GUENE 2025 4F 5525 4 4522 By R 5 T # ISSN 1671—1815 §2
- " 2025, 25(22) : 09495 - 10 Science Technology and Engineering CN 11—4688/T Ch-. :

DOI; 10. 12404/j. issn. 1671-1815. 2408611

SI A M4, RF, WA, 4. 5T DEM-CFD J5 ik & 4B g | KT E B A SB[ )], B2 HoR 5 TR, 2025, 25(22) .
9495-9504.
Tao Lianjin, Wu Qi, Li Shuya, et al. Mechanism of urban road collapse caused by pipeline leakage based on DEM-CFD method[ J]. Science

Technology and Engineering, 2025, 25(22) : 9495-9504.

ETF DEM-CFD FiEHEZ%isRmRsI &M ™H
18 B 15 b B0 B0 R #1118

Mike, XHEH, FPHE", RiE&, &F, IMB

(Aemt Tl K2 5 TR I R A E I E A5, bt 100124)

i B FERSRURTHEBIBRERNETRHE, AL LR R RS RENIL L A FR B0y 248, 4Tt
T BGA R FKE KRR B IU- AR S F (DEM-CFD) R Bl #8675 &, £ WX I el EAR S A da WL A S, BEMLE X R )
BB B AR LM T & LW E T B RE AR TR RAME, TSRS FLERNRASFARETRER
FAEPH T, FREREAN ERASAFIEIS R, L B A K fe LRR R AT RBTRG TR, £ LB
BHEAT BROERREERE, SOBEEBETEETNE THLEEHBERIABER BMRFERAR, F25
THMR GRS XA RBTAERE EZF R EH SRR ES> A PRESNE R RENERERKENE, £5
BTG ] GRAR T BRI K R E e BB F AR @, RS R T O RO, AR R RS R A R ME A2 R AR
BRI AN RN R EERK, AR THIRTELIIFT RE RSN 575 AR X

Relin] FLB R, BHIRG, AERARLS; TR, WE > RER

RS TU4TS; kRS A

Mechanism of Urban Road Collapse Caused by Pipeline Leakage
Based on DEM-CFD Method

TAO Lian-jin, WU Qi, LI Shu-ya“, SONG Bo-han, PAN Jing, SUN Wei
(Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing 100124, China)

[ Abstract] Pipeline leakage is a major cause of urban road collapse accidents. Understanding the evolution process and catastrophic
mechanisms of road subsidence is crucial for preventing such safety incidents. Focusing on sewage pipelines in Beijing municipal
roads, this study employs DEM-CFD ( discrete element method-computational fluid dynamics) coupled flow-solid approach. Microscopic
model parameters were calibrated based on laboratory experiments to simulate deformation and cavity evolution in sandy soil layers
under various pipeline leakage locations and burial depths. Key parameters, including particle displacement, soil compactness, and
medium flow, were analyzed during cavity formation. The results indicate that leakage at the top and middle of the pipeline leads to the
formation of a funnel-shaped cavity as water and soil are lost. Without traffic load, the road surface exhibits negligible settlement. By
analyzing particle displacement and compactness variations, the soil deformation was divided into stable, loose, and cavity zones, and
an elliptical partition model was established for the loose zone. Based on the particle loss rate, the progressive failure process of the soil
was classified into three stages: particle migration, rapid loss, and gradual convergence. In terms of cavity formation time, subsidence
extent, particle loss rate, and total particle loss, leakage at the pipeline’s middle section yielded the highest values, followed by the top
section, with the lowest at the bottom section. However, bottom leakage resulted in the largest loose zone. These findings provide
theoretical support for detecting and identifying underground risks associated with urban road collapse disasters.

