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ABSTRACT: Plastic shrinkage cracking in concrete pavement occurs in the early hours after
construction due to the rapid drying of the pavement surface. These cracks in concrete pavements
affect the beauty of the structure, reduces the durability of the pavement in the long term, and decrease
pavement serviceability. Due to the different climate conditions at the pavement site, plastic shrinkage
cracking are subject to change. This study examined the temporal characteristics of plastic shrinkage
cracking in concrete, including the balance time of bleeding and evaporation and the time of cracking
onset, by utilizing the ASTM C 1579 standard method, in 27 different climate conditions with the use of
the continuous photo-taking system. The results showed that changing climate conditions have a more
significant impact on balance time than the time of the start of cracking. Also, the relative humidity of
the air has the most pronounced effect on the temporal characteristics of cracking, and the impact of
ambient temperature and wind speed are close to each other. The results also showed that time of balance
of beeling and evaporation could be a good criterion for predicting the risk of plastic shrinkage cracking
in concrete pavements in different climate conditions. It is necessary to use appropriate curing methods
to prevent the excessive reduction of balance time and increase the rate of plastic shrinkage cracking in

Review History:

Received: Jun. 12, 2020
Revised: Jul. 25, 2020
Accepted: Aug. 14, 2020
Available Online: Aug. 22, 2020

Keywords:

Plastic shrinkage

Concrete pavement
Different climate conditions
Balance tim

Cracking start time.

concrete pavements.

1- Introduction

The use of concrete in the pavement is a cost-effective
and high-performance choice for the construction of roads
and highways [1]. Properly designed and built with durable
materials, these pavements can serve without maintenance
or with little maintenance. One of the factors reducing
the durability of concrete pavements is cracking. Cracks
are a place for the ingression of corrosive substances into
the pavement, which leads to corrosion of concrete and
reinforcing rebars [2]. Plastic shrinkage is a common
reason for cracking in the concrete pavement that reduces
its durability. Plastic shrinkage occurs due to the formation
of capillary pressures when the evaporation rate exceeds the
bleeding rate in concrete. Due to restraint in concrete, tensile
stresses are formed in the concrete. If these stresses exceed
the tensile strength of fresh concrete, cracks will occur [3].

In the case of constant concrete mixture and structure
properties, the amount of bleeding in concrete is constant, and
the evaporation rate can be variable. The rate of evaporation
in concrete depends on climate factors, including ambient
temperature, relative humidity, and wind speed. Changing
the evaporation rate of concrete would change the time of
balance of bleeding and evaporation, which affects the time
of onset of negative capillary pressures. As a result, plastic
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shrinkage cracking is affected by the influence of these
climate factors [4].

The study of the effects of climate factors on plastic
shrinkage cracking has been considered by some researchers
[5]. Kwak and Ha [6] studied numerical models to estimate
the time of occurrence of paste cracking in different
environmental conditions and concluded that using these
models is appropriate to predict cracking. Yakoubi et al.[7]
concluded that harsh environmental conditions increased the
rate of crack growth and crack width, which is due to the
faster equilibrium of the rate of dewatering and evaporation.

Due to the changes in climate conditions in concrete
pavement, it is essential to investigate the effects of climate
factors on plastic shrinkage cracking. To the authors’
best knowledge, less attention was given to temporal
characteristics of plastic shrinkage cracking in different
climate conditions in concrete for use in the pavement.
For this reason, the present study investigates the effect of
climate factors on the temporal characteristics of plastic
shrinkage cracking of concrete pavement, includes the time
of balance of bleeding and evaporation and time of the start
of cracking in 27 different climate conditions using digital
image analysis.
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Fig. 1. Gradation of used aggregates.

