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Physical modeling of mechanical responses of HDPE pipes and subsurface
settlement caused by land subsidence
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Abstract: Failure of buried high-density polyethylene (HDPE) pipes caused by land subsidence is often encountered in the
engineering practice. The main reason is the additional stress and strain on the buried HDPE pipes induced by the land
subsidence. Most of the previous studies focus on the mechanical responses of HDPE pipes to a mobilized zone in the ground
with a specific size. However, no analytical methods are available to evaluate the pipe responses during the process of ground
movement. In this study, coarse sand is filled in a custom-made pipe-soil interaction testing system, and the lowering of the
adjustable bottom of the test box is used to simulate the effect of land subsidence. During the test process, the earth pressure,
deformation of HDPE pipes and subsurface settlement above the pipe are measured. The test results demonstrate that (1) The
vertical deflection distribution of HDPE pipes in the longitudinal direction agrees well with the modified Gaussian curve; (2)
The vertical earth pressure on the pipe crown increases with the lowering of the bottom plates, and the soil arching ratio at the
pipe crown increases from 0.7 to 2.05, which indicates that negative soil arching occurs above the pipe during the ground
movement; (3) The effect of the ground movement on the deformation of HDPE pipes gradually decreases with the decrease of
the thickness of soil cover; (4) The magnitude of the subsurface settlement above the pipe is limited more significantly when the
bending stiffness of the pipe increases.

Key words: land subsidence; HDPE pipe; model test; pipeline deformation

0 3l
Bt e R AR (e, I TR A [

jillf3

Gerpag iR 2 Tz RN AR, ke [ A

FATEHEXRUUEAIHEAEE D HE SEE EE BEETB: [LHE ARPRA RSN EIH (BK2013294, BK2012022);
S e Sy o 555 2 ) [ E KB E IR I (51278100, 41472258); ks S AR ML
R ':'Jé\ %X J JEEY Z peren é‘_‘ é
ﬂﬂm e ’kmﬁk(H?P‘]?) B SEIE 514 S M LS R L R
MR GREEL. 885 FiEMLL, e ER. (KYLX_0144)

AR, i H AN 5 BSR4y 1, EHL N EIE R Wei B AA: 2015 -03 - 21



254 e

+ TR ¥ iR

2016 4F

B A (2 PR FEA 6 HDPE S 18 R Zeits
TEE MBI . B, TR IR K IE TR
HEAKE B IR A 2% TR 1 BE S 2% R I R R
JENE—0 i T N HEKE TE AR AN T
PH IRV T T R ZKB -, 30 ™
HEIRkG, dEmE s HEKE AT, AN H
AR R TR AT, Kk, o BT R AT
o - 1 2 Bt FE B HDPE 4538 Ay 22k J )2
AR TE AL o3 BRI

KT MM A 18 52 ) 7% T A RE 9T, Winkler 2614
& R S A DL R A T ] TR b A 0 A A e b
PR EAT — o U W R R ECH AR BT R, IR
S TEAN R B AL AR TE RN 32 ) 2Pk Le i o &R, 1
IV AR 00 9k 1775 Y Winkler 3%
i I GRS A N HL R T 1) g 25
ARIEAT THEFU AT, 618 T MRS (1) 5t Sk B S0
JSEEFER, 188 78BN S, 8y ) LI
JE . K1, Winkler #PE L BRI 0 AP —
SEERIE, BUAHSRSSE (A B ANIE S, AReH% I8 11k
PIPTBY PRI 4 B R . F X Winkler 514 bt
GBI, A U ORI AE AR ELB T f) -
Z A IIAS R R ik G (—4EGE PR IT . BT
BY N AL 3 S FAR TR 5K i i) S th T XS ot
#7441 Filomenko-Borodich #2%Y | Pasternak #7145
H A Pasternak AU BURA PR HB LA,
ST 25 FE M 2 S O R T M A R A ) g 2R
Ji B A5 U2 3T A i T s X% R R 3 LA K AR T
DA A BT B DR B ARk 1 T B S S 2 11 4
Mrorik, Xz dibadE s E 3T T B T E,
s L T AT R RN ) I s 23 A R R 2R
WBRIRAS, gy T S A T A I . AR, R
WS T, U A e S, DA
S T ] B AR R TG B S AR S e, A B
W45 R S zbrts oy —E AP H, fE
RSV E T, B R AR DU AR AR
B o —ANARAE, ST T 4 T A G R ARk i
FEPEREAT 204, AR MRS T8 K 22 JE A 2R R AR
(R = AR IR

