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Abstract: Ground collapse poses a significant challenge to urban infrastructure safety and sustainable development,
often resulting in severe economic losses and threats to public safety. Damage to underground pipelines is recognized
as one of the primary triggers of such failures. Focusing on sandy soil conditions in Guangzhou, a series of laboratory
model tests were conducted to simulate the full evolution process of subsurface cavity formation and subsequent
ground collapse induced by pipeline leakage. The effects of key factors, including pipeline burial depth, defect size
and internal flow velocity, on the soil erosion process were systematically investigated. The results show that leakage
from damaged pipelines induces outward seepage flow, leading to progressive erosion of surrounding soil and particle
migration. This process results in the gradual formation of arch-shaped underground cavities, which continuously

expand with ongoing soil loss. Collapse occurs when the soil arch can no longer sustain its self-weight and the
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overlying load, ultimately forming characteristic hourglass-shaped erosion cavity. Parametric analysis shows that

increasing burial depth, reducing defect size and lowering the flow velocity can effectively decrease the scale of

ground collapse and shorten the evolution time of subsurface cavities, thereby mitigating collapse risk. The findings

provide a quantitative basis for understanding the mechanisms of pipeline leakage-induced ground collapse and offer

theoretical guidance and technical support for the prevention and mitigation of urban subsidence hazards.

Key words: road engineering; pipeline leakage; ground collapse; erosion process; collapse scale; model experiments;

sand soil layers; influence factors of collapse
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Fig.1 Experimental model design diagram.
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Fig.2 Development of surface and internal erosion zones in
sandy soils under 1. 5d burial depth conditions (dashed line for

underground development, solid line for surface development).
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Table 1 Test results of pipeline burial depth on pipeline

leakage-collapse model in sandy soil layer
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modeling test program

HKA 4 HEIRE /mm WA IE

KA

2-1 1.0d 1/4 & B 5 R Bl g 14
%@ 22 1.0d /AEREIF BN LAY
gl
23 1.0d 3/4 5B (5] JE A Ao 184
2-4 1.0d A FIEE 114
s=5mm
D] s [a] B W
i 2-5 1.0d 10 mm 1Y
A5 e "
2-6 1.0d =15 mm IEE




294 RYINRK 4R PR T RR

3.1 TEEMmEES R

AN [ 1l 48 SRS T 1) 6 2H i S 3 AR AL
MR & Bt AR, AESE LI R o 2/4 48 RE IR
JE B B 1) A5 M BT o0 B . 204 45 B (B ) A0 1)
WA T R R R FE e R A T
A A B AN TTARHA S3, bt T B PRI AR X 8
RIEIFEWIE S, mES3IAIIL, B ih K 6B
LT o =g T i e O ST VT N 7 LT 95 O e
NRHEIE R FATT, R R s KR
VLA I8 Ay o e A 5K . 387K 2 s B AR 2 i
AL, 7 sEPE R R AR AR K, RAREE, %
AR FOF R EA ) B RES, 2R A
T E MR 1. 8 s IFWEER] 25 |7 H 4k
RARBEIR, KFSRIA T, TR YT, (5 1EHK.
2912 sHHRFETURARER R, BLAT AU BE ] L5 21
B AT, hIES3ME Sl WL, FEE KRS
T, MR LR 2 NI & T, s mrda Aoy
IREE AR LR, SEIEMREREDT. RZAOKF
T b, T AR O ) SR B R 29 8.3
em, WA B 7 R ERST 40 2.7 em,
T TE R pp kR AP L BT 2R 22. 6 ¢
3.2 AEELBIRORT T HEBEAESES

AR 1 RO 24 S LB e i & F 20N
Byl DK it g 2k B B AR B TR BT R
AFEANE 3 . R3O, MLk
WA T, WAt RS R 2485, 2B L IR kbt
1 RS I/NE 70% , ik i 4 ot f . s b 77%,
TV B e 35 B T BT 0 o) (1) 45 1 88% . LRI T g >
KGR A KRG it i, AR L2, &
2SR B AR e MEGEBE IR , 7 AR AR T BR B s 2]
BT SR s BN R A5 K 75 248
Z WIS TR B A L sl , P I e 252 i [l
R, PRAERIREIIRAS . BT L A

435
80
—t=2s
70+ !¢ !
6ok :izg’: Tk
50F —t=8s
| —1=12s

¥/ mm

x / mm

BI5  AEPEE 2/4 B A R [ BB 2 T b e 2T K AU K IX
Bk R AR QR AR T KR, SRR T R )
Fig.5 Development of surface and internal loss regions of sand
with 2/4 circumferential breakage of the pipe wall (dashed line
for underground development, solid line for surface

development).

s, WA RO, I IR BE TR R
TR 1) S 1 e sl ), (H RO e 2445
BEASC R 5 IR TRDBRE . R A i A 5 A ) e 1R
TR LIS HATH L 6) nl A, RS HE S
AL SR B HEOIR , 7 5E T A LR A 3 R
%%, BSRY - RO EBE ,  HE L F
R, REICNR R, SEBE. i
AR 2 T B 2 R B ) S/ N TR B B . Xk
B, A A RS9 RS S 500 o 1 L il )
Dyt gs. ] et i T ORGP FAE N SRS iR
HE, A TR I RIRK RS, SR T X A
SRR KA vh B AR R R P BRI [
I, SERH IR T ORI B g, il
(S YNCER(EIP/ Ry S o = € 22 N B W B 1
AR g LA o Ry R It B R 3, AU 1] FR 1 AT
PR, TP BET Miye FIEE FPAYSRRa YT, H 4l 72
IR VSR

R3  WLEPELEHR O RS X E LB SRS R ST

Table 3  Statistical table of test results of pipeline break opening size on pipeline leakage-collapse model in sandy soil layer
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Fig. 6 Comparison of final morphology of erosion pits under

different breakout conditions of the pipeline.
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Table 5 Test results of pipeline water supply flow rate on

pipeline leakage-collapse modeling in sandy soil layer
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