[ Keywords] pipeline leakage; road collapse; fluid-solid coupling; cavity; elliptic partition model
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Fig. 18  Subsidence trough profile curve of the cavity

BREITE WA 20 DX, DAL 2R AR il 1% 7 =X 1) ] PRl &
J'& , GnIEl 16 (a) FIEL 16 (b) B, BRI TR &R A B
Bl TR, B IR mEE — e E, &
VI PR [ 3 % R A R B3R O 2 IS R YT R
P e B/ NE B 25 T, i 16 () FTE 16 (d) B
o HEEB IR, IR ) BE 28 DX I 25 47 25 ]
rEAL, Wi 16 (e) B,

ZEAE1T MRN8, kAN 5 45 far 2K ), 3
i % R 2R R A R R B W R e, R AR IR R )
SR, BT EEAR YRR IE . M I T L L RS
T, RS e 5 | S i = ARG 3l X1 A0 2 3 A 11
T I K, (E R B0 X 4 3 UAR 467 T4 4R 175 T
—, B AT LORERES, T 4 R TRk
FIFLEVER, 0k g 2k s AN A 5] & Rl X
FIEN SR 5N (5 = 15 9 115 7 i w511 /L L E 5 ) R RS )
il B > EERB IR > DB, 25 e ., E
wB R > TSI > JIKHE T, [, 358 8 16 3
R, M sl RN 23 0 A9 3 T 23k
4.3 HMEBIFTELSK

BT R LR K AR B IR, )2 008 3 AR
TR SRR R B T & 2 A5 B2, i,
FET Janelid 2521 B2 HY AU R 40 Xk 45 A WOk A
AN RN R NI VA= €53 2 Elbod op: i)
JE RISy X B AR A I 19 B,

MCHRAER 23 [X 32 B8, b 2 0 00 TR i 2 mT
MBI 5 FE R, 5 B8 AR B 67 B R /N B 2% 2 AR Ak
SEFEAR AR UE AR R 4 DI RE R AR A £
FE DX BN X MR X B A [ LSS 23 S A
DX, IR X P A % 5 B A AN e AR AR AL, H A i AE
BB R, AR AR, Bib
6 [0 R4S Db AR [38] 2 [] Ay i 8 X 2% DX 388 P PR B 4L
e ol Y Ay e ORIV~ A 5 W ey e o N
N7 1) 5 S BE A 2 ARG, AR PR [ LA PN A 4R sk X (B
25 IR KN AR AR R A S AR Y T

ML www. stae. com. cn



B R 5 TR

9502 Science Technology and Engineering

2025,25(22)

KEEREHIEN O,
MR RT3 R S, g DX I3 07

2 2

Sl =lia>b >0,y <0 ()

(5) Hsa, oW IR 7 R4 R Bl s o o A 159 O e 2
SiiB

Xt EA R HHL 8 ) 3t 2 468 2 M IR oo o e B, i A
R I D7 R ) i B 2 OB 5 A R TR A )
I, DI, B MATLAB #4814 H 7 3 %A
KRPEHBUE M CR LA TR 4, bR TAES AT
WRAEIZRS B, 18 5 AR U 2 LR AR, 3 T f
BB INTE AR W IE RN BB DX, X 3T 18 B
SO T U AN 55 U RIS S

R —Iﬂ A,
d g = LN
\
12 A B AEE

£ Y
£ Y
{ \
0 £ )
N PN 020202 102 0202 XAl
v P . () 4‘ )% —>
ol 09 0.5 (AT “
. \ 00 08 |
04 0%
= -1.5¢ 04 0706 p
Yy s 2
[72] N y
2 y
= 25t
_30 b
_35 L
B S S
pos_x/m
(b) #1753 X

Pl 19 i 1Ed o X R R
Fig. 19 Schematic diagram of the elliptical zoning method

x4 FAEERIRTHESEHCEER
Table 4 Summary of ellipse parameters for different burial

depth conditions

SHETR 1D 2D

a, b, a, b,
T 5 U 1.75D 1.38D 2.88D 1.88D
T 15 U 1. 88D 1.63D 3.00D 2.13D
JEEHR B e 3.50D 2.50D 2.13D 2.63D

4.4 HMERKE

SRV HiLJZ 51 2 X i J2 0 0 R IR Ok Y R
W], 358 FH U 5 2 2R ok e AIE b J2 451 % 3R | WUk 11 2
R EL N

m;

¢ =y (6)
K (6) Hrom, R A ] B P ORI 2R B M R
RUBEARFUREL H , RVRURL 3525 % o AN BN
ORI 2 B0 H -5 BB R S AR H Y LU

N[EIR Ko 18 T 7 B T 00T Sk 45 2 2R i i
A KA 2s At £k, A& 20 Frs . H & 20 AT, A
[ 50T, 52 A e 46 BE AR, J0RE 453 2% % 45 Bl
FFTRE R 3G, 2800 . WA o B, J0RL I 2 %
B 1 Bl S ORE 5 R R R BRI R R R E R
J& B 5 g R, BT T 0, X HAS R 3ER T
B, B PR AN, AR SR A

