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Factors Affecting Crack Width of 
Continuously Reinforced Concrete 
Pavement 

YOUNG-CHAN SUH AND B. FRANK McCULLOUGH 

Crack width is an important factor affecting the behavior and perfor
mance of continuously reinforced concrete pavement (CRCP). Wide 
cracks can lead to various pavement distresses, including spalling, 
punchouts, and steel rupture. Various factors affecting CRCP crack 
width were evaluated on the basis of the width measurements of 208 
transverse cracks randomly selected from a series of experimental test 
sections constructed in Houston, Tex. The crack widths were mea
sured at various times and slab temperatures by using a microscope 
with a graduated eyepiece. It was found from a statistical analysis of 
the collected data that the factors that significantly affect crack width 
are construction season, coarse aggregate type, amount of steel, and 
time of crack occurrence. Thus, hot weather placement produced 
much wider cracks than cool weather placement. The use of siliceous 
river gravel resulted in cracks wider than those associated with the 
use of limestone, and the difference was larger at lower temperatures. 
The greater the amount of longitudinal steel, the narrower the crack 
width. Cracks occurring during the first 3 days of construction were 
significantly wider than those that occurred later. Finally, the effect of 
crack spacing on crack width was found to be insignificant. 

Crack width is an important factor affecting the behavior and per
formance of continuously reinforced concrete pavement (CRCP). 
For effective performance crack width should be narrow enough 
to provide sufficient aggregate interlocking and to avoid infiltra
tion of appreciable amounts of water through the crack. 

Excessive crack openings can lead to the loss of load transfer, 
causing excessive flexing of the concrete slab under traffic (with 
the resultant spalling of the concrete). They can also lead to 
punchouts, steel rupture, the infiltration of incompressible material 
(causing spalling and blowups), and water seepage that can reduce 
roadbed support and that can cause rusting of the steel (1). A 
maximum allowable crack width of 0.04 in. was suggested by 
AASHTO (2) on the basis of the consideration of spalling and 
water penetration. 

Crack width varies with temperature; cracks are wider in cold 
weather when the concrete slab has contracted than in hot weather 
when the individual concrete slabs have expanded. Crack width 
also changes with age. Drying shrinkage (which occurs after the 
initial crack formation) and incompressible foreign material en
tering the crack both contribute to the increase in crack width 
(3,4). The rate of increase, however, decreases with time (1). 
Many literature sources (1,5,6) have indicated that the crack width 
varies with the depth of the crack, being greatest at the surface 
and progressively smaller with increasing depth. It is a well-ac
cepted fact that the crack width is a function of the amount of 
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longitudinal steel, in which the greater the amount of longitudinal 
steel, the smaller the crack width (1,7). This is true because crack 
width is a function of steel stress and the effectiveness of the bond 
between the concrete and steel near the crack. In this paper various 
design and construction factors affecting crack width are evaluated 
on the basis of field measurements of crack widths taken from a 
series of experimental test sections. 

EXPERIMENTAL TEST SECTIONS 

The experiment included CRCP test projects constructed at four 
locations in Houston (8). 'They were placed during two different 
seasons (summer and winter). For convenience the following ab
breviations for the projects will be used in this paper: 

SH6-summer: These test sections were placed on State Highway 
6 in the summer (June 1989). 

BW8-winter: These test sections were placed on Beltway 8 in 
the winter (November 1989). 

SH6-winter: These test sections were placed on State Highway 
6 in the winter (January 1990). 

IH45-winter: These test sections were placed on Interstate 
Highway 45 in the winter (January 1990). 

With each project, 1,840 ft of CRCP was placed; one-half of 
the length (920 ft) used siliceous river gravel (SRG) and the other 
half used limestone (LS) as the coarse aggregate. Each of these 
lengths was subdivided into four test sections so that each section 
was 230 ft long (8). 

One of the four sections for each coarse aggregate type used 
the same quantity of longitudinal steel specified in the Texas de
sign standard (8), CRCP(B)-89B (hereafter termed medium steel). 
Two other test sections used about 0.1 percent higher quantity and 
lower quantity, respectively, of longitudinal steel than the medium 
steel (hereafter termed high steel and low steel, respectively). 
These three test sections used a 3/4-in.-diameter bar (No. 6 bar). 
The fourth test section used medium steel with a larger-size bar 
(a 7/8-in.-diameter or No. 7 bar) for investigating the interactive 
effect of bond area and concrete volume ratio. 

