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Problem Statement

In recent years, premature bridge deck cracking has caused great concern to the
AHTD. Research conducted over the past several years has attempted, with mixed
results, to identify the causes of this cracking. While this problem may not be detrimental
to the structural integrity, the potential for accelerated deterioration exists. Since a
majority of bridge decks are poured during hot weather, curing procedures are of great
importance. However, it appears that, at times, the curing process is not begun as soon as
it should. Ideally, the curing compound should be applied as soon as the concrete is
finished. However, this does not occur in most cases. This is due, in part, to the tining of
the deck surface. The tining process delays the application of the curing compound. This
delay has the potential for adverse affects, i.e. cracking, scaling, etc. Research project
TRC-9902 is concerned with premature bridge deck cracking as a result of inappropriate

curing procedures and examines the various methods of curing concrete.

Introduction

Curing is recognized as an important process in the manufacture of durable
Portland cement concrete (PCC). Properties of concrete such as resistance to freezing and
thawing, strength, water tightness, wear resistance, and volume stability improve with
age as long as conditions are favorable for continued hydration of the cement. The
improvement is rapid at early ages but continues more slowly for an indefinite period.
Two conditions for such improvement in quality are required: (1) the presence of
moisture and (2) a favorable temperature.

Rapid evaporation of water from the surface of fresh PCC can significantly retard
the cement hydration process at an early age. Loss of water also causes PCC to shrink,
thus creating tensile stresses at the drying surface. If these stresses develop before the
PCC has attained adequate strength, surface cracking may result.

Hydration proceeds at a much slower rate when the PCC temperature is low; from
a practical standpoint there is little chemical action between cement and water when the
PCC temperature is near or below freezing. It follows that PCC should be protected so
that moisture is not lost during the early hardening period and the PCC temperature is

kept favorable for hydration.



Project Locations

Two bridges were monitored in the project. Bridge Number 06704 was
constructed under job 060536; it is located on state highway 365 in Morgan. The bridge
was constructed in stages in order to allow traffic to continue to cross Interstate 40 during
construction. The first half of the bridge deck was placed in August 1999 with the
second half of the bridge deck completed in March 2000. The second structure was
Bridge Number 06702 constructed under job R80094; it is located on State Highway 10
in Adona.

Curing Procedures

Each bridge deck was assigned a new technique for testing. A fogger (Figure 1)
was used on the Adona deck to keep it moist before the curing method was placed. A
curing compound was used on the Morgan deck before applying the curing method. Both
decks were cured using burlap after setting (Figure 2). The Morgan deck was also used
to test a new vibrator for consolidation (Figure 3). Other differences in the construction
of the decks included surface treatment. The Adona deck was tined (Figure 4a) while the

Morgan deck employed a burlap drag for skid resistance as well as tining (Figure 4b).

Figure 1: Fogger used on Adona Bridge Deck









Figure 4b: Tining on Morgan Bridge Deck

Data Collection and Evaluation

Cores were taken from each bridge deck and evaluated using petrography. There
were four cores taken from each deck, and the petrography results are shown in Tables 1a
and 1b. The full results from the Petrograph analysis are in Appendix A.

The bridge decks were also evaluated visually with manual distress surveys.
These surveys are included in Appendix B. Both decks experienced similar levels of

cracking at both approximately 1 year of age and 4 years of age.



Petrographic Analysis Results
Adona Bridge

Core 1A1 (Averages)

Chord Length 0.0095in
Air Voids (A) 2.4262 %

Aggregate 47.3079%
Paste (P) 50.2659 %
A/P Ratio 4.8267 %

Core 2A1 (Averages)

Chord Length 0.0159in
Air Voids (A) 2.6341%

Aggregate 52.2354%
Paste (P) 45.1305%
A/P Ratio 5.8366 %

Core 3A1 (Averages)

Chord Length 0.0155in
Air Voids (A) 5.0705%

Aggregate 50.9925%
Paste (P) 43.9370%
A/P Ratio 11.5403 %

Core 4A1 (Averages)

Chord Length 0.0118in
Air VVoids (A) 3.2393%

Aggregate 56.9545%
Paste (P) 39.8062 %
A/P Ratio 8.1377%

Table 1a: Adona Petrograph Results

Petrographic Analysis Results
Morgan Bridge
Core 1M1 (Averages)