R R IAL 2% 20K 25 T I S R R 43 3 B
B RS RS [ B | P 2k B B ML S B
Wik R b Be i, WOk 2 218 W ER R, &7
S22/ B I R s VA = e S . N RN OB TR T
Sl ARV O PR B B, R AR B
WARE R AER T, AR P EIE &5 1
BURGEE I AWY K, SRS R AR,

12+ — = 1D-TiFR Bk
—e— | D-JEBE
—a— | D-JE BB
= 09
H
K
E 0.6
=
.H
0 100 200 300 200 500 600
HEBBE
20 (a) HEE1D
' —=— 2D TR
—o—2D-[EIBI
sl —a—2D-JEHBR
. .
3
K
210
&
=3
_H
0.5
0 100 200 300 400 500 600 700
272 Wira
(b) #ER2D

B 20 Bk e R AR Ak il £k

Fig. 20  Change curve of particle loss rate

ML www. stae. com. cn



2025,25(22)

P, 45 . BT DEM-CFD J5 35 B 2B R 5 | A dul i 2 0 33 s O BB LB 9503

SEZPR 3 BT AR TR PR A B R HE R
JE R IT ot B2 TR UMY , 28 Y s Be R B
DU 7K 8 D0 110 % B2 R0 5 J3E )8 — o B {H
Jei , F TR [ JBE 45 ) 45 B A7 A BORL Rl R DU T
P MG R 2 B A, R BT 0,

Xt EEAN R R T80, A Rl TH 3280 K, R
T URA 2 3<% R T T2 e 00, iR 338 Ui 114 4K
(R AR, o0 T8 R TOUBS R I 3 2R 2 T i,
PR M i 1 S TR R & 1 0 e A8 Rtk 11 Ak
AR RS F8 & 08 T I 5 11 AR Y AR AE 2
TS RVERT T BEA S etk 11, ELE 3 578 e b S i
S 11571 s {12 7 N i = w1 s 187 N
L R AT AT &8 B i w52 3 8% e, T 3
BUBURL0 R R ELEAR

ARICTT AR TN S 235 T 5 A 114 3T 3 3 35
[y ITE S WS e TN D P2 A5 s A A 1B

(1) T4 XU REA - F1H DEM-CFD A5
T, A RSPl S T AR R 14992 Tl DX A9 7 35 B 1X
S, A M PR BERE R

(2) U 55 7 4« 308 3k 52 ka0 4 3 9 U
SR BRI AR | 45 5 AR SORE TR ] 3 9 7 XU X
SR T B i TS | PR R R AR

(3) 3R ML) 5 i FE SR T R AR B
B, S5 5SSO Y i f DX XS IRL T AL AR A8
A 5 S HEKBETT, 3T R 25 [ A AR,

5 #ig
St 4k 5 BH S K G 4 R Fi DEM-CFD
TR 7k B T 45 22 18 R A A S [ (07 55

AT 0 42 AR A 358 2 A8 T R K 2 T 1 3
fhid A, a5 A BUE AL 7 2 FAH 56 SCRR B | 56
WET DEM-CFD & 7 ik e IS 8 T 5 | &3
SR A v M S P B SR R ek T G
SO I E 1 RS AL AR 2 4L T A BR SE
FEME AT, S NEe,

(1) 2R DEM-CFD #& 113 ik RE A &L
RS E B I 5 | 19« 5% + 2 - IR A2 W B
B RS AS AR i AR, FEARELAE R 7R K B EE A
FHERT, W0k & w5t 1 BE K ik, B %
SEE R E R s X, I ) B,
IATERE R T IS,

(2)FEE KD Z 8 LR T MU B s I, /K
ARSI WG = PR 23 T 5 TS 3 8 e 2 7
BRI T /NS BB ) 253, (EL 7R TG 52 3 oy 28 10 1%
U N ST - 7 N Ny A ER T 1 8

