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APPLICATION OF INSULATION BOARD IN ROAD ENGINEERING
IN PERMAFROST REGIONS OF INNER MONGOLIA

ZHANG Baolong'>, FAN Wen'

(1. College of Geology Engineering and Geomatics, Chang’ an University, Xi’ an 710054 , Shaanxi, China;
2. Inner Mongolia Transportation Design and Research Institute , Huhhot 010010, Inner Mongolia, China)

Abstract: Based on the meteorological engineering geological data, observation data and design data along
the Bo-Ya expressway, a numerical calculation model of the roadbed temperature field was constructed by
means of finite element software, and the influence of XPS insulation board on temperature field under
different subgrade filling height was studied emphatically. The results show that, the increase of the
subgrade height and the application of XPS insulation board both play a positive role in protecting
permafrost. With the same embankment filling height, the temperature of permafrost of the subgrade with
XPS insulation board reduces by about 0. 19 °C than that of the subgrade with crushed rocks when the road
runs to its twentieth years. XPS insulation board makes the upper limit of permafrost obviously raised, and
the average uplift of the upper limit of permafrost is about 1.23 m under the same subgrade height. The
upper limit of permafrost of subgrade with XPS insulation board is located in the replaced crushed rocks
during the specified years of the designing code. However; the application of XPS insulation board
aggravates the development of sunny-shady slope effect, the subgrade height with crushed rock should be
kept above 3 m, and the subgrade height with XPS insulation board should be kept no more than 2 m.

Key words: road engineering; permafrost; XPS insulation board; numerical simulation; temperature field
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Fig. 1  Stratum histogram at K198 + 000 point Fig.2 Subgrade and pavement structure
AUV 45° XK B b Ko b Bk R A5 A . DI ER 2.2 HESH

0~3 m Wl Nk, HEHA, WK 2a; Q8
0 ~3 m JE A M, HIREA, TR TR B 2 0 1 LA
T30 em AbfH I XPS fRiEAR, PRIEAEE S cm,
UL 2b,

=1
Table 1

S U5 b Mo X S M S S b B e
AR, TSR 45 bR R S 4+
JEAEA RN BE A ) & K B R R B AR AR 1
K2 PR,

Thermal parameters of subgrade and pavement materials

-~ B p/ ght ki c,/ HE L Cs A SRR, HEFMRBAN/
(kg/m?) (J/(kg-C)) (J/(kg+C)) (W/(m-C)) (W/(m - C))
il 2358 1680 1680 1.05 1.05
KEEWEA 2277 920 920 1.5 1.5
KD TR 2233 920 920 2.04 2.04
WHZE 1500 1010 1010 0.58 0.58
B B A 1900 1730 1580 1.06 1.6
e LA 1900 1730 1580 1.06 1.6
XPS {43 45 5346 5346 0.029 0.029
Pkt 800 3814 2425 0.8 1.55
o+ 1600 2208 1900 0.77 1.12
7+ 1900 1800 1600 0.93 1.16
x2 BELITRE
Table 2 Enthalpy of subgrade soil
HEE/ (°C) -10 -5 -2 -1 -0.5 0 15
w,/% 3 4.5 7.3 10.7 16.2 50 50
et ,
H/(MJ/m®) 19. 40 23.41 30.91 31.82 46.53 136. 98 182.75
w,/% 2.7 4.18 7.46 11.6 13.8 22 22
F+ s
H/(MJ/m*) 30. 40 38.32 55.88 78.03 89. 81 133. 69 204.35
w,/% 0.29 0.45 0.78 1.19 1.82 10 10
LA+ R
H/(MJ/m?) 30.4 39.28 45.99 49.93 54.31 101. 53 132. 46
2.3 hR&EH GHNZE W, AR PSS PR O, BR o B R

52 S RN SN UR S U NI S G

RKPHEE ST e, 2@k fe . MEEREL

TR A Rl R B ARG B A A O B
ARPCH IR 1 A R PR AR B A8 A RE AL B T AL
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(1) wWBEBHR

WF5E X H 7 2R S B )R A B4 A9 1E %
SRR, TR R, R O 3R
A A s (1) 183

_ _S. in 2m | .
T(t) =T, S (E t+3)+g(t) (1)

A 1) AR, RIS SR, H0.349 °C;
S AR RARARIE, B 43 ~45 C5 g(1) N
EIRER, B0.025 C/a; ¢ H A, W1, 2,3

(2) KPA%E G
MR ARG 2% R HE, A5 AL o DL ALK BH v e o
BAENH R BOREE R AS K, HHE A
X (2) s
B=0Q-&(l-A)-F (2)
Kb B KE&ESHE, MI/m® - d; Q A K&
BA R, MI/m® - dy e MU R G A RS
K% 5 F KA, Ml/m® - d,
M AE A K FH H 48 5 B Q MK A a0k 5
i F RIERR RS, Wk 3,
£3 AMBESARMKEANESE