EXPERIMENTS 

A total of 208 transverse cracks was selected: sixty-four cracks 
(8 cracks from each of eight sections) were selected from SH6-
summer, and 48 cracks (6 cracks from each of eight sections) were 
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selected from each of the BW8-winter, SH6-winter, and IH45-
winter projects. The cracks were randomly selected within a sec
tion by using a random number table (9). 

The crack widths were measured at various times and slab tem
peratures by using a microscope with a graduated eyepiece (Figure 
1 ). The microscope contained a vernier scale and was capable of 
measuring to the closest 0.001 in. Measurements were performed 
by one operator so as to reduce measurement error caused by 
operator variance. Slab temperatures were measured at three po
sitions along the thickness of the slab: top (1 in. from the surface), 
middle (center of the slab), and bottom (1 in. from the bottom). 

The temperatures at these three positions were correlated with 
the crack width, which was measured under various time and tem
perature conditions, to select the position at which the tempera
tures most nearly identified with the crack width. The typical plots 
of correlations are given in Figure 2. These plots indicate that the 
slab temperatures at the top give the best correlation with the 
crack widths. Accordingly, the slab temperatures at the top were 
used to represent the slab temperature in this crack width study. 
Summarized in Table 1 are the time of crack width measurements 
and the corresponding slab temperature. 

It should be noted that the crack widths were measured near 
the center of the traffic lane. At first, three locations along the 
crack, near both ends and at the center of the traffic lane, were 
measured and were averaged to represent the width of the crack. 
But because there was no significant difference between the av
erage of the crack widths measured at three locations and the crack 
width measured at the center, the crack width at the center location 
was therefore used. 

The averages and standard deviations of the crack widths col
lected from the test sections are shown in Figures 3 through 6 for 
the four different steel reinforcement designs. The T marks on the 
columns in the figures represent the standard deviations of the 
crack widths. It is apparent that a difference in average crack 
width exists between the pavements with different types of coarse 
aggregate; sections with SRG showed greater crack widths than 
those with LS in all the cases except for the high steel sections 
placed on State Highway 6 in the summer (Figure 3), in which 
the order is opposite but the difference is negligible, considering 
the standard deviation. 

FIGURE 1 Crack width measurement with a measuring 
microscope. 
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FIGURE 2 Correlation of slab temperature at various 
positions with corresponding crack width. 
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Because the measurements of the crack widths were conducted at 
different conditions in terms of slab temperature and pavement 
age, it was difficult to extract additional information from Figures 
3 through 6. To identify and evaluate the factors affecting the 
crack width, the crack width data were statistically analyzed by 
using the General Linear Model (GLM) procedure in the SAS. 

The variables considered in that analysis included project (with 
two different seasons), coarse aggregate type, amount of longitu
dinal steel, time of crack occurrence, crack spacing, pavement age, 
and slab temperature. Some of the two-factor interactions were 
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TABLE 1 Time of Crack Width Measurements and Corresponding Slab 
Temperature 

SH6-summer 
1st Date 6128189 

Measurement Time 6:12AM 
Slabtemo. 73.3 

2nd Date 6128189 
Measurement Time 1:54 PM 

Slab temp. 79.4 

3rd Date 6129189 
Measurement Time 1:28 PM 

Slabtemo. 76.5 
4th Date 716189 

Measurement Time 6:30AM 
Slab temp. 76.1 

5th Date 7/19/89 
Measurement Time 3:05 PM 

Slab temp. 96.3 
Construction SAG sections 6116/89 

Date LS sections 6119/89 

also investigated in the analysis. They include crack spacing
coarse aggregate type, amount of steel-coarse aggregate type, and 
slab temperature-coarse aggregate type. 

In theory there is a nonlinear relationship between pavement 
age and crack width that is mainly a result of the nonlinearities 
of drying shrinkage and creep. However, because the range of 
pavement ages at the time of crack width measurements repre
sented a relatively short time period (9 to 35 days after construc
tion), a linear relationship was assumed. 

The GLM analysis indicated that the significant factors affect
ing crack width at the 0.05 level included project, coarse aggregate 
type, amount of longitudinal steel, time of crack occurrence, pave
ment age, slab temperature, and the interaction between slab tem
perature and coarse aggregate type. (They were significant even 
at the significance level of 0.0001.) Crack spacing and the inter-
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FIGURE 3 Average crack width of each test section (high steel). 

