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ABSTRACT

Plastic shrinkage cracking remains a major durability concern in concrete structures constructed under hot, 
arid climatic conditions, where high temperatures, low relative humidity, and wind accelerate early-age moisture 
loss. This study experimentally investigates the effects of concrete compressive strength, curing method, and 
casting time on cumulative water loss (CWL) and plastic shrinkage cracking. Concrete panels (600 × 900 × 30 
mm) were prepared using four strength grades (23, 40, 60, and 84 MPa) and exposed to simulated field conditions 
representative of summer climates. Four curing techniques were examined, namely air-dry (AR), water spray (WS), 
wet burlap (BLC), and a resin-based (RB) curing compound. The results demonstrate a strong dependency of 
plastic shrinkage behavior on concrete strength and curing regime. Normal-strength concrete (23 MPa) exhibited no 
visible plastic shrinkage cracking under all exposure conditions, despite reaching evaporation rates up to 2.22 kg/m²·h. 
In contrast, high-strength concrete showed significantly higher cracking susceptibility due to reduced bleeding 
capacity. The 84 MPa concrete panels developed a maximum cracking area of 1118 mm² when air-dried and 
exposed to noon sunlight. Cumulative water loss in air-dried specimens reached up to 55%, whereas RB-cured 
specimens exhibited substantially lower CWL values, limited to approximately 7–13% across all strength levels. 
Application of the resin-based curing compound eliminated visible plastic shrinkage cracking, while wet burlap 
and water spray curing significantly reduced crack formation compared to air-dry conditions. The findings 
emphasize the critical role of early-age curing strategies and casting time in controlling moisture loss and mitigating 
plastic shrinkage cracking, thereby enhancing the durability and service performance of concrete structures in hot-
climate environments.

 Keywords: Plastic shrinkage crack; concrete curing; normal-strength concrete; high-strength concrete; and water 
loss

INTRODUCTION

Plastic shrinkage is an early-age phenomenon that occurs 
within the first few hours after concrete placement, while 
the material is still in a plastic state and has not yet 
developed sufficient tensile strength. It is mainly associated 
with rapid evaporation of surface moisture, inadequate 
bleeding, and the development of capillary pressure within 
the fresh cement paste (Boshoff et al. 2020; Sadiqul & 
Gupta 2016). When moisture loss from the surface exceeds 
the rate at which bleed water can replace it, tensile stresses 
begin to develop near the surface, leading to the formation 
of plastic shrinkage cracks. These cracks are commonly 
observed in concrete elements with large, exposed surface 

areas, such as slabs, pavements, and bridge decks 
(Alshammari et al. 2023; Sadiqul & Gupta, 2016). 
Although plastic shrinkage cracks form at very early ages, 
their consequences extend well beyond construction. They 
increase surface permeability and provide pathways for 
the ingress of aggressive substances, which may accelerate 
reinforcement corrosion, promote physical and chemical 
deterioration, and reduce long-term durability and 
serviceability (Alshammari et al. 2023; Folorunsho et al. 
2024; Sadiqul & Gupta 2016). The risk of plastic shrinkage 
cracking becomes particularly severe in hot, arid climates. 
High ambient temperature, low relative humidity, solar 
radiation, and drying winds significantly increase 
evaporation rates during the first few hours after casting. 
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The tendency of concrete to undergo plastic shrinkage 
is strongly influenced by mixture design parameters that 
govern moisture movement and early-age behavior. These 
include the water-to-binder ratio, cement paste volume, 
type and dosage of chemical and mineral admixtures, and 
the targeted compressive strength (Lai et al. 2022; Nasir 
et al. 2023). Concrete with higher water-to-cement ratios 
generally exhibits greater bleeding, which may help delay 
surface drying under moderate conditions. However, under 
severe drying environments, higher water contents can also 
lead to rapid evaporation and increased shrinkage. In 
contrast, modern high-strength concrete mixtures are 
typically designed with low water-to-binder ratios, silica 
fume, and high-range water-reducing admixtures. While 
these mixtures offer improved mechanical performance 
and dense microstructure, they often exhibit reduced 
bleeding capacity and are therefore more vulnerable to 
early-age moisture loss (Andreu & Etxeberria, 2016; Lai 
et al. 2022; Nasir et al. 2023). Several studies show that 
increases in water-to-binder ratio and paste volume 
generally raise plastic and drying shrinkage and reduce 
compressive strength, whereas mixtures optimized for 
packing density and reduced capillary porosity exhibit 
lower shrinkage (Andreu & Etxeberria, 2016; Lai et al. 
2022, 2021; Nasir et al. 2023). However, the combined 
influence of design compressive strength level, associated 
mix proportions, and early-age plastic shrinkage response 
remains insufficiently quantified, particularly under 
realistic field environments. 

