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Abstract

Noha Yehia Elwakkad * The influence of fire on self-curing reinforced concrete flat slabs was
inspected in this study. In this paper the focus will be on the effectiveness
of the reinforcement ratio, heat duration and cooling method on the
behavior of self-curing (SCU) reinforced concrete flat slabs exposed to
fire. To create SCU concrete, polyethylene glycol (PEG 400) is added at a
rate of 0.5% of cement weight. Twenty-five RC plates (1200 mm x 1200
mm x 70 mm) lying on four supports and being subjected to concentrated
Fire, Self-curing concrete, load were used to achieve the experimental programmed. The
Slggzrﬂifa'%ﬁé'm?ztg?é Flat experimental program was conducted in two stages. The first stage, the

’ ' specimen exposed to high temperature (600°c) for 1 hour and 2 hours. To
record the failure load and the deflections at each load increment, the load
was gradually increased in the second stage. The results show that the
cracking and the ultimate loads decreased, while the deflection increased
either with the increase of fire flame duration and cooling method from
gradually to sudden.

Keywords

1. Introduction

Reinforced concrete (RC) slab floors have taken many different forms. They are classed in a variety
of ways, but the most frequent classification is based on the structural actions of the slabs. A flat
slab is a form of reinforced concrete floor structure that is widely and commonly used.

When designing RC slabs for fire resistance, prescriptive generic ratings that outline the minimal
slab dimensions and concrete covering for reinforcing bars are frequently employed .These fire
resistance design parameters are based on standard fire tests. The design methodologies for RC
slabs exposed to fire depend on the support conditions of the slabs. Several studies [1-5] summarize
the building codes' guidelines for slab design considering fire exposure and rational design
approaches. Most national building codes include a need for slab fire resistance ratings as a general
requirement. Wade (1991) [6] summarized the standard fire resistance ratings for RC columns,
beams, and slabs. Table 1 details the requirements for minimum coverings and minimum
dimensions for fire resistance ratings ranging from 0.5 up to four hours for reinforced concrete
slabs.
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Table 1: Fire resistance ratings of RC slabs (data from Wade (1991)) [6]

Thickness/Cover (mm)
0.5 1 15 2 3 4 Notes

Fire-resistance

Rating hour | hour | hours | hours | hours | hours
Document, standard or code
MP9:1989 .
(N2) 60/15 | 80/20 | 100/20 | 120/20 | 150/23 | 175/25 Simply supported
BS8110:1085 | 7515 | 95720 | 110/25 | 125/35 | 150145 | 170/55 simply supported, Dense
(UK) aggregate, plain soffit
BRE:1998 simply supported, Dense
(U.K) 75/15 | 95/20 | 110/25 | 125/35 | 150/45 | 175/55 | aggregate, plain soffit, effective

cover

simply supported, Dense

FIPICEBI1975 | 6010 | 80/20 | 100/30 | 120/40 | 150/55 | 175/65 | aggregate, one-way span, critical

(EUR) temperature = 550 °C
simply supported, Dense
CEB:1987 aggregate, one-way span, critical
(EUR) 60/10 | 80/25 | 100/35 | 120/45 | 150/60 | 175/70 temperature = 550 °C, cover to
steel axis
U?Sé%% -/- | 89/19 -/- 127/25 | 157/25 | -/32 Siliceous aggregate
AS ?2??;988 60/15 | 80/20 | 100/25 | 120/30 | 150/45 | 170/55 One-way simply supported

Several researchers studied the influence of fire on the behavior of RC slabs [7-36]. El-Fitiany and
Youssef [7] studied the interaction diagram of reinforced concrete columns that had been exposed
to fire and concluded that there is a necessary need for new tools to evaluate the performance of
heated RC elements under fire. This is in light of the movement of all codes toward designing the
reinforced concrete elements under fire-based circumstances. According to Khouri [8], in order to
achieve fire-resistance for materials, heat transfer in an element must be kept within the permissible
limits across the whole section, and the rebar must be covered with concrete to keep the steel
temperature lower than the peak values for the required fire resistance period to be gained. Caetano
[9] shows that after any accident, the building must be inspected to determine the possibility of
repair and rehabilitation. One of the requirements for a structural RC element to be safe is the
presence of a minimum bond between them.

