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Modeling and application of electromagnetic coupling cross
section of building walls

He Zhihan,  Hong Juting,  Yan Liping, = Zhao Xiang
(College of Electronic and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The electromagnetic waves radiating inside a building can cause reverberation effect, which can be
evaluated using power balance method (PWB) to quickly determine the field level of indoor electromagnetic
environment. However, the current calculation models of wall coupling cross section (CCS) in PWB method for
electricallally large enclosure are based on the assumption that electromagnetic waves cannot penetrate through the
enclosure walls. As a result, these models are not applicable for calculating the CCS of penetrable indoor building
walls. To address this issue, a novel CCS model applicable for building walls with finite thickness is presented. The
proposed CCS model considers the thickness and electromagnetic characteristics of building walls and can effectively
reflect the effects of electromagnetic wave ’s multiple reflections inside the walls on the indoor electromagnetic
environment. The proposed model has been employed to estimate the indoor electric field level. The predicted results
agree with the measurements, which validates the proposed CCS model for building walls with finite thickness.
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9 MDF with gray veneer 2-30 10 MDF with brown veneer 2-30
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13 glass 6,10, 12 14 wood-cement board -
15 gypsum plaster - 16 plasterboard 6,8,9,12, 14,16, 18
17 red brick 120, 240, 370, 490 18 yellow brick 120, 240, 370, 490
19 concrete with small gravel 75,100, 150; 160, 180, 200 20 concrete with large gravel 75, 100, 150; 160, 180, 200
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Fig.2 Normal incident transmission coefficient of electromagnetic wave impinging upon concrete
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Fig. 3 Transmission and reflection coefficients of electromagnetic wave impinging upon concrete (No.19) with thickness of d = 150 mm
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Table 2 Normalized CCS calculation for common building materials

WCCS/m? TCCS/m? WCCS/m? TCCS/m? WCCS/m? TCCS/m? Ref[5]

material d/mm 2
2.4 GHz 5.5 GHz 27 GHz CCS/m
plexiglass 6~12  0.001~0.002 0.214~0.185 0.002~0.004 0.181~0.211 0.012~0.021 0.215~0.187 0.223
glass 6~12 0.001~0.001 0.150~0.120 0.002~0.009 0.122~0.178 0.062~0.084 0.138~0.088 0.194
plasterboard 6~18  0.009~0.016 0.210~0.169 0.013~0.041 0.177~0.179  0.054~0.117 0.176~0.105 0.224
red brick 120~490 0.007~0.025 0.196~0.178 0.026~0.084 0.183~0.128 0.201~0.219 0.018~0.000 0.219

concrete with small gravel ~75~200 0.013~0.039 0.163~0.170  0.047~0.099 0.158~0.111  0.209~0.215 0.006~0.000  0.215
concrete with large gravel  75~~200 0.016~0.048 0.144~0.145  0.057~0.117 0.142~0.089  0.205~~0.210 0.005~0.000  0.210
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