In addition to the mixture composition, construction 
practices, and environmental conditions at the time of 
casting, plastic shrinkage development is also influenced 
by the casting process next (Safiuddin et al. 2018; Tutkun 
et al. 2023). Factors such as concrete temperature, ambient 
air temperature, relative humidity, wind speed, and time 
of placement directly influence evaporation rates and the 
formation of capillary stresses (Alshammari et al. 2023; 
Ghoddousi et al. 2019; Moelich et al. 2022; Nasir et 
al.2017). Hot-weather concrete is particularly sensitive to 
casting time. Concrete placed during midday or early 
afternoon is exposed to higher temperatures and lower 
humidity, leading to rapid moisture loss shortly after 
finishing. Numerous studies have shown that early 
initiation of curing is essential to limit plastic shrinkage 
cracking, especially during the first one to three hours after 
placement (Nasir et al. 2023, 2017). Various surface curing 
techniques have been proposed to reduce evaporation, 
including water spraying, wet burlap, plastic sheets, and 
membrane-forming curing compounds. While these 
methods are generally effective, their performance depends 
strongly on environmental severity, application timing, and 
compatibility with the concrete mixture (Alshammari et 
al. 2023; Boshoff et al. 2020; Markin et al. 2024; Nasir et 

al. 2023). Resin-based curing compounds, in particular, 
have shown promising results in forming continuous 
surface membranes that significantly reduce early-age 
water loss. However, comparative data evaluating different 
curing methods under identical environmental and mixture 
conditions remain limited.

From a mechanical perspective, the main reason for 
plastic shrinkage and subsequent cracking is the rapid 
evaporation of water from the concrete surface (Eren & 
Marar 2010; Ghourchian et al. 2019). Cracking may occur 
under certain conditions even when the same materials and 
construction procedures are used. This variation is largely 
attributed to changes in environmental factors, such as 
temperature, relative humidity, and wind speed, which 
directly influence the rate of surface evaporation (Bertelsen 
et al. 2020; Pelisser et al. 2010). If this rate surpasses the 
speed at which excess water bleeds to the surface, plastic 
shrinkage and cracking can occur (Hisham et al. 2018; 
Androuët & Charron 2021; Kayondo et al. 2019; Moelich 
et al. 2021). Upon placement, the aggregate and cement 
settle while the water rises or bleeds out. The rate at which 
this water appears, and its total volume, depends on the 
depth of the concrete, the materials, the mix proportions, 
and the concrete’s temperature. Additionally, the rate and 
duration of bleeding are affected when evaporation from 
the surface exceeds the rising rate of bleeding water surface 
(Ghourchian et al. 2018; Leemann et al. 2014; Safiuddin 
et al. 2018; Sirajuddin & Gettu 2018). 

The loss of surface sheen on fresh concrete indicates 
the point at which the rate of evaporation exceeds the rate 
of bleeding (Boshoff et al. 2020; Wyrzykowski et al. 2015). 
At this stage, free water is no longer available on the surface 
to compensate for moisture loss. The time required for the 
concrete to reach this condition depends on several factors, 
including ambient temperature, relative humidity, wind 
speed, and the properties of the concrete mixture 
(Combrinck et al. 2018; Sivakumar & Santhanam, 2007). 
Once surface drying begins, the concrete has gained only 
limited stiffness and has not yet developed sufficient tensile 
strength to resist shrinkage-induced stresses. As a result, 
capillary tension develops within the pore water, increasing 
the likelihood of plastic shrinkage cracking if moisture loss 
continues (Saliba et al. 2011; Uno 1998).

Despite extensive work on individual parameters, such 
as environmental conditions, admixtures, and fibers, there 
remains a limited integrated understanding of how design 
compressive strength, specific curing methods, and realistic 
casting conditions interact to govern plastic shrinkage and 
associated cracking risk in conventional concrete. Many 
studies investigate the impact of various curing methods 
to prevent plastic shrinkage cracking. Alshammari et al. 
(2023) found that prolonged curing techniques, particularly 
moist curing of concrete, minimizing shrinkage cracks. 
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This is because moisture curing maintains a proper 
moisture content on the concrete surface, reducing its 
porosity and leading to a denser microstructure that is less 
susceptible to water loss. Studies by Nasir et al. (2023) 
demonstrated that concrete prepared and cured under harsh 
field conditions shows that water–cement ratio, casting 
temperature (25–45 °C), and curing regime jointly control 
plastic and drying shrinkage as well as strength development: 
higher w/c increases plastic/drying shrinkage and lowers 
strength, while an intermediate casting temperature (~32 
°C) minimizes shrinkage and maximizes strength. In related 
studies, Nasir et al. (2022) found that greener concrete 
mixtures containing multiple supplementary cementitious 
materials showed that binder composition, casting 
temperature, and curing method (wet burlap or curing 
compound) strongly influence early-age strength and 
drying shrinkage. The results indicated that casting 
temperatures below approximately 38 °C are necessary to 
reduce potential durability problems in blended concrete 
systems.