Chord Length 0.0116in
Air Voids (A) 6.8161%

Aggregate 52.7374%
Paste (P) 40.4465 %
A/P Ratio 16.8520 %

Core 2M1 (Averages)

Chord Length 0.0140in
Air VVoids (A) 4.9692 %

Aggregate 61.3869 %
Paste (P) 33.6439%
A/P Ratio 14.7699 %

Core 3M1 (Averages)

Chord Length 0.0132in
Air VVoids (A) 3.7533%

Aggregate 55.9787%
Paste (P) 40.2680 %
A/P Ratio 9.3208 %

Core 4M1 (Averages)

Chord Length 0.0104in
Air VVoids (A) 2.5486 %

Aggregate 53.7239%
Paste (P) 43.7275%
A/P Ratio 5.8284 %

Table 1b: Morgan Petrograph Results



Conclusions

This project was never completed as originally planned due to multiple
personnel changes. As the data changed hands, the purpose of the project got lost. A
new project has begun, TRC 0603 “Curing Practices to Reduce Shrinkage in Concrete,”
that will provide much of the information this project originally intended. At this point,
the data included here, along with the other bits and pieces that have been salvaged, is

going to be turned over to the Primary Investigator for TRC 0603.



Appendix A

Petrography Results



Petrographic Analysis Hesults

Adona Bridge

Core 1A1 (28 passes)
Air Voids

Aggregalte
aggregate dia.| Total no.
{0.01 in.) observed
0-1 1042
1-2 407
2-3 93
3-4 &0
4-5 34
5-10 54
10-20 39
20-40 26
40-60 24
60-80 4]
80-10 0
100+ Q

air-void dia.| Total no.
{0.001 in.) | observed
0-2 0
2-4 25
4-5 0
6-8 50
810 26
10-12 23
12-14 24
14-16 15
16-18 2
18-20 2
20-30 5
30-40 5
40-50 1
S0+ 2

Totals
L 58 A % Agg % P % AP %

Average | 0.0095 |420.5816| 2.4262 | 47.3079 | 50.2659 | 4.8267
Std. Dev. | 0.0041 0.0041 0.8463 6.262 5.8988 1.6731
L chord length {in)
55 specific surface ?
A % air void percentage
Agg % aggregate percentage
P % pasle percentage
AP % air void/paste ratio percentage
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Petrographic Analysis Results

Adona Bridge

Core 2A1 (28 passes)

Aggregate
aggregate dia.| Total no.
{0.01 in.) obsarved
0-1 431
1-2 365
2-3 140
3-4 78
4-5 3
5-10 55
10-20 35
20-40 57
40-60 18
60-80 0
80-10 1]
100+ 0

Air Voids
air-void dia.| Total no.
{0.001 in.) | observed
Q-2 0
2-4 4
4-6 5]
6-8 30
8-10 24
10-12 13
12-14 20
14-16 19
16-18 10
18-20 7
20-30 20
30-40 3
A0-50 2
A0+ 4

Tolals
L 55 A% Agg % P % AP %
Average | 0.0159 | 251.0246| 26341 522354 | 451305 | 5.8366
Std. Dev. | 0.0068 0.0068 1.7098 9.4020 8.7080 3.4426
L chord length {in)
58 specific surface ?
A5t air void percentage
Agg %% aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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Petrographic Analysis Results

Aggregate
aggregate dia.| Total no.
(0.01 in.) observed
0-1 825
1-2 414
2-3 142
3-4 51
4-5 47
5-10 75
10-20 47
20-40 as
40-60 11
B0-80 0
B0-10 0
100+ 0

Adona Bridge
Core 3A1 (26 passes)
Air Voids
air-void dia.| Total no.
{0.001 in.) | observed
0-2 0
2-4 13
4-6 79
6-8 35
8-10 42
10-12 30
12-14 19
14-16 23
16-18 6
18-20 Fi
20-30 21
30-40 4
40-50 4
504 15