Karim [10] studied the behavior of solid slab exposed to the fire flame. Twenty-four RC slab were
casted and tested with dimension (60 cm x 60 cm x 4 cm), the values of the compressive strength
(Fcu) ranged from 30 to 38 MPa, and with reinforcement ratios (p) 0.00492 and 0.00875. Sixteen
reinforced concrete plates have been subjected to elevated temperatures from 400 up to 600 °C for
an hour. The specimens have been cooled gradually, after that the specimens have been tested under
distributed loads. The results show that the failure load capacity of RC specimens has been
decreased with rising fire temperatures. The slab specimens with a greater reinforcement ratio p and
exposed to 600 °C showed the greatest reduction. At 600 °C, the remaining load capacity of the
tested specimens ranges from (84.2-86%) for RC slab specimens of group (A) reinforced with p of
(0.00875, 0.00492), and from (83.7-85%) for tested slabs of group (B) reinforced with the same p.
after the RC slab specimens have been exposed to fire, they are capable of withstanding the service
load, however with a lowering factor of safety. The results have shown that there is more reduction
in the results after the specimens were exposed to elevated temperature compared with the reference
specimens. Prasad [11] investigated the thermal behavior of the RC slabs exposed to fire. The RCC
slabs (3300 mm %1200 mm x 200 mm) were modelled in ANSYS 14.5 to demonstrate slab
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behavior at high temperatures with concrete grades M25, M70, and M100 with covers of 30mm,
40mm, and 50mm. load-deflection curves have been studied, and the percentage of deflection with
and without heat. In the first stage, nine specimens have been cast to show the influence of using
various grades of concrete mixtures with different cover thickness. The heat has been applied on the
principle of 1SO 834 curve. The results showed that slab deflection reduces as the amount of cover
given rises. When the grade of concrete was increased, the deflection of the tested specimens was
decreased. The results have been obtained that the analysis has demonstrated that the minimum
deflection for M100 with cover 50mm.

In 2016, Ghanem et al [12] investigated the behavior of RC slabs that had been exposed to fire. The
fire duration was changeable and ranged from one to three hours in the first step (group A), while
the concrete cover was fixed and equal to 25mm in the second step (group B). The concrete cover
varied from 30 to 35 mm and 40 mm in the next step (group B), however the fire duration remained
steady at 4 hours. The structure's responses are determined by the length of the fire and the
thickness of the concrete cover. The RC (3100 mm x 3100 mm) slabs were modelled to show how
varied slab thicknesses and fire durations affect the outcome. The two stages were also tested for
deflection, lower strain, and upper strain of an RC slab at a temperature of 600 °C. The failure load
decreases from 15.3 percent to 36.6 percent in the first stage (group A) when compared to the
control slab. When compared to the control slab, the failure load in the second stage (group B)
drops from 10.22% to 21.92%. And the failure load rises owing to a 22.2% increase in concrete
cover thickness from 25 to 35 mm, which burned for the same amount of time (4 hours) at the same
temperature.

Elwakkad et al. [37] studied the behavior of self-curing R.C. flat slabs. The Experimental program
consists of two groups. The first group consist of five tested specimens have various reinforcement
ratios (p) from 0.43% up to 1.08%. While the second group consist of central square openings with
constant (p) of 0.57%. The results show that, using self-curing concrete (SCUC) by adding PEG-
400 of 0.5 % reducing shrinkage, and early concrete desiccation. This was observed 28 days after
self-curing the cast samples, in which no hair cracks were observed. Steel reinforcement ratio (p)
has a substantial effect on improving crack load, and ultimate failure load of reinforced self-curing
concrete flat slabs. The increase in (p) from 0.43 % up to 1.08 % increased the crack load by 12.5 %
up to 25 %, respectively, while increasing the ultimate load by 18.2 % up to 72.7 %, respectively.
Based on the above, can be noticed that no previous studies have investigated the effect of fire at
600 °C on self-curing reinforced concrete flat slabs. In order to ascertain the impact of self-curing
concrete on RC flat slabs exposed to fire, current research provides this experimental study. Main
parameters of this study are reinforcement ratio (p), fire duration and cooling method.

