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Analysis of the effect of XPS insulation board compressibility on the temperature
field of permafrost runway foundations

QI Chunxiang", LU Weilong"-*, HAN Zhuo", MA Jiahui", YUAN Zhongyuan™
(la. College of Transportation Science and Engineering; 1b. Construction Management Office, CAUC, Tianjin 300300, China; 2. Nanjing
ZillionZen Information Technology Co., Ltd., Nanjing 210000, China)

Abstract: To study the influence of compression deformation of the insulation layer under long—term aircraft loading on the
temperature field of permafrost runway foundation (hereinafter referred to as subgrade), and in combination with
the runway structure of Qinghai —Tibet Plateau airports, the finite element method was used to analyze the
maximum stress range at the insulation layer during taxiing of eight different types of aircraft. Furthermore, based
on indoor model tests, the influence rule of the compression ratio of extruded polystyrene (XPS) insulation board
on its thermal conductivity under this stress, as well as the thermal insulation performance of XPS insulation
boards with different thicknesses, was investigated. On this basis, a computational model of airport permafrost
subgrade was established for XPS insulation boards of different thicknesses. The effects of different compression
ratios of the insulation layer on the thaw depth of permafrost subgrade and of runway width on the degradation of
thermal insulation performance of XPS insulation boards were comparatively analyzed. The results show that the
placement of XPS insulation boards can significantly reduce the thaw depth of the subgrade, and at the same
compression ratio of the insulation board, an increase in runway width leads to an increase in the thaw depth of
the subgrade. This study can provide a reference basis for the design of airfield pavements in permafrost regions
of China.
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Fig.1 Finite element model of runway structure
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Tab.l Mechanical parameters of runway structure

ey i) h/m pl(kg'm®)  E/MPa m
IR YR 11 )2 0.4 2350 36 000 0.15
RIFE A L2 0.2 2200 1 500 0.25
WERRI 2 0.1 2 100 200 0.35
XPS {RilHR 0.1 45 15 0.37
AR AR 0.1 1 500 300 0.38
IR 0.3 2 100 200 0.35
TIRHEZ 0.2 2 300 200 0.30
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RALIY BT AL AT R HLBY B AP
R LB A T AR R R o R 8 Bl AN [ AL
TR AL, AR AT , 76 1.2.3 4.5 m/km 5 7if
P %% Fif $5 %0 (IRI, international roughness index ) [Y
RTINS E N T R FE S
1+ 11.51;’“\/% (1)
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Fig.2 Stress contour plot of the pavement under A380 aircraft
loading (R=5)
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Tab.2 Maximum stress at the pavement insulation layer induced by

different aircraft types

L Sy NI S ER =G WL RN 25 JEIHE A
J1/kPa Fe KR J1/kPa J1/kPa KR J1/kPa
B737-500 35 81 A321 44 90
B737-600 37 83 A300-330 68 114
A320 40 86 B747-400 83 129
B737-800 42 88 A380 85 131
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Fig.3 Compressive deformation versus pressure curves for XPS

insulation boards of different thicknesses
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Fig.4 Changes of the specimen before and after the compression test
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Fig.5 Variation of thermal conductivity with compression ratio
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Fig.6 Cryogenic laboratory
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Fig.8 Schematic diagram of embedding pits for XPS insulation

boards of different thicknesses
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Fig.9 Distribution of test sensors
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Fig.10 30-year annual variation of mean monthly temperature in
Naqu, on the Qinghai-Tibet Plateau
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Tab.3 Controlled temperatures and durations of the test

REC i/ RIEC ff/d
16.1 3 -15 7
155 7 -10.9 7

7.9 7 =55 7
2.1 7 0 7
0 7 10.1 7

3.2 ENEERRIEFRITER
32,1 kit

M IR 2= PRI I A5 Y - S50, B ABAQUS
BAFOIEE =2+ BOKHGR G IR 15, JF-RAIDC3D20
THEAIG  HAR A T - (PTG IR B R 17.71 °C, IS
TR IRIR N 15.35 °C, HH )42 B0 bh TR R BE
TRV S I I e P O &R
322 HRBREH

