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Abstract; The axial bearing capacity of prefabricated
composite walls composed of inner and outer concrete wythes,
expandable polystyrene ( EPS ) boards and steel sleeve
connectors is investigated. An experimental study on the axial
bearing capacity of four prefabricated composite walls after
fire treatment Two of the prefabricated
composite walls are normal-temperature specimens, and the
others are treated with fire. The damage modes and crack
development are observed, and the axial bearing capacity,
lateral deformation of the specimens, and the concrete and
reinforcing bar strain are tested. The results show that the
ultimate bearing capacity of specimens after a fire is less than
that of normal-temperature specimens; when the insulation
board thicknesses are 40 mm and 60 mm, the decrease
amplitudes are 20. 8% and 16. 8%, respectively. The
maximum lateral deformation of specimens after a fire is
greater than that of normal-temperature specimens, and under
the same level of load, the lateral deformation increases as the
insulation board thickness increases.
values of the concrete and reinforcing bars of specimens after a
fire are greater than those of normal-temperature specimens,

is carried out.

Moreover, the strain

and the strain values increase as the thickness of insulation
board increases.
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ver the past few decades, the demand for ecofriend-
ly, lightweight, durable structural systems has in-

creased. Prefabricated composite thermal insulation
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walls, which are composed of inner and outer concrete
wythes surrounded by a central layer of foam insulation
with reasonable thermal performance, play a role in ener-
gy savings, as the flow of heat from the interior to the
outside environment can be prevented by the built-in insu-
lation layer. A very signifant number of scholars have
conducted research on prefabricated composite thermal in-
sulation walls. Mousa and Uddin""’ investigated the struc-
tural behavior of insulated wall panels under eccentric
loading and proposed an analytical model to justify the
observed wrinkling failure mode. Mathieson and Fam'*’
studied the influence of the slenderness ratio on the axial
compressive properties of sandwich walls. The results
showed that the axial load capacity and observed failure
modes of the sandwich walls were correlated with the
slenderness ratio as well as the nature of the sandwich
walls, namely, the internal ribs. The structural perform-
ance of sandwich walls subjected to concentric axial loads
was studied by Abdolpour et al”'. The linear elastic re-
sponse of wall panels was observed prior to failure
through the analysis of load-mid-height deflection and
load-axial displacement curves. Additionally, the charac-
teristics and properties of shear connections'*’, the ben-
ding behavior ™' | the effect of cyclic loading' ™’ and the
shaking-table response'"’’ of concrete sandwich walls and
composite insulation walls have been studied by different
researchers. Summarizing these findings, the mechanical
properties of concrete sandwich walls and composite insu-
lation walls were found to be comparable with those of
common reinforced concrete walls in terms of design and
construction.

Apart from the mechanical properties at ambient tem-
perature, the behavior of composite insulation walls ex-
posed to fires has attracted attention, and a number of
studies have been performed. Woltman et al. """ tested a
structural sandwich panel, consisting of a combination of
concrete, insulation and connectors, using a hot box ap-
paratus to evaluate its thermal properties and energy
efficiency. The results indicated that the thermal conduc-
tivity of the internal insulation foam layer has an extreme-
ly important influence on the fire resistance of the wall.
Zhang et al. "'’ analyzed and compared the thermal per-
formance of gypsum plaster, glass magnesium and light-
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weight calcium silicate and showed that glass magnesium
provided the best fire insulation performance. Pereira et
al. '™ tested and evaluated the fire resistance of concrete
sandwich wall assemblies and found that a viscous black
substance was left after the PET foam melted, while EPS
foam left no residue after complete thermal decomposi-
tion. Three shear walls with high-strength concrete and a
prefabricated recycled concrete wall panel under low cy-
clic loads after fire treatment made by Xiao et al. '™
showed that spalling of the concrete could be reduced by
more than 60% by using recycled concrete panels. An-
" showed that the
seismic behavior of concrete walls deteriorated with fire
exposure. Research on fire resistance and structural be-
havior done by Go et al. "'*’ demonstrated that lightweight
concrete walls were better than normal weight concrete
walls in terms of the cracking load, yielding load, ulti-
mate load, stiffness and ductility. Fernando et al. """’ in-
vestigated the structural feasibility of expanded polysty-
rene ( EPS)-based lightweight concrete sandwich wall

other study conducted by Xiao et al.

panels and demonstrated that the EPS-based walls can be
used as load bearing walls in single-story and multistory
construction.