(3) FR 4k M 2 28 8 e, 245 5 JORE 57 7% 1 5
JE B AR R, R b 2 AR R ) 73 D AR E X B
FADCRIMR A DX, I 57 1 B s DX A A [ DX A A
WIH T BRI SRS A IR Z TR R

(4) ARIEIURLE I R, A8 LBt 75 e i 3T 18
2SI Bl AR n] 2R 3 AN B B RS RS B B
PRIER R B B 22 g IS B

(5) 2SR J ] | 225 306 90 HE S R O 2R i
JEF B AR A AR AL O - BB T > TR &
U > JERFRIE T 5 1008 s DX T A9 728 A R AR O
Bl > BB > TURE T, R, B E R
ARSI, AR BRI (ERBE Z 1

Z % x #t

- BARSIE I H B BR T T R AR
BeAJRATLT]. BEfR S TR, 2023, 23(11) ; 47554764,
Zhan Tao, Wu Bo, Wu Bingbing, et al. Deformation of under-
ground dense pipelines and solum adjacent to shallow buried under-
ground subway tunnels[ J]. Science Technology and Engineering,
2023, 23(11) ; 47554764.

[2] EWk, sk, R, 55 B LOMUBORIE IR X 48 T8 0 45 80t i

AP BT 1], B EOR 5 TR, 2024, 24(31) ;
13288-13294.
Wang Huainuo, Zhang Jian, Zhu Ao, et al. Discrete element simu-
lation of the affect of particle shape on formation collapse caused by
damaged pipeline[ J]. Science Technology and Engineering, 2023,
23(11) . 47554764.

[3] Re&, M, XU JUHTH 3T I8 P55 B 1 R B 56 43
BrJ]. SR S, 2011(8) : 250252, 9.

Song Guchang, Ye Yuanchun, Liu Qingren. Subsidence causation
and countermeasure analysis of urban roads in Beijing[ J]. Urban
Roads Bridges and Flood Control, 2011(8) ; 250-252, 9.

(47 =R, PR, IRIEFR. S 10 45 v [ 5 T 38 458 s Dt PR R B
HRXHSHILI]. A, 2016, 61(9) : 130-135.

Hu Yuhan, Bai Yuchuan, Xu Haiyu. Analysis of reasons for urban
road collapse and prevention and control countermeasures in recent
decade of China[ J]. Highway, 2016, 61(9) . 130-135.

[5] Emilia K. The interaction between road traffic safety and the condi-
tion of sewers laid under roads[ J]. Transportation Research Part
D: Transport and Environment, 2016, 48 . 203-213.

[6] Lee K, Park J, Choi B H, et al. Analysis of influencing factors on
cavity collapse and evaluation of the existing cavity management sys-
tem[ J]. Journal of the Korean Geosynthetic Society, 2018, 17
(1) 45-54.

(7] BURE, HOGHE, EMET, % HF 8 L5 T 1 b i 5

IR AR SBR[ D). BHECADET S, 2022, 12(25)
61-64.
Gu Zhanfei, Tian Guanghui, Wang Xushuo, et al. Influence of un-
derground pipeline leakage on the collapse process of pulverised
land surface and experimental study[ J]. Technology Innovation and
Application, 2022, 12(25) ; 61-64.

(8] WA, LESE, WHIA. I F/KIIELRINE 71 I % 5 b
PUEREARNKES[J]. PEARHR, 2024, 37(10) : 49-60.

¥ Mk . www. stae. com. cn



9504

B A 5T R

Science Technology and Engineering

2025,25(22)

[10]

[11

[

[12

[13]

[14]