 Studies by ACI Committee 308 (ACi-308, 2016) 
highlight the important aspects of curing duration and 
methods. Various methods exist to mitigate plastic 
shrinkage cracking, including curing techniques, power 
floating, cold water, shrinkage-reducing admixtures, and 
fibers. The most common curing method involves covering 
concrete with plastic sheets or wet burlap. Nasir et al. 
(2017) found that plastic sheets reduced plastic shrinkage 
cracks by up to 25%, while Al-Amoudi et al. (2007) 
reported no significant improvement in drying shrinkage 
with wet burlap. However, research on the effects of damp 
burlap on plastic shrinkage remains limited. Power floating, 
applied after the bleed water has evaporated, helps seal 
micro- and plastic-shrinkage cracks, although deeper 
cracks may resurface depending on timing (Golewski 
2023). Combrinck & Boshoff (2013) confirmed its 
effectiveness in closing surface cracks. Cold water can 
slow evaporation and temperature rise in hot conditions, 
potentially reducing shrinkage. However, Jacobsen et al. 
(2015) found that ice water may worsen microcracking. In 
contrast, Xie et al. (2018) observed that replacing 50% of 
mixing water with crushed ice reduced drying shrinkage 
in ultra-high-performance concrete. Superplasticizers, 
commonly used to enhance workability, may increase bleed 
water and contribute to plastic shrinkage cracking. 
Combrinck et al. (2018) experimentally confirmed that 
higher superplasticizer dosages led to wider plastic 
shrinkage cracks.

Although plastic shrinkage cracking has been widely 
investigated, most studies focus on individual factors such 
as environmental severity, fiber/admixture use, or a single 

curing approach, often under controlled laboratory 
conditions. There remains limited experimental evidence 
that simultaneously evaluates how design compressive 
strength level (as a proxy for mixture composition and 
bleeding capacity) interacts with practical curing methods 
and realistic casting periods (morning/noon/afternoon/
evening) under hot-weather exposure. In particular, 
comparative datasets linking evaporation demand, 
cumulative water loss, crack initiation time, and cracking 
severity across a wide range of strengths remain scarce. 
This gap limits the ability to provide field-oriented 
recommendations for selecting curing strategies and 
placement timing, especially for high-strength concrete in 
hot and arid climates.

In addition, determining the most effective methods 
for managing plastic shrinkage remains challenging due 
to the lack of systematic experimental comparisons among 
commonly used mitigation approaches. To address this 
gap, the present study aims to investigate the combined 
influence of design compressive strength level, curing 
method, and casting condition on the plastic shrinkage 
behavior of concrete. Early-age moisture loss, crack 
initiation, cracking severity, and strength development were 
monitored under controlled yet representative environmental 
conditions. To address this gap, the present study examines 
the combined effects of concrete strength level, curing 
method, and casting condition on plastic shrinkage 
cracking.

MATERIALS AND TESTING METHODS

MATERIALS

Ordinary Portland cement with a specific gravity of 3.15, 
a fineness of 256 m²/kg (Blaine surface area), and a 
soundness of 0.35% was used in the research. The chemical 
properties of the cement are shown in Table 1. For the 
concrete mix, crushed coarse aggregate was employed, 
featuring a maximum size of 9.5 mm, a fineness modulus 
of 5.65, a bulk unit weight of 1659 kg/m³, and a specific 
gravity of 2.78. Natural sand was also utilized with a 
fineness modulus of 2.95, a bulk unit weight of 1881 kg/
m³, and a specific gravity of 2.65. Sieve analysis of the 
coarse and fine aggregates is illustrated in Figure 1. A 
densified silica fume with a specified gravity of 2.2 and a 
bulk density of approximately 600 kg/m3, along with the 
superplasticizer Complast-430, was used in some mixtures, 
as shown in Table 2. 
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TABLE 1. Chemical analysis of ordinary Portland Cement  
used in the experiment.

No Oxide Percent
1 Silica (SiO2) 20.20
2 Alumina (Al2O3) 6.29
3 Ferric Oxide (Fe3O4) 3.40
4 Lime (CaO) 63.20
5 Magnesia (MgO) 2.50
6 Potassa (K2O) 0.26
7 Soda (Na2O) 0.72
8 Sulfur Trioxide (SO3) 2.51

TABLE 2. Key properties of superplasticizer.
No Property Description
1 Appearance Light Brown liquid

2 Density 1.06 ± 0.01 at room 
temperature

3 pH 5-7
4 Chloride content <0.1%

5 Water reduction 
ability 25-35%

(a) (b)

FIGURE. 1. Sieve Analysis: (a) Coarse Aggregate and (b) Wash Sand.
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CONCRETE MIX PROPORTIONING AND MIXING

The concrete mixtures were designed to cover a broad 
range of strength levels commonly encountered in practice, 
from normal-strength to high-strength concrete. Target 
compressive strengths of 23, 40, 60, and 84 MPa were 
selected to examine how strength level and associated mix 
characteristics influence plastic shrinkage behavior. Using 
this wide strength range allowed comparison between 
mixtures with distinctly different water–cement ratios, 
bleeding capacities, and early-age moisture movement, all 
of which are known to play an important role in plastic 
shrinkage cracking.