To achieve these goals, twenty-five flat plates with dimensions (1200 x 1200 x 70) mm were cast
and tested. The experimental program consists of five groups. Each group consist of five tested
specimens having various steel reinforcement ratios (p) from 0.43% up to 1.08%. The tested
specimens are exposed to high temperatures of (600°C). Slabs subjected to different exposure
durations times of 1, and 2hours. The center deflections of field strip, cracking and failure loads
were investigated in this term.

Due to the paramount importance of self-curing concrete, especially in the treatment of slabs, it is
necessary to know its behavior under the influence of fire.
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2. Experimental program

All tests were done in the Reinforced Concrete Laboratory, at the Faculty of Engineering, Menoufia

University, Egypt. The experimental program consists of twenty-five specimens divided into five

groups, as presented in Table 2. The first group represents the control specimens, which are not

subjected to fire. The second and third groups represent specimens subjected to fire duration 1 and

2 hours, respectively and gradual cooling in air. While the fourth and fifth groups represent

specimens subjected to fire duration 1 and 2 hours, respectively and sudden cooling using water.

The main investigated variables are.

- Reinforcement ratio p: 0.43, 0.5, 0.72, 0.87, and 1.08%, were adopted.

- Duration of fire exposure: The specimens were subjected to direct flame for 1, and 2 h,
respectively.

- Cooling technique: Two cooling techniques were used: rapid cooling with water sprayed
directly over the hot surface of the slabs and gradual cooling in air.

Table 2: Details of the Test Specimens

Group Slab Reinforcement Ratio hea_t Cooling
No. (p) % duration Method
SC1 0.43 - -
| SC2 0.57 - -
. SC3 0.72 - -
(Control Specimens) SCa 0.87 . .
SC5 1.08 - -
SFG11 0.43
I SFG21 0.57
(Specimens Exposed to Fire 1H gradual | SFG31 0.72 1 Hour
cooling in air) SFG41 0.87
.
i SFG22 0.57
(Specimens Exposed to Fire 2H gradual | SFG32 0.72 2 Hour
cooling in air) SFG42 0.87
SFG52 1.08
SFSU11 0.43
v SFSU21 0.57
(Specimens Exposed to Fire 1H sudden | SFSU31 0.72 1 Hour
cooling using water) SFSU41 0.87
SFSU51 1.08 Sudden
SFSU12 0.43
\Y SFSU22 0.57
(Specimens Exposed to Fire 2H sudden | SFSU32 0.72 2 Hour
cooling using water) SFSU42 0.87
SFSU52 1.08

*S: Slab, C: Control Specimens, F: Fire, G: Gradually, SU: Sudden.

2.1. Test specimens

Twenty-five simply supported specimens with dimensions of (120x120x7cm) were cast for the
current study. Each specimen has four corner-supports with dimensions of (10x10x10 cm), with
longitudinal reinforcement corner bars 4 @ 10 mm. All specimens were produced from self-curing
concrete using polyethylene glycol (PEG400) with an average compressive strength (Fcu) of 50
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MPa after 28 days. The dimensions of the tested slabs, and their reinforcement details are shown in
Figure (1).

i-mm.‘i;{;rrml. Bars § mm. 30 cm.
— 1440 i, f 10 cm
120 e
O |
A N 1T
AT
-
- L0 em.
) !
Bars 8 mm,
in each direction

