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Abstract: In order to facilitate road engineering personnel to have a more specific and in-depth understanding of
roads in cold regions, and to help researchers study the occurrence and development laws of road diseases, and to
improve their understanding of the temporal and spatial conditions of road structures, the researchers have
conducted research on the deformation laws of road surfaces in cold northern regions. The researchers selected
typical highway sections and established 10 monitoring sections to continuously monitor the on-site elevation of
roadbed frost heave and thaw settlement deformation. The authors analyze the deformation characteristics and
response mechanisms of road surfaces under the influence of temperature fields, and analyze the time-domain
deformation characteristics, dynamic deformation characteristics, and differences of highways under natural
conditions. By analyzing periodic monitoring data, the researchers constructed parameters such as vertical relative
deformation, vertical relative deformation rate, and maximum multiple of deformation rate between cross-sections.
They used these parameters to compare the deformation and differences between different sections, cross-sections,
and monitoring points. The researchers have provided the coordination law between road surface deformation and
temperature field in cold northern regions. The researchs results confirm that the road surface deformation based on
temperature field in cold northern regions has typical periodic characteristics. At the same time, through

comparative research, the researchers have discovered the differences in deformation characteristics in the
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longitudinal and transverse directions of the filling and excavation sections, the distribution pattern of deformation
extremes, as well as the relative deformation patterns and deformation rate differences during the thermal
expansion, frost heave, and thaw settlement stages. The researchers have found that the deformation rate of
excavated sections is more than 10 times that of filled sections, and the thermal expansion rate from August to
October is greater than that from October to November. The researchers analyzed the melting rate at different times
and found that melting mainly occurred from March to May. The authors analyzed that the rate of frost heave is
relatively stable, and also found that for fill sections, the frost heave from November to January is greater than that
from January to February, while the opposite is true for excavation sections. The authors summarized the time-
domain response laws and characteristics of temperature field for road surface deformation in cold regions, providing
a basis for research on roadbed, pavement structure and materials, as well as road diseases in cold regions.

Keywords: northern cold region; road surface deformation; roadbed; frost heave; thawing settlement; deformation law
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Tab.1 Monitoring sites and road conditions
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for the roads
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Tab.2  Analysis results of average vertical relative deformation in cross section

P ARREAE/ em

W IH 25 5
2020/10/9 2020/11/7 2021/1/18 2021/2/23 2021/3/20 2021/5/22 2021/6/21 2021/8/16

G 0.34 0.54 4.41 5.58 4.48 0.52 -0.02 0.24

0.98 1.16 4.59 5.33 4.28 0.77 -0.07 0.35
1 0.55 0.76 5.60 5.96 5.54 1.04 0.07 0.67
J 5.56 7.45 14.23 20.03 20.17 0.12 -0.17 -5.31
K 4.32 5.76 9.88 12.61 12.42 -0.10 -0.25 -5.64
L 4.78 6.47 10.80 16.12 15.83 0.27 0.32 0.25
Y 0.04 0.08 2.69 2.67 2.61 -3.23 -4.74 -3.25
Z 0.14 1.45 3.27 3.20 3.38 -3.14 -3.11 -0.29
AA 0.32 2.15 4.30 4.01 3.82 -3.59 -3.38 -2.84
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Fig.2 The average vertical relative deformation of each paragraph over time
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Fig.4 Vertical relative deformation law of road surface under the action of temperature field
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Tab.3 Extreme values of average vertical relative deformation

of cross-sections
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Fig. 5 Average vertical relative deformation range of each

section within one year

AU, 3207 BOR AR 22 R, HLW i ) AR i 22
HESE  WIFAZ 0 U o) e RAZ R, 4E T Bl % 13 3% e
W, T BOV AW 2B A 2 57 B 2ERAK, [F—
Bog A Wi B s AR SN o 4207 B W T A R R AR
TSI BVE 10 2.7 £5F0 3.5 %,

2.2.2 WAL A AR TR AR 1 fe KA

SR 145 1 T T A R X T AR AR O

WP b KA X I A8 32 B o3 A AE (0,5 ] Rl (15,20 ]