The normal-strength concrete mixture (23 MPa) was 
proportioned at 1:1.5:3 (cement: fine aggregate: coarse 
aggregate) with a water–cement ratio of 0.70, in accordance 
with conventional construction practice. For the higher-
strength mixtures (40 and 60 MPa), the water–cement ratio 
was reduced to 0.40 and 0.33, respectively. A high-range 
water-reducing admixture (Complast 430) was used in 
these mixtures to maintain adequate workability despite 
the lower water content. For the highest-strength mixture 

(84 MPa), silica fume was incorporated at 10% by weight 
of cement together with a low water–cement ratio of 0.25. 
The addition of silica fume was necessary to achieve the 
targeted strength level, as it improves particle packing, 
refines the pore structure, and enhances the interfacial 
transition zone. Its use also reflects common practice in 
the production of high-strength concrete and allowed 
investigation of plastic shrinkage behavior under conditions 
where bleeding is significantly reduced and sensitivity to 
early-age moisture loss is increased.

All materials were accurately weighed prior to mixing 
to ensure consistency. Mixing was carried out in a 
laboratory drum mixer, where cement and aggregates were 
first dry-mixed, followed by the addition of water and 
chemical admixtures. The total mixing time was 
approximately 2–3 minutes, after which a uniform and 
cohesive mixture was obtained. Slump tests were 
performed to verify workability, and minor adjustments, 
such as adding superplasticizer, were made when necessary 
to maintain consistent fresh concrete properties. The 
schematic representation of the concrete mixing process 
is shown in Figure 2. 

FIGURE 2. Schematic representation of the concrete mixing procedure

TABLE 3. Mixture proportions for plastic shrinkage tests.
Mixture 

No.
Mixture Proportion by wt. (C: 

F.A: C. A)
W/C 
Ratio

Admixture (% wt. 
of cement)

Silica Fume (% 
wt. of Cement)

28-day Com. 
Strength (MPa)

1. 1:1.5:3 0.7 0.0 0.0 23
2. 1:2.2:1.6 0.4 1.0 0.0 40
3. 1:2.2:1.6 0.33 5.0 0.0 60
4. 1:1.0:2.0 0.25 5.0 10.0 84

        C=Cement, F.A = Fine Aggregate, C. A= Coarse Aggregate
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EXPERIMENTAL PROCEDURES

The experimental program was conducted to investigate 
the plastic shrinkage behavior of concrete under varying 
strength levels, casting conditions, and curing regimes. 
Following modern concrete shrinkage testing methods, the 
study employed rectangular concrete panels measuring 
600x900x30 mm, made with 18 mm plywood and featuring 
an inner aluminum lining to minimize water absorption by 
the mold sides, similar to those described Boshoff et al. 
(2020) and Nasir et al. (2017) in which concrete slabs are 
exposed to controlled drying conditions and monitored for 
mass loss and cracking. Forty-three (43) concrete panels 
were cast indoors following ASTM C1579, with concrete 
compacted using the tamping technique (Alshammari et 
al. 2023; Sayahi et al. 2022). The surface was smoothed 
by sliding a wooden bar in a single direction along the 
panel’s length. Soon after casting, each panel was 
positioned outdoors on a digital weighing balance to 
measure mass loss over time. Each panel weighed just over 
6 kg and was rigid enough to avoid bending or deflection 
during handling. An electric fan was set at the 600 mm 
edge, maintaining a constant wind speed of 15 km/h to 
simulate natural conditions, while air temperature and 
relative humidity were continuously monitored. Forty-three 
concrete panels were prepared and examined in this study. 
Four curing methods were applied: air-dry curing (AR), 
water-spray curing (WS), wet burlap curing (BLC), and a 
resin-based (polyamides) curing compound (RB). 
Additionally, concrete was cast at four different times: 
morning (M) from 7 AM to 12 PM, noon (N) from 12 PM 
to 3 PM, afternoon (AN) from 4 PM to 6 PM, and evening 
(E) from 7 PM to 12 AM. Table 4 illustrates the average 
temperature and humidity for morning, noon, afternoon, 
and evening throughout the summer in the Jeddah region 
of Saudi Arabia. The water loss from the concrete was 
recorded as cumulative water loss (CWL), calculated as 
the percentage of mixing water loss due to evaporation 
every 10 to 15 minutes for up to 5 hours. The maximum 
rate of evaporation (kg/m²·h) was calculated using the 
following formula:

TABLE 4. Average temperature and Humidity at different 
periods of the day.

Time of Day Temperature (°C) Humidity 
(%)

Morning (7-11 AM) 30-42 50-60
Noon (12-3 PM) 39-43 45-55

Afternoon (4-9 PM) 35-37 45-55
Evening (7-12 AM) 31-34 55-65

Plastic shrinkage cracks were visually observed, and 
the total area of plastic shrinkage cracking (mm²) was 
recorded.  The crack initiation time (in minutes) was 
recorded as the duration from surface finishing to the 
appearance of the first visible crack.  Observations were 
conducted at 10 to 15-minute intervals for up to 5 hours, 
documenting the quantity of cracks, their lengths, and 
widths. The experiments took place in the summer. The 
plastic shrinkage testing program included multiple 
variables, so each test specimen was clearly labeled to 
indicate its specific test conditions. For instance, panel 
P-23-M denotes a plain concrete panel made with a 23 
MPa mixture, placed outdoors during the morning exposure 
period (7-12 AM). The schematic of the experimental 
program is shown in Figure 3.

