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In this study, size effect on the residual properties of Engineered Cementitious Composites (ECC) was
investigated on the specimens exposed to high temperatures up to 800 �C. Cylindrical specimens having
different sizes were produced with a standard ECC mixture. Changes in pore structure, residual compres-
sive strength and stress–strain curves due to high temperatures were determined after air cooling. Exper-
imental results indicate that despite the increase of specimen size, no explosive spalling occurred in any
of the specimens during the high temperature exposure. Increasing the specimen size and exposure tem-
perature decreased the compressive strength and stiffness. Percent reduction in compressive strength
and stiffness due to high temperature was similar for all specimen sizes.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Engineered Cementitious Composite (ECC) is a newly devel-
oped, high-performance fiber-reinforced cementitious composite
with substantial benefits; it offers high ductility under uniaxial
tensile loading and improved durability due to an intrinsically tight
crack width of less than 100 lm [1,2]. During the last decade the
use of ECC has considerably grown up, and it was used in a variety
of structures such as high-rise buildings, bridges, tunnels, high-
ways, and other forms of infrastructures in North America, Europe
and Asia, [3,4]. Significant attention has been brought to the study
of its rheological, mechanical and durability related properties of
ECC. The behavior of ECC exposed to high temperature has in par-
ticular to be evaluated. When a cement based composite is ex-
posed to high temperature, it causes a material degradation in
the form of strength decrease, cracking, and in some cases, spalling
[5]. Mechanical properties and microstructure of fire-damaged ECC
on 50 mm cubic specimens were assessed by Sahmaran et al. [6],
and in that study it was concluded that the mechanical perfor-
mance of fire-deteriorated ECC mixture is similar to or better than
that of conventional concrete incorporating polypropylene or steel
fibers. Although there was a significant reduction in compressive
strength and stiffness, no explosive spalling was observed in any
cubic ECC specimens during the fire test. The promising perfor-
mance of ECC under fire exposure may be attributed to the pres-
ence of PVA fibers and high-volume fly ash (FA) [6]. In their
further research [7], they tried to understand the role of synthetic
PVA fiber and different replacement levels of fly ash (FA) on the
microstructural damage and residual mechanical properties of
ECC after exposed to high temperatures. They concluded that
incorporating PVA fiber seems to be a promising way to enhance
the resistance of matrix to thermally induced explosive spalling,
and increasing FA content from 55% to about 70% provides ECC
with better residual mechanical properties after exposure to tem-
peratures from 200 to 600 �C.

As it is well known, the strength of brittle and defect-sensitive
materials such as concrete depends to a significant extent upon the
volume of the tested specimen [8]. This phenomenon is commonly
referred to as ‘‘size effect’’ and reflects the fact that the probability
of finding a crack of critical size and orientation increases with the
number of cracks, i.e. with the volume of the specimen [9,10]. A re-
view of the literature also showed that the risk of explosive ther-
mal spalling increases with the increase in specimen size. This is
due to the fact that specimen size has a direct effect on the rate
of heat and moisture loss and the moisture content at the time
of testing [11,12]. For example, a smaller size specimen provides
a shorter path for moisture to escape during the fire test, thereby
reducing spalling forces Therefore, careful consideration must be
given to the size of specimens when evaluating the high tempera-
ture resistance and spalling behavior of cement-based composites.

As discussed above, although the residual properties of ECC
after exposure to high temperatures have been studied compre-
hensively, the influence of specimen size on the residual
properties, cracking and spalling of ECC has not been studied.
The research described in this paper aimed to gain a better
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understanding of the influence of the specimen size on the behav-
ior of ECC specimens exposed to elevated temperatures. For this
purpose, standard ECC mixture, known also as ECC M45 and has
a fly ash–cement ratio of 1.2, by weight, was used. In order to find
out the effect of specimen size on the behavior and residual
properties of ECC mixtures exposed to high temperatures (up to
800 �C), ECC specimens having dimensions of £50 � 100 mm,
£100 � 200 mm and £150 � 300 mm were tested. Microstruc-
ture, spalling, residual compressive strength and stress–strain
curves of fire deteriorated ECC specimens were examined.
2. Research significance

The effects of high temperatures on the residual mechanical and
microstructural properties of ECC had been widely researched.
However, to the best of the author’s knowledge, there is no inves-
tigation on the effect of specimen size on ECC behavior at high
temperatures. A greater understanding of its fire performance will
improve confidence in its use in civil engineering projects. This re-
search adds important contribution to existing information on the
behavior of ECC under elevated temperatures.
3. Experimental studies