TEST SECTION 
BW8-winter SHS-winter IH45-winter 
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1:14 PM 10:42AM 9:00AM 

54.4 65.8 58.2 

12121/89 211/90 1/31/90 

6:50 AM 3:50 PM 11:30 AM 
•. -42.7 ·. '. "64.2 61.3 

12121/89 2/13190 1/31/90 

9:50AM 12:00NOON 3:05 PM 

44.2 69.9 62.2 
12121/89 2/13190 2/14/90 
12:50 PM 2:00 PM 4:30 PM 

47.6 73.4 70.2 
12121/89 2/14190 2/15/90 
2:00 PM 7:55AM 8:57 AM 

48.8 63.5 65.7 
11124189 1/10-11/90 1114190 
11125189 1111-12/90 1/21190 

actions of crack spacing-coarse aggregate type and amount of 
steel-coarse aggregate type were not significant at the 0.05 level. 
The R2 value of the model was 0.82, indicating a good fit. The 
model can_ be expressed as: 

CW= 34.1 + PROJ +CAT+ STL + TCR + 0.15 ·AGE 

- 0.50 · TEMP + TEMP · CAT 

where 

CW = crack width in 0.001 in.; 
PROJ = project and season of placement: 

14.9 for SH6-summer, 
1.5 for BW8-winter, 
0.0 for SH6-winter, and 
0. 7 for IH45-winter; 

0.025 

0.020 

0.015 

0.010 

0.005 

0.000 

• q~G 
• LS 

SH6-summer BW8-winter SH6-winter IH45-winter 

Avg. Pavement 17 
Age (Days) 

Avg. Slab 
Temperature: 81°F 

14 27 26 

48"F 

30 28. 17 10 

67°F 61°F 

• T' marks on the columns represent the standard deviations. 

FIGURE 4 Average crack width of each test section (medium 
steel). 
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FIGURE 5 Average crack width of each test section Oow steel). 
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CAT= coarse aggregate type: 
0.0 for SRG, and 
-10.0 for LS; 

STL = amount of longitudinal steel: 
-0.3 for high steel with No. 6 bar, 
0.0 for medium steel with No. 6 bar, 
2.9 for low steel with No. 6 bar, and 
0.4 for medium steel with No. 7 bar; 

TCR = time of crack occurrence in terms of pavement 

0.025 

0.020 

0.015 

0.010 

0.005 

0.000 

age: 
4.0 for 1 day, 
3.3 for 2 days, 
3.4 for 3 days, and 
from -1.4 to 1.4 for 4 days or later 

(see Figure 10); 

SH6-summer BWS-winter SH6-winter IH45-winter 

Avg. Pavement 21 19 
Age (Days) 
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Avg. Slab 
Temperature: 81°F 48°F 67°F 61°F 

• 'T' marks on the columns represent the standard deviations. 

FIGURE 6 Average crack width of each test section [medium 
steel with larger size (No. 7) bar]. 
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AGE = age of the pavement at the time of crack width 
measurement (days) (note that the inference 

-space of the pavement age is 9 to 35 days); 
TEMP = slab temperature (°F); and 

TEMP · CAT =.interaction between slab temperature and 
coarse aggregate type: 

0.0 for SRG, and 
0.097 times slab temperature for LS. 

It can be seen from this model that the placement season and 
coarse aggregate type were the two most significant factors af
fecting the crack width for a given age and temperature. Another 
important factor was the time of crack occurrence. Any of these 
three factors was more dominant than the amount of longitudinal 
steel. Therefore, more attention should be given to these three 
factors than to steel design in the control of crack width. Also, 
controlling these factors could prove less expensive than control
ling the amount of steel. 

The following sections discuss each factor considered in this 
analysis. It should be noted that, for the fair comparison of the 
levels in each factor, the levels of other factors (except the factor 
under discussion) were fixed. 

Season of Year of Placement 

Test sections were placed in two opposite seasons: summer and 
winter. The effect of placement season on the crack width when 
all other conditions are the same is shown in Figure 7. As can be 
seen summer placement (SH6-summer) resulted in much greater 
crack width than winter placement. This might be mainly because 
of the high curing temperature of the summer placement. Crack 
width is a function of temperature differential, which is the dif
ference between the curing temperature and the temperature at the 
time of crack width measurement; the higher the temperature 
differential, the wider the crack. Consequently, the higher the 
curing temperature, the greater the crack width at a given 
temperature (8). 

Coarse Aggregate Type and Slab Temperature 

Because there exists an interaction between the factors of coarse 
aggregate type and slab temperature at the time of the measure
ments, the effect of coarse aggregate type should be interpreted 
along with the effect of slab temperature. 

The effect of coarse aggregate type on the crack width is shown 
in Figure 8. The use of SRG resulted in wider cracks than the use 
of LS, and the difference was larger at lower temperatures (note 
the difference in the slopes in Figure 8). This difference may be 
caused by the higher thermal coefficient of SRG. 