Fig. 1: Show dimensions and reinforcement details of the tested slabs

2.2. Material properties

In this study, Ordinary Portland Cement (OPC) CEM 1 52.5 N, which is manufactured in Egypt.
The properties of cement classified with E.S.S.373/91 demands [38] as shown in Table 3. Fly ash is
a byproduct material of coal-fired power stations. In this study, fly ash is categorized as class F fly
ash according to the requirement of ASTM C618 Class F [39]. The chemical composition and
physical properties of fly ash is illustrated in Table 3. The fine aggregate used in this research is
natural siliceous sand, clean and rounded fine aggregate with size 0.15mm-5 mm, a specific gravity
of 2.6, and volume weight of 1.73 t/m>. Coarse aggregates, which were used in this research, are
local crushed dolomite, it was obtained from Attaka area, Egypt with a specific gravity of 2.64, a
volume weight of 1.74 t/m?, and with maximum size 13 mm. The physical properties of fine and
coarse aggregates are shown in Table 4. A high-performance superplasticizer (SP) concrete
admixture (Viscocrete-3425) was used to improve the workability of concrete mixtures. Viscocrete-
3425 from SIKA Company [40] with a specific gravity of 1.08. The physical and chemical
properties are listed in Table 5. The viscocrete-3425 dosage used was 2.1% from cement content
366 kg/m3. In this study, Polyethylene Glycol (PEG-400) was used as a self-curing (SCU) agent in
a liquid form, in order to prevent water evaporation from fresh concrete. The properties of
Polyethylene Glycol-400 (PEG400) which manufactured by Morgan chemicals Pvt. Ltd in Egypt
[41] are listed in Table (6). A PEG400 was used at ratios of 0.5% by the weight of cement. The
plain bars (@ 8mm) have been used as main reinforcement, with Yield stress of 240 MPa and
elongation of 20%. The design of the mixture used is shown in Table 7. Table 8 shows the
mechanical characteristics of the concrete mixture.
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Table 3: Properties of Binder Materials.

Properties Cement Fly Ash
- Color Grey Light grey
Physical properties - Specific gravity 3.16 2.2
- Specific surface area cm%gm 3380 8150
- Silicon dioxide (Sio2) 20.87 53.00
- Aluminum oxide (Al-03) 6.14 34.00
- Ferric oxide (Fe»0s3) 3.85 3.50
. .. - Sodium oxide (Na;0) 0.94 0.72
Chemical Composition (%) - Calcium oxide (Cao) 62.06 4.5
- Magnesium oxide (Mgo) 2.48 1.50
- Potassium oxide (K;0) 0.78 0.60
- Sulphur trioxide (Sos) 2.39 0.30
Table 4: Physical Properties of Dolomite and Sand.
Description Dolomite Sand
Volume Weight 1.74 t/m® 1.73 t/m®
Specific Gravity 2.64 2.6
% Absorption 0.76 0.78
Void Ratio 34.34 % 33.81 %

Table 5: The Chemical and Physical Properties of Viscosity Enhancing Agent (VEA) Admixture [40]

Property Data
Type Agueous solution of modified polycarboxylates
Appearance Clear liquid
Density 1.08 Kg/It. +0.005
PH Value 4.0
Solid content 40% by weight
Storage Protected from direct sun light and frost at temperature between +5°C and +35°C
Shelf life 12 months from date of production

Table 6: Characteristic of Polyethylene Glycol 400 [41].

Hydroxyl Liquid Solubility
Molecular Num R Density, R Freezing in Water | Viscosity
Type Weight ber, Mg 20°C g/cc 80°C Range, °C | at 20 °C, 100°C
KOH/g 60 °C % by wt
Z%g 380t0 420 | 264 to 300 | 1.1255 1.0931 1.0769 4108 complete 7.3
Table 7: Concrete mix.
Mix proportions (Kg / m®)

Cement Crushed sand Fly Ash Viscocrete- Water PEG400%
[38] dolomite [39] 3425 [40] [41]
366 1128 817 19 7.7 140 0.5

Table 8: Mechanical characteristics of concrete mixture.
Days
Strength 7 7 28
Compression (MPa) 42.4 47.5 50
Tensile (MPa) 3.6 4.9 51
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3. Preparation of specimens