3.1. Materials, mix proportions and basic mechanical properties

Standard ECC mixture (M45) with a fly ash–cement ratio (FA/C)
of 1.2 by mass was used in this investigation, details of which are
given in Table 1. The materials used in the production of standard
ECC mixture were Type I Portland cement (C), Class F fly ash (FA),
sand, water, polyvinyl alcohol (PVA) fibers, and a polycarboxylic-
ether type high-range water-reducing admixture (HRWR). Chemi-
cal composition and physical properties of cement and FA are
presented in Table 2. Unlike typical fiber-reinforced cementitious
composites, the component characteristics and proportions within
the ECC are carefully determined with the use of micromechanical
design tools to achieve the desired strain-hardening response [13].
To minimize the mortar matrix fracture toughness, no large aggre-
gates were used, and the silica sand had an average grain size of
110 lm and a maximum size of 200 lm. The PVA fibers with a
diameter of 39 lm and a length of 8 mm are purposely manufac-
tured with a tensile strength (1620 MPa), elastic modulus
Table 1
Mixture properties of ECC.

ECC

Cement (C) (kg/m3) 558
Fly ash (FA) (kg/m3) 669
Water (W) (kg/m3) 326
PVA fiber (kg/m3) 26
Sand (kg/m3) 446
HRWR (kg/m3) 2.3
W/(C + FA) 0.27
FA/C 1.2
28-Day tensile strain (%) 2.7
28-Day tensile strength (MPa) 5.1

Table 2
Chemical composition and physical properties of cement and fly ash.

Chemical composition (%)

CaO SiO2 Al2O3 Fe2O3 MgO SO3 K2O

Cement 61.8 19.4 5.3 2.3 0.9 3.8 1.1
Fly ash 5.6 59.5 22.2 3.9 – 0.2 1.1
(42.8 GPa), and maximum elongation (6.0%) matching those
needed for strain-hardening performance. Additionally, the surface
of the PVA fibers is coated with a proprietary oiling agent 1.2% by
mass to tailor the interfacial properties between fiber and matrix
for strain-hardening performance [13].

ECC mixture was prepared in a standard mortar mixer at water
to cementitious material ratio of 0.27. HRWR was added to the
mixture until the desired fresh ECC characteristics were visually
observed [14]. To characterize the direct tensile behavior of the
ECC mixtures, 152 � 76 � 13 mm coupon specimens were used.
Direct tensile tests were conducted under displacement control
at a loading rate of 0.005 mm/s. The typical tensile stress–strain
curves of ECC mixtures at 28 days are shown in Fig. 1. As seen from
the figure, after first cracking, the uniaxial tensile stress increased
at a slower rate, along with the development of multiple cracks
with small crack spacing and tight crack widths. The ultimate ten-
sile strain and uniaxial tensile strength capacity of ECC mixture at
28 days are listed in Table 1. As seen in Table 1, the ECC composite
exhibited a strain capacity of 2.7% at 28 days. After direct tensile
testing, all residual crack widths were also measured in the un-
loaded stage on the surface of the specimens using a portable
microscope. All of the ECC coupon specimens showed multiple
cracking behavior with small crack spacing and tight crack widths
(<70 lm).

3.2. Test specimen preparation and testing

To investigate the influence of size effect on pore structure,
residual compressive strength and stress–strain curve of ECC, sev-
eral cylindrical specimens having a constant length-to-diameter
ratio of two and dimensions of £50 � 100 mm, £100 � 200 mm
and £150 � 300 mm were cast. The choice of maximum cylindri-
cal specimen size (£150 � 300 mm for this study) was limited by
the size of the furnace to be used in the heating process. Specimens
were removed from the molds at 1 day, and kept in a climatic
chamber until the age of 28 days at 23 ± 2 �C and 95 ± 5% RH. At
28 days, six specimens from each size were tested under compres-
sion immediately after conditioning; these control specimens will
be referred to as those tested after exposure to normal curing
condition (unheated). Before testing, both ends of the cylindrical
Physical properties

Na2O LOI Spec. grav. Ret. on 45 lm (%) Water req. (%)