Composite insulation walls need to retain structural
safety after being exposed to fires to prevent the failure of
vertical load-bearing components. As the relevant re-
search on the mechanical properties of composite insula-
tion walls after fires is insufficient, further research needs
to be conducted. In this paper, an experimental study of
the axial compressive behaviors of prefabricated compos-
ite thermal insulation walls after being exposed to fire on
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one side are presented. The crack patterns, failure charac-
teristics, ultimate bearing capacity, load-displacement
curves and strains of concrete and steel bars will be inves-
tigated and evaluated.

1 Experimental Program
1.1 Preparation of specimens

In total, four full-scale specimens of prefabricated
composite thermal insulation walls composed of inner and
outer concrete wythes surrounding a central layer of ex-
pandable polystyrene ( EPS) board were tested to investi-
gate their post-fire axial compressive behaviors. All spec-
imens have the same geometrical dimensions of 1 700 mm
(width) x240 mm( thickness) x2 500 mm ( height) and
were built with 100 mm x 240 mm embedded columns.
The thickness of the insulation layer, however, differs by
40 mm for DW1 and DW2 and 60 mm for DW3 and
DW4. The configurations of the reinforcement and stirrup
of the walls are $ 8@ 200 (the diameter of the steel bar is
8 mm, and the interval is 200 mm) and ¢ 8@ 100, re-
spectively, and the reinforcement used in the embedded
columns is 4 # 16 (4 steel bars 16 mm in the diameter).
The dimensions and reinforcement details of the speci-
mens are shown in Fig. 1. DW1 and DW3 are specimens
at room temperature, and DW2 and DW4 are specimens
subjected to fire exposure on one side of the wall ( The
fire exposure time is 120 min following the ASTM E119
standard). The details of each specimen are shown in
Tab. 1.

$3@200
-1 Harizontal
reinforcement
1 #8@200
A Longitudinal
reinforcement

EPS board
40 mm for DWT and DW2
(44 60 mm for DW3 and DW4

2500

10412

Vertical connecting
reinforcement

Steel sleeve EPS board

40 mm for DW1 and DW2
60 mm for DW3 and DW4

1340 180

\ |
\Steel sleeve

$8@200

(c) (d)

Fig.1 The dimensions of specimens and the reinforcement details (unit:mm). (a) Specimens dimension and reinforcement; (b) Sec-

tion 1-1; (c) Section 2-2; (d) Section 3-3

The mechanical properties of the steel bars were deter-
mined by tension tests. Tab.2 shows the measured aver-
age yield strength f, tensile strength f, and modulus of
elasticity E_ of the steel reinforcement. In addition, three
concrete cubic specimens with dimensions of 150 mm x
150 mm x 150 mm were cast in steel molds and cured in

the surrounding environment together with the concrete
sandwich walls. According to the test results from the hy-
draulic testing machine, the average compressive strength
of the concrete cubes is 27.7 MPa.

One side of the prefabricated composite insulation wall
was cast in advance, and the insulation layer was placed
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Tab.1 The details of each specimen

Fire Axial ~ Thickness Horizontal Vertical
Specimen exposure compression of EPS  reinforcement reinforcement
time/ min ratio board/mm ratio p,/%  ratio p,/%
DW1 40 0.16 0.13
DWwW2 120 0.2 40 0.16 0.13
DW3 60 0.16 0.13
DWw4 120 0.2 60 0.16 0.13

Tab.2 The mechanical properties of reinforcement at room
temperature

. Yield strength Tensile strength Modulus of elasticity
Diameter/ mm

f,/MPa f./MPa E,/GPa
8 456.3 601.0 200
16 431.4 576.0 203
18 474.4 614.9 206

in the predetermined position after the initial solidification
of the concrete. Then, the other side of the wall was cast.
At the top of each specimen, a concrete beam was cast
monolithically with the wall to facilitate the application of
the axial compressive load. A rigid basement was also cast
to fix the specimen to the laboratory floor, simulating a
rigid foundation during the test. The prefabricated wall
piers and the basements were cast separately and then cured
for 28 d. The reinforcement in the wall piers and the base-