FIGURE 3: Schematic representation of Experimental 
Procedure.

RESULTS AND DISCUSSION

Table 5 presents a summary of the test conditions and 
measured responses for all concrete panel specimens. The 
table includes mixture proportions, environmental 
exposure parameters, curing methods, and resulting plastic 
shrinkage characteristics. Four concrete strength levels (23, 
40, 60, and 84 MPa) were examined under different casting 
times and curing regimes, including air-dry (AR), water 
spray (WS), wet burlap (BLC), and resin-based curing 
(RB).

Environmental parameters recorded during testing 
include air temperature, relative humidity, and wind speed. 
Although the wind speed was kept constant at 15 km/h for 
all panels, temperature and humidity varied significantly 
with casting time. Noon exposure generally corresponded 
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to higher temperatures (up to about 44 °C) and lower 
humidity, while evening conditions were associated with 
lower temperatures and higher humidity. The maximum 
evaporation rate ranged from approximately 0.22 to 2.22 
kg/m²·h. The highest evaporation rates were consistently 
observed for air-dried panels cast at noon, particularly for 
lower-strength concrete with higher water–cement ratios. 
In contrast, panels cured with resin-based curing showed 
substantially lower evaporation rates, typically around 0.22 
kg/m²·h, regardless of concrete strength or casting time.

Cumulative water loss followed similar trends. Air-
dried specimens experienced the highest total water loss, 
reaching values above 55% in some high-strength 
concretes. Water-spray curing reduced water loss but 
remained sensitive to environmental severity. Wet burlap 
curing significantly limited water loss, while resin-based 
curing provided the most consistent moisture retention, 
with total water loss generally below 10–15%. Plastic 
shrinkage cracking was strongly influenced by both 
concrete strength and curing methods. No visible cracks 
were observed in the 23 MPa concrete panels under any 
exposure condition, indicating sufficient bleeding capacity 
at this strength level. In contrast, cracking became 
pronounced in 40, 60, and especially 84 MPa concrete. The 
largest cracking area, reaching 1118 mm², occurred in the 
84 MPa concrete under air-dry curing at noon. Water spray 
and wet burlap reduced cracking considerably, while resin-

based curing effectively prevented visible cracking across 
all mixtures and exposure periods.

Crack initiation time further reflected these trends. 
High-strength concrete subjected to air-dry curing 
exhibited early cracking, in some cases within 20–30 
minutes of finishing. In contrast, panels protected by resin-
based or wet burlap curing did not exhibit crack initiation 
during the monitoring period.

The results obtained in this study are consistent with 
previous findings on plastic shrinkage behavior. Increased 
cracking in higher-strength concrete observed under air-dry 
conditions agrees with studies reporting that low water–
cement ratios reduce bleeding and increase susceptibility 
to early-age cracking (Ghourchian et al. 2018; Snoeck et 
al. 2020; Soleimanbeigi et al. 2025). In contrast, the 
absence of cracking in the 23 MPa concrete supports earlier 
observations that higher bleeding capacity can delay 
surface drying despite high evaporation rates (Beushausen 
& Arito, 2018). The early crack initiation recorded in high-
strength mixtures is also consistent with studies linking 
cracking to the imbalance between shrinkage-induced 
stresses and tensile strength development (Bakhshi & 
Mobasher 2011). Furthermore, the effectiveness of resin-
based curing in preventing cracking aligns with previous 
research highlighting the superior moisture-retention 
capability of membrane-forming curing compounds (Al-
Gahtani 2010; Maslehuddin et al. 2013).

TABLE 5. Summary of Concrete Panel Test Condition and Results

Panel 
No.

Panel 
Designation

f’
c 

(M
Pa

)

A
/C

W
/C

A
dm

. (
%

)

SF
 (%

) Air 
Temp. 
(0C)

Rel. 
Humi.
%

Max. rate 
of Evp.
(kg/m2-h)

Total 
H2O
Loss
%

Total 
Cracking 
Area
(mm2)

Crack
Init. 
Time
(min)

