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Analysis on Influence of External Thermal Insulation on Structural Safety
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Abstract: Taking the external thermal insulation method of plastered polystyrene board without anchor bolt,
plastered polystyrene board with steel anchor bolt and polystyrene board with inserted steel wire mesh as the cal-
culation cases, the temperature field of the external thermal insulation wall was calculated. According to the
temperature field, the normal displacement of the wall with different external insulation methods under the con-
dition of high and low temperature was calculated by finite element method, and the influence of different exter-
nal insulation methods on the safety performance of the structure was analyzed. The results show that the nor-
mal displacement of external wall insulation system presents expansion in summer and contraction in winter,
and the primarily normal displacement source is the insulation layer. The normal displacement of each functional
layer of the external insulation system wall can be significantly reduced, and the stability and safety of the exter-
nal insulation system can be improved as the result of setting steel anchor bolt, steel wire mesh and other rein-
forcement components. The maximum normal displacement of the surface layer by the polystyrene board with
inserted steel wire mesh is smaller than the plastered polystyrene board with and without anchor bolt.
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Table 1 Calculation parameters of polystyrene board with

inserted steel wire mesh external thermal insulation

c/(J-

/(kg* A/ (W -

Function layer d/mm e (ﬂg kg™ ' ,1< o
m ) . m K

K™

Base wall 150 2400 920 1.74

Insulation layer 50 30 1380 0.04

Steel wire mesh 2 7 850 450 36.00

LSECC 10 2400 1 000 1.50

Note:d—Thickness.
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Table 2 Parameters of indoor and outdoor temperature“

+

]

Season T,/ C T,/ C T,/C
Spring 25.8 4.4 23.0
Summer 39.0 20.1 25.0
Autumn 26.5 9.7 23.0
Winter 1.5 —11.5 20.0
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Table 3 Parameters of convection and radiation'"

Bu/(Wem *+ B, /(W-m *

Season K K I/(Wem %)
Spring 8.7 21.0 1365
Summer 8.7 19.0 1316
Autumn 8.7 21.0 1340
Winter 8.7 23.0 1392
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Temperature-time curves of typical layers of external thermal insulation wall
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Table 4 Material parameters of without anchor bolt/steel anchor bolt plastered polystyrene board external thermal insulation system

Parameter Base wall Insulation layer Mortar External surface Steel anchor bolt
d/mm 150 50 5 5 8
o/(kg-m?) 2400 30 1600 1100 7 850
c/U-kg K 920 1380 1050 1050 450
AM(Wem K 1.74 0.04 0.81 0.50 36.00
ax10°/K™ 10.0 60.0 8.5 8.5 15.0
E/GPa 30.0 0.01 25.0 2.0 205.0
v 0.2 0.4 0.3 0.3 0.3

Note: * represents diameter ; @— Thermal deformation coefficient; E—Elastic modulus; v—Poisson’s ratio.
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Table 5 Material parameters of polystyrene board with
inserted steel wire mesh external thermal insulation

system
Parameter Base wall Insulation St?el External
layer wire surface
d/mm 150 50 2" 10
o/(kg-m*) 2400 30 7850 2400
c/(Jkg KT 920 1380 450 1 000
AMWem K)o 174 0.04 36.00 1.50
ax10°/K™! 10.0 60.0 15.0 10.0
E/GPa 30.0 0.01 205.0 30.0
v 0.2 0.4 0.3 0.3

Note: * represents diameter.
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(a) External thermal insulation of plastered  (b) External thermal insulation of plastered (c) External thermal insulation of polystyrene
polystyrene board without anchor bolt polystyrene board with steel anchor bolt board with inserted steel wire mesh
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Fig. 7 Normal displacement distribution of wall element in summer
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Table 6 Maximum normal displacement of wall element with different insulation methods in summer

Maximum normal displacement/mm

Insulation method

Base wall Insulation layer External surface
Plastered polystyrene board without anchor bolt 0.042 0.292 0. 375
Plastered polystyrene board with steel anchor bolt 0.028 0.194 0.221
Polystyrene board with inserted steel wire mesh 0.028 0.074 0.084

—-1.43x10#-1.07x10"* =7.00%x10-° -3.33x10-°  3.42x10-° —1.11x10* -8.24x10-° -5.36x10- -2.48x10-  3.98x10-° —-2.05x10° —8.91x10- 2.71x10°  1.43x10-° 2.59x10-*
-1.62x107* —=1.25x10~ -8.83x10-° =5.16x10-* —1.49x10-° -1.26x10~* =9.68x10-* -6.80x10° =3.92x10~° —1.04x10-* —-2.63x10-° —1.47x10~° =3.10x10-  8.51x10-  2.01x10-*
Normal displacement/mm Normal displacement/mm Normal displacement/mm

(a) External thermal insulation of plastered  (b) External thermal insulation of plastered (c) External thermal insulation of polystyrene
polystyrene board without anchor bolt polystyrene board with steel anchor bolt board with inserted steel wire mesh
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Fig. 8 Normal displacement distribution of wall element in winter
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Table 7 Maximum normal displacement of wall element with different insulation methods in winter

Maximum normal displacement/mm

Insulation method

Base wall Insulation layer External surface
Plastered polystyrene board without anchor bolt —0.015 —0.143 —0.162
Plastered polystyrene board with steel anchor bolt —0.010 —0.068 —0.082

Polystyrene board with inserted steel wire mesh —0.009 —0.021 —0.026
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