[18

ments were connected using steel sleeves'"™ in the vertical

1.2 Items of investigation

A number of strain gauges with an electric resistance of
120 Q) were attached to the concrete and the reinforcing
steel bars in the walls to obtain the strain of each speci-
men during loading. For specimens DW1 and DW3,
which were specimens at room temperature, the strain
gauges on the vertical reinforcement were pasted before
the concrete was cast. For specimens DW2 and DW4,
which were subjected to fire exposure on one side, the
concrete cover for the steel bars needed to be removed af-
ter exposure to fire before the strain gauges on the vertical
reinforcement were pasted. The arrangements of reinforce-
ment and concrete strain gauges are shown in Figs.2(a)
and (b). Three linear variable differential transformers
(LVDTs) were installed at the top, middle and bottom of
the concrete sandwich wall to measure the out-of-plane
displacements, as shown in Fig.2(c). The axial load of
each specimen can be recorded by the hydraulic actuator
system. The values of the strain and deformation meas-
ured by the strain gauges and the LVDTs were stored in
the computer-based data acquisition software. During
loading, the width of the concrete crack was measured
by a crack observer, and the length was measured with a

direction, and the expansive cement mortar was injected. ruler.
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Fig.2 The arrangement of strain gauges and LVDTs (unit; mm). (a) Reinforcement strain gauges; (b) Concrete strain gauges;

(c) LVDTs

1.3 Test setup and procedure

Specimens DW2 and DW4 were placed horizontally in
the fire furnace and exposed to fire on one side with no
restraint applied to their other sides (see Figs.3(a)).
When the exposure time (120 min) was reached, the fur-
nace was closed while the ventilator circulated air until
the temperature in the chamber dropped below 300 C.
Then, the heated walls were cooled in a natural environ-

ment. Afterwards, a vertical load was applied to the
specimen via a hydraulic actuator ( whose bearing capaci-
ty was 10 MN) fixed on a steel frame, as shown in Fig.
3(b). A steel beam with a large rigidity was fixed to the
top of the wall as a loading beam, which subjected the
sandwich wall to a uniform load to avoid local crushing of
the concrete at the top of the wall. Moreover, steel pipe
scaffoldings were located around the specimen to prevent
lateral instability and ensure the safety of the researchers
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and the instruments. The specimens were preloaded using
hierarchical loading. The loading of each stage was ap-
proximately 5% of the theoretical value of the ultimate
bearing capacity. Then, 10% of the theoretical value of
the ultimate bearing capacity was taken, and 5% was
once again taken when close to the ultimate bearing ca-
pacity. Finally, the loading program was conducted under
vertical displacement control, and the test was stopped
when the applied load decreased to 85% of the ultimate
load.
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Fig.3 Schematic of the heating and loading devices. (a) Heat-
ing device; (b) Loading device

2 Test Results and Discussion
2.1 Crack patterns and failure characteristics

For specimen DWI1, which is a normal-temperature
specimen with an insulation thickness of 40 mm, the first
crack appeared in the top concrete beam under a load of
800 kN. Vertical cracks in the upper part of the wall oc-
curred under a loading level of 2 000 kN. When the load
reached 3 600 kN, vertically penetrating cracks were ob-
served at both ends of the wall, and a number of trans-
verse cracks were found at the top of the wall. With the
increase in external loading, a number of new cracks ap-
peared, and both the length and width of the original
cracks became larger. The ultimate load was obtained
when the out-of-plane displacement reached 25 mm with a
corresponding load of 4 800 kN. From then on, the test
was controlled by vertical displacement, and the applied
load decreased with the increase in the out-of-plane dis-
placement. The final crack patterns of specimen DW1 are
shown in Figs.4(a) and (b). Specimen DW1 failed due
to concrete crushing in the top regions of the wall ( see

Fig.5(a) ) with a load of 4 400 kN and a corresponding
out-of-plane displacement of 35 mm.

(b)
Fig.4 Final crack patterns of specimen DW1. (a) Crack pat-
terns and concretes crushed after loading; (b) Final crack patterns

(a) (b)
Fig.5 Specimen DW?2 after fire exposure. (a) Exposed side;
(b) Unexposed side

Specimen DW2 has the same insulation thickness as
DWI1 but it was subjected to fire exposure on one side of
the sandwich wall for approximately 120 min. During the
fire test, the water inside the concrete changed into steam
and escaped from the unexposed side of the sandwich
wall. Moreover, significant pore pressure was induced by
the vapor. The pore pressure increased continuously until
it exceeded the tensile strength of the concrete, leading to
concrete spalling (see Fig.5(a) ). As heating continued,
water collected and moistened the unexposed surface.
When the moisture dried out, horizontal and vertical
cracks along the length of the steel bars were observed in
the wall on the unexposed side (see Fig.5(b)). When
heating was finished, severe spalling of the concrete
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caused by explosions on the exposed surface was ob-
served, and the reinforcement was exposed to the air di-
rectly (see Fig.5(a)).