2- Materials and Methodology

Type 42.5-1 cement, drinking water, coarse aggregates
with a maximum size of 19 mm and a specific gravity of
2.68, fine aggregates with a maximum size of 5 mm with
a specific gravity of 2.54 and a fineness modulus of 2.88
were used. Concrete mix design is determined based on
the criteria of concrete pavement mixture under manual
No. 731. Fig. 1 shows the allowed and selected gradation
of aggregates. The w/c of 0.5 and cement content of 460
kg/m?® was chosen to increase the cracking potential of the
specimen. However, these values do not exceed the allowed
limits. Thus, materials constituents of mix design for 1 m?
of concrete are as following: 460 kg of cement, 230 kg of
water, 928 kg of fine aggregates (0-5 mm), 403 kg of coarse
aggregates type I (5-12 mm) and 245 kg of coarse aggregates
type II (12-19 mm).

The ASTM C1579 method for the evaluation of plastic
shrinkage cracking in 27 different climate conditions, which
are a combination of three values of ambient temperature
(T:30, 35, and 40 °C), three values of relative humidity
(R:20, 45, and 70%) and three values of wind speeds (W:18,
24, and 30 km/h) were used. The environmental simulator
chamber created different climate conditions for 22 hours.
Two samples in each condition were examined, and the
average results were considered. Also, digital images of the
specimen surface during the experiment were taken by the
continuous photo-taking system to evaluate the temporal
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Fig. 3. Temporal characteristics of specimens.
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Fig. 2. Temporal characteristics of specimens.

characteristics of specimens. The bleeding and evaporation
balance is a state in which the evaporation rate is equal to the
bleeding, and no water is observed on the specimen surface.
Digital images were analyzed in image analysis software
(Digitizer) at intervals of 10 minutes and 2 minutes to
determine this variable, and the time of not observing water
at the specimen surface was recorded as the time of balance
(T,). The time of the start of cracking (T, ) was the onset time
of the first visible cracks at the specimen surface and was
obtained by analyzing digital images of the central region of
the sample (above the stress riser) at 40-second intervals.

3- Results and Discussion

Figs. 2 to 4 show the time of balance (T,) and the time
of the start of cracking (T_) in the 26 climate conditions .
The average and the maximum relative decrease of temporal
parameters in different environmental conditions due to the
change in wind speed from 18 to 30 km/h are 37 and 50%
for T,, and 15 and 22% for T_, respectively. Changes in
wind speed have a more significant impact on T, than T_.
The average and maximum relative decrease due to relative
humidity reduction from 70 to 20%, are 64 and 72% for T,
and 24 and 49% for T_, respectively. The results showed
that reducing relative humidity has a more significant impact
on T, which is due to changes in the severity of evaporation
at the concrete surface.
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The average and the maximum relative increase in
temporal variables due to ambient temperature change from
30 to 40 °C are 39 and 54% for T,, and 15 and 22% for
T, respectively. These results suggest that by changing the
temperature from 30 to 40 °C, the T, is more affected. T, is
more affected by the change in climate factors. The reason is
that the effects of climate factors during the bleeding period
are more than its effect on the drying period. Thus, T, may be
a good factor for the prediction of plastic shrinkage cracking
in concrete pavements in different climate conditions.

4- Conclusion

The important conclusions obtained from this study are as
blew:

-Changing climate conditions had a more significant
impact on the time of balance.

-Changes in relative humidity had the greatest impact on
temporal characteristics.

-The effects of ambient temperature and wind speed on
temporal characteristics were almost the same.

-Time of balance may be a good factor for predicting the
plastic shrinkage cracking in concrete pavements in different
climate conditions.
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Table 1. Specifications used to design the concrete pavement mixture according to manual No.731
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Fig. 2. Schematic view of the environmental simulator chamber; a) Plan view, b) Section view
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Table 1. Materials constituents for concrete mix design
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Fig. 3. Allowed and selected gradation of used aggregates
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Fig. 4. Specimen fabrication and testing; (a) ASTM C1579 mold, (b) specimen fabrication, and (c) Placing the
specimen in the environmental simulation chamber and starting the experiment
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Fig. 5. Temporal characteristics of the specimen under testing; (a) bleeding of specimen, (b)
balance of bleeding and evaporation in the specimen surface, and (c) cracking of specimen
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Fig. 6. Division of the image of the specimen surface to check for cracks in image analysis
software
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Fig. 7. Image of the cracking spot in the specimen, 40 seconds before the occurrence of cracking; (a) the zoomed
image of the upper third of the sample, (b) Zoomed image of the spot of cracking occurrence
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Fig. 8. Image of the cracking spot in the specimen, at the start of the first visible cracks; (a) the zoomed image
of the upper third of the sample, (b) Zoomed image of the spot of cracking occurrence