0.2 2.1 3.15 12.9 –
2.7 0.2 2.18 9.6 93.4

Fig. 1. Typical tensile stress–strain response of standard ECC mixture (M45).
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specimens were capped with sulfur in accordance with ASTM
C617. At the same age, the remaining specimens were exposed to
predefined temperature levels for an hour, and after air cooling,
their residual properties (compressive strength, stress–strain
curves and pore-size distribution) were investigated according to
the following procedure: Computer controlled furnace was used
for the heating of specimens with constant heating rate of about
15 �C/min to reach the prescribed 200, 400, 600, and 800 �C tem-
perature levels. The temperature was measured in the air at a posi-
tion above the specimen inside the furnace. When the heat of the
kiln was reached to target peak temperature, the kiln temperature
was maintained constant for an hour to achieve the thermal steady
state condition. It was expected that because of small size of spec-
imens used in this study, the temperature in the center of the spec-
imen reached the target temperature during the one hour
stabilization phase. This heating regime, ECC mixture proportion
and ingredients were identical to that previously reported for
investigating the residual mechanical properties of ECC [6,7]. After
heating, the samples were allowed to cool down naturally to the
room temperature. After cooling, both ends of those specimens
were also capped and the compressive strength tests were carried
out on them. An axial load test was performed under displacement
control at a loading rate of 0.005 mm/s on a closed-loop controlled
material testing system with 200 kN capacity. During the compres-
sive tests, the load and the deflection values (obtained from a pair
of LVDT’s attached to the test set-up) were recorded on a comput-
erized data acquisition system. At least four samples were tested
for each temperature and specimen size, and mean values were
calculated.

To obtain an insight into the residual properties, the pore size
distribution was determined by the mercury intrusion porosimetry
(MIP) technique. Pore structure data from MIP allow quantification
of the changes in the structure and understanding the mechanisms
of ECC deterioration due to external effects such as elevated tem-
peratures. Pore structure of unheated and heated specimens was
determined on the mid-center of £150 � 300 mm cylindrical
specimens by the Pascal 240 type MIP test device. An instrument
capable of producing pressures up to 414 MPa and assuming a con-
tact angle of 130� was used for pore size distribution analysis. Prior
to testing, specimens were dried to a constant weight at 50 �C. In
all cases, at least two identical ECC specimens were tested at the
same time, and mean values were calculated. MIP test results of
the current study were compared with MIP results of a previous
study, which employed 50 mm cubic specimens [6]. By this way,
the variations as a result of size effect were defined.

4. Results and discussions

4.1. Pore structure characterization of heat treated ECC specimens

For cement based composites subjected to high temperature, an
increase in temperature causes a decrease in mechanical proper-
ties degenerates internal structure and develops microdefects.
Therefore, studying the pore structure of cement based composites
after high-temperature exposure helps to understand the
Table 3
Total intruded porosity variation of ECC specimens.

Specimen type Total intruded porosity (%)

£150 � 300 mm cylinder 50 mm cube

Control (unheated) 24.7 23.7
200 �C 26.5 23.9
400 �C 27.4 28.6
600 �C 34.8 32.0
800 �C 44.5 32.4
mechanisms of deterioration [15,16]. MIP is a well-developed
technique that can provide information about pore structure,
including the porosity, average pore diameter, and pore size distri-
bution of ECC [6]. In this study, since similar tendency for the
change in mechanical properties with temperature were moni-
tored for the studied specimen sizes (as will be discussed in the
next section), MIP measurements were only performed on
£150 � 300 mm cylindrical specimens by obtaining fragments
from their core. The deterioration of ECC’s structural integrity,
when exposed to various temperatures, is illustrated by total in-
truded porosity increase in Table 3. As seen in the table, when
the exposure temperature increased, total intruded porosity of
the ECC specimens also increased. The total intruded porosity of
the ECC specimens increased about 7.3%, 10.9%, 40.9% and 80.2%
with respect to the total intruded porosity of control specimens
(unheated) for the exposure temperatures of 200, 400, 600 and
800 �C, respectively. In terms of total intruded porosity, changes
appeared more rapidly with temperatures over 600 �C, which is
in agreement with the data reported in the literature [6,7]. For
the comparison purpose, total intruded porosity values of 50 mm
cubic specimens [6], was also given in Table 3. As seen in the table,
the total intrusion porosity values of current (measured from the
specimens obtained from the core of £150 � 300 mm cylinder
specimens) and reference study (measured from the specimens ob-
tained from the core of 50 mm cubic specimens) was almost same
up to 600 �C. At exposure temperatures of 800 �C, the average total
intruded porosity value of £150 � 300 mm cylinder specimens is
38% higher than that of 50 mm cubic specimen. The relationship
of dV/dlogD versus logD (see Fig. 2) has also been used to reflect
the pore size distribution, in which V is mercury intrusion volume
and D is pore diameter. Mechanical properties of a material are
strongly related to its microstructure. Therefore, to a certain de-
gree, the variation of pore structure reflects the deterioration of
concrete subjected to high temperature [17]. The results given in
Fig. 2, confirm the coarsening effect of high temperatures on the
Fig. 2. Pore size distributions and cumulative intrusion volume before and after
exposure to high temperature.
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pore structure reported previously [16–18]. Fig. 2 also indicates
that the total intruded volume of mercury per gram of the sample
increases with the increase of exposure temperature.