Totals
L. 58 A % Agg % P % AP %
Average | 0.0155 | 258.3366| 5.0705 | 50.9925 | 43.9370 | 11.5403
Std. Dev. | 0.0068 0.0068 2.6529 6.3261 5.4384 6.2002
L chord length (in}
55 specific surface 7
A% air void percentage
Agg % aggregate percentage
P % paste percentage
A/P % air void/paste ratio percentage
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Petrographic Analysis Resulls

Adona Bridge

Core 4A1 {29 passes)

Aggregate
aggregate dia.| Total no.
{0.01in.) observed
0-1 643
1-2 353
2-3 82
3-4 37
4-5 26
5-10 73
10-20 71
20-40 61
40-60 24
60-80 0
80-10 0
100+ 0

Air Voids
air-void dia.| Total no.
(0.001 in.) | observed
-2 1
2-4 2
4-6 45
6-8 20
8-10 25
10-12 16
12-14 37
14-16 16
16-18 11
18-20 13
20-30 13
30-40 4
40-50 1
50+ 4

Totals
L 55 A% Agg % P % AP %
Average | 0.0118 | 338.2093 | 3.2393 | 56.9545 | 39.8062 | B8.1377
Std. Dev. | 0.0049 0.0049 1.4814 7.6216 7.2379 3.6231
L chord length {in)
58 specific surface 7
A% air void percentage
Agg % aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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Petrographic Analysis Results

Morrilton Bridge

Core 1M1 (2B passes)
Air Voids
air-void dia.| Total no.
{0.001 in.) | observed
0-2 4
2-4 61
4-6 124
G6-8 79
8-10 82
10-12 68
12-14 20
14-16 41
16-18 18
18-20 19
20-30 32
30-40 12
40-50 i
50+ 11

Aggregate
aggregate dia. | Total no,
(0.01in.) observed
0-1 886
1-2 554
2-3 149
3-4 G0
4-5 27
5-10 61
10-20 36
20-40 39
40-60 14
60-80 4
80-10 2
100+ 0

Totals
L 55 A% Agg % P % AP %
Average | 0.0116 | 346.1213| 6.8161 527374 | 40.4465 | 16.8520
Std. Dev. | 0.0033 0.0033 25315 7.3833 6.1048 5.8870
L chord length (in)
55 specific surface 7
A% air void percentage
Agg % aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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1 0.0063
] (. 0087
3 0.0048
4 0.011%
3 0.0677
8 0.013%
7 0.0126
8 0.011%
§ 0.0133
1w 0.0123
11 0.01%4
12 0.0131
13 0.0095
14 0.0099
15 0.0126
16 0.0047
1T 0.0124
18 0.0088
19 0.0093
i 0000
2l 00163
& 00114
3 0.009%
4 0.0095
8 00171
28 0.0218
21 f.oiul
28 0.0091

Overall Analysis

{verall 0.0116
Stddev 0.0033

§32.1612
462,3485
409.9411
336.2564
520.9116
287.68382
316.8966
347.3200
301.3183
326.3382
2693007
305.2538
419.2304
403. 1242
318.1231
460.3642
313.1438
463. 5560
4304354
426.9703
45,3025
350,144
419.3238
420.9010
233.5960
182.8386
261.81%1
439.7100

346.1213
0.0033

12.6074
8.34%0
4.8671
4.5063
5.6700
4.3110
4.4668
6.9543
4.8843
8.9723
5.6216
11.6474
7.8336
4.9058
5.1540
9.7807

63.5809 33.1550 9.8148

58.3169 37.8697 8.4855

58.2720 36.7098 13.6697
§0.3139 42.2089 17.7180
45,2033 45.0824 12.6502
48.1727 40.3031 24.1625
45,7955 44.8216 20.9332

0 35.9253 50.5487 18.8452

41.8551 51.5177 13.2520
44.7319 42.6807 29.5526
45,7636 45.6344 18.1765
63.9263 31.2086 15.5085
66.6727 28.4204 17.2652
60.3211 34.0089 16.8721
59.8300 35.8530 12.0241
56.6901 38.8433 11.4590
45.0419 44.0238 15.7512
48.8598 48.4562 9.6671

50.0880 43.5397 14.8356
45.7780 4B.6010 11.5656
42,6235 45.7287 85.4707
55.4867 36.6847 21.3625
57.953¢ 37.1406 13.2088
2. 1051 32.7350 15.7585
52.6933 37.5260 26.0638

