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In-situ monitoring and analysis of permanent subgrade deformation
in seasonally frozen regions
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(1. College of Civil Engineering and Architecture, Harbin University of Science and Technology, Harbin, Heilongjiang 150080, China; 2. School of
Measurement-Control Technology and Communications Engineering, Harbin University of Science and Technology, Harbin, Heilongjiang 150080, China)

Abstract: Using the fiber Bragg grating sensors, a two-year in-situ monitoring for the subgrade permanent deformation in seasonally
frozen regions was conducted. The combined effects of different sites, periods of a year, and different axial loads were considered.
The results indicat that: 1) Affected by the air temperature, the subgrade’s temperature varies linearly but astatically with time in the
freezing and melting periods. During a cycle of freezing and thawing, the range of ground temperature in the urban district at a depths
of 30 cm and 75 cm are —9.0-14.4 C and -1.9-15.4 °C, respectively. The response of ground temperature to air temperature
decreases and the hysteresis increases with the depth. 2) When the subgrade is fully frozen, the vehicle load-induced permanent
deformation at both sites are small. However, when it is thawing, the deformation rises even under the same load. The maximum
deformation is 4.5 and 4.2 times that of the frozen and normal period, respectively. 3) After two cycles of freezing and thawing, the
subgrade has not reached a steady state. The permanent deformation under heavy vehicles can not be ignored. 4) Taking the
maximum permanent subgrade deformation induced by a vehicle of 40 kN axial load as reference, the measured values caused by the
80 kN and 250 kN increase 17 and 215 times, respectively. There is a nonlinear relationship between the permanent deformation and
axial load. 5) The combination of freezing and thawing cycles with heavy vehicle loading will produce the worst result, which can
magnify the permanent subgrade deformation.

Keywords: subgrade in seasonally frozen regions; permanent deformation; freeze-thaw cycles; heavy vehicles

1 8 = TREGRZ F, 5 LR AR A

REBN . FRMER. sttt [REIZE 5y 5 DA R L
G BT — BRZFRX A BOERFR  AE R R TR R, A T RGN

HERPIN, =, [URBWETRERX BRI PR i A s, AR HiEgi -

ks HIW: 2016-05-16

HETH: BIRTA H AR ARSI H (No. E2016045);  [F 5K H #3423k 6 B B0 H (No. 51378164).

This work was supported by the Natural Science Foundation of Heilongjiang Province of China (E2016045) and the National Natural Science Foundation of
China (51378164).

BEHEWN: &I, B, 19714, WL, #dR, FENFLIFICAE LTRSS TAE. E-mail: iemmsj@163.com




1378 = +

J oz 2018 4F

2 VRIS JE M R AR AR, IR AREIRE
IS PR e RS R s dfEd, Tk
IR A B KR AT T B A . i 40
AR, G D3R FH 0 3 A 3 7 AR i Rk AR
e, A RFENME, (FE R B =R E .

AR, KAz, ZHHTIS E R,
i BRI i I E B AR . T AR ORI
A L5k EE B S N B o) A R DL AT TR
F, WA E A Rl A BRI R i,
AR R T AR RO R R R L AR (2012 4F)
B 1.1 5, EEERAR IR A 1.8 fiF. 135k E E
T ABER A2 (AASHO) FIRFFRI, 24k
BN 1 AR, XHERE AR E RS T IEE R E
IR 16 f50), FRUL AT 0L, . R R RN I S A
I 1) AN A0

KT IX AR, ENsbEE CIT
J& T RE I IS MARRIGHTE 7L TAE. X7k 2 &0
XA BT AT T, iR, ER
YN BTV S o N W= R ST b 1
NE, FEZHIR B B K TR IR R
RIABELS RER, ZEGEL FRTE, FRXE
WEAG B2 s, R EE T T
JR 22 ARV X o B SR I R AR IS kL,
WFFEEE R, BRI N AR A AR B & UK iR
FAEOE s AR e . D SO Tk g L
Pl A B ORGPk LU SRR . AR IR, 7
BT i A UK K A X BRI A ARRAE KL
il Zheng ZFIME L BL7 056 W T 7 Rk B 4%
e 1 P VKRR X B SR R AR AR L, A
TR, PRSI 32 BRI T LT SR G iR
UKL RMIR R, FFAL 7% IRIEAL ) HUE
Y P SR T % VTR« Yang 5025 6| | — & g3k
AR E BRI R G T R AR X R B i S AR
TN, i R K AR IS e T & A M.