After the heated wall cooled naturally, a vertical load
was applied in the same way as for DW1. The first crack
caused by the axial pressure was observed under a load of
750 kN at the top concrete beam. Vertical cracks in the
upper part of the wall were found under a load of 1 200
kN on the unexposed surface. The original cracks caused
by high temperature propagated into a series of transverse
cracks under the axial load. With an increase of the exter-
nal load, the number and width of the cracks in the speci-
men increased, so did the out-of-plane displacement of
the wall. When the load reached 3 000 kN, vertical dis-
placement control was applied to the specimen. Concrete-
cover spalling and reinforcement buckling ( see Fig. 6
(a)) were spotted under a load of 3 600 kN. A plurality
of long cracks with a large width ( approximately 1. 5
mm) on the unfired surface was found when the load
reached 3 750 kN. Along with a violent noise of “bang”,
the concrete at the top of the wall close to the bottom of
the beam was crushed (see Fig. 6 (b)) with a load of
3 800 kN. Soon afterwards, the load decreased as the
out-of-plane displacement increased, and the test was ter-
minated when the measured displacement at the top of the
wall almost reached the range of the LVDTs. The final
crack distribution of the unexposed side of specimen DW2
is shown in Fig.6(c).

Fig. 6 Failure characteristics of specimen DW2. (a) Concrete
cover spalling; (b) Reinforcement buckling; (c¢) Crack pattern on the

unexposed side

Specimen DW3 is a normal-temperature specimen with
an insulation thickness of 60 mm, and its other parame-
ters are the same as those of specimen DW1. When the
load reached 1 100 kN, the first crack occurred in the top
concrete beam, and vertical cracks in the upper part of
the wall were obtained under a load of 3 600 kN. The

concrete beam at the top of the wall was crushed when the
load increased to 4 000 kN, and the steel bars were ex-
posed with a load of 4 090 kN (see Fig.7(a)). The
measured out-of-plane displacement at the top of the wall
was close to 30 mm, and the widths of the main cracks
on both sides of the wall reached approximately 2 mm.
Fig.7(b) shows the crack distribution in the top regions
of the wall when it is destroyed.

Steel bars exposed

Concrete beam crushed

(b)
Fig.7 Failure characteristics of specimen DW3. (a) Concrete
crushed and steel bars exposed; (b) Crack pattern

As for specimen DW2 , one side of specimen DW4 was
exposed to fire for 2 h in the fire furnace. The difference
between the two specimens is that specimen DW4 has an
insulation thickness of 60 mm, 20 mm thicker than that of
specimen DW2. The damage of specimen DW4 was simi-
lar to that of specimen DW2. For example, the side sub-
jected to fire exposure was seriously damaged ( fine
cracks in the unexposed side of the wall caused by high
temperature were spotted) , and concrete scaling and rein-
forcement exposure were observed (see Figs. 8 (a) and
(b)). Several cracks in the concrete beam at the top of
the wall were first found under a load of 600 kN, and the
first vertical crack on the unexposed side of the wall was
observed when the load reached 1 050 kN. With the in-
creasing load, transverse cracks began to appear in the
unexposed surface, and the number and width of cracks at
the top of the wall increased. The crack width was close
to 1 mm when the load reached 2 400 kN. The ultimate
load was obtained at an out-of-plane displacement of 34.9
mm with a load of 3 400 kN and the maximum crack
width reached 1.5 to 2 mm. The test was finished when
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the out-of-plane displacement at the top of the wall
reached 40 mm. The failure characteristics of specimen
DW4 are shown in Figs.8(c) and (d).

1%
h:\

(¢) (d)
Fig.8 The characteristics of specimen DW4. (a) Exposed side
post-fire; (b) Unexposed side post-fire;

(c¢) Concrete cover spalling
and reinforcement buckling after loading; (d) Crack patterns and con-
crete crushed on the unexposed side after loading