16377 54.5416 34.8207 30.5500
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2.5315

48.3848 45.2978 13.8461
96.2937 38.2481 14.2704

52.7374 40.44685 18,8510
7.3833 6.1048 5.8670



Petrographic Analysis Results
Morrilton Bridge

Core 2M1 (28 passes)

Air Voids Aggregate
air-void dia.| Total no. aggregate dia. | Total no.
(0.001 in.) | observed (0.01 in.) observed
0-2 1 0-1 H83
2-4 23 1-2 473
4-6 53 2-3 135
6-8 96 3-4 37
8-10 27 4-5 21
10-12 30 5-10 35
12-14 45 10-20 32
14-16 26 20-40 58
16-18 5 40-60 22
18-20 8 60-80 11
20-30 16 80-10 3
30-40 6 100+ 0
40-50 3
o0+ 9

Totals
L 58 A % Agg Y P % AP %
Average 0.0140 | 2858437 4.9692 61.3869 | 33.6439 | 14.7699
Std. Dev. | 0.0064 0.0064 2.6354 8.9638 8.3782 9.2725
L chord length (in)
58 specific surface 7
A % air void percentage
Agg % aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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Petrographic Analysis Results
Morrilton Bridge

Core 3M1 (31 passes)

Air Voids Aggregale
air-void dia.| Total no. aggregate dia.| Total no.
{0.001 in.) | observed (0.01 in.} observed
0-2 0 0-1 647
2-4 11 1-2 40
4-6 66 2-3 105
6-8 66 3-4 31
8-10 13 4-5 24
10-12 26 5-10 43
12-14 25 10-20 43
14-16 14 20-40 50
16-18 8 40-60 19
18-20 10 60-80 B
20-30 9 80-10 0
30-40 4 100+ 0
40-50 2
50+ 11

Totals
L S8 A % Agg %e P % AP %
Average | 0.0132 | 303.6753| 3.75633 | 55.9787 | 40.2680 | 9.3208
Std. Dev. | 0.0062 0.0062 1.5143 9.4318 8.2021 4.7734
L chord length (in)
S8 specific surface 7
A %% air void percentage
Agg % aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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Petrograghic fnalysis

BHTD

Sample #: JMI

Job #: Reszarch

David Luabert, P

Tegter:

Date: 3/5/2003

consent: NSA
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Tverall #nalysis
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54,4718 33.2350 5.8999
64,8437 31.8370 10.427T1
&9,7822 25.0728 20.5202
66,5930 30,3617 10,0302
66,4568 31.5750 &.2333
62,1062 33,5800 12,8454
58,5135 29.4118 20.6470

55.9787 40.2680 9.3208
5.4318 9.2021 4.7734



Petrographic Analysis Resulls

Morrilton Bridge

Core 4M1 (28 passes)
Air Voids
air-void dia.| Total no.
{0.001 in.) | observed
0-2 1
2-4 22
4-6 a2
6-8 25
8-10 33
10-12 28
12-14 21
14-16 8
16-18 3
18-20 4
20-30 3
30-40 2
40-50 2
50+ 7

Aggregate
aggregate dia. | Total no.
(0.01in.) observed
0-1 1073
1-2 553
2-3 147
3-4 64
4-5 22
5-10 63
10-20 39
20-40 27
40-60 11
50-80 g
80-10 1
100+ 4]

Totals
L 55 A% Aga %o P %% AP %%
Average | 0.0104 | 3859644 | 2.5486 53.7239 | 43.7275 | 5.8284
Std. Dev. | 0.0050 0.0050 1.3626 8.8704 B8.5428 3.2858
L chord length {in)
SS specific surface ?
A % air void percentage
Agg % aggregate percentage
P % paste percentage
AP % air void/paste ratio percentage
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Yetrograchic Analvais
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1oy

