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ABSTRACT: This paper presents an experimental study on the mechanical properties of lightweight 
self-consolidating concrete (LSCC), subjected to high temperatures. Four LSCC mixes were tested and one 
normal-weight (SCC). The specimens underwent two different tests: fire test and high temperature test. The first 
is the International Standard Organization (ISO-834) fire test, which consists of heating the prismatic specimens 
according to the standard fire curve up to 600°C. The second test is the characterization test, which consists of 
heating the specimens at a rate of 1°C/minute up to 400°C. The mass of the specimens before and after the tests was 
recorded, spalling characteristics were noted, and residual compressive and flexural strengths were calculated. LSCC 
outperformed the normal-weight SCC in the first test, but SCC did better in the second test. No major explosive 
spalling was exhibited neither in the LSCC nor in the SCC specimens, but bubbles, holes and cracking at the surface 
were observed due to heat exposure. 
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1. INTRODUCTION 
 
Self consolidating concrete (SCC) was introduced at 
the University of Tokyo in 1986 [1]. Self-consolidating 
concrete (also called self-compacting concrete) differs 
from normal concrete in its high viscosity. SCC is 
defined as concrete that can flow and completely fill 
complex forms under its own weight, pass through and 
bond with reinforcement under its own weight, and has 
a high resistance to aggregate segregation. Because of 
its high viscosity, SCC is placed without vibration, 
which decreases placement time, allows for longer 
work hours (less noise), reduces labor costs, and also 
leads to a more uniform placement, allows for more 
complex shapes, and has a greater surface finish and 
quality. These advantages counteract the high cost of 
chemical admixtures and fine content in the concrete, 
making the end result a cheaper and more workable 
concrete. 
 
As advances in SCC continue and widespread use 
worldwide becomes common, the risk of exposure to 
fire increases. LSCC has many advantages over SCC. It 
has a reduced mass, which in turn reduces the dead load 

of a building and stress on the foundation. The reduced 
weight also reduces energy demand during construction. 
LSCC also has high noise insulation and high thermal 
insulation, which will retard the spread of fire. 
 
2. TEST PROGRAM 
 
In total, five different mixes were made and tested; four 
LSCC and one normal-weight SCC. After placement, 
the specimens dried for 90 days before they were 
subjected to fire tests. The first 28 days, the specimens 
were cured in lime saturated water. The prism 
specimens were tested according to the ISO-834 
(International Standard Organization) temperature 
curve [2]. Another high temperature test, refer to as the 
characterization test, was performed on cylindrical and 
prismatic specimens. The cylindrical specimens were 
heated at 1°C/min until 400°C. At 400°C, constant 
temperature was maintained during 1 hour before 
cooling [3]. The prismatic specimens were also heated 
at 1°C/min until 500°C, with a temperature dwell 
during 1 hour. The ISO-834 test is conducted to study 
the resistance of the concrete specimens to spalling and 
cracking when subjected to fire. The characterization 



test is conducted to study the residual strength of 
specimens subjected to high temperature. 
 
3. MIXTURES PROPERTIES 
 
In all mixes, Type I Portland Cement and Type F Coal 
Fly Ash were used. Expanded clay was used as 
lightweight aggregate, the maximum coarse size 
aggregate was 19 mm. Crushed limestone was used as 
coarse normal weight aggregate and quarry sand was 
used as fine normal weight aggregate. A 
polycarboxylate based chemical, meeting the 
requirements of ASTM C494 Type A and Type F, was 
used as a high range water reducer. This HRWR has a 
maximum recommended dosage of 1.05 liters per 100 
kg of cementitious materials, but it was only used in 
concentrations of 0.7 to 0.85 L/100 kg. An organic salt, 
meeting ASTM C260 specifications was used as an 
air-entraining agent. This has a maximum 
recommended dosage of 0.195 liters per 100 kg of the 
cementitious material. 
 
Four different LSCC mixes were prepared. Two mixes 
used lightweight coarse aggregate and fine normal 
weight aggregate (LW-1 and LW-2). The maximum size 
aggregate of mix LW-2 was 19 mm and that of LW-1 
was 13 mm. The third mix was composed of 
lightweight coarse aggregate, normal weight fine 
aggregate and lightweight fine aggregate (LW-3). The 
last LSCC mix was made up of normal weight coarse 
aggregate and fine lightweight aggregate (LW-4). The 
normal weight SCC mix (NW-1) contained coarse and 
fine normal weight aggregates. For each test a 
minimum of 3 specimens were used. Table 1 
summarizes the different mixes [6]. 
 

Table 1. Summer of different mixes 

  

Coarse 
Light-wt. 