CA AR ST, o i B 170 M 22 R R
BRI KA R AR B . — TR
MIHIE 2R IR E A, H— A 5 2 R 5%
PR AR BRI N R R s . AR, JRAHk
W (FBG) A& & Faf M H T 54 + TR 4k .
HaggmarkBHilik 73T FBG [N AS . IR E LR
PEIR, Hod B AN B E 8 4 a7 H AR R
Ferraro 2:M4[E] i T FBG FH il 8 K o A8 I 12 i HY
PRI,  FEXT AR -2 7y 2 M 5 T () S BT 5%
BT T RS, EEESSWE T —EHT FBG K
MR R SG, H T =W/ RS) G50 PR Ak

PRSI &, IR B v T SR EL IR T
Hoad FPEATR] St B8 SER FBG I T35 &
B TX — Rl TR A B AR S, 25 2R TS B 2 1pm,
RENE R A B AR I ) B 2 AR B N T
OV 1 a RIS, BAIE 1R R A AT
P B 0 45 Ry m S e

ISR T K A R T XA 3 Al 1t AR T S AR
SETERIH RS, R MBONFEE . RIMMESER
e, URERE PG =R AP D) T 7K AR
+, Mz E BRI AR, TR XIE R
ZEREIEE IR AR . A TR 5
B E T A BREE L5 70 AT AR B S K
XU L BRI R AR IR RHEREAT 708, AN Z R
DB B BT Bl 4ES LR R B SRR AL

2 Wiy R

2.1 BRI HhEE

LA R IR R . B BB AT E A
TR R, S RIEEE TR AR BB (LR A
FROA ) ARG /RIE T A LT AL 5 B kid iE T A%
K6+640 f K6+680 Wrifi (LA K f&Fx B dzth) il
Wit A AT EEONEARARE, WIS S R
iE, EEAZ I B HONSLhRER, e
K. HEEMZ, Ml E AL,

22 fERRME

M MER FH BATHER 35T FBG RE AR
MR R GE, LA Tk W SCHR[16]. A
Dt — MR R A B R 1R, B i
FEN G A5 B VE DL SCHR[16]

HE WK A K B g A% TT-K-24-SLE
TR (MR VEE N-60~260 C), ELAFUBINE
FEEHE . (XEEREN-50~1 300 ‘C, HHIEA
0.1 C, MARAEE N 0.3%EHC. H M HARA
B ARERE 1.

PR FAES AEPE I BX-7 BB,
A5 L RH R AR X R 7 A a8 0 % 2 R 73R4T
W Pt &5 5% 0.2 MPa 1 0.4 MPa,
REARK K=2.0. HnREW &KL E RN
WA PRA T AP~ ) DH-5923 Mzh&15 5 R AL
JE BT B 1R,

3 URRERMEIA BRI AR A

3.1 MW iR ARk AR
W RV A B ey R BRI ORI T
Ja i RRR R U AFRKIE S, &P



5 4 34 d BIUEE: TR R BRI I M o3 1379
A LA UREE-15 CBIT, B R 45 3 o s
-37.7 C; HFEMAA 24H, &AAMG T AR 15 | 2

- o9
20 Chidi: MIBRFMKERTLEES, <R ol —iz
AR, I )RR, o
=T 0 4
F 5 3
Ja '§$§ ) 2
SENZNENENENENENEN
ARAARL AN, 10 - - M
GSGSGSGSSSSIGNSS: 2015-10-10 2015-11-10 2015-12-10 2016-01-10 2016-02-10
IR
S N A AN A4 A-H
SIS § § SIS
SRA (a) VRetid
+ + + — 4 -
B it [ kR F9H+t )
A RERRE @ LML %
i BRI S FBG AR TR —REE, RIFHEHE 37 cm. 0 /\“_/J/
1 ERSmEREE (BA: cm) © 20 3 .
Fig.1 Profile of the sensor arrangement (unit: cm) Dg -4 - rj
- 2 —3%5
N Ny 76 — 4 %
IRV BB E R, W2AE T FERXIE 8 S
BT T B A B R T AN S R T AR R 24 10 . . . .
RFE T ABRFL AT IEBIR A TG . Nt 2016-01-24 2016-02-07 2016-02-22 2016-03-08 2016-03-23

