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Model test study of vertical buried continuous pipelines displacements
affected by tunnelling in sand

WANG Zheng-xing, MIAO Lin-chang, WANG Ran-ran, PAN Hao
(Institute of Geotechnical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The vertical buried pipelines will be damaged by soil movements around pipe induced by tunnelling, but the relationship
between soil movement and pipeline displacement has not been understood deeply. Three sets of model tests are established to
simulate the effects of tunnel excavation on buried pipeline, in which different embodiments, caliber and bending rigidity are
considered, the research is carried out about the displacement of soil and vertical pipelines during tunnelling. The results show that
the modified Gaussian curves can describe accurately the Greenfield settlement trough due to tunnelling in sand, and the parameter o
varies between 0.2 and 1.0, which is proportional to the depth of soil in sand; The width coefficient of Greenfield soil has great
influence on pipeline displacement, and the displacement of pipeline varies inversely to its bending rigidity for the same buried depth;
The bigger the caliber is, the more obvious positive downdrag which dominates the behaviour of deep pipelines, however, negative
downdrag greatly affect the displacement of pipelines for shallow case; Sy,.x/7 is one of the key influence factors for relative pipe-soil
settlement, on this basis, a modified formula to calculate the relative pipe-soil rigidity is presented in this paper.
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Table 1 Parameters of tests on pipes

K BEROME) REJE. MR BAPEECRE BTN
G /mm /mm /cm /MPa /(N-m)
1 300 2 105 2300 41 968
2 300 2 75 2300 41 968
3 200 2 75 2300 12373

CAAMIBHTRY], it BRI 15 DR 2
MR AR R AN ez 0 R AN v 33 A i 1),
HCATBOE BETE T E 73— Ak R TR A
rT AT 2 e BRI, BB TR
HkE (UTREZR) RPN A, s

MR RrN b2 PP ORI = SN I BN X )
B it Ik R AN (R M S 5 K, BIETUAN A R TR
TR EELDIEE. FARKG BT T 5 PR
o VIR LB RYIRE R S ma 27004 11 24 34
4. 5cm, For 5 FARRFTIRER. K iHkRIL R4
R, AR R e T 1 SHITMES,
W 1 R AUCRE ERER KT, 2 fT.
§ 43 i o L, YA 10 ORL A 0T 5 BE A p, = 2.643
glem’, I KRR N EER AN p,,0 =173 glom’
M op,,. =1.45g/em’, FkigEc the i 2 s,

200

200

s
i
=
150

/

0
1
E »  max=1 cm
g 3 ,.m.x:§ cm
 max=3 €M
B4 ,max=4 cm
>  max—> CM
6 :

0 25 50 75 100 125 150 175 200
7qulfﬁl%fj/0m

() BERGRE RS (A7 cm)

Hrb R KT i/ om
[e) — [\ (93] o wn N

0 50 100 150 200 250 300 350 400
SR P e o
(b) HL R R YTFF S A B Z B R IK DG R

B 1 AR R
Fig.1 Principles of the physical model test

22 MAFEREEERE

BRI N VA (R AR AR 16 HEA TR, A
PRl 3 BRIV LRD [R] — 8 5 A () SR AT 1 23 5K
JE, ARG R (1) 5 ) FE b R B A T 4
ik, BERNREG AT IHET T AR, 3 RITE
PSR OCR WK 3 Fis.



a1 2

ARG W0 B ) A AT TSR e S S BRI BT 5T 145

100

80

60 r

40 r

T 2 /%

20

Fi4%/mm

B2 {CRPRURLRAC 2k

Fig.2 Particle size distribution curve of river sand

B PE/(g/em®)

20 40 60 80 100 120
P& /cm

B3 EDRBER
Fig.3 Results of sand pluviation test

TG, T8 o 2 A 18 S AR SRR T 1) v B
BT 2, SEFERTHHIEN e gE. Sl
WHEAN 0°, ESEHGHFE 12 h UL E, VERNE
HEMEH TR, HREPAMmE SRS 130
cm. BRALRIG I T8 5 FhPTREAE, AT
SERUG AL 24 b, DUORFFREALREG (35—
2.3 HEN RS RER ARE

AUARIEH 2 HiR%: (D=300 mm, A=75 cm)
SR FH HL B AR By I Al ) 25 4 R BELN AR J 3
TH 40 Jv, ZEG T8 TR G IR B, YR E
LR 1RR 10 cm W 1 7 AR fy o RS A Bk
B CIR VPR 2 I bk, 0GHT 5 T 25t
BT AR (R e P S SR IEA TR B, 45 SRR el
BELY 25 F i e Al e o IR FE P RSB ICBR 4500
Bse i a, ik 24 h, FREREUN AR F R

R IR LT (1) 8 