2.2 Axial compressive bearing capacity

Tab. 3 shows the axial compressive bearing capacities
of the four specimens obtained from the test. As seen in
Tab. 3, the bearing capacities of specimens DW2 and
DW4 | which have been exposed to fire for 2 h, are lower
than those of conventional specimens DW1 and DW3.
The axial compressive capacity of concrete specimens is
primarily influenced by the compressive strengths of the
concrete and the reinforcement. However,
sive strength of concrete and the bond strength can be
and the
yielding strength of the reinforcement will decrease as
well . The deterioration of the concrete, reinforcement
and bond strength after fire exposure will decrease the ax-

the compres-

significantly reduced by elevated temperatures,

ial compressive bearing capacity of the sandwich walls.
Moreover, the temperatures of the unexposed and ex-
posed surfaces are quite different, resulting in different
degrees of damage to the wall. Therefore, the specimen
is likely to suffer an eccentric compression load, and the
stability of the specimen will be weakened, which decrea-
ses the axial compressive bearing capacity of the speci-

mens. The axial compressive bearing capacities of speci-

mens DW3 and DW4 are 14.8% and 10.5% lower, re-
spectively, than those of specimens DW1 and DW2 be-
cause the compression strength of the EPS board is lower
than that of concrete, whether subjected to fire exposure
or not. Therefore, the larger the EPS used, the lower the
axial bearing capacity of the specimen will be. Compared
with that of specimen DW1 ,
specimen DW2 decreased by 20. 8% ; the axial bearing
capacity of specimen DW4 was 16.9% lower than that of
specimen DW3 (less than 20.8% ). The results indicate
that the thicker the insulation layer,
compressive bearing capacity decreases, showing that the
insulation layer has a good thermal insulation effect.

the axial bearing capacity of

the more the axial

Tab.3 The axial bearing capacities of the specimens

Thickness of

Fire exposure Axial bearing

Specimen i e/min EPS board/mm  capacity/kN
DWI 40 4800
DW2 120 40 3 800
DW3 60 4090
DW4 120 60 3 400

2.3 Load-displacement curves

The axial load vs. out-of-plane displacement curves for
the bottom, mid-depth and top of the walls are presented
in Fig. 9, which highlights the comparison between the
normal-temperature specimens and the post-fire speci-
and the different insulation layer thicknesses. It
can be seen in Fig. 9 that the relationship between the
load and displacement for all the specimens can be divid-
ed into three periods. During the first period, the load-
displacement curves in the early stage of loading were
nearly linear, the deflections increased with the increase
in load. With the increase in external loading, an inelas-
tic stage was reached. At this stage,
slightly with a relatively significant increase in deflection,

mens,

the load increased

and the curves gradually bent toward the displacement ax-
is. After the load exceeded the axial bearing capacity, the
load decreased while deflections continued to increase.
The stiffness of the specimens decreased with the increas-
ing displacement, so did the modulus of elasticity of the
concrete. Compared with those of the specimens at room
temperature, the stiffness of the specimens exposed to fire
decreased and the maximal displacement increased, indi-
cating that the mechanical properties of the concrete sand-
wich walls post-fire exposure were reduced due to fire
damage.

It can be seen in Fig. 9 that when the load was the
same, a thicker insulation layer led to a larger out-of-
plane displacement.
capacity and the stiffness of specimen DW3 were lower
than those of specimen DW1. Similar relationships can be
seen for specimens DW4 and DW2, illustrating that the
axial compressive bearing capacity and stiffness decreased

Both the axial compressive bearing
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with the increasing insulation layer thickness ( whether
exposed to fire or not). As the compressive strength and
stiffness of the EPS board are lower than those of con-
crete, whether subjected to fire exposure or not, the lar-
ger the EPS used, the lower the axial compressive bearing

capacity and stiffness of the specimen will be. Neverthe-
less, the axial bearing capacity and stiffness of the speci-
mens exposed to fire decreased less because the insulation
layer inhibited the stiffness reduction.
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Fig.9 Load-displacement curves of DW1 to DW4. (a) At the bottom;(b) At the mid-depth; (c) At the top

2.4 Comparison of the concrete strains

Fig. 10 shows the relationship between the axial load
applied to the specimens and the strain of concrete at the
bottom, mid-depth and top of the walls between the nor-
mal-temperature specimens and the post-fire specimens,
and insulating layer thicknesses. In Fig. 10, we can see
that the ultimate concrete strain of the post-fire specimens
were larger than those of the normal-temperature speci-
mens in the same position. Moreover, the concrete strain
of the post-fire specimens were larger than those of the

5 5 5r

4 4 4F
Z

$s g3 S 3t
E 3 E

S2r S 2t S2F
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normal-temperature specimens in the same position when
The strain distribution
characteristics reveal that the deterioration of concrete and
steel bars after fire exposure weakened the mechanical
properties of the walls, resulting in larger axial strain in
the concrete. Fig. 10 also shows that the thicker the insu-
lation thickness, the larger the strain of concrete ( whether
the specimens were exposed to fire or not) is. However,
the strain deviations of the post-fire specimens are smaller
due to the fire resistance of EPS.

the load was at the same level.