First, aggregate (crushed dolomite and sand) was mechanically blended for one minute. Second,
cement and fly ash were mixed into the dry mixture for about two minutes. The third step is to mix
water, polyethylene glycol 400 and a superplasticizer together. Fourth, the dry mixture was
combined for 3 minutes with 60% liquids (Sika-Viscocrete 3425, PEG 400, and water). Finally,
residual liquids were used to stir the mixture for 5 minutes. After casting, the specimens have been
cured as self-curing in the laboratory atmosphere for 28 days, and then they have been exposed to
fire at temperature 600 °C, then the samples have been loaded till failure.

3.1. Fire application to specimens
Fire flame by burners was used for heating the RC slab specimens at 600 °C temperature at their
tension face. A digital temperature controller has been used to monitor the temperature
continuously. To measure the temperature, the thermocouple was placed at contact with the flame
with the sample surface, as illustrated in Figure (2). Specimens were kept at the target temperature
for 1 hour and 2 hours, respectively.

Fig. 2. Expose the sample to fire.

3.2. Test setup and instrumentation

Four corner supports were used to support the RC plates. Each support was made of (10 x 10 x 10
cm) reinforced concrete with four mild steel longitudinal corner bars (4 @10). As shown in Fig. (3),
a hydraulic jack with load capacity of 100 kN was used as one concentrated load at the center of the
plate. Each specimen has been loaded up to failure. To record vertical deflections, three vertical dial
gauges of total capacity of 25 mm and 0.01 mm accuracy were used.
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Fig. 3. Test setup

4. Experimental results and discussion

4.1. Pre-loading fire effect

Some hair cracks appeared on the heated tension side after specimens were exposed to fire. The
diameter of those fissures widened as the blaze exposure time increased. Water-cooled slabs had
wider cracks than those that were gradually cooled.

4.2. Influence of steel reinforcement ratios (p)

Five ratios of p (0.43, 0.57, 0.72, 0.87, and 1.08%) were used in Group | as control set to examine
the effect of (p) on the flexural behavior of self-curing reinforced concrete flat slabs. The findings
of this parameter are shown in Table (9), and it was found that the steel reinforcement ratios
significantly affect the cracking, ultimate loads, and maximum deflection. The first crack load
increased by 5.88%, 5.88%, 11.76%, and 17.64% with the rise of (p) from 0.43 to 0.57, 0.72, 0.87,
and 1.08, respectively as a percentage. While the ultimate load likewise increased as the ratios of
steel reinforcement increased, by 18.20%, 45.4%, 54.50%, and 72.70%, respectively. Due to
enhanced steel reinforcing and better crack management, increasing the initial cracking load
reduced of flexural micro-cracks expanding further. At an ultimate load of 22 kN, slab SC1
experienced the most deflection, measuring 9.11 mm. In contrast, slabs SC2, SC3, SC4, and SC5
experienced deflection values of 4.30, 2.80, 2.00, and 1.72 mm, respectively. The effect of (p) on
load-deflection curves is shown in Figure (6), which emphasizes how the deflections decreased as
(p) increased during all stages of loading. As a result of this, the relationship between the deflection
value and the (p) steel reinforcement ratio was inverse. As for the Group I, that exposed to elevated
temperature 600 °C for one hour, and which has been gradually cooled the cracking load decreased
comparing by the control set by 29.4 %, 22.2%, 22.2%, 15.8% and 20% for the specimens SFG11,
SFG21, SFG31, SFG41, and SFG51 respectively. While the ultimate failure load decreased by
9.1%, 11.5%, 6.3%, 8.8% and 10.5%, respectively. And the deflection record increased up to 3.8%.
For group I11, it has been noticed decreasing in cracking and ultimate load up to 60%, and 27.3%
respectively. While the values of deflection increased up to 9.4%. The reduction in cracking and
ultimate loads values and increase in deflection values are due to an increase in fire exposure
duration to which the samples were exposed to two hours. But in Group IV, that exposed to
elevated temperature 600°c for one hour, and which has been sudden cooled the values of
decreasing cracking and failure loads reached to 41.2%, 21.1% respectively, and deflection
increased up to 8.6%. Finally, in Group V, which were exposed to 2h fire was cooled with water
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which was applied directly to the heated face of the specimens, the values of decreasing cracking
and failure loads reached 70%, 40.9% respectively. And the deflection increased up to 13%. These
findings are consistent with those by Elwakkad et al. 2022; Heizer et al. 2005; Vui et al. 2022;
Francois et al. 2022; Ola et al. 2018; Mortada, 2015; Qasim et al. 2018 [37,42-46], and with
previous studies on the physical and mechanical properties of SCUC (self-curing concrete), such as
Elwakkad and Heizer 2019; Bashandy 2015; Sideris and Manita [47-49].