Fig. 3 indicates the volumes of intruded mercury in a predefined
range of pores, which were normalized with the total volume of in-
truded mercury for each exposure temperature. Wu et al. [19] and
Mehta [20] divided the pore structure into four groups, namely, gel
pore (<10 nm), transitional pore (10–50 nm), capillary pore
(50–100 nm) and macropore (>100 nm). In current research, 7.5–
50 nm, 50–125 nm, 125–500 nm and 500–100,000 nm are defined
as the range of pore volumes, and the distribution of volume of
pores in those ranges were calculated. As seen in figure, percent
of pore volumes amended according to the exposed high tempera-
ture level. For instance, although the total volume of 7.5–50 nm
and 50–125 nm (gel + transition + capillary) pores were 77.9% at
control (unheated) specimens, the total of those volumes
decreased gradually to 56.8%, 57.1%, 54.4% and 45.4% for the spec-
imens exposed to 200, 400, 600, and 800 �C, respectively. When the
total volume of (gel + transition + capillary) pores decreased, vol-
ume of macropores (pores larger than 125 nm) increased signifi-
cantly and reached to 54.6% at 800 �C. Moreover, as illustrated in
Fig. 3, pore volume distribution of the specimens which were ex-
posed to 200 �C, 400 �C and 600 �C were similar, and remarkable
alteration took place after 600 �C. The significant and unique in-
crease of pore volume of macropores for the ECC specimens ex-
posed to 800 �C found in this study strongly suggests that pores
of this size may be responsible for the significant deterioration in
compressive strength, as discussed in next section. The degrada-
tion of hydrates (C–S–H gels), which is inevitable [6,7,21] when
the exposure temperature is raised to 600 �C and above, is the main
reason for severe pore structure coarsening.
4.2. Surface characteristics and spalling of heat treated ECC specimens

Spalling is defined as damage where concrete surface scales and
falls off from the concrete along with explosion at a high temper-
ature [22]. The spalling of concrete under high temperatures is a
concern due to exposure of the steel reinforcement to direct fire
contact and subsequent structural capacity loss of the element
[7]. It was mentioned in the literature that the possible reason be-
hind explosive spalling might be the internal cracking, pore pres-
sure, rapid heating of concrete specimens, moisture content and
strength grade of concrete [23–25]. In this study, no explosive
spalling was observed in ECC cylinder specimens even after expo-
sure to 800 �C. This situation is valid for all studied specimen sizes.
Normally, it is expected that the risk of explosive spalling must be
Fig. 3. Percent volume variation of pore size.
increased with the increase of specimen size due to the heat and
moisture transport through the specimen [11,12,23]. The micro-
structure of the tested specimen controls the water expulsion from
the concrete at normal as well as at high temperature. Therefore,
the pore structure at high temperature exposure may have a con-
siderable influence on the spalling behavior of ECC. In this research,
although the choice of specimen size was limited by the size of the
kiln, the increase in specimen size did not significantly alter the to-
tal intruded porosity and pore size diameter up to 600 �C compared
to the MIP measurements on 50 mm cubic specimen, as demon-
strated in the pore structure section. After that temperature level,
total porosity and pore diameters get remarkably coarser while no
explosive spalling was also monitored. For normal and high
strength concretes without fibers, not all water is expelled fast en-
ough from the concrete specimen when exposed to high tempera-
tures. As specimen gets larger, the becoming distant time of water
increases. This will result in vaporization at higher temperatures
and the creation of high pressures inside the tested specimen.
However, for ECC, as a result of PVA fiber which is melted under
temperatures slightly above 200 �C, additional porosity and small
channels are created by the melting of PVA fiber. This may lower
internal vapor pressures in the ECC, and newly formed inter-con-
nected pores inside the ECC specimens might give permission to
escape of moisture, resulting in the elimination of the occurrence
of explosive spalling due to the vapor pressures. As seen in Fig. 4,
the PVA fiber content used in ECC (2%, by volume) is high enough
so that fibers alone constitute a connected network. Therefore, the
use of PVA fiber clearly affects porosity at temperatures above
200 �C.

