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ABSRTACT

Self-compacting concrete (SCC) is a new lype of concrete, resuited from the
technological advancement in area of concrete admixfures. A various investigations
have been camed ouf on SCC bul the effect of elevaled temperature on
self-compacting concrete was of little research. This thesis aimed to study the
mechanical properties of SCC such as compressive strength, tensile strength and
moduius of elasticity when exposed lo cycles of elevalted temperalures then freated in
either water quench or air cooled. In this research, the vanables included were the
cycle temperature (25°C, 100°C, 150°C, and 200"6? and the treatment type (waler
quench or air cooled) af cement content of 500 Kg/m™ using ordinary Portland cement.
Test resulls clearly show that a higher reduction in compressive, tensile strength and
modulus of elasticity for SCC occur when exposed to cycles of elevated temperature
then quenched in waler. There was a significanf increase in compressive strength,
tensile strength and modulus of efasticity of SCC when cooled in air after exposing it fo
the same cycles of efevaled temperatures.
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INTRGDUCTION

The rise in temperature of the concrete over 1000°C is enough to destroy the
original material. At early stages of heating the evaporable water from concrete is lost
over the range of 20°C to 110°C. Above 110°C the cement hydrates decompose,
calcium hydroxide is broken down and the calcium carbonate suffers decarbonation.
The aggregate also suffers changes, which contribules to the general loss of structure
safety. The internal vapor, decomposition, and interface cracking cause a decrease in
the strength of concrete structure [1].
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Within the nommal temperature, the thermal properties of concrete can be
considered constant. However at elevated temperature these properties will be
changed because of the change of moisture content of the concrete components
and because of the progressive deterioration of the paste and in some cases of the
aggregates. This process depends on the condition of exposure, the rate of
temperature rise, the maximum temperature and the time taken at the elevated
temperatures. The decrease in compressive strength depends on the aggregate,
cement paste and the initial moisture content of the specimen. The changes in
strength has been attributed to a combination of decomposition of the hydrated
paste, deterioration of the aggregates and thermal incompatibility between cement
paste and aggregates leading to stress concentration and micro-cracking [2].

The effect of high temperature on strength and modulus of elasticity concrete was
investigated using concrete strength varied between 31.1 to 89 MPa and the
temperature exposure was in the range of 23 to 800 °C. Test results indicated that
exposure of concrete to temperatures in the range of 100 to 300 C decreased the
compressive strength of high-strength concrete (HSC) by 15 to 20 percent. At
temperatures in the range of 400 to 800°C , the compressive strength of concrete
decreased to about 30 percent of its strength at room temperature. The exposure to
high temperature also decreased the modulus of elasticity of concrete.{3]

The effect of fire on HSC by heating concrete to suffeciently high temperature resuits
in loss of concrete strength. It is clear that a rapid heating of HSC can resultin spalling
of concrete due to the very low permability of HSC. Ancther possible explanation for
the observed spalling is the large thermal stresses encounterd under fire conditions.[4]

E.Elshimy [5] studied the properties of cement mortars of silica fume and cement
dust due to varying temperature of exposure. It is found that the compressive strength
of mortar of either silica fume or cement dust replacement decrease as the
temperature increases but a badly decrease in compressive strength mortar occur
after exposing it to high temperature then treated with water,

SCC is a new type of concrete that can be spreaded in heavily congested regions
under its own weight and without any vibration. It has excellent deformability and high
resistance to bleeding and segregation. Okamura[6] proposed for SCC in 1986 so
studies on the workability to develop SCC was carried out by Ozawa (7] in which the
prototype of SCC was first completed using materials already on the market.
Mahmoud Emam [8] attempted to produce SCC from the available materials in Egypt
and investigated the workability requirements and tests for the SCC. Six different
parameters as cement content, type of fine materials, content of lime stone powder,
dosage of viscosity enhancing admixtures, dosage of air-entrained admixtures and
dosage of superplastcizers are considered. The test results indicated that viscosity
enhancing admixtures and superplastcizers is the keystone for the production of SCC.

Many researchers [9-13] studied variables as addition of fibers, maximum
aggregate size, dosage of viscosity enhancing admixtures and homra powder use an
properties of SCC at room temperature (25°C) but studying SCC properties at
elevated temperatures was out of research. In this thesis, the mechanical properties of
SCC as compressive, tensile and modulus of elasticity subjected to cycles of elevated
temperatures then quickly quenched in water or cooled in air will be studied.
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EXPERIMENTAL PROGRAM
Properties of Materials Used

Aggregates

Gravei with nominal maximum size 14 mm was used as coarse aggregates. The
properties of gravel are given in table (1). The grading for gravel was taken from fuller’s
grading curve in Neville [14] and the percentage taken from each size is given in table
{2). The gravel content was selected low to increase the deformability of the SCC mix.
Sand of 5mm as maximum aggregate size was used as fine aggregates.

Cement

Locally produced ordinary Portland cement of Suez Company was used with cement
content of 500 kg/m*.

Mixing water

The water cement (W/C) ratio of SCC mix was low and equal 0.40 depending on the
admixtures used Sikament-NN.

