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Integral Thermal Performance of Composite External Wallboard Based on XPS
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Abstract: A composite external wallboard system based on high performance extruded polystyrene (XPS) was

proposed. Its thermal performance was studied by the guard hot box method and compared with the traditional

autoclaved lightweight concrete (AL C) composite exterior wallboard under the same thickness. The heat transfer

process was simulated by finite element method to verify the test results. Both the test and simulation results show

that the heat transfer coefficient of XPS composite external wallboard is about 40% lower than that of ALC composite

exterior wallboard, showing better thermal performance. Then the structural parameters such as distance of keel and

thickness of the composite external wallboard system were parametrical studied , and the optimal structural parameter

combination of the composite external wallboard system was obtained , which laid a foundation for its optimal design.
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Interior trim panel —

Z-shaped edge-closing
component

Hunched keel frame
(connected by M12 bolt)

(a) Struct

— High performance XPS insulation(30 mm)
— Y X35-125-750(0.4 mm)
— Keel made of channel steel C 120X60x20%3

— Glass magnesium board(10 mm )

JZJR 0.4 mm {9 JE A AL Y X35-125-750 LA &5 1 Ak
W ) b JH 3% T mT R 4% T 2 A B T R AR S
b CRAE 20 mm (9 B1 9% XPS i, 38 2 o 355 K
(1) SRR BT [ 2 LA ikt G T 24 B BT . N M T
M 430 1A BOURAET 26 4 e B AT XPS Al A . &2
A AR DY R SR FH S T Z AR R 1 ik AT iR
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Corrugated pressed steel plate

—

XPS insulation
(fixed by plastic press-releasing
connectors)

Exterior trim panel

ure

— Exterior trim board and its mortar layer(15 mm)

— Coating and its mortar layer(5 mm)
— ALC insulation(75 mm)
— Keel made of channel steel C 120x60%x20%3

— Glass magnesium board(10 mm )
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(b) SP-X sketch
K1 BE4A5ME
Fig. 1

(c) SP-A sketch
MR A 2R 11 ) 3

Composite external wallboard structure
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Table 1 Thermophysical parameters of materials

Thermal

Material izn::i/) Hea(tJ ‘Cif,alc)ity/ conduftliviqi{
(W-m =K
XPS 30 1500 0.03
ALC 525 1050 0.14
Q345 7 850 460 45.80
Trim board 1600 840 0.45

ARG C10~C18) . [a] B, Ay H2 i 4K 56 ofE Aff
P G PR i 22 a0 B, 7 1 R S i 0 A% R
F KR 0.037 W/ (m™-K) [ 57 5t 3 75 )2 i 47 B 1
HIEEH 0.2 m, Z H5EREHA A 0.29 m” M4k
55 T G B v AR I TR 3 o s ) IR i AR T R
SV AR R ) 3 AR B I 25 44 1 (40.0E
1.0) C, Hrh ¥ 46V iR By (—20.04£0.5) °C, #
F6 VIR N (20.0£0.5) C. Rtk &5 5 (i
AR FE1E 5 60 min P L) 0 45 3 TR T T
AR PR B R 1R /min, 3 5 8 K
> 600 min.

Clamping frame
AT

Insulzltions
AT;

C10-C18

Guard box AT, Hotbox AT Cold box

Tex —— 71, & T¢ Heating

equipment

K2 ke e a S B (A

Fig.2 Testequipment and layout of thermocouples(size: mm)
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surface to the air)
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surface to the air)

(by DC3DS)
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Fig. 3 Model mesh and settings of heat transfer finite element analysis
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Fig.4 Test and simulation results of temperature curve of ALC external wallboard
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Fig.5 Test and simulation results of temperature curve of XPS external wallboard specimen
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Fig.6 Temperature cloud images of the wallboards
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Table 2 Heat transfer coefficient of the two composite external

wallboards
K/(Wem %K)
Specimen Relative error/ %
Test Simulation
SP-A 0.605 0.609 0.71
SP-X 0.367 0. 364 0.68
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Fig.7 Change of temperature with distance of keel
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Fig.8 Curves of temperature difference to layer thickness
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