%36% %1 EHAFE TEFIR Vol. 36 No. 1
2019 % 1 A Journal of Architecture and Civil Engineering Jan. 2019

XEHRE:1673-2049(2019)01-0067-09

HTERTHAREE-MAGBESW

IR¥EAE . E B REE.E F
(FE R A LR TR EK  400074)

WE AR IR RZORBENENZENIEN N RABERIE G HE AT M &
BRI — TRt a3 XBRA TR EA- AT RE LG AB TR
BART NFPEAR FAERIBAFR T AT HERRLHREEPEES LR S EHREOH
BERERZER W, BREN . Bk MERBRLLARTFOMER IR, $REERKE L
HMAARAX TS RAL PHTARLBELAN TR ML ET -2 RE LR «mia?%i*"a‘%%
MERBELE AEMHMABREARREAK, B EREIEN A 1068 F 4K JE AR
BT RAETRBRRRBELAEEATRELRE é‘]iﬂ?i}nﬁtiﬁill‘)ﬁiﬂ?ﬁn,L,Hi?l‘)iﬁuﬂ}?}]gj&ﬂq;mX,/
jymdl%ﬁﬁ#ax#ﬂ)rf B3 m R E RSB R R Y A AA R ERE é‘Ji"ﬁiJu R Y-S
FE R Fy 0 B AOR R M M s LA Ae R AE 3T B 64 TR AR R 3R B ve A8 AR IR B R ) 3 6 AR 3R
4i,nfn,%a#ﬁum A 3R PT 2T R 69 TRAR X 3R A A8 KR8 £ 0 A KR B e #H%ﬁk‘mﬁ/\iﬁ;fﬁ?{éﬂﬂ
FHREBATRKREABRABESOS A NELHERREELNACMBERNETNIE S ™
K EBERRERZBERBRAEZRGTRTEAZR Y PHROKE AR ADBEAES.
XERMEIBHMERBR L, LRSS AR HERLE;BERD
RESES: U441.3 XHERARERD A

Coupling Analysis of Temperature and Stress Field of Phase

Change Concrete Box Girder

GUO Zeng-wei, CHEN Dan, ZHOU Jian-ting, WANG Yu
(School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: In order to control the principal tensile stress of concrete box girder induced by
temperature gradient of sunshine, phase change concrete with “structure and function”
integration effect by mixing rice husk ash encapsulated paraffin as phase change material.
Thermal stability of the rice husk ash-paraffin phase change concrete as well as its thermal and
mechanical parameters were tested by experiment, and the influence of thickness and laying
position of phase change concrete on principal tensile stress of concrete box girder induced by
temperature gradient of sunshine were discussed based on practical project. The results show that
the rice husk ash-paraffin phase change concrete has good phase change stability, and there is no
serious leakage of paraffin after multiple phase change cycles, while the concrete strength
decreases. The temperature on the top of box girder decreases obviously and the tensile stress of

the gradient temperature decreases by 10% when the ordinary concrete with a certain thickness
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under the pavement is replaced by the phase change concrete. When the thickness of the
pavement is equal, the maximum thermal stress on the top of box girder firstly decreases and then
increases with the increase of the thickness of phase change concrete, while the thermal stresses
in side web and middle web decrease monotonously with the increase of the thickness of phase
change material. However, with the increase of the thickness of asphalt pavement, the
improvement effect of phase change concrete layer on temperature stress decreases gradually. The
roof area corresponding to the web and chamfer are sensitive parts which affect the gradient
temperature stress field of box girder, while the roof area corresponding to the cantilever plate
and upper part of the inner box does not affect the maximum temperature of the box girder
basically. Although the number of chambers in the box girder can’t change the vertical
distribution of temperature in the side web, the maximum temperature stress of the box girder
will increase with the increase of the chamber. The number of web slabs maybe as little as
possible if the live-load bearing capacity of roof slab can meet the requirement, so the temperature
self-stress can be reduced.
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Tab.1 PCM-RHA Mass After Certain Phase Change Cycles
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Fig.3 Phase Change Concrete Test Block
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Tab.2 Mixing Proportion of PCM-RHAC
A MR/ kg
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C50 FH7AZ R #E 1 0.39 160 369 41 793 1052 4.51
#3 FEMEEREFXHT PCM-RHAC 3B CHE Z W UESE . AR 8 Bk A 4 IR B 3 1 [ R 5

Tab.3 Compression Strength of PCM-RHAC
After Certain Phase Change Cycles
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Tab.4 Thermal and Mechanical Parameters

. , . , _— SR EL R ‘ )
RBE L b2 SAPERLHRE /101 MPa | JARMIL | B/ (kg + m™?) ) B L LIk A %/107°
AW e (m+C) V] | ¢/[J+ (kg-C) ']
C50 3 TR &+ 3. 45 0.2 2 600 3.00 925 1.0
C50 78 TR % + 3.45 0.2 2 400 0.79 1214 1.0
Wi R+ 2. 00 0.2 2100 0.93 920 1.0
4.0 W (m® « “C) ', 4 2 45 2 TH 1 4 R Hcn 3 2.2 IEWMEREIE
5 Fis . Ry 56 IE T ST (Y E A W3R 5 BT R Y

x5 HAREREBMEREHY
Tab.5 Heat-transfer Coefficients of Different
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Tab. 6 Measured Temperatures
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Fig.7 Comparison Between Measured and Calculated

Temperatures at Measuring Points 1-8 of Box Girder
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Fig. 9 Stress Contours of Box Girder Under Combination of Phase Change Material and Asphalt Concrete Pavement
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Fig. 12 Maximum Temperature Stress of Box

Girder Section Varies with Time
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Fig. 13 Temperature Distribution in Box Girder with

Different Number of Box Rooms at 13:00
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Fig. 14 Maximum Temperature Stress Varies with
Time Under Different Number of Box Rooms
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