Superplasticizer

Superpiasticizer used in this thesis was the Sikament-NN from Sika Company that
provides a very powerful fluidity effect for SCC mixes at low water cement ratio.

Viscosity Enhancing Admixture

The Viscocrete-5-400 from Sika Company was used as viscosity enhancing
admixture fo increase the cohesion and gives adequate segregation resistance to

SCC mixes.
Fine Powder

Ground blast furnace slag of air cooled slag (ACS) type (70% pass from sieve size
0.125 mmy) is used to reduce the inter-particle friction. The fine powder content was
taken 20% as partial replacement of total aggregate content on the basis of previous
experiments. The properties of ACS powder are given in table (3) and table {4) gives

the chemical analysis of the air cooled slag [15].

Test Procedures

This thesis purposed studying the mechanical properties of SCC when exposed to
three cycles of elevated temperatures then treated in either water quench or air
cooled. The variables included were cycle temperature (25°C, 100°C, 150°C, and
200°C) and the treatment type (water quench or air cooled). The three main tests on
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fresh SCC, which differentiate the SCC from the ordinary concrete, were carried out.
These tests were the slump flow test, V-funnel test and filling-capacity test. The test
results were nearly 82 cm for the slump flow test, passing’time of 7 seconds for
V-funnel test and 94% for filling-capacity test which were considered excellent results
for the produced SCC in accordance to the requirement mentioned in Khayat [16]

The mechanical properties investigated were compressive strength, tensile strength
and modulus of elasticity. Twenty-four standard cubes of 15.24 cm in length were cast
to determine the compressive strength for compression test. Forty-eight cylindrical
concrete specimens of 15 cm diameter by 30 cm height were cast to determine both
indirect tensile strength and modulus of elasticity of SCC. All test specimens were held
in its molds for 24 hrs after casting then cured in water for 28 days. Each six cube and
twelve cylindrical specimens were subjected to two cycles (72 hours in furnace at the
cycle temperature and air cooled for one hour) then quickly quenched in water or
cooled in air after finishing the two cycles immediately. Table (5) gives the mix
constituenis for the SCC mix.

ANALYSIS AND DISCUSSION OF TEST RESULTS

Compressive Strength

Fig. (1) shows the effect of cycle temperature on compressive strength of SCC after
treating the SCC in two different media. It is clear from this figure that in water quench
treatment, the compressive strength of SCC decreases as the cycle temperature
increases. This decrease in SCC strength may be attributed to two reasons. Firstly, the
suddenly large drop in SCC temperature (quench from the cycle temperature to 25°C)
leads to the deterioration in SCC compressive strength. Secondly due to the variation
of thermal expansion of SCC constituents since the aggregate thermal expansion is
lower than that for cement hydrate paste, a rapid change in SCC temperature resuits in
a sudden change in SCC volume thereby producing cracking in the SCC [1]. The
percentages of decrease in SCC compressive strength were 1%, 5% and 15.3% for
cycles temperatures of 100°C, 150°C, and 200°C respectively with reference to the
25°C compressive strength. Also from Fig. (1}, the compressive strength of SCC
increases as the cycle temperature increases after cooled in laboratory air. This can be
related to the effect of exposure to cycie temperature on accelerating the pozzolanic
reaction process between cement hydrates and ACS that produces additional calcium
silicate hydrates i.e. more cementitious material added for SCC and so increases the
compressive strength for the SCC [17]. The percentages of increase in SCC
compressive strength were 1%, 3.5% and 6% for cycles temperatures of 100°C,
150°C, and 200°C respectively with reference to the 25°C compressive strength.

Fig. (2) presents the compressive strength of SCC for two different treatment types
at different temperatures cycle. It is obvious from this figure that the compressive
strength of SCC cooled in air was higher than that quenched in water for all
temperatures cycle stated. From table (6), the percentages of increase in compressive
strength of SCC cooled in air with reference to that quenched in water were 2%, 8%
and 22.5% for cycles temperatures of 100°C, 150°C, and 200°C respectively. The
higher compressive strength of SCC cooled in air than that quenched in water was
attributed to the same mentioned reasons stated before.
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Tensile Strength

Fig. (3) descnbes the effect of cycle temperature on tensile strength of SCC after it
quenched in waler or cooled in air. It is clear from this figure that, the tensile strength of
SCC decreases as the cycle temperature increases in water quench treatment. The
decrease in SCC strength may be resulted from two reasons. Firstly, the suddenly
large drop in SCC temperature leads to the deterioration in SCC strength. Secondly
due to the variation of thermal expansion of SCC constituents (aggregate and cement
hydrate paste), a rapid change in SCC volume occurs producing cracking in the SCC
[1]. The percentages of decrease in SCC tensile strength were 1.5%, 5% and 14% for
cycle's temperatures of 100°C, 150°C, and 200°C respectively with reference to the
25°C tensile strength.

For specimens quenched in water, the decreased percentages in SCC tensile
strength are higher than that for compressive strength. This can be related to the
difference in tension mede failure than compression mode failure. In tension failure
mode, the failure occurs via tensile separation of bonded particles ¢of aggregate and
cement paste but for compression case the mode of failure occurs via resolved shear

planes.