Aggregate I 

Coarse 
Light-wt. 
Aggregate 

II 

Coarse 
Normal 
Weight 

Aggregate 
Fine 
Normal-wt. 
Aggregate 

LW-1 LW-2 NW-1 

Fine 
Normal-wt. 
and Fine
Light-wt. 
Aggregates 

LW-3 - LW-4 

 
4. EXPERIMENTAL PROCEDURE 
 
Each concrete mixture was cast in prismatic molds with 
dimensions 75 mm x 75 mm x 350 mm and cylindrical 
molds with dimensions of 75 mm in diameter and 150 
mm in height. After curing for 90 days, the concrete 
specimens were subjected to fire testing. The prismatic 
specimens were subjected to the ISO fire test and 
cylindrical specimens underwent the  high temperature 
characterization test. Figure 1 shows both the ISO fire 
test and high temperature characterization test [4]. 
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Fig. 1. Heating curves (low heating rate up to 400°C 
and cooling and ISO fire up to 600°C). 

 
Before subjecting the prism to the high temperature test, 
the specimens were weighted and their masses were 
reported. The specimens were subjected to 600oC. 
Before cooling the temperature was held at 600oC for 2 
hours in order to ensure uniform temperature 
throughout the specimens before they were cooled. The 
surface temperature of the specimens was recorded 
throughout the test, using thermocouples. These 
thermocouples connected to a data acquisition unit, 
which was connected to a computer so that the 
temperature could be seen and recorded. After the test 
is completed, the mass was recorded again and mass 
loss due to heating was calculated. In addition, the 
residual flexural strength was determined. Specimens in 
the oven after the ISO test are shown in Fig. 2. 
 
The cylindrical specimens were subjected to the 
characterization test, in which they were heated at 
1°C/minute until 400°C was reached. At 400°C, the 
temperature was held constant for one hour before 
cooling. After specimens returned to room temperature, 
their residual compressive strength was determined. 
The prismatic specimens were also subjected to high 
temperature test until 500°C. After cooling, their 
residual flexural strength was measured. 
 

 
Fig. 2. Specimens in the oven after The ISO test (no 
major spalling exhibited during heating) 
 

 



 

 

  
Specimen LW - 4 

 
Specimen LW - 3 

 
Specimen LW - 2 

 
Specimen LW - 1 

Fig. 3. LSCC Specimens after fire test 

 

 
Fig. 4.  SCC Specimens after fire test 

 

 
5. EXPERIMENTAL RESULTS 
 
5.1 The International Standard Organization (ISO-834) 
Fire Test 
In this fire test, most specimens showed cracking and 
some signs of spalling. Three kinds of observations 
were made: 

- Spalling at the bottom: specimens groups LW-3 
and LW-4., as shown in Figure 3 

- Cracking and porous on the surface: specimens 
groups LW-1 and LW-2, as shown in Figure 3. Spalling 

- Severe cracking and some spalling: specimens of 
normal weight coarse and fine aggregate (NW-1), 
as shown in Figure 4. 

 
5.1.1 Mass Loss 
LSCC specimens showed a higher percentage of mass 
loss during the fire test than the SCC mix. The average 
mass loss of SCC was about 8.0% and the mass losses 
of LSCC mixes ranged from 9.7% to 14.1%, as shown 
in Table 1. Lightweight aggregate has a much higher 
water absorption rate than normal weight aggregate, so 
more water is absorbed into the lightweight specimens 
before the fire test. 
 

Table 1. Mass losses after fire tests 

Mix ID 

Mass of 
specimens 

Before 
Fire Test 

(kg) 

Mass of 
specimens 
After Fire 
Test (kg) 

Mass 
Loss 
(%) 

Water 
Content 
Before 
Heating 

(%) 

LW-1 2.026 1.845 9.80 11.10 

LW-2 1.819 1.637 10.01 11.7 
LW-3 1.194 1.043 12.65 12.9 
LW-4 1.229 1.08 12.12 11.7 
NW-1 2.64 2.422 8.26 9.4 

Porous aspect

 Cracks 
In mixes LW-3 and LW4, the mixes which contained 
lightweight fine aggregates, the percent of lost was 
greater than initial water content. This implies that 
substances other than water, such as CO2 or other gases, 
were released due to the heat. 
 
5.2 High Temperature Characterization Test 
The high temperature characterization test was 
conducted on concrete cylinders. No explosive spalling 
was observed after the test was performed, but bubbles, 
holes and cracking at the surface of the concrete 
cylinders were apparent. The cracks occurred mainly on 
mixes composed of lightweight coarse aggregate 
without lightweight fine aggregate (LW-1, LW-2). The 
lightweight mixes with fine lightweight aggregate 
(LW-3, LW-4) formed pores and bubbles. The normal 
weight mix showed no damage.  
 

 



5.2.1 Residual Compressive Strength 
The residual compressive strength ranged from 55% to 
60% of the original strength for the three LSCC mixes 
containing lightweight coarse aggregate (LW-1 to 
LW-3). The LSCC mix containing normal weight 
coarse aggregate (LW-4) and the normal weight mix 
(NW-1) had residual strengths of 47% and 55%, 
respectively. In general, the use of normal weight 
coarse aggregate over lightweight coarse aggregate 
decreased residual strength. Test results of the fire 
characterization tests are shown in Table 3 and Fig. 6. A 
typical compression failed specimen, is shown in Fig. 
7. 
 