Steel Reinforcement 

The effect of the amount of longitudinal steel on the crack width 
was statistically significant. In general, the greater the amount of 
longitudinal steel, the narrower the crack width (Figure 9). This 
effect occurs because the heavier steel holds the cracks more 
tightly, a result of the larger bond area between steel and concrete. 

It was noted from Figure 9 that the difference in crack width 
between the high steel and the medium steel was much less than 
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FIGURE 7 Effect of placement season on crack width. 
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FIGURE 8 Effect of coarse aggregate type and slab 
temperature on crack width. 
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FIGURE 9 Effect of longitudinal steel design on crack width. 

that between the low steel and the medium steel, even though the 
differences in the amount of steel were about the same. 

The effect of the size of the steel bar on crack width is also 
shown in Figure 9. The use of a larger bar (one having the same 
total amount of steel) resulted in slightly greater crack width; the 
use of No. 7 bars (7/8 in. in diameter) instead of No. 6 bars (3/4 
in. in diameter) resulted in a slightly wider crack. This might be 
because of the smaller total bond area between steel and concrete 
of the larger-size bar (crack width is minimized by the bond be
tween steel and concrete). It should be noted, however, that the 
increase in crack width by use of No. 7 bars instead of No. 6 bars 
was very small. 

Time of Crack Occurrence 

One of the unique findings of the study was the effect of the time 
of crack occurrence on the crack width. The cracks that occurred 
during the first 3 days after construction were significantly wider 
than those that occurred later (Figure 10). 

0.028 

:c 0.026 B u 11 B g 
.c 0.024 

Iii a -a B Iii Iii 
i 0 .. 022 II Iii •• II 

B .x Iii u 
Cll 0.020 .. 
CJ 

0.018 

0.016 
0 3 6 9 12 15 18 21 

Time of Crack Occurrence 
(Days after Construction) 

FIGURE 10 Effect of time of crack occurrence on crack width. 
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(1) Drying Shrinkage after Formation of Early-Age Crack 

(2) Drying Shrinkage after Formation of Later-Age Crack 
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FIGURE 11 Conceptual explanation of wider crack width of early-age 
cracks by difference in residual shrinkage. 

As mentioned previously, drying shrinkage serves to explain 
the greater crack width of early-age cracks. Once a crack occurs 
its width increases as a result of the drying shrinkage of the con
crete (3). It is believed that the increase in crack width is a func
tion of the residual shrinkage (drying shrinkage after formation of 
the crack), and an early-age crack will have higher residual shrink
age than a later-age crack (Figure 11), consequently resulting in 
greater crack width. 

Crack Spacing 

It is generally believed that the greater the crack spacing, the 
greater the crack width. But the effect of crack spacing (slab 
length between the adjacent two cracks) on crack width was not 
statistically significant at the significance level of 0.05. Shown in 
Figure 12 is the plot of the crack width versus the crack spacing, 
indicating no significant correlation between crack spacing and 
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FIGURE 12 Relationship between crack spacing and crack 
width, showing no significant correlatfon. 
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crack width. Each point on the graph has not standardized other 
variables (e.g., temperature). It should. also be recognized that the 
process of selecting a specific crack to study had an impact on 
the observations. Previous studies have always found a correlation 
between the average crack width for a given temperature and the 
average crack spacing. 

SUMMARY OF FINDINGS 

Various factors affecting crack width have been discussed on the 
basis of a statistical analysis conducted on the crack width data 
collected from the experimental test sections. Findings from the 
statistical analysis can be summarized as follows: 

1. Hot weather placement resulted in much wider cracks than 
cool weather placement. 

2. The use of SRG resulted in greater crack width than the use 
of LS, and the difference was larger at lower temperatures. This 
difference might be caused by the different thermal coefficients of 
the two coarse aggregate types used in the concretes . 

3. The larger the amount of longitudinal steel, the narrower the 
crack width. However the difference in crack width between the 
high steel and the medium steel was less than that between 
the low steel and the medium steel. 

4. Cracks occurring during the first 3 days of construction were 
significantly wider than those occurring later. Because early-age 
cracks are more prevalent with summer placement than with win
ter placement (8), special care should be taken during hot weather 
placement to reduce early-age cracks . 

5. The effect of crack spacing on crack width was not signifi
cant owing to the nature of the data collection and analysis. 

6. In the control of crack width, more attention should be given 
to the placement season, coarse aggregate type, and the time of 
crack occurrence (rather than to steel design). Controlling these 
factors could prove less expensive than controlling the amount of 
steel. 
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