Table 9: Test Results

Group | Slab No. Cracking | Reduction Ullflorzgte Reduction De';l/leé::):ion Increase
Load (kN) (%) (kN) (%) (mm) (%)
SC1 17 - 22 - 9.11 -
| SC2 18 - 26 - 9.34 -
SC3 18 - 32 - 11.78 -
SC4 19 - 34 - 10.2 -
SC5 20 - 36 - 9.21 -
SFG11 12 29.4 20 9.1 9.45 3.7
SFG21 14 22.2 23 11.5 9.67 3.5
. SFG31 14 22.2 30 6.3 11.96 15
SFG41 16 15.8 31 8.8 10.4 2.0
SFG51 16 20.0 34 10.5 9.56 3.8
SFG12 8 52.9 16 27.3 9.97 9.4
SFG22 10 44.4 20 23.1 10.05 7.6
i SFG32 10 44.4 24 25.0 12.46 5.8
SFG42 12 36.8 26 235 10.85 6.4
SFG52 8 60.0 28 26.3 10.05 9.1
SFSU11 10 41.2 18 18.2 9.89 8.6
IV SFSU21 12 33.3 21 19.2 9.91 6.1
SFSU31 12 33.3 26 18.8 12.24 3.9
SFSuU41 14 26.3 28 17.6 10.66 4.5
SFSU51 12 40.0 30 21.1 9.88 7.3
SFSU12 6 64.7 13 40.9 10.23 12.3
Vv SFSU22 8 55.6 17 34.6 10.19 9.1
SFSU32 8 55.6 20 37.5 12.75 8.2
SFSU42 8 57.9 21 38.2 10.94 7.3
SFSU52 6 70.0 26 31.6 10.41 13.0

4.3. Load-deflection relationships

Using dial gauges with an accuracy of 0.01 mm and a diameter of 10 mm, the load deflection
curves were recorded. Three sites positioned along the middle line of the RC plates were used to
record the deflection values for each specimen. The deflections of the control slabs reinforced with
various (p) are shown in Figure (4). The load deflection relationship for several slabs that has the
same (p) is shown in Figures (5-9).

The deflection proportion and reinforcement ratio are oppositely correlated. The maximum
deflection was recorded by slab SC1, which has the lowest reinforcement ratio, and the minimum
deflection was recorded by slab SC5, which has the highest reinforcement ratio. While the load-
deflection relationships for the rest tested RC slabs, the ultimate deflection increases as the fire
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period increases. This is due to fire damage to the specimens, which reduces the stiffness of the
plates and so increases their deformability.
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Fig. 5. Load-deflection curves for specimens with reinforcement ratio 0.43%
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Fig. 6. Load-deflection curves for specimens with reinforcement ratio 0.57%
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Fig. 9. Load-deflection curves for specimens with reinforcement ratio 1.08%

4.4. Pattern of cracking and mode of failure

The failure of all specimens under pure bending is generally depicted in figures (10-11).

According to test results, all slabs under loading exhibited the following general behavior: Flexural
cracks started in the slab tension side near the center of all specimens and progressed diagonally to
the slab borders, as seen in Figs. (10-11) by increasing load.