0
-3.0 -25 =20 -1.5 -1.0 =05 0
Strain/1073

(a)

0 1 1 1 1 1
-3.0 -25 -20 -1.5 -1.0 -05 0
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0 1 1 1 1
-3.0 25 2.0 -15 -1.0 =05 0
Strain/1073
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Fig.10 Load-concrete strains curves of DW1 to DW4. (a) At the top; (b) At mid-depth; (c) At the bottom

2.5 Comparison of the reinforcement strains

The relationships between axial load and compression
strains for the steel bars of the normal-temperature and
post-fire specimens are given in Fig. 11. It can be seen
that the compression strains of the steel bars of the four
specimens are small at the initial loading stage. As there
were few concrete cracks at the initial loading stage, the
loads were primarily resisted by the concrete, and the dis-
tinction of the reinforcement strains of the four specimens
were not obvious. With the increase in load, the rein-
forcement strain increments of the post-fire specimens
were larger than those of the normal-temperature speci-
mens since concrete cracks occurred earlier in the post-fire

specimens. Compared with the specimens at room tem-
perature, the strains of the post-fire specimens were much
larger at the same position and same loading level. The
primary reason for this is that elevated temperatures can
damage the concrete and its reinforcement as well as its
bond strength.

Fig. 11 also shows the comparison of the relationship
between the axial load and reinforcement strains of speci-
mens with different insulation layer thicknesses. It can be
seen in Fig. 11 that the thicker the insulation layer, the
larger the reinforcement strains at the same load level
( whether the specimens were exposed to fire or not). As
the compressive strength of the EPS board is lower than
that of concrete, the larger the EPS used, the larger the
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axial deformation of the specimen will be, resulting in a
larger strain of the reinforcement.

Load/MN

—-—DWI
—-—DW2
I -+—DW3
—-—DW4

0 1 1 1
-25 =20 -15 -10 -05 0
Strain/10-3

Fig.11 Load-reinforcement strains curves

3 Conclusion

1) The deterioration of the concrete, reinforcement,
and bond strength, as well as the probable eccentric com-
pression load after elevated temperature exposure, resul-
ted in lower axial compressive bearing capacities for the
post-fire specimens than for the normal-temperature speci-
mens. Compared with specimen DWI1, the axial com-
pressive bearing capacity of specimen DW2 decreased by
20.8% ; the axial compressive bearing capacity of speci-
men DW4 was 16.9% lower than that of specimen DW3
(less than 20.8% ). The thicker the insulation layer, the
more the axial compressive bearing capacity decreased,
showing that the insulation layer has a good thermal insu-
lation effect.

2) Compared with those of the specimens at room tem-
perature, the stiffness of the specimens exposed to fire
decreased and the maximal out-of-plane displacement in-
creased, indicating that damage to the concrete and EPS
board in the fire caused a reduction in the stiffness of the
sandwich walls. In addition, stiffness decreased with the
increase in insulation layer thickness ( whether exposed to
fire or not) since the compressive strength and stiffness of
the EPS board were lower than those of concrete. Never-
theless, the insulation layer inhibited the stiffness reduc-
tion, and the stiffness of the specimens exposed to fire
decreased less.

3) The deterioration of materials post-fire exposure
weakened the mechanical properties of the walls, resul-
ting in larger concrete strains for the post-fire specimens
than for the normal-temperature specimens at the same
position when the load was at the same level. Whether
the specimens were exposed to fire or not, the thicker the
insulation thickness, the larger the strain of concrete.
However, the strain deviations of the post-fire specimens
were smaller due to the fire resistance of EPS.

4) Differentiating the reinforcement strains of the four
specimens was not possible at the initial loading stage, as
there were few concrete cracks. With the increasing load,
the reinforcement strain increments of the post-fire speci-

mens were larger than those of the normal-temperature
specimens since concrete cracking in the post-fire speci-
mens occurred earlier and elevated temperatures can in-
crease damage to the concrete and the reinforcement as
well as to the bond strength. In addition, the larger the
EPS used, the larger the axial deformation of the speci-
men will be, resulting in larger strain of the reinforce-
ment.
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