Dai Zili, Peng Linghao, Bao Yangjuan. Model test investigation on
the mechanism of ground collapse induced by underground hydraulic
pipe leakage[ J]. China Journal of Highway and Transport, 2024,
37(10) : 49-60.
XUBE , BRISC, BUbsk, 5. Wi & 00 T 8 I aE R B i
RIREBIIE[)]. A 2J1%, 2020, 41(1) : 1-10.
Liu Chengyu, Chen Bowen, Luo Hongwen, et al. Experimental
study of seepage erosion induced by pipeline damage under full pipe
flow condition [ J]. Rock and Soil Mechanics, 2020, 41 (1):
1-10.
Vo i, ZEAR, TEZEMG. ST IE B R AR T A AL B
Xt TR G [ 1], IRV RHE K 2#2#4k , 2015, 25(3) .
289-293.
Tao Lianjin, Yuan Song, An Junhai. Development mechanism of
cavity damage under urbanroads and its influence on road surface
subsidence[ J]. Journal of Heilongjiang University of Science and
Technology, 2015, 25(3) : 289-293.
FBR, BliAe. T DI 8 U | A T A AT B Y
CFD-DEM MR HBEBEUAM T [J]. £ ARG IREC TR (1h
HL), 2021, 43(2) : 60-67.
Wang Yuelin, Lu Ye. CFD-DEM simulation of disaster mechanism
of pavement collapse caused by pipeline leakage in urban areas
[J]. Journal of Civil and Environmental Engineering, 2021, 43
(2): 60-67.
HANES, EWEm, A, % ELB IS kM 3 K
DEM-CFD RS BUEA L[ J]. /KA 5 # 5 TR 24, 2020,
18(2): 176-183.
Zhang Xiaoling, Wang Xiaoli, Du Xiuli, et al. DEM-CFD cou-
pled numerical simulation of ground subsidence caused by pipeline
leakage[ J]. Journal of Water Resources and Architectural Engi-
neering, 2020, 18(2): 176-183.
RO, MR, B, & RIBRRIT RS BRT LR
MIEERT]. MR 2S )5 TR A4, 2021, 17(6) : 1980-
1987.
Cai Jiantao, Fu Dong, Li Jingming, et al. Numerical simulation of
ground collapse induced by pipeline leakage inshallow sand layer
of Shanghai Area[ J]. Chinese Journal of Underground Space and
Engineering, 2021, 17(6) : 1980-1987.
L, RAG, ¥rrvt, S TR ERA HEK A E rEE

[16]

[17]

[18

[

[19

[20]

[21]

ARBIRPLBEL)]. FlrdoR 5 1HE, 2024, 24(33) : 14379-
14392.

Niu Xiaokai, Song Wei, Jin Zixian, et al. Mechanism of disease
and leakage of existing drainage pipes in Beijing [ J]. Science
Technology and Engineering, 2023, 23(11) . 47554764.

rhie N RALFN AT bR 2R 5 4. 39T LK A ) T 4 ) %
IERERRE: CJJ 92—2016[S]. dbat: i E s Tolk i Rk,
2016.

The Professional Standards Compilation Group of Peoples Republic
of China. Standard for leakage control and assessment of urban wa-
ter supply distribution system; CJJ 92—2016[ S]. Beijing; China
Architecture and Building Press, 2016.

Wang X W, Xu Y S. Investigation on the phenomena and influ-
Natural Haza-
rds: Journal of the International Society for the Prevention and Mi-
tigation of Natural Hazards, 2022, 113, 1-33.

fE 55 A & g B iB. T I8 sl TR H M. GB
55011—2021[ ST, Jbat. £ 5 Ak S @i, 2021.

Ministry of Housing and Urban-Rural Development. Specification
for urban road traffic projects; GB 55011—2021[ S]. Beijing:
Ministry of Housing and Urban-Rural Development, 2021.
SREKPK, KK, ZEMADG, S5 T8 B I B R I AR =B
BYUIAR S AMB B[], KB RF 224 (A AR
M), 2024, 44(6) ; 11-12.

Zhang Bingbing, Song Fei, Li Weiguang, et al. Triaxial shear test

ence factors of urban ground collapse in China[ J].

of road surface/base layer waste materials with optimzation of its
model prediction [ J]. Journal of Chang’an University ( National
Science Edition) , 2024, 44(6): 11-12.

Suzuki K, Bardet J P, Oda M, et al. Simulation of upward see-
page flow in a single column of spheres using discrete-element met-
hod with fluid-particle interaction[ J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2007, 133(1) : 104-109.

Guo S, Shao Y, Zhang T, et al. Physical modeling on sand ero-
sion around defective sewer pipes under the influence of groundwa-
ter[ J]. Journal of Hydraulic Engineering, 2013, 139 (12):
1247-1257.

Janelid I, Kvapil R. Sublevel caving[ J]. International Journal of
Rock Mechanics and Mining Science & Geomechanics Abstracts,

1966, 3(2): 129-132.

¥ Mk . www. stae. com. cn