TEURRMEIN T BRI AT, 75 A 30
Wit &G FLIF AT E T 4 MR FEAL RS, T I Ik 2
AR AR EES AT E W 1 FoR, b R R T 5
I (30em) MBS N 1S, KIKN 2. 3. 4%,
H PR P& 73014 40, 55, 75 cm.

Bl 2 firam g —AN Bl e B bt R TR IR A
B, HEMERANIER, B —U0EaIE3r)
PR AL — 5 R PO B N M TR AR A I L

HERT LA H, FERTEB (A 2015 4 11 H 15
HZ 2016 51 A 22 H), FEESH BT AINN A (1
SAEEER) MR AR TR I I s, HAkR
PUAHIRE E SRR E 0 CLUUT, HT 2016 4F 1
H 22 HREZE /AL (-9.0 "C), H & MR AL
ISP % TR PR S ARV TS I R o T THIR P B
PRI HIIE AR A R I H A S %, R PE % T Az 1)
4 S W AR RS T E 0 CC AR, T B S T Bl
(1) 15 WIS R A B E RS . IR Hh
MFTXA, Fik, HhER s 55X S
— B ZE S A M S A T ARSI T 43R 1 s o

R AT LUK, BEEEES TR, pEAT
BURLR A 8] B 8D A I 2 A 1 T LA
9% A e X U 4D T 82 o R P B T S k. SRR
TEAE R T AR IR B SRR, K2 SRR
M 5 K1 1 5 00 e MR 254 55 R0 H P2 SR A
AT, g5 R 3 Fis.

A/4E-A-H
(b) ALt
B2 BREMEEN

Fig.2 Temperature changes of the subgrade
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Fig.6 Permanent deformation in site A
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Fig.7 Permanent deformation in site B
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Table 3 Permanent deformation in site B at different times
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Fig.8 Permanent deformation at each period
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4

L EIUEE: FRR LK AR B M S ) Hr 1383

Rl A I T LR AT B AR B S KR AT
AEHEVESE R . N ZE AR A [FI80EE AR AFE  g2k 7k
AR TR, 45 2016 4F IERISYIR A _LiR 3R 4 Fralin
WITRM AL B T IIRE:, 4R aE 12
B

50
0
E w0
S g0 | —=— 1-80kN
B —e— 11-31.2kN
¥ | - mssokn
2 —v— IV-88.8 kN
~200
7250 1 1 1 )
0 500 1000 1500 2000
P 5 5 PH B /mm
() A7t
50 ¢
04— w
-50 | —=— 40kN

1<
1<
”3 —e— V-80 kN
X 100 | —a— VI-250 kN
=
2=
< -150 |
%
-200 |
,250 1 1 1 J
0 1000 2000 3000 4000

LI 5 B B /mm
(b) B 7
W A HiRIE R 24T IR E 38 5 km/h, B 3524 20 kmih.

Bl 12 BREOKARESEMRMBRR
Fig.12 Subgrade permanent deformation
vs. vehicles loading

MEF R UL, A R N, P
g I R AT I KNGS -t A SR U S
IS AR A i BT 3, A R AT
R RN R AL . 0 B I3 4400
T IR EHAT, Felay R MNERIAT 4h 15 E D7 il
if, WO K AR 73 A A P AN o

N T WS IR AR B S A E R R, )
T U SR 2 A b R A T e T A AR
KA HAL, 45RBIT3 5. 6 )& 13,

£5 AGHEFRMBILEBRIEKAZHL
Table 5 Ratios of axle loads and permanent
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