 136.3 1207 2808 510
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APPENDIX B: SUPPLEMENTAL IOWA STRENGTH DATA ANALYSIS

Results in Table B. 1 and Figure B. 1 showed that similar as the results indicated in

Table 6, with the improvement of quality control, the strength increases from 1970s to 1990s,
however decrease at 2000s because of the apply of QMC mixes. The standard deviation between
each years decreases from 1970s to 1990s, which showed the opposite trend at 2000s, which
might be due to the relative smaller size of available data (6 years, 1596 data).

Table B.1 Analysis results of lowa DOT core sample analysis (by year)
1970s 1980s 1990s 2000s Total

f, by year (psi) 4657 4753 4812 4335 4697
STD by year (psi) 238 189 106 343 251
6000

HH

Mean f'c (psi)
w
(=]
o
o

1970s 1980s 1990s 2000s

Figure B. 2 Mean £’ ;s and standard deviation between each years
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Table B.2 Analysis of lowa DOT MOR;g data within an individual project

# of Avg Avg # of
Year Projects MOR; MS(,I),RDzs Beam Mlz)vlg MOR,3 beam per
Tested 8 STD project
1 593 70 6
2 729 NA NA
3 690 NA NA
2000 4 675 NA NA 661 70 6.0
5 705 NA NA
6 621 NA NA
7 618 NA NA
1 673 51 12
2 601 47 10
3 657 36 6
4 608 43 6
5 531 38 6
2001 5 641 37 9 642 38 6.3
7 694 42 4
8 620 55 6
9 743 4 2
10 650 28 2
1 614 45 8
2 602 39 4
3 613 11 2
4 615 35 2
5 716 31 4
6 583 44 4
2002 7 647 59 16 637 40 6.3
8 614 48 8
9 657 60 6
10 664 40 6
11 681 25 8
12 647 38 8
13 633 46 6
1 630 75 4
2 661 89 4
3 815 35 2
2003 4 640 43 4 682 51 4.0
5 717 39 6
6 652 46 6
7 660 28 2
1 662 33 8
2 634 36 10
2004 3 564 46 14 624 40 7.6
4 658 39 2
5 601 46 4
1 582 42 10
2 584 36 6
2005 3 685 7 2 628 26 52
4 668 32 4
5 621 14 4
Total 47 --- --- 243 646 40 5.9
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Figure B. 2 Distribution of long term concrete properties






APPENDIX C: DRYING SHRINKAGE TEST DEVICE

Researches have been conducted to investigate equipment for concrete shrinkage tests, seven
commercial available devices as shown in Figure 22 had been found. The possibility for
purchasing or building the equipment for concrete shrinkage tests at the CP Tech Center’s
research lab was evaluated based on the price and specification of the equipments (Table B.1).

(c) Length comparator
(ELE)

(a) Retractometer
(Laval lab Inc.)

\'.

2

(d) Drying shrinkage  (e) Length Comparator (with Mechanical (f) 'Plastic Shrinkage'

and moisture Indicator HM-250; with Digital Indicator Tester (Wexham
movement apparatus HM-250D) (Gilson and Humboldt) Developments)
(Intec)

Figure C.1 Commercial available concrete shrinkage test device
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Table C.1 Information of Commercial available concrete shrinkage test device

Company Device Specification Price
Laval labInc.  Retractometer Dimensional variations on 100 to Quotation
400mm (approx. 4 to 15 in.)
samples
RS232C interface, Canada
ILE Length Comparator,  Length comparator with $110
1L-144 0.002x5mm dial gauge
ELE Length comparator Digital/Dial PCC Lab
Dial Indicator: 0.3”x0.0001”
(8mmx0.002mm) divisions
Intec Drying shrinkage and  Dial gauge of 25mm travel x $940 (length comparator, steel
moisture movement 0.002mm division, Malaysia frame)
apparatus $342 (2 gang prism mould)
$40 (steel inserts, 10 pcs per pack)
Gilson/ Length Comparator,  Sample length: 10” (254mm) $691 /%810
Humboldt (HM-250/ HM- (17x1” up to 4’x4” cross section) (HM-250 / HM-250D)
250D) Resolution: 0.0001” (0.0025mm)
Wexham 'Plastic Shrinkage' Specimen dimensions: £916 (comprises — stainless steel
Developments  Tester 45mmx45mmx285mm mould, calibrated LVDT, cast-in

Resolution: 0.001mm (earlier stages
of hydration ), UK

inserts)

According to ASTM C157, special storage devices are necessary since drying shrinkage testing
specimens are required to be stored in constant temperature and relative humidity conditions.
Therefore, the investigators also conducted a survey to summarize the currently available curing
chamber suitable for concrete sample storage. The pictures and producers of some available
devices are presented in Figure B.2.
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(b) Norlake Scientific

Environmental Chambers (c) BioResearch

. . . (f) Parameter Generation &
(d) Darwin Chamber (e) CSZ industrial Control (PGC)

Figure C.2 Commercial available environmental chamber

The costs of the chambers range from $12,500 (Norlake Scientific EW-37755-22 Humidity
Stability Chamber) to up to $16,054 (Darwin KB056 Environmental Chamber). A detailed
feasibility study on this should be conducted after the decision of the plan of drying shrinkage
measurement for [owa pavement concrete can be made.

C-3






APPENDIX D: CONCRETE DRYING SHRINKAGE TEST RESULTS

Table D.1 Shrinkage test — specimen measurements

Age, Specimens
Date days Condition A B C

10/19/2006 0 moist -351 -1164 -1258
11/15/2006 28 moist -348 -1158 -1254
11/19/2006 32 dry -350 -1163 -1257
11/22/2006 35 dry -356 -1171 -1264
11/29/2006 42 dry -362 -1178 -1272
12/6/2006 49 dry -368 -1184 -1280
12/13/2006 56 dry -373 -1188 -1280
12/20/2006 63 dry -375 -1191 -1284
12/27/2006 70 dry -377 -1192 -1284

1/3/2007 77 dry -379 -1193 -1284
1/10/2007 84 dry -379 -1193 -1284
1/24/2007 98 dry -383 -1197 -1292
2/13/2007 118 dry -383 -1196 -1291
3/18/2007 151 dry -387 -1199 -1291
4/18/2007 182 dry
5/18/2007 212 dry
6/18/2007 243 dry
7/18/2007 273 dry

8/18/2007 304 dry
10/18/2007 365 dry

D-1



Table D.2 Concrete shrinkage data

Drying Period, Shrinkage, % Predicted
days Condition A B C Average Shrinkage, %
0 moist 0.003  0.006 0.004 0.004333 0
4 dry 0.001  0.001 0.001 0.001 -0.00506
7 dry -0.005 -0.007 -0.006  -0.006 -0.00818
14 dry -0.011 -0.014 -0.014  -0.013 -0.01386
21 dry -0.017 -0.020 -0.022  -0.020 -0.01803
28 dry -0.022 -0.024 -0.022  -0.023 -0.02123
35 dry -0.024 -0.027 -0.026  -0.026 -0.02376
42 dry -0.026 -0.028 -0.026  -0.027 -0.02581
49 dry -0.028 -0.029 -0.026  -0.028 -0.02751
56 dry -0.028 -0.029 -0.026  -0.028 -0.02894
70 dry -0.032 -0.033 -0.034 -0.033 -0.0312
90 dry -0.032 -0.032 -0.033  -0.032 -0.03353
123 dry -0.036 -0.035 -0.033  -0.035 -0.03606
154 dry
184 dry
215 dry
245 dry
276 dry
337 dry
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