TR il BTSRRI R A
TR DU JE) R RS 0 4 1 A SR R AT AR A 4 BR S
4 o B R R IE 7 T2 N, SO K BH R 55, A5
HPSE A T O A H R SOk SE I A, H
B BT It £ A2 46 2 50 Eh e i 2R 8 e XU -5 0 XU
Ji] e ey, G e XU R Ay 5 A o U 2R 98 R XU T 349 XL
L, B 8 m/so
323 AMRUEML E ALK L Rt

AR T K RS AL S R R B 4D =
PR AU R P e kel R, R BBOAS [ JEE B XPS IR IR AR
BSURBEAR ) 38, I S 25 S A7 X6 b o BR T i
SCHRE T A BR TS = RIS AR XPS fR iR
B hx = 3.7 em BSEAS [) TR B2 A 1% - 1 B A 1] 7 225 4
2k, T 11 s

FH AT 11 AT, A FROGEEA S, AN 3 N AL g0
A5 118 Y85 i s T A2 T P LA ot 2 KA — B, BRI
FRTARHY ] DA RSP S Bl B ) o A B



- 64 - o E R AT K 2R iR 2026 £ 2 A
18( ‘ o *®5 tRSH
N R N 0.5 Tab.5 Parameters of soil layer
12 GRNNL 05 ZH B W Hi
& or SN\ | F#E/(kg-m®) 1300 k(W -m™-Ct) 1.030
;Lé 6 AT/ WA B K% 39.0 k/(Wem™-C") 1.840
B g'g CI(Jkg'CY) 177506 | ZRFEMD 0.554 3
0r o3 Cil(J kg C) 1 280.40 — —
] -
M N . 412 BREH
0 7 14 21 28 35 42 49 56 63 1) Eih R Atk
(Mfw‘ BT 131 R S SRR PR 56 Y SR B S 2,
e BRI 3% RSO AR R4
ii = {55 /m a) K 334t
! > - R4 S JEEH LI M0 X 2 S MO, 4
o i RN F I R B S S 2 SR AR S R AR 6 TR TE RS
2 o] mmm N NN ABAQUS MRS, ] DFLUX T8 555 30 A BH G 5
B 5 SC AR GBI ST , 7K U8 TR V5 -3 T A B S 3y
L —os8 0.24, RIAHF K PHBT R A 0.29 HAs TG, K
R (TIPS
0 7 14 21 28 35 42 49 56 63 B=Qxex(1-A)—F (2)
(m”Wd 3t Q A RS (MJ - m2+d) 6 e 2404
hx=7 cm

E 11 XAAREEE XPS RERIRE SHRTER LB
Fig.11 Comparison of soil temperatures between test and finite

element model with XPS insulation boards of different thicknesses

4 RREESEXERIREHHIZNT

4.1 HmERLEEITEER
4.1.1 REZEMELRK

F 4.5 R S ERSER L E S5
{B, Horp: €, JE R AT 45 2 LU IRES , C R IR EE AT 45 2 1L
WISk, S REELE RE L FEAR S RE
1.3 4 FI5R 5 4 S50, 25 oK G800, is
ABAQUS A4 By dA B AE BB UMATHT 2% 58
BRSO B .

*4 BESMERSY

Tab.4 Thermal parameters of the structural layers of the pavement
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Tab.6 Total and effective radiations of solar
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FIRHEZ 950 950 1.600 1.600
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A 2. -1 2, -1 A 2, -l 2, -1
I Q/(MJ m?-d™") F/(MJ-m?-d™) " Q/(MJ*m?-d") F/(MJ-m™-d™")
1 10 6.8 7 24 7.5
2 12 6.8 8 22 7.3
3 17 8.6 9 18 7.5
4 21 8.7 10 16 9.5
5 22 8.4 11 12 8.9
6 22 74 12 10 8.2
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Tab.7 Mean monthly wind speeds and rates of change at airports on

the Qinghai-Tibet Plateau

Al SR, AR/ A SR, AR/
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1 5.2 -0.17 7 3.6 -0.23
2 5.3 -0.18 8 2.8 -0.21
3 6.1 -0.18 9 2.9 -0.19
4 4.2 -0.15 10 3.0 -0.18
5 3.9 -0.21 11 3.7 -0.21
6 3.6 -0.26 12 5.4 -0.23
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Fig.12 Temperature field contour plots of subgrade with XPS

insulation boards of different thicknesses
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Fig.14 Subgrade thaw depth variation with compression ratio of XPS insulation boards of different thicknesses
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