The tensile strength of SCC increases as the cycle temperature increases after
being cooled in laboratory air as shown in Fig. (3). This increase in SCC tensile
strength may be attributed to the increasing reactivity of pozzolanic reaction between
the cement hydrates and ACS as the cycle temperature increases that add more
cementitious material for SCC thereby increasing its tensile strength [17]. The
percentages of increase in SCC tensile strength were 1%, 2.3% and 7% for cycle's
temperatures of 100°C, 150°C, and 200°C respectively with reference to the 25°C
tensife strength.

Fig. {4) illustrates the tensile strength of SCC for two different treatment types at
different temperatures cycle. It is clear from this figure that the tensile strength of SCC
cooled in air was higher than that quenched in water for all temperatures cycle stated.
The percentages of increase in tensile strength of SCC cooled in air with reference to
that quenched in water were 2.5%, 7.8% and 26% for cycles temperatures of 100°C,
150°C, and 200°C respectively as presented in table (6).

Modulus of Elasticity

Fig. (5) shows generally that the modulus of elasticity of SCC quenched in water
decreases as the cycle temperature increases. This decrease in SCC strength may be
attributed to the same mentioned reascns stated before. The percentages of decrease
in SCC modulus of elasticity were 1.5%, 8% and 20% for cycles temperatures of
100°C, 150°C, and 200°C respectively with reference to the 25°C tensile strength.

Also, the modulus of efasticity of SCC increases as the cycle temperature increases
after cooled in air as presented in Fig. (5). This increase in SCC modulus of elasticity
may be attributed to the mentioned reasons stated before for the compressive strength
of SCC. The percentages of increase in SCC modulus were 1%, 2% and 7% for cycles
temperatures of 100°C, 150°C, and 200°C respectively with reference to the 25°C

modulus of elasticity.
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Fig. (6) illustrates the modulus of elasticity of SCC quenched in water or cooled in air
after exposure to different temperatures cycle. It is obvious from this figure that the
modulus of elasticity of SCC cooled in air was higher than that quenched in water for
all temperatures cycle stated. From table (6), the percentages of increase in modulus
of elasticity of SCC cooled in air with reference to hat quenched in water were 2.7%,
12% and 33.7% for cycles temperatures of 100°C, 150°C, and 200°C respectively.

There was relatively similar behavior for SCC test results in compressive strength
and modulus of elasticity tests since both test specimens are loaded axially
compression.

CONCLUSIONS
The following conclusions can be drawn from the experimental test results:

- The compressive strength, tensile strengths and modulus of elasticity of SCC
decrease as the cycle's temperatures increases after water quench treatment.

- The studied mechanical properties of SCC significantly increase as the cycle's
temperatures increase after cooled in air.

- It is recommended not to use water for extinguishing SCC when exposed to elevated
temperature.

- The most mechanical property that is affected badly by water quench treatment was
the modulus of elasticity after being subjected to cycles of elevated temperatures.

- A relatively similar behavior was found for SCC in compressive strength and modulus
of elasticity test results.
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Table (1): Properties of Gravel.

[ Property Gravel
Specific gravity 265
Absorption % [ 1.25 % ]
B Bulk density | 1700 kg/m® ﬂ
Crushing value ] 16 %

Tabhle (2}: Coarse aggregate grading for the two mixes.

-
Aggregate size {mm) percentage by weight from the total coarse ;
aggregates
B 12 ' 0 ‘
10 41 :
5 59 :
Table {3): Properties of air cooled slag.
Property | Air cooled slag
Specific gravity 2.85
Absorption % 4.4 %
‘ Bulk density 1710 kg/m®
Fineness 75% pass from sieve size 0.125 mm

Table {4): Chemical analysis of air cooled slag.
i ]
Compound SiO, Al On ; Fe, O
i

i D |
| Percentage. | 3953 | 11.97 | 063 | 3245 . 298
L |

CaO

|
MgQ 'i SCs
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Table (5): Mix constituents by weight, Kg/m® for SCC mix

C. 34

—
Mix Cement | Gravel | Sand | (ACS)** | Water | Superpla | - Viscosity
Constituent | powder -sicizers | admixtures -
| |
Quantities 500 r 797 620 354 200 8 10.5

{ACS)*: Ground biast furnace slag of air cooled slag type.

Table {6): Experimental test results.

—

|
Property l Cycle Treatment type
! Temperature
. \
| J Water Air
__quench cooled
|
| . 25% | a2 425
Compressive strength | 100 °C 423 431
{kgfom?) 150 °C 408 440
i. 200°C 377 452
' [
. 25°C 35 35 ‘
Tensile strength | 100°C | 345 353 |
| (kg/cm?) 150 °C \ 33.2 358
| 200°%Cc | 297 37.4
| 5% | 35 345
‘ Moduius of elasticity 100 °C 34 34.9
(knfcm?) 150°%c | 317 355
200°C | 279 | 36.9
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Fig (1) : Effect of temperature cycle on compressive strength
of SCC for different treatment Types.
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Fig. (2) : Compressive strength of SCC for different treatment
types at different temperatures cycle.
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