5.2.2 Flexural Residual Strength 
Four-point bending test was performed on the prismatic 
beams. Minimum 3 specimens of each group were 
tested before exposure and 3 after exposure. The 
objective of this test is to investigate the effect of high 
temperature on the flexural strength of both LSCC and 
SCC. The test set-up is shown in Figure 5 and the 
results are shown in Table 2. 
 
 

 
Fig. 5. Four-point bending test set-up 

 
 
Table 2. Flexural strength values before and after the 
high temperature test 

Mix ID 
Average Residual
Flexural Strength
(MPa) 

 
 
Average Strength
Before heating
(MPa) 

 
 

Reduction 
due to 
heating 
(%) 

LW - 1 3.08 2.76 -11.4 
LW - 2 2.68 2.68 0.2 
LW - 3 2.19 2.58 15.1 
LW - 4 N/A 3.04  
NW - 1 2.5 3.70 32.6 

 
It can be observed that the residual tensile strength of 
LW-1 is the highest. The flexural strength was slightly 
increased. More tests should be conducted to determine 
the reason for such an increase. We do not have the 
results for mix LW-4, specimens broke during transport. 

Based on the conducted tests, NW-1 group specimens 
have the highest reduction in strength due to fire 
exposure, over 30%. 
 
 
Table 3. Compressive strength results before and after 
the fire test 

Mix 
ID 

Before 
Fire 

(MPa
) 

Average 
Strength 
before 
Fire 

(MPa) 

after 
Fire 

(MPa) 

Average 
Strength 

after 
Fire 

(MPa) 

Residual 
Strength 

(%) 

LW-1 
33.4 

33.7 
17.3 

18.6 55.0 34.1 19.7 
33.6 18.6 

LW-2 
44.7 

45.0 
26.2 

27.2 59.6 43.0 27.3 
47.4 28.3 

LW-3 
35.0 

31.1 
22.9 

17.9 56.7 30.0 15.0 
28.3 15.8 

LW-4 
44.7 

45.0 
22.5 

21.1 47.0 43.0 20.3 
47.4 20.5 

NW-1 
46.1 

46.6 
22.9 

23.1 49.0 47.1 23.2 
 23.0 

 
 

 
Fig. 6 Residual strength values for all mixes, performed 

on concrete cylinders. 
 

 



 

Fig. 7 Typical failed specimen, tested in compression 
after subject to fire (LW-3) 

 
5.3 Density  
The density of the specimens subjected to high 
temperature were studied. The density was measured 
when the specimens reached 20°C after thermal 
treatment. 
 
The apparent density, ρd is conducted according to a 
procedure recommended by AFREM [5]. Apparent 
density, ρd is given by the following equation 

imm
satsat

drydry
d MM

M
V

M
−

==ρ   (2) 

Where  and  are the mass of the 
saturated specimen weighted in air and in water, 

respectively;  is the mass of oven dry weighted 
in air. To obtain the mass of a dry sample, the specimen 
is dried at about 50°C. The specimen was kept in an 
oven and weighted periodically. The dry mass is 
reached when no change in mass takes place. The mass 
of saturated sample is obtained by immersing the 
specimen in water. The specimen is weighted 
periodically. The saturated mass is reached when the 
specimen could not take in any more water. The mass 

of immersed sample ( ) is obtained by weighing 
the sample when it is completely immersed in water. 
The immersed sample should not contact the bottom or 
the side walls of the recipient. 

satM imm
satM

imm
satM

dryM

 
5.3.1 Density Data 
As shown in Table 4 and Figure 8, the density of LSCC 
and SCC decrease with temperature. The pattern of 
both LSCC and SCC is similar. The reduction in 
density is due to the evaporation of water resulting in 
weight loss with little reduction in volume. 

 
Table 4. Density values of all mixes 

Temperature LW-1 LW-2 LW-3 LW-4 NW-1 

20°C 1.775 1.779 1.408 1.658 2.061 

400°C 1.631 1.641 1.304 1.523 1.944 

600°C 1.547 1.529 1.292 1.510 1.886 

 
 

 
Fig. 8 The density vs. temperature all mixes 

 
 
6. CONCLUSIONS 
 
This paper investigates the properties of lightweight 
self consolidating concrete exposed to high temperature. 
Prismatic and cylindrical specimens underwent two 
different heating tests: the International Standard 
Organization (ISO-834) fire test and high temperature 
characterization test. From the experimental results, the 
following conclusions can be drawn: 

- Lightweight self consolidating concrete 
(LSCC) had higher residual flexural and 
compressive strengths than SCC.  

- LSCC specimens performed better than the 
SCC specimens in the rapid heating test (ISO), 
but they did worse in the slow heating test 
(characterization test). 

- In general the LSCC specimens exhibited less 
spalling than normal weight SCC specimens.  

- LSCC mixes showed a higher percentage of 
mass loss during heating. 

- The density of LSCC and SCC decrease with 
temperature. The pattern of both LSCC and 
SCC is similar,  
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