L3570 6 AN I HFE (5,100 (10,15 ] N YA
30 4 AP REETE  TE2E KT 20 em 2R
1AW

1# 16%
[ 2# 38%
[ 3# 32%
B 4# 5%
5#10%
6# 5%

El6 HHEESMHAMBRABNMNE
Fig.6  Frequency of maximum displacement at each point in the

cross-section

TEE 6 HRT & R T T I e K R ik BT 24
N 3#IITREET, 4335 T 38% F1 32% 1 He ], e
U BLTE 1#A IR ALK, 5 16% , 3% R WIHE T 7%
i AV B ) I S R T K T A7 T P ) R A T Y
A4 S# 64 H B KA AS 9 8 7 LR 209%
L 1# 2# 3#8ATEAR 25 57 K AR AR %,
2.3 HEMNTRE/NMEDHME

PEIEAE LT VR I IS 43 R AERLDT, Si it 2021 4%
8 H 0345 s 1 U [ A X5 T AR 118 B /ML, s B 6 A6 B
T % B /IMEL 53 A 22311 1 &1 7, K B T 1o A I
A% e /IME B RARR A B T8, 43 B i 3k
— ARl B AR AR 1L,

18
E ot
2l 7z
L= o
m 12 ’;:’
@ 10 | ;E’;,
B8 7
N | ;
2 ¢ .
E § -
E 2r ] S "I =
2 0 1 . 1

(0,1] (-1,0] (-2,-11  (-3,-2] <3
e i) A X T AR /em

7 EEEEABRNMESH

Fig.7 Distribution of minimum displacement on cross section

1#25%
[ 2# 25%
[ 3#25%
B 4#11%
5#11%
6# 3%

E 8 MHHHEE SO HIAABR/IMERNE
Fig. 8 Frequency of minimum displacement at each point in the

cross-section



. 118 - R

[N AN

5556 4%

I 7 AT, —4F 5 A3 4338 B 110 57 12 s R s
A5 HETE O ~ 1 em ZIA]; FHR A I H B0 T30
K, DUREAEAE O ~ 1 em Z[A] 5 2043 B 1T A TR £
T2 em, B8 AT A BT SR/ NAE X E A
FLENAE 1# 24 340500, B RS f/IME Y AR AR
K 25% , 3= WA I T — O A B 1T T R R T i
o SR — MY 44 S# 64 5 A7 ) U W I
e/ IMELR I B3 N 24%

KON TR R e e

I 5 18 T T 2 () AR X TS R R A RE
SO TSI AL Y SRR, al DL Bl
TR BRI i AR AL, R R A LA A

3.1

T HAE AL BE AT 22 5%, A 10— B i
[, 5K H A ] e 1] B 6t g A X AR R TR A
&,; =10(Hy; = Hy) /(1 —1;) (3)

Ao, AR LEE (1, 0,) S AIGHE AR R 1, |
£, X IV IR 8] 55 H, A B BRI TET o, ) 1) 5058 0 1 1
s H o R TET 1 o B IR ASCHE ) 003 1 e
54 2.1 WA TR IR R R
[DSE R ST ITRY 2
3.2 BRENEZEENHETERNESHT
g4 B3 11 A IR sk ,3 H
UG R AE BT, TH5 88 1) AH X E AR 3% 3R 4
JiR

R4 EBERENBEERRSFTER

Tab.4  Analysis results of vertical relative deformation rate mm- (10 d) ™
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H 1.56 0.58 1.26 4.76 2.06 3.86 2.67 2.84 5.57 2.80 -0.70 4.15
I 0.87 0.68 0.83 6.72 1.00 4.81 2.98 1.14 7.14 3.23 -1.00 4.58
J 8.83 6.10 8.10 9.42 16.11 8.77 8.51 -0.38 31.83 0.97 8.57 16. 65
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Fig.9 Road gauge deformation rate within one year
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Tab.5 Maximum multiple of deformation rate between cross sections
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