VI 22 2738 R FHEUE 53 BT (1) 592060 Dt b DX S A 3
(01 9725 MR T T RS0 AR SR 5 i
TN FTTIE, R A T ARUIEER R )
AT UEREAT T BB B s X2 A STt 4 5 3 o5
KT 2 (AR T AT T, 7 TE R 3 P alIATE
A R, JRm iR UR D R, N
IR R, S T X THL A E AR 5 s 220
2 SOV S 1 A7 T T S0 B0 S D B M 2 e A

FIAT TS, 8T BB R RGO, RE W
JERE S NI S AT T VR s Gt
BERE T A S AR B IS (R AR ELAE g7 T BB AR
Y, RRFAEARLE 23 B 7732500 e e DX Sl A 3 1Y)
J AR e PEEAT T 20, g T B IE R A i TN
MBS B N (P REi . SRTAT, 7R o AT B 2R )
SLH, BEUAPELY O AR SE FR I A KB WA AR VT
2 e B SE S (b s, W AnRs TR ) 550 1 R i
AR DA S AN (IR LA 42 ik 5 i 1 5 (A0 55 o

SR A 2R 06 1 5 v ) LB 4 6 M A 3 (1) 52
T~ A8 Fe SL AR HEAT ST IR I, AT BEAS B8 AT 2L
0 T S T 1) ) 22 8 TR RFAIE o gl NI AR )
PR LR AR RS, I H B2 TR B B A
TR TR SEBR AL, AT R e B 2 1
S MR SRS Z T4 EIE EAR SRR
ILL(E ARJEEELD R i T VU0 A2 1) E AR AL )
i o Rakitin ZEUSVR ] B OMUBREG, 6F TR
8.5 MR T BB AT AT EAE R T 2 1A kAT
THEFCHT; Vorster 25U VL6 -3 B JTHH20 142
JELL K 4.2,6.7 K1 142 [F)3REE -8 52 A 5,
AT T B OB ALRIG ST . SR80, HDPE XUHEJKZL
EE R AR, B 2 mm iy, HOAI R
A/ I TE RS SR LU AE DL R B R R — 3 P
PATEEL T HDPE XURE I S0 18 (1 ARG h— R
PR RAREG AR Wang 252005 3o L R EL 4515 7R
IR, % b - B HDPE XURE I S0 T8 15
0T R T e RS Y b 2R e A REAT TS, fR
HE b A T R A AE A A A B R 1 TE B i T
10%, FHAFHIRE RN T 23%; Dhar 25200 2 R
BIRERRES , X HDPE XUREJ SUE T 7 it 0 /7 2
I (1) 52 TS TEEAT T WE 50500, 48t SE A A ) ]
AR L B EEFE AN 5T Corey
AR R BIBRAE RS, X T HDPE e
EIE RS DR S AT T W50 4, $] e iE
b ERCE L TSI R A S PR TE 1 B ) AR T

AR 2N A R BB RLRSG,  d i i s g
FE AR 25 23 B e FE B 2 IR R T R, TR 45
St HDPE 38 152 3748 % S B Z T i
DURE S AREAE, BIFFUGS Rn] 2 R A Z ORI, Bl
HDPE 518 1728 T 42 1 LR I ] 7 S e vk AR it
PR TR S o

1 R RIASRE
1.1 R4
BRI BT K 3 AR HDPE XUBE I LU 1 43 5l



A2 J&

i, A MR DURE T M HDPE 418 J) 2R S AR AR50 43 255

WA PL, P2 A1 P3, JCIARIEESEZEIY 0 SN4 CRIFAK
J&h 4kPa), HASHINE 1.
x1 REEBENEARSY
Table 1 Parameters of HDPE pipes

s AR = Ik v ot BB DU
Y S D T el

iG] G B2 JE/mm S/cm ke JEEL

B /mm /mm - /em /(KN'm™)
P1 200 2 1.7 1.2 1.0 3 4.16

P2 300 2 2.2 1.7 1.5 4 18.11

P3 300 2 2.2 1.7 1.5 4 18.11
BRI AACYTAD A B AR IR}, YTV E H R
ARV, WA LR 2 mm (WA, HEEA
SRR BT AT IR, R 2. fREE LT
TR b7 (GB/T 50145—2007), X5 Dl 2%
BEAS R (PR D
%2 REABHERSE

Table 2 Parameters of sand used in model tests
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Fig. 7 Variation of earth pressures measured in model tests
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