1. AR-23-M 23 4.5 0.7 0 0 26-34 87-95 1.22 38.90 0 0
2. AR-23-N 23 4.5 0.7 0 0 37-40 69-78 2.22 56.53 0 0
3. AR-23-AN 23 4.5 0.7 0 0 29-37 81-90 1.89 24.76 0 0
4. AR-23-E 23 4.5 0.7 0 0 28-30 85-89 0.892 18.52 0 0
5. AR-40-M 40 3.8 0.4 1 0 26-34 86-95 1.11 49.17 156 100
6. BLC-40-M 40 3.8 0.4 1 0 27-36 82-93 0.223 1.21 0 0
7. WS-40-M 40 3.8 0.4 1 0 28-37 88-99 0.740 41.06 80 130
8. RB-40-M 40 3.8 0.4 1 0 28-38 80-93 0.222 8.90 0 0
9. AR-40-N 40 3.8 0.4 1 0 35-39 70-89 2.11 50 252 40
10. BLC-40-N 40 3.8 0.4 1 0 37-41 66-75 1.11 8.76 0 0
11. WS-40-N 40 3.8 0.4 1 0 37-40 77-84 1.45 43.26 100 80
12. RB-40-N 40 3.8 0.4 1 0 37-40 65-80 0.223 9.18 0 0
13. AR-40-AN 40 3.8 0.4 1 0 29-36 81-91 1.67 47.17 172 60
14. BLC-40-AN 40 3.8 0.4 1 0 28-38 73-79 0.892 5.42 0 0
15. WS-40-AN 40 3.8 0.4 1 0 34-39 82-92 0.892 27.50 90 90
16. RB-40-AN 40 3.8 0.4 1 0 28-38 73-79 0.222 7.16 0 0
17. AR-40-E 40 3.8 0.4 1 0 29-30 98-99 0.444 26.26 0 0

continue...
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18. AR-60-M 60 3.8 0.33 5 0 29-40 67-93 0.963 47.74 217 80
19. BLC-60-M 60 3.8 0.33 5 0 27-37 79-91 1.00 4.29 0 0
20. WS-60-M 60 3.8 0.33 5 0 30-37 85-98 1.89 58.93 0 0
21. RB-60-M 60 3.8 0.33 5 0 27-38 79-91 0.223 13.45 0 0
22. AR-60-N 60 3.8 0.33 5 0 36-41 70-85 1.67 54.09 375 30
23. BLC-60-N 60 3.8 0.33 5 0 35-38 78-84 1.22 9.83 0 0
24. WS-60-N 60 3.8 0.33 5 0 36-38 77-84 1.33 39.94 26 100
25. RB-60-N 60 3.8 0.33 5 0 35-38 77-84 1.00 11.17 0 0
26. AR-60-AN 60 3.8 0.33 5 0 30-38 80-93 1.55 28.66 223 50
27. BLC-60-AN 60 3.8 0.33 5 0 31-39 67-75 1.22 11.06 0 0
28. WS-60-AN 60 3.8 0.33 5 0 30-38 67-75 1.45 47.14 0 0
29. RB-60-AN 60 3.8 0.33 5 0 30-38 67-75 0.223 4.61 0 0
30. AR-60-E 60 3.8 0.33 5 0 27-29 98-99 0.333 23.24 0 0
31. AR-84-M 84 3.0 0.25 5 10 27-36 84-93 0.889 30.18 258 60
32. BLC-84-M 84 3.0 0.25 5 10 27-38 83-99 0.223 2.03 0 0
33. WS-84-M 84 3.0 0.25 5 10 27-44 68-90 0.780 47.01 120 110
34. RB-84-M 84 3.0 0.25 5 10 31-39 82-98 0.334 4.80 0 0
35. AR-84-N 84 3.0 0.25 5 10 37-40 78-85 1.33 55.35 1118 20
36. BLC-84-N 84 3.0 0.25 5 10 37-40 78-85 1.11 32.69 0 0
37. WS-84-N 84 3.0 0.25 5 10 38-44 64-82 1.45 40.94 748 30
38. RB-84-N 84 3.0 0.25 5 10 35-39 81-90 0.892 7.73 0 0
39. AR-84-AN 84 3.0 0.25 5 10 30-38 82-94 1.11 26.23 293 20
40. BLC-84-AN 84 3.0 0.25 5 10 31-40 68-98 1.00 2.40 0 0
41. WS-84-AN 84 3.0 0.25 5 10 31-41 69-90 1.00 30.55 141 30
42. RB-84-AN 84 3.0 0.25 5 10 34-38 82-93 0.223 7.53 0 0
43. AR-84-E 84 3.0 0.25 5 10 29-30 98-99 0.222 13.00 		

0
0

A/C: Aggregate/cement ratio, w/c: water/cement ratio, Adm.: Admixture (% by wt. of cement), SF: Silica Fume, Humi: Humidity, 
Evp: Evaporation.

...cont.

WATER LOSS

The evaluation of cumulative water loss (CWL) for 
specimens cured with burlap cover (BLO) and water spray 
(WS) proved challenging due to variations in total water 
content caused by the addition of curing water.  As a result, 
only the specimens treated with the resin-based curing 
compound were directly compared with those cured by the 
air-dry method. Figure 3 illustrates the cumulative 
percentage of mixing water lost by evaporation for concrete 
panels cured by air-dry and resin-based methods at different 
casting times (M, N, AN, E). A general pattern of a sharp 
increase in CWL for composite panels exposed to N, AN, 
and E was observed across all mixes. The increase in 
average CWL for NS concrete exposed to N, AN, and E 
during the initial 3 hours was 44.78%, 30.16%, and 12.16%, 
compared to increases of 22.44%, 24.8%, and 56.33% for 
exposure during the subsequent 2 hours. A similar trend 
was observed for HS concrete, where exposure to N, AN, 
and E for the initial 3 hours resulted in increases of 48.35%, 

33.57%, and 11.82% in CWL, compared to increases of 
16.3%, 27.06%, and 51.57% for exposure during the 
subsequent 2 hours. The initial higher rate of water loss is 
predominantly due to the dual impacts of water consumption 
during the initial bout of cement hydration and evaporation 
driven by ambient climatic conditions.  Contrary to the 
above, both the NS and HS concrete panels exposed to the 
M condition showed a consistent, but moderate, rise in 
CWL across all exposure durations of 5 hours, mainly due 
to a lower water evaporation rate. As expected, the concrete 
panels cast at noon exhibited the highest CWL, while the 
samples cast in the evening showed the lowest CWL. 