Surface crack patterns of the all studied ECC specimen sizes due
to the high temperature exposure were almost same up to 600 �C.
Cracks became apparent after 400 �C, and hairline cracks were
monitored above 400 �C. No physical difference was also observed
on the surface of the specimen due to the specimens’ size variation.
Increasing the exposure temperature to 600 �C increased the size
of microcracking as consistent with pore structure variation of
the specimens. However, the visual inspection of the surface crack
pattern of ECC specimens exposed to 800 �C showed that crack size
varied with specimen size: as the specimen size increased, the size
of surface crack got coarser as demonstrated in Fig. 5.

4.3. Residual compressive strength and stress–strain curves

The results of compressive strength tests are given in Fig. 6.
Each point in Fig. 6 was obtained from the average of four to six
companion test specimens. The coefficient of variance (COV) values
Fig. 4. SEM micrograph of ECC specimen (£150 � 300 mm) after exposure to
400 �C.
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Fig. 5. Surface cracking pattern of ECC specimens exposed to 800 �C.

Fig. 6. Compressive strength variation of ECC after high temperature exposures.

Fig. 7. Total intruded porosity and compressive strength relationship.
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for the compressive strength values ranged from 7.3% to 13.1%. The
narrow range of COV values is an indication of the consistent
repeatability of the compressive strength test method even for
fire-deteriorated specimens. In accordance with specimen size,
the average compressive strength of unheated ECC specimens var-
ies between 63.9 and 67.2 MPa. From Fig. 6 it can be seen that as
the specimen dimensions increase, the strength of the specimen
decreases. Reasons of this phenomenon can be expressed as by
means of statistical approach; the number of microcracks and de-
fects in smaller specimens are fewer than bigger specimens, result-
ing in a rise in density [26].

As seen in Fig. 6 and as expected, exposure to high temperature
influenced the residual compressive strength of ECC specimens
substantially, irrespective of the specimen size. Influence of the
high temperature exposure on the residual compressive strength
is not prominent up to 400 �C exposure temperature. For instance,
mean compressive strength of the £100 � 200 mm sized cylinder
specimen decreased from 65.9 MPa to 50.2 MPa (or 24%) after
exposure to 400 �C. This might be due to the less sensitivity of
compressive strength to minor microcracks. As discussed above,
heating up to 400 �C generated a relatively small amount of crack-
ing, which did not cause any immediate loss of carrying capacity in
compression because the slightly cracked concrete could work as a
highly redundant structure [27]. Beyond 400 �C, however, com-
pressive strength dropped drastically from 65.9 MPa to 33.7 MPa
and 21.3 MPa at 600 and 800 �C, respectively, corresponding to
50% and 70% reductions. According to the variation of the residual
compressive strength, temperature of 600 �C and above might be



Fig. 8. Compressive strength degradation owing to high temperature exposure.
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regarded as critical temperature range for the strength loss of ECC.
The present test results are in line with the findings of previous
studies [6,7]. Residual compressive strength variations are consis-
Fig. 9. Compressive strength-strain
tent with the pore structure variations (see Fig. 7). As seen in Fig. 3,
the total intruded porosity and percent of pore size between 50 nm
and 500 nm increased slightly with the increase of temperature up
to 400 �C. The increase in porosity up to 400 �C is most likely due to
small channels created in ECC by melting PVA fibers (see Fig. 4).
However, after exposure to 600 �C, the main causes of deteriora-
tion in compressive strength might be attributed both to the phys-
ical transformation of the matrix and chemical transformation of
hydration products. When the temperature was raised to 600 �C,
decomposition of the major hydrate, known as tobermorite (gel),
was inevitable [21], causing severe increase in the microstructure
of its matrix and the loss of binder property [6,7]. Moreover,
decomposition of fine silica sand at 800 �C was also demonstrated
by scanning electron microscopy [7].