Date: 1/4/1580
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5+ 0 0 & 0 02 & 0 O 6 2 0 O O O 0 G € 0 1 1 8 4 6 0 0 L 17
dggrepate frequencies
ageregate dia. Pass ¢
Min. 1 2 3 4 5 & 7 6 9 10 11 12 13 14 15 18 17 1B 19 26 31 22 23 M 95 26 2T 78 Total
0-1 4] 5% 55 50 30 53 82 40 35 53 4B 39 27 28 19 22 23 29 93 4 16 3® 23 52 49 57 1 5% 1073
1-2 27 24 15 20 33 24 30 18 40 18 11 16 15 7 15 18 10 10 15 18 13 1B 16 71 20 95 19 31 553
-3 5 & 3 31 5 2 &8 &8 4 8 3 1T 5 2T 41 4105 & 8B BS OToRM
4 ¢ 4 2 1 3 % 8 3% % 2 2 43 2 0 3 &1 % %y 4iIOYOPomoam
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Analysie per pass
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) 0.0260
4 0.0083
4 0.0105
9 (.0078
§ 0.0078
7 §.0171
i 0.0071
;] 0.0082
10 ©.0188
il n.0o78
12 0.0080
13 0.0161
14 0.0066
15 0.01M4
18 0.0113
17 0.0073
18 0.0073
18 0.0228
0 0.0114
A 0.0148
id  0.0082
23 0.0088
a4 (.0080
25 0.0099
26 0.0080
ar  0.01L0
28 0.0111

Uverzll Analysis

{verail 0.0104
Stddev 0.0050

o

153.1722
481.1307
380.7711
303.1842
527.5305
233.5085
966.2514
488.3011
213.2678
511.7635
498.1320
246.3304
807.9450
348.7267
304.43504
546.1663
546.6614
177.2028
350.6208
276.5201
486.7531
4518797
437.8500
405.2001
502.3232
364.2711
360.0213

365.96844
0.0050

W o W

1.4664
0.3501
2.71013
1.8170
2.1684
1.4683
2.0183
2.8088
5.3583
2.0099
1.5060
1.8384
1.87%8
1.9607
4.90%0
0.8370
1.4834
i.aa4
2.5336
8.3370
2514
3.0383
2.0663
1.5384
44127
56473
3.4818

2.5486
1.3628

S48 HeAY 20600
57,5400 40.3648 3.5288
48.5054 50.5444 1.8798
42.4520 47,0487 5.6457
b0 2654 £7.9176 3.7018
43,6147 54,2169 3.8450
45,7246 52.8071 2.7805
45,5610 48.4207 4.1682
47 BA37 54.3077 5.1716
48_5787 46.0630 11.6325
68,4151 35.5750 5.07RG
55.6047 42.7883 3.7533
55.9593 39,1649 4.5830
67.3129 30.8073 6.1020
65,5433 32,4960 8.03%7
B3.0503 34.0477 8.5233
§7.7121 31.4509 2.6813
£9.0804 29,4561 4.0687
6%.68517 31.1235 10 3810
5B.962% 38.0836 T.7030
58,2841 37.3780 18.95
55, 4400 41.9788 6.1272
BI.ATA0D 44 2007 §.BE54
46.5829 51.3503 4.0250
423076 55,1540 4.6041
47,9353 53.6514 4. 3609
42,3424 52,0103 10.8%80
J5.8166 58.53821 8.1702

53.723% 43.727% 5.8284
68704 B.54268 3.2858



Appendix B

Bridge Distress Surveys



Adona Bridge

1-year Manual Distress Survey



Arkansas State Highway and Transportation Department

g Planning and Research Division
LY L E:'--L Pavement Distress Survey for Flexible Pavements
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Arkansas State Highway and Transportation Department

Planning and Research Division
Pavement Distress Survey for Flexible Pavements
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Arkansas State Highway and Transportation Department Qas /: e,
Planning and Research Division W
Pavernent Distress Survey for Flexible Pavements
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Arkansas State Highway and Transportation Department
Planning and Research Division

Pavemeant Distress Survey for Flexible Pavements

Page 2/4
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Morgan Bridge

I-vear Manual Distress Survey



Arkansas State Highway and Transportation Department

Planning and Research Division

Pavemnent Distrass Survey for Flexible Pavements
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Arkansas State Highway and Transportation Department

Planning and Research Division
Pavement Distress Survey for Flexible Pavements
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Adona Bridge

4-year Manual Distress Survey
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Morgan Bridge

4-year Manual Distress Survey
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