For the 40 MPa concrete specimens, the CWL for plain 
concrete ranged from 0% to 50%, whereas the CWL for 
RB-treated concrete was significantly lower, ranging from 
0% to 9%. This indicates that the RB curing compound 
effectively reduced water loss, which can be attributed to 
its efficient surface reducing ability (Figure 4). The CWL 
rate in the RB-curing specimens remained relatively 
consistent throughout the morning, noon, and afternoon. 
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In contrast, the plain concrete exhibited the highest CWL 
rate in the morning, gradually decreasing at noon, 
afternoon, and evening periods. Similarly, for the 60 MPa 
specimens, the CWL rate in plain concrete was between 
0-55%, while in RB-curing concrete, it reduced to 0-13%, 
as illustrated in Figure 5. The CWL rate in the RB-treated 
concrete remained constant during the morning and noon 
but slightly reduced in the afternoon due to lower relative 
humidity. The CWL rate for plain concrete peaked at noon 
due to higher temperatures. Furthermore, in RB-curing 
concrete, the peak CWL rate was observed within the first 
2 hours, after which it stabilized.

In the case of 84 MPa concrete, plain concrete 
exhibited a CWL rate of 0-55%, while RB-curing 
specimens had a significantly lower rate of 0-7%, as shown 
in Figure 6. This confirms the effectiveness of the RB 
curing compound in reducing water loss. The CWL rate 
for RB-curing specimens remained nearly constant during 
noon and afternoon, but was lower in the morning due to 
relatively lower temperatures. In plain concrete, the highest 
CWL rate was observed at noon, likely due to peak ambient 
temperatures at that time. Furthermore, the CWL rate in 
RB-treated concrete was highest during the first hour and 

decreased over the next 4 hours, indicating that the curing 
compound retained moisture more effectively as exposure 
time increased.

The trends in water loss observed in this study are 
consistent with existing findings in the literature.    (Wang 
et al. 2024) demonstrated that water loss decreases as 
curing efficiency improves, with untreated specimens 
showing the highest losses.  Similar behavior was observed 
in the current study, where air-dried specimens exhibited 
the maximum cumulative water loss, while moisture 
evaporation was significantly limited during resin-based 
curing. Recent studies on self-curing systems further 
support these results. (Huseien et al. 2024) reported reduced 
water loss under air curing when effective moisture-
retaining agents were used, emphasizing the importance 
of early-age moisture control. In addition, external water 
curing has been shown to reduce cumulative water loss 
and promote microstructural densification, as reported by 
(Abdul Razak et al. 2004; El-Hallak et al. 2024). These 
mechanisms are consistent with the reduced water loss and 
improved cracking resistance observed in the present study 
under effective curing conditions.

FIGURE 4. Cumulative water loss from different strengths of concrete panels after 5 hours of exposure: (a) 23 MPa concrete, (b) 
40 MPa concrete, (c) 60 MPa concrete, and (d) 84 MPa 
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 FIGURE 5. Cumulative water loss from air-dried and raised base concrete panels over a 5-hour exposure period for 40 MPa, 60 
MPa, and 84 MPa compressive strengths at different casting  times.

MAXIMUM RATE OF EVAPORATION

The maximum evaporation rates for air-dry concrete across 
four mixes during the first five hours of air-dry (AR) curing 
are shown in Figure 5. All concrete mixes had evaporation 
rates between 0.333 and 2.22 kg/m²-h. Notably, the rate 
peaked at 2.22 kg/m²-h at noon for the 23 MPa concrete 
strength, likely due to high temperatures, while it dropped 
to 0.334 kg/m²-h in the evening for the 60 MPa concrete. 
The 23 MPa strength mix (WIC ratio = 0.70) exhibited the 
highest evaporation rate of 2.22 kg/m²-h, whereas the other 
mixes reached a maximum of only 1.3 kg/m²-h, indicating 
that higher strength concrete mixes tend to have lower 
maximum evaporation rates. Furthermore, Figure 6 shows 

the maximum evaporation rates for AR- and RB-curing 
compounds across the four mixes during the same five-hour 
window. The minimum evaporation rate observed for 84 
MPa plane concrete with the RB curing compound was 
0.223 kg/m²-h in the afternoon, while the maximum was 
1.0 kg/m²-h for 60 MPa plane concrete at noon. In pure 
air-dry conditions, 84 MPa concrete had a minimum 
evaporation rate of 0.222 kg/m²-h in the evening, and a 
maximum rate of 1.23 kg/m²-h was noted in the plane 
concrete of 40, 60, and 84 MPa at noon. This suggests that 
concrete treated with the RB curing compound exhibits 
lower evaporation rates compared to regular plane concrete 
without RB.
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FIGURE 6. Maximum rate of evaporation of Air-Dry concrete panels of different concrete mixes.