In order to visualize the extent of damage due to the exposed
high temperatures on the residual compressive strength of ECC
specimens with different sizes, percent change in the compressive
strength is determined against the specimen size and exposure
temperature. Fig. 8 shows the ratio of the average strength of
ECC samples that were exposed to high temperature to that of
the control (unheated) samples. As seen in the figure, percent
variations of ECC specimens.
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reduction in compressive strength can be classified in three
distinct patterns of strength loss, 23–400 �C, 400–600 �C and
600–800 �C. From 23 to 400 �C, slope of relative strength versus
exposure temperature is linear, and reduction in compressive
strength was around 20% for all specimen dimensions. Between
400 �C and 600 �C, average loss in compressive strength is signifi-
cantly higher compared to the range of 23–400 �C and reach to
50%. Beyond 600 �C, in the last range, ECC specimens showed se-
vere deterioration, most probably, due to the decomposition of
hydration gels [21,28]. The average residual strength was dropped
to about 35%, regardless of specimen size. As also evidently seen in
Fig. 8, percent reduction in compressive strength is virtually same
for all studied specimens size. Normally, as mentioned earlier,
deterioration of the cement based composites are altering due to
the fact that specimen size is directly related to the heat and mois-
ture transport through the structure. The larger structures store
more energy and as the specimen gets bigger, the deterioration
and risk of thermal spalling gets higher. Therefore, within the
range of specimen sizes studied, ECC can be accepted as the size ef-
fect independent of thermal exposure.

The stress–strain curves for different sized ECC specimens at
room and elevated temperatures are compared in Fig. 9. In this fig-
ure, similar tendency for the change in compressive strength-strain
curves with temperature was monitored for the studied specimen
sizes. Strain corresponding to the peak strength did not signifi-
cantly change with the variation of specimen size; a small amount
of decrease in peak strain was observed with the increase of spec-
imen size. As expected, with the increase of exposure temperature,
the post peak stress of the ECC specimens dropped faster, resulting
in a smaller post peak area under the curve. This behavior becomes
more evident when the exposure temperature level reaches to
800 �C: ECC specimens failed soon after reaching their peak
strength. This means that increasing the exposed temperature level
tends the ductile nature of ECC to brittle nature.

As it is known, the slope of the load–deflection curve represents
the stiffness of the specimens. As seen in Fig. 9, the slope decreases
with the increase in exposure temperature up to 800 �C, indicating
a reduction in the stiffness of the ECC. Reduction in ECC stiffness
was relatively low up to 400 �C, however, beyond that temperature
level, a dramatic reduction was monitored in the ECC stiffness. The
test results given in Fig. 9 clearly demonstrated that within the
range of specimen sizes studied, as in the compressive strength
test results, the stiffness values are not affected by specimen size
after high temperature exposure.
5. Conclusions

The objective of the present work was to investigate the influ-
ence of the specimen size on the behavior of ECC specimens
exposed to elevated temperatures. A standard ECC mixture (M45)
with fly ash/portland cement ratio of 1.2 was investigated. To
investigate the influence of specimen size effect on the residual
compressive strength and stress–strain curve of ECC exposed to
various temperatures up to 800 �C, cylindrical specimens having
dimensions of £50 � 100 mm, £100 � 200 mm and
£150 � 300 mm were cast. The results of mercury intrusion
porosity analyses were combined in order to clarify the changes
in the mechanical properties at high temperatures. Based on this
study, the following conclusions can be drawn:

No significant change in compressive strength and stiffness for
tested specimens exposed to temperature of 200 �C were found.
There was also no visible effect on the surface of the specimens
at this temperature. For exposure to temperatures of 400 �C, a
slight reduction (�15%) in compressive strength and stiffness,
and slight increase in total intruded porosity and pore size
diameter were observed in the tested specimens. Small hairline
cracks were also observed on the surface after specimens had been
exposed to 400 �C. After exposure to 600 �C, the ECC specimens re-
tained about 50% of its compressive strength, and surface cracking
was more significant. The compressive strength of ECC decreased
even more when the exposure temperature was raised to 800 �C.
After that temperature level, total porosity and pore diameters
got remarkably coarser, however, no explosive spalling was moni-
tored in any of the specimens tested.

Although the choice of maximum specimen size was limited by
the size of the furnace, compared to the MIP measurements on
50 mm cubic specimen [6], the increase of specimen size did not
significantly alter the total intruded porosity. Moreover, within
the size of the specimens studied, the specimen size did not play
an important role on the residual mechanical properties of ECC
when the specimens were heated up to 800 �C. The stress–strain
curve of different sized specimens was also found to be almost
similar for all exposure temperatures. Therefore, from the high
temperature deterioration point of view, ECC can be accepted as
the specimen size effect independent.

Results of the fire test on the ECC specimens with different
specimen dimensions are somewhat conclusive; however, in order
to increase confidence in predicting the behavior of ECC structural
members under fire exposure, fire tests on full-scale structural
members will need to be carried out.
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