D5 o (B (SIS F g e
521555 5 5y ol 5 (Ty) oo oo olize ) B4 sla IS5
lyl3ge5 ol )3y o Lt |y odd inlej] Jawse s V5 5 (T,)
0lud don i Cugby g e gl Jole 38,8 a5 > culi b
b ol o sy dacdls olad )3 3 lys Sy ial5hl 45 35500
STl b ogbe el ol gl oy bl (ialS Sloj (sl e
c‘_’Lo.Cug“L..)9»:)5.3co)yu‘)u}dawui).«};ﬁ)‘&obg‘%))dlw
ol ol copw GRIBEIL alple 258 g 0l w5 nde
Sloj sl pie ol JUid @ g a4l Lil53l o oo O s @
Gl s Gl e Sl 5 lhwsie polie 0L o ialS
YA ol s Copu s Bl dilise aoe bylis 0 Jloj
Fe 5 YV ol laj (sl el o ptaghS Yo @y sl jiagh
5 il o FXYY 5 700 lin &1 i 0 (520555 5 9 s g
235 g SIS ol loj 59y 2 syt 8B 2L ol Cop

U gl ey Gl ol aidly (53,555 5 g9 ploj 4 Cand

o yd o p lod s Cogby )8 5l 4 3 cans e (sled
Ped e 4B)S Hlai 3 Cele p peghS cus 3k b Cepw g
sy g o )d YO od Cugboy IS il a0 YO (slod Jolis  Jexe
Jols o Lly o Adlio by siaskS T ol ol
439‘04. uf))}&t_{)j L‘j ).) 4{ wl U‘a:}co b{‘)ﬂ\‘} ;T,R,W_Y",V’,\A
s, U»L»I 2 e h:l)...u Cﬁl Slwbre pzs F 4 Ll 03105 IS)
LS e obul ol (59,65 5 st G [FF]ACL Y- )5 o &)
e S 5 GBS 252 35 6y Cam | il (53,555 5
@ ol 03985 (5,5 5 ole s w3y e Ll Slie oS
@l la,lsges g 2ol > lawme s ol Jgome e Slpili pae cgs

AT



FAVY b FADY docio VF+ v Jlo V) 0yl Y 093 6308 paol (o (it &y

zddlighes a SRS S i g
TR.W-
20000 307024
TR.W-
180.00 30,4524
TR.W- IR,W
160.00 30,4530 ;
140.00
—‘j’\
3 12000
i
% 100.00
: N
z N
80.00 i
N
60.00 N
40.00 §
N
20.00 NN
X
0.00 N

lido oo byl pd 53 sl i lojl ((Ldiged Floj Cluogad Hluado A JSS

Fig. 9. Values of temporal characteristics of tested specimens in different climate conditions

Zdaigle) w0, S g sk ol)

20000 s IRW
180.00 = .sl'o_;o ko
60,56 TR.W
TRW. 352018
— 354530
-y 120.00
3
"7,‘ 100.00
)
80.00
X
60.00 § §
40.00 § §
N R
20.00 § § § §
. NN BN N J X

s oo daglpld 43 o g lejl diged (Floj Cluogad lake Y+ JSS

Fig. 10. Values of temporal characteristics of tested specimens in different climate conditions
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Fig. 11. Values of temporal characteristics of tested specimens in different climate conditions
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