FIGURE 7. Maximum evaporation rate from air-dry and raised base concrete panels of different concrete mixes.
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PLASTIC SHRINKAGE CRACKING

The total area of plastic shrinkage cracking for the different 
concrete mixes is illustrated in Figure 7. The 23 MPa 
concrete strength mix showed no cracks under high 
temperatures, variable relative humidity, and a 15 km/h 
wind speed. In contrast, when exposed to direct sunlight, 
the other three concrete strengths (40, 60, and 84 MPa) 
exhibited cracking. Notably, the extent of cracking 
increased when the same wind speed was applied. Among 
these, the 84 MPa concrete panels were the most prone to 
plastic shrinkage cracking, with a maximum cracking area 
of 1118 mm. The 23 MPa concrete mix reached a maximum 

evaporation rate of 1.67 kg/m²·h without developing any 
cracks. This lack of cracking is likely due to its higher 
water-cement (W/C) ratio, which allowed sufficient water 
to bleed to the surface, keeping it mobile and semi-plastic 
and thus preventing cracks. On the other hand, plastic 
shrinkage cracking was apparent in concrete mixes with 
compressive strengths of 40, 60, and 84 MPa. These three 
mixes varied in the amount of superplasticizer, while the 
84 MPa concrete mix also contained silica fume. 
Furthermore, the cracking area observed with AR curing 
was greater than that of the BLC, WS, and RB curing 
compounds for the 40, 60, and 84 MPa mixes.

FIGURE 8. Plastic shrinkage area as a function of concrete strength under varying exposure periods.

CRACK INITIATION TIME

Figure 8 shows the time to first crack of the concrete surface 
after finishing the panel surface for each mix. The 23 MPa, 
40 MPa, and 60 MPa mixes that utilized BLC and RB 
curing compounds did not exhibit any cracks. Cracking in 
the 40 MPa mix with AR curing occurred after 30 minutes. 

Meanwhile, the high-strength concrete mixes of 60 MPa 
and 84 MPa started to crack after 30 and 20 minutes, 
respectively. This indicates that higher concrete strength 
results in earlier crack formation. Across morning, noon, 
and afternoon, cracks appeared sooner in the air-dry 
environment compared to the water spray (WS) method.
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 FIGURE 9. Influence of concrete strength on crack initiation time.

CONCLUSION

The experimental findings highlight how compressive 
strength, environmental conditions, and curing methods 
significantly influence cumulative water loss (CWL) and 
the cracking behavior of concrete. From these results, the 
following conclusions can be drawn: 

1. It was observed that higher-strength concrete was
prone to plastic shrinkage cracking. The 84 MPa
concrete mix exhibited the largest area of plastic
shrinkage cracking, measured at 1118 mm² under
AR curing conditions at noon, while the 23 MPa
concrete mix showed no visible cracks.

2. Temperature variation and relative humidity in
outdoor conditions are crucial factors in forming
concrete cracks. Casting concrete at noon is the
most critical period when ambient temperatures
are high and humidity is low. During this time,
23 MPa concrete shows the highest evaporation
rate of 2.22 kg/m²-h, while 84 MPa concrete
experiences evaporation of about 1.3 kg/m²-h,
which is 41.4% lower than 23 MPa concrete. In

contrast, a significantly lower evaporation rate 
was observed in the evening, regardless of 
concrete strength.

3. The highest cumulative water loss (CWL) and the
most severe plastic shrinkage cracks were
observed under air-dry (AR) curing at noon,
reaching 1118 mm² for 84 MPa concrete. In
contrast, wet burlap (BLC) and water-spray (WS)
curing significantly reduced crack formation to
32.69 mm² and 40.94 mm², respectively,
demonstrating better crack resistance than the AR
method. Resin-based (RB) curing proved to be
the most effective, minimizing cracks to 7.73
mm², significantly reducing evaporation rates, and
enhancing concrete durability across all strength
levels.

4. Crack development in high-strength concrete
occurred before that in normal-strength concrete.
Under air-drying curing, the 84 MPa concrete mix
began to crack after 20 minutes, while the 40 MPa
concrete cracked after 30 minutes. However, no
shrinkage cracks were observed when RB curing
was applied to the concrete surface.
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The study emphasizes the importance of strategic 
curing methods and proper timing for concrete casting to 
enhance durability and serviceability. The effectiveness of 
the RB curing compound in reducing CWL highlights its 
potential to improve concrete performance under various 
environmental conditions. Furthermore, understanding 
how ambient factors affect concrete behavior enables better 
planning and execution of preventive strategies, ultimately 
contributing to the longevity of concrete structures.
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