The number of cracks and their widths increased as the load raised. No spalling on the surfaces of
slab occurred, a complete failure occurred, and all of the tested slabs failed in flexure.
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n of SFG11
- - 3 / . %

Fig. 11. Crack p'attern of SFG21

4.5. Effect of elevated temperature

Table (9) shows a lowering in cracking loads, and a lowering in failure loads were all listed as a
result of the influence of high temperature on slabs. The effect of high temperature (600 °C) on first
cracking load shown as a percentage decreasing in cracking load when compared with control
specimens, with a maximum lowering of 70%. The influence of temperature on ultimate load is
shown as a percentage lowering in ultimate load when compared to control specimens, with a
maximum decreasing of 40.9%. These findings agree with the study [50].

4.6. Effect of fire duration

When samples were exposed to fire for longer periods of time, it was noticed that the deflection
values for specimens rose significantly. As shown in the table (9) the values of the cracking and
ultimate loads reduction up to 50% and 20%, respectively for 2h exposure compared to 1h
exposure.

4.7. Effect of cooling method

As shown in Figs. 12 and 13, the gradually cooled specimens have been noticed reduction values
from 15.8% to 60% of cracking load. On the other hand, the specimens which have been suddenly
cooled the cracking load reduction values range from 26.3%-70%. As for the ultimate load, the
reduction values have ranged from 6.3% to 26.3% in the case of gradual cooling. But in the case of
sudden cooling, the reduction values have ranged from 17.6% to 40.9%. On the other hand, it's
clear from Fig. 12 that the specimens which have been suddenly cooled had a 15% lower ultimate
capacity than the gradually cooled specimens. The drop in ultimate strength caused by abrupt
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cooling is explained by concrete shrinkage, which causes new fractures, resulting in significant
strength loss. However, the deflection values increased by about 9.1%, and 13% in case of
gradually and sudden cooling respectively.

40 7 B Control O1h Gradually ©E1h Sudden
35 A
=z
= 30 1
=
8
= 25 A
o8]
©
E 20
5
15 A
10 A
5 E
0
SC1 SC2 SC3 SC4 SC5
E Control 22 26 32 34 38
B 1h Gradually 20 23 30 31 34
1h Sudden 18 21 26 28 30
Fig. 12. Cooling method effect on ultimate load for 1h
40 7 B Control [@2h Gradually [2h Sudden
35 1
=z
X 30 -
=
m
S 25
)
g 20 -
= 15 -
10 A
5 =
0
5C1 S5C2 SC3 5C4 SC5
Control 22 26 32 34 38
B 2h Gradually 16 20 24 26 28
B 2h Sudden 13 17 20 21 26

Fig. 13. Cooling method effect on ultimate load for 2h

5. Conclusions

The effect of fire at 600 °C on self-curing RC flat slabs heated at their tension side is investigated in
experimental research. The results could lead to the following conclusions.
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1. When slabs were exposed to fire, random hair cracks appeared at the face subjected to heat,
which reduced the cracking load and failure load by up to 70% and 40.9%, respectively.

2. Steel reinforcement ratio (p) has a substantial effect on improving crack load, and ultimate
failure load of reinforced self-curing concrete flat slabs. The increase in steel reinforcement
ratio (p) from 0.43 % to 0.57%, 0.72%, 0.87%, and 1.08% increased the crack load by 5.88%,
5.88%, 11.76%, and 17.64%, respectively, while increasing the ultimate load by 18.20%,
45.4%, 54.50%, and 72.70%, respectively. However, the maximum deflection values were not
proportional to the increasing steel reinforcement ratio (p).

3. Concrete loses stiffness when exposed to fire, which significantly increases its deformability.

4. Longer fire exposure caused concrete to deteriorate and specimen temperatures to significantly
rise. In comparison to one hour of exposure, a final load reduction of up to 20% was noted
during two hours of exposure.

5. The ultimate loads were found to be 15% lower with sudden cooling compared with progressive
cooling. This is explained by the concrete suddenly shrinking, which results in new cracks and a
significant loss of strength.
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