Table 3 Total daily solar radiation and long wave

effective radiation

x4 HEHEHEE
Table 4  Slope coefficient

i L
[H 35 [ Bz
1 1.61 0.3
2 1.43 0.39
3 1.24 0.5
4 1.07 0.68
5 0.93 0.78
6 0.9 0. 81
7 0.93 0.78
8 1.07 0.68
9 1.24 0.5
10 1.43 0.39
11 1.61 0.3
12 1.72 0.28

P=UxG (3)

Krh, PRHZEKRFER, J/d; U REMMZELE,
mm/d; G RIKPRALER, J/mm,

MR KERT 12% 0, HIREHHEE
Yy R R ST Ak ZE L w1 80% ~90% , LI
AOERIUHK I ZE A EAE L RELE, BifR%
SR, MK 1—12 HE A EWES
Fras, HET, R A ZE R AR SO
BT B B, TR R R KR IV G =
2260 KJ/m’,

xS BRAMRAZRE

H 1 2 3 4 5 6 Table 5 Monthly evaporation in Bokeshi
KA B ARG Q/ Ay 1 2 3 4 5 6
(MJ/m?* - d) 417717 13.67 16.67 19.5  20.83 ZE&kB/mm 10,1 22.6 60.0 145.8  246.2 184.7
BRI Fr Ay 7 8 9 10 11 12
(MJ/m? - d) 2.67 333 417 3.003.00 3.00 & H/mm 166.6 130.6 117.4  73.7  24.5 9.3
H 7 8 9 10 11 12
W AR ST Q/ (4) HEREE L F5&M0F
’UEDZ ﬁjgjmo 19.5 17.0 10.93 6.67 3.67 2.83 - o ;

(M)/m” - d) BEAEL = HARMBAE N, BH 1k Hb i i
BT F/ y . e y
(ﬁﬁ/&mfﬁ Y 2.83 3.00 2.67 2.67 2.33 1.53 M, NMEE R T =, R XAERE 11 A ER

m *d

PR, W A=0.13%; pKA
e, 6—8 J (HZFE) A=0.23, 11—1 J] (&
%) A=0.33, 2~5 1 (FF). 9—10 4 (#=F)
A=0.29; RAMERI A A=0.29,

UANEY S R NCP NI S TR
MHEZ W, 5B . 1B bR DL OK A
TILfa . R G, SO TE R RO A5 R
4 R

(3) ZERFE

BRI (3) A

E2 AMFRMAARE, JEEA 10 em 47, HHEIH
BB Hy 10 em, MEHRE R 125 kg/m’, F
WEBH0.09 W/ (m’ - C), H#MEH 2100 KJ/
(m* - C),

(5) Wfuih

P B ) Ay 2 I L, A A R A T
JETLLAR 10 m,

(6) Tl FME

TR ZA R R w2 AT, HEE
ZURTB L AL e, BT AR AR AR i A — > R
/N H0.06 W/m® fy PR s e
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HTELBEEE—BN0~4 m, fFLIEA
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FEBR 3 m YRR BN R LR A S, XA
B XPS LRI AR B AR T B0 R, B A % P 0 IR
Y. Ok LR BEAT RSN AT .

— s, R R RE SR TR
MAEAL, B LUK 2 0 R R Rl A R JEE TR 78 1 B
9 An. PR TO0T B #IE B 5 20 4F 9 A 2k
IEG o AR BLIN T 3 Frs o BRORE, B HEIUR
o5 B 3 A XPS i A iy i G 2R R AR B T AR
BRI, Rt RAERAR A, Hh Tk
JE T ISR, i s R SEUSR e BE A S, ke A
TERT . PHSBE BL T B 22 59, DT 2 384 i 8% 1 4 1)
BAUE , RIS UTRE G T B

-1.336  0.914896  3.166 5.416 7.667
-0.210451 2.04 4.291 6.542 8.792

(a) BEA IR m

| EEmmmSSE ese— |
-1.428 0.843588 S 5.386 7.658

-1.362 0.88545 3.133 5.381 7.629
-0.238411 2.009 4257 6.505 8.752

(b) BEAEEH m + XPSHR

0.808353  3.077 5.346

-0.29209 1.979 4251 6.522 8.793

(o) BEA 32 m

-1.46 X
-0.326019 1.943 4211 6.48
(d) BEAEEY2 m + XPSHR

| S — |
-1.509 0.779095 3.067 5.356 7.644
-0.365083 7.923 4212 6.5 8.788

(e) WA BEIE3 m

L e S — |
-1.598 0.700827 3 5.298 7.597
-0.448564 1.85 4.149 6.448 7.747

(f) BEABKRIES m + XPSHR

| EEmmmme - ISs— |
-1.654 0.665681 2.986 5.306 7.626

-0.494292  1.826 4.416 6.466 8.785

(g) A4 m

I cooooesss s
-1.735 0.594001 2923 5253 7.582
-0.570735 1.759 4.088 6.418 8.747

(h) A4 m + XPSHR
H3 FRBEEGEERATERES 24

Fig. 3 Distribution of temperature fields with different subgrade heights
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A, WEDMEARRE., 4iaR6 LEKE, 1
B4R, BEER RN 1 m, ZARUR LR E AL
FEAK 0.02 ~0.04 C; BHALAFLUG, AL v L B 1Y
Al m, R R EE AR 0.06 ~0.08 C 4, Uil
W) e LB R 0T DR A O R A A Y, (ER R il
FEAR I AN
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16 L
(a) BAKIR-1m

(b) A EEIE-3m

M4 AREmEHAEEETEREHT
Fig. 4 Temperature profile for crushed rock subgrade
with different heights

*6 AEABEBRARRSELRLEE
Table 6 Permafrost temperature for crushed rock subgrade

with different heights

ZHG IR E/C la 5a 10a 15a 20a

MEAHE -1m  -3.05 -1.38 -0.91 -0.71 -0.55
WAMEE -2m  -3.07 -1.46 -0.96 -0.78 -0.63
WEABYE -3 m  -3.11 -1.54 -1.02 -0.84 -0.70
WAMKE -4m  -3.13 -1.61 -1.09 -0.8 -0.76

I 24 Il XPS Gl AR Je , X 44 i ) BH B 8 R
FUARBA . T, T8 I v U8 R R R AR AR 9 H
PR Sr A (DA 3 m BESE S N B]) ULEL S, MR
B XPS M e, BEAEE RN 1 m, UK IR BERE
RIREE S AR A (W3R 7)), (HE7E R IR R
E RS MAEAE 4 CHEAEZE, X T 8E K —
Sy R BEBH I . Y43 a2 8 25 20 AER, A TR
PR T, Al XPS Al L A4l XPS A 7% +
HEERRALT 24 0.19 C,

3.3 ZEERLT LRSS

[ BB S v 0 T, R P G B 5 R 4% i i

FE 2 R B RRIEAT 4 . R 1 B R

BS 3mu XPSHA KRR TIERZHE
Fig. 5 Temperature profile for 3 m-high crushes rock
subgrade with XPS insulation board

TSR e B A 18] 4 A2 A e n 1 6 i .

KT AEABEXPSREMBEZFLFLEE
Table 7 Permafrost temperature for subgrade with XPS

insulation board with different heights

ZAEH R BE/C la 5a 10a 15a 20a

XPS fg3 -1 m -3.10 -1.61 -1.07 -0.88 -0.73
XPS f3E -2 m -3.13 -1.69 -1.16 -0.9%4 -0.81
XPS &3 -3 m -3.14 -1.76 -1.25 -1.00 -0.87
XPS &3t -4 m -3.13 -1.82 -1.33 -1.06 -0.93

ATLL &R B, B R B R R N, BHRR A E Y
[, Z4ER = BR BB, WA 5 B A 1
Im, Rt EREFO0.74 ~1.09 m, P 54 0.85 m;
XPS BEILE RN 1 m, %R+ B EF20.93 ~1.03 m,
FH EF 0.98 mo, U I R B R R R AT 46 T
ZAEVR T B, XIS, XPS BEERX R+ E R Y
8 THROR Foie A B 52 08y W 3 B s B A [ 1
XPS B3R - E IR AR T 4 1.08 ~
1.50 m, BEENEER, — & 22BN, 1
25 1.23 m,

MR B BB i %8, 1 m SEB R Y 0 A B
H, L LRGAA T ZAEKR L ZE T, 50 E
2 MmN REAESERE S FEGR L L
WAL T2 Z R B2 T, BT LR T ORI B% 2 1Y
S LRI RS E M, T 5 B 0 R A I R v RE
KF3m, UGHER L ERAFEAZE S, 1l ~
2 iy A I AN LT

XF T XPS fRiR AR B 5, AXEESE S BE A 1 m B,
B 20 AEVR - BRRG T 2AER L, RS EAE
TR EE T BB AE R — M 15 4F, 7E 15 F KR+
PR FEAL T SE R A R, T B A 2 ~
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Fig. 6 The variation process of permafrost upper limit

under different subgrade heights
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