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Abstract. 6DIHW\RIFRQFUHWHVWUXFWXUHVFRXOGEHWKUHDWHQHGXQGHUILUHH[SRVXUHHVSHFLDOO\ IRUVWUXFWXUHV
XQGHU K\JURWKHUPDO HQYLURQPHQW ([LVWLQJ VWXGLHV KDYH VKRZQ WKDW FRQFUHWH FRQWDLQV ODUJH DPRXQW RI
PRLVWXUHFRXOGLQGXFHVSDOOLQJIDLOXUHDQGWKHWHPSHUDWXUHLVDFULWLFDOSDUDPHWHUIRUWKHGDPDJH+RZHYHU
XQWLOQRZ WKH VWXG\ IRU KHDW WUDQVIHU RI FRQFUHWH ZLWK GLIIHUHQW VDWXUDWLRQGHJUHH UHPDLQV OLPLWHG ,Q WKLV
SDSHU WKH WHPSHUDWXUH LQFUHDVH RI FRQFUHWH VSHFLPHQV ZLWK GLIIHUHQW VDWXUDWLRQ GHJUHH LV H[SHULPHQWDOO\
VWXGLHG 5HVXOWV VKRZ WKDW WKH WHPSHUDWXUH LQFUHDVH UDWH FRXOG EH DIIHFWHG E\ WKH PRLVWXUH FRQWHQW
VLJQLILFDQWO\HVSHFLDOO\IRUWKHFDVHVXQGHUKLJKHUWHPSHUDWXUHV7KHWHVWUHVXOWVFRXOGEHVLJQLILFDQWIRURXU
IXWXUHILUHGDPDJHVLPXODWLRQRIFRQFUHWHVWUXFWXUHVXQGHUK\JURWKHUPDOHQYLURQPHQW

1Introduction 
High temperature may induce concrete peeling off or
even burst when it subjected to hot and humid
environment[1~5], which can threaten the safety of
concrete structures, as well as people's lives and property.
Temperature field analysis is the basis for damage
assessment of concrete structures under fire. However,
for simulation of temperature field in concrete, the
influence of moisture is usually neglected, which may
result in inaccurate evaluation. Although many
researchers concerned the influence of water content on
the mechanical properties of concrete members under
high temperature[6~11], the results remain limited and it is
rather difficult to carry out accurate numerical
simulation. In addition, the European specification [12]
provided the correction value of concrete specific heat
during the period from 100 °C to 200 °C, which can be
used to correct the temperature field of concrete under
high temperature. But the correction value is empirical
and the relationship between the correction value and the
moisture content is not clear. It requires further
investigation on the influence of moisture effect on the
temperature field.
Thus, in order to accurately simulate the temperature
distribution of concrete under hot and humid
environment, and to clarify the influence of moisture on
the temperature conduction of concrete under high
temperature, the internal heating transfer of concrete
specimens with different saturations at high temperature
was studied in this paper. The results could be beneficial
to fast and effective evaluation of fire-damaged concrete
structures under hygrothermal environment.

2TestProgramme
The experiment programme can be divided into two
steps. Firstly, the average water content of saturated
concrete specimens were measured by drying. In total,
15 concrete specimens were prepared and tested. The
specimens were placed in an oven at 105 degree until the
weight become constant. In this case, it is believed that
the concrete is completely dried. The mass loss of
concrete due to drying was obtained, which is the water
content. Then, concrete specimens were immersed in
water tank for different period to obtain different water
saturation. After that, they were placed in the same
heating environment and the heat transfer information at
the same positions were measured.
2.1.Materialsandspecimens 
In this test, a total of 19 concrete specimens were
prepared, which have the dimensions of 100h100h
100mm. Ordinary Portland cement with a strength of
42.5 MPa was used. Gravels with particle sizes of
5-20mm were applied as the coarse aggregate. The fine
aggregate was ordinary river sand and the maximum
diameter is 5 mm. The moisture content of the sand was
0.01%, while the water content of the gravels was
0.008%. The mixture of concrete material is shown in
Table 1. During casting, the specimens were mechanical
stirring, manual pouring and mechanical vibration. The
stirring rate was 45±2 r/min and the vibration time was 2
min. The environmental humidity during pouring was
75%~85%. After the specimen was cased for one day,
the mold was removed. Then the specimens were
standard cured for 28 days.
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Table.1 Concrete mix ratio
Water
cement
ratio

Cement
kg/m3

Water
kg/m3

Sand
kg/m3

Stone
kg/m3

Sand
rate
%

0.5

410

205

611

1134

35

detailed layout of the measuring points was shown in Fig.
2.
Table.3 Specimens arrangement for heat transfer test
Specimen
No.
W-200-1
W-200-2
W-400-1
W-400-2

2.2.Estimationofwatercontentinconcrete
Concrete specimens were placed in an oven and dried
continuously under the temperature of 105 °C. During
drying, the mass of specimens were measured
continuously, as shown in Fig.1.. The moisture content
value was shown in Table 2. As can be seen from Fig. 1,
the time-dependent mass change and the change rate of
the concrete were similar for each specimen. The rate of
change was the fast in the first 1~10 days and the mass
of concrete become almost constant at around 30 days.
Then the concrete was taken out. As observed in Table 2,
the water mass of the concrete can be calculated and the
values were mainly within 0.40~0.50g. Therefore, the
average moisture ratio of the saturated concrete can be
estimated. The average water content was 5.08% and the
results are shown in Table 2. Based on the average
moisture content, the saturation degree of the reabsorbed
specimens can be estimated, as shown in Table 3.

Temper
ature
°C
200
200
400
400

Heating
rate
20 °/min
20 °/min
20 °/min
20 °/min

Maximum
temperature
°C
200
200
400
400

Moisture
content
%
24.19
100
24.19
100

1RWH The method of estimating the saturation is 1
minus the quotient of the mass change rate of the
concrete divided by the average moisture content of the
concrete of 5.08%.
10.0

W-1
W-5
W-9
W-13

Mass (g)

9.8
9.6

W-2
W-6
W-10
W-14

W-3
W-4
W-7
W-8
W-11
W-12
W-15

9.4
9.2
9.0

9.64
9.56
9.76
9.76
9.68
9.78
9.80
9.80
9.72
9.54
9.54
9.50
9.32
9.58
9.42

The
mass
after
drying
g
9.12
9.02
9.24
9.22
9.18
9.24
9.24
9.28
9.18
9.12
9.08
9.08
8.94
9.1
9.02

Water
content
g

0.52
0.54
0.52
0.54
0.50
0.54
0.56
0.52
0.54
0.42
0.46
0.42
0.38
0.48
0.40

8.8

Average
moisture
content
%

0

5

10

15

20

25

30

35

Time (day)
)LJ0DVVFKDQJHFKDUW

Non-heated surface

Thermocouple

Heating surface

B

5.08
A

A

70 mm

W-1
W-2
W-3
W-4
W-5
W-6
W-7
W-8
W-9
W-10
W-11
W-12
W-13
W-14
W-15

Original
mass
g

70 mm

Specim
en
No.

Concrete water loss results

100 mm

Table. 2

B
100 mm

)LJ'HWDLORIVSHFLPHQZLWKWKHUPRFRXSOHDUUDQJHPHQW

2.3Arrangementofmeasuringpoints

2.4.Experimentalprocedureandheatingmethod

The temperatures of the concrete surface and inside were
measured by a 16-channel temperature collector with an
accuracy of ±2 °C. It can measure at the set time, display
and export the temperature value corresponding to each
measuring point and. Then the heating curve can be
obtained. After the specimen was prepared, the K-type
thermocouple was embedded inside with a depth of 30±
2 mm. The measurement range of the device was range
from -50 °C~1300 °C. The measuring points were placed
at the specimen surface and inside respectively. The

The heating device in this test used the high temperature
furnace with TCW-32B system and PID intelligent
temperature control technology. The heating element is
U-shaped silicon carbon rod. The maximum heating
temperature is 800 °C and the maximum heating rate is
30 °C/min, in which the temperature is controlled. Using
PID intelligent control technology, different heating rate
can be set. The surrounding and bottom surfaces of the
concrete specimens were insulated with an aluminum
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silicate cushion to simulate one-dimensional heat
conduction of concrete specimens. The material heat
transfer coefficients of the aluminum silicate underlayer
are shown in Table 4. As indicated, the heat insulation
properties are good. The temperature inside the furnace
was heated to 200 ° C and 400 ° C at a heating rate of
20 ° C / min, respectively. The duration of  heating was
lasting for about 180min, and the data was collected
during heating.



7HPSHUDWXUH &

Table.4 Aluminium silicate cushion heat transfer coefficient
table
Temperature
℃
100
200
300
400
500
600

3



Material heat transfer
coefficient
mg
gk
0.019
0.022
0.024
0.028
0.034
0.039

6\VWHPRYHUVKRW






$
%
$
%








         

7LPH PLQ
)LJ(IIHFWRIVDWXUDWLRQRQFRQFUHWHWHPSHUDWXUHFRQGXFWLRQ
DW&KLJKWHPSHUDWXUH

3Testresultsandanalysis

Figure 4 shows the time-dependent temperature curves
of the A and B measuring points of the concrete with
different saturation at a heating rate of 20 °C/min and a
maximum temperature of 400 °C. However, it seems the
target temperature is difficult to achieve by the device.
As observed, point a in the figure is the stagnation point.
The sudden drop in temperature at point a is due to the
large amount of free water inside. When the temperature
reached 100 ° C, the water evaporates and absorbs heat.
It takes away a large amount of heat, causing the internal
temperature decrease. Explain that different saturations
have a significant effect on the temperature distribution
of concrete at high temperatures.The point b was defined
as the failure point, where the temperature rises sharply.
The reason is that the aluminium silicate cushion may be
not well attached to the surface of the specimen, as a
result, a large amount of heat around the concrete was
absorbed.

Figure 3 shows the time-dependent temperature curves
of the A and B measuring points of the concrete with
different saturation at a heating rate of 20 °C/min and a
maximum temperature of 200 °C. Due to the poor
thermal conductivity of the insulation layer, it is
impossible to accurately simulate the unidirectional
conduction of concrete at high temperatures, resulting in
an excessive internal temperature.The maximum
exposure temperature was set by the PID setting of the
furnace. At point P, overshoot occurs due to the high
temperature control system. As can be seen from Fig. 3,
at the same heating rate, the temperature change trend of
each measuring point is similar. While the temperature
on the surface of concrete increase rapidly, the
temperature inside of concrete increase pretty slow
regardless of the concrete saturation degree, especially in
the initial stage. As the temperature increases, the
temperature difference between the heating temperature
inside the concrete and the surface gradually
decreases[13]. As observed, at the initial stage, the
temperatures of the two specimens were inconsistent
with a difference of about 4 °C. The reason may be
attributed to the water content different in the two tested
specimens. Since the water content of the sample one is
smaller, the internal temperature is higher under the
sample exposure temperature compared with sample two.
The surface temperature of concrete with different
saturations is quite different. There are two explanations
for this phenomenon. One is due to the high water
content of the concrete. The water evaporated from the
surface, which causes the temperature drop on the
surface. The second is due to the PID control system of
the high temperature box furnace. When the maximum
temperature set is 200 °C, the temperature distribution in
the furnace may be uneven, which causes the heating
difference of concrete at different locations.
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DW&KLJKWHPSHUDWXUH

 :RQJ < / HW DO   6SDOOLQJ RI FRQFUHWH
FRYHU RI ILEHUUHLQIRUFHG SRO\PHU UHLQIRUFHG
FRQFUHWH XQGHU WKHUPDO ORDGV 0DWHULDOV

6WUXFWXUHV  
 3HQJ * ) HW DO   ([SORVLYH VSDOOLQJ DQG
UHVLGXDO PHFKDQLFDO SURSHUWLHV RI ILEHUWRXJKHQHG
KLJKSHUIRUPDQFH FRQFUHWH VXEMHFWHG WR KLJK
WHPSHUDWXUHV&HPHQW  &RQFUHWH 5HVHDUFK  

 +HUW] . '   /LPLWV RI VSDOOLQJ RI
ILUHH[SRVHG FRQFUHWH )LUH 6DIHW\ -RXUQDO   

 /L 0 HW DO   0HFKDQLFDO SURSHUWLHV RI
KLJKVWUHQJWK FRQFUHWH DIWHU ILUH -RXUQDO RI WKH
&KLQHVH&HUDPLF6RFLHW\  
 4LDQTLDQ < HW DO   (IIHFW RI 0RLVWXUH
&RQWHQWDQG)LEHURQ+LJKWHPSHUDWXUH3URSHUW\RI
7XQQHO 6HFRQG /LQLQJ &RQFUHWH -RXUQDO RI
+LJKZD\ DQG 7UDQVSRUWDWLRQ 5HVHDUFK DQG
'HYHORSPHQW (QJOLVK(GLWLRQ   
 %LDQ 6 + HW DO   (IIHFWV RI 0RLVWXUH
&RQWHQWV DQG )LEHUV RQ 3URSHUWLHV RI +LJK
3HUIRUPDQFH &RQFUHWH DW +LJK 7HPSHUDWXUHV
-RXUQDORI%XLOGLQJ0DWHULDOV  
 =KL6KHQJ ; 8 HW DO   ([SHULPHQWDO
UHVHDUFK RQ LQIOXHQFH IRU ZDWHU FRQWHQW WR WKH
ILUHUHVLVWDQW SURSHUW\ RI WXQQHO OLQLQJ FRQFUHWH
-RXUQDORI5DLOZD\6FLHQFH (QJLQHHULQJ
 =KDQJ<DQG;8=KL6KHQJ  'LVFXVVLRQ
RQ HIIHFWV RI PRLVWXUH FRQWHQWV LQ 5& ILUH UHVLVWDQW
H[SHULPHQWV)LUH6DIHW\6FLHQFH
 -LDQJ < & HW DO  (IIHFWV RI UHWLFXODU
SRO\SURS\OHQHILEHUDQG39$ILEHURQSURSHUWLHVRI
+LJK 3HUIRUPDQFH &RQFUHWH DW KLJK WHPSHUDWXUHV
5HDG\0L[HG&RQFUHWH
 3DUWLH   (XURFRGH  GHVLJQ RI FRQFUHWH
VWUXFWXUHV SDUW  JHQHUDO UXOHV DQG UXOHV IRU
EXLOGLQJV WRJHWKHU ZLWK XQLWHG NLQJGRP QDWLRQDO
DSSOLFDWLRQGRFXPHQW 
 /LH 7 7   $ SURFHGXUH WR FDOFXODWH ILUH
UHVLVWDQFH RI VWUXFWXUDO PHPEHUV )LUH  0DWHULDOV
  –


Due to the evaporation of moisture, the surface
temperature of the concrete with high saturation was
relatively low. However, with the longer duration, the
moisture is gradually reduced, the surface temperature of
the two concrete specimens tends to be the same. The
effect of moisture on temperature conduction is more
pronounced in the interior of the concrete.  The smaller
the maximum temperature is set, the less heat is
transferred in the same heating environment. For
concrete with different saturation, the higher the
saturation, the lower the internal temperature, Compared
with Figs. 3 and 4. The saturation of concrete has a
significant effect on the heat transfer of concrete at high
temperatures.

4Conclusion
In this paper, heat transfer in concrete with different
saturation degree at high temperatures was
experimentally studied. From the results and discussions,
the following conclusions can be reached:
For concrete with different saturations subjected to
withstand high temperatureˈthe higher saturation degree
is, the lower temperature is at the concrete surface. More
importantly, for the temperature inside of concrete, the
temperature is even more lower in saturated concrete
compared with the temperature of dried concrete at the
same depth.
The water content has a significant influence on the
temperature field of the concrete under high temperature.
When the internal temperature of the concrete reaches
100 ° C, the temperature difference of the concrete with
and without water saturation is as high as 30 °C.
However, quantitative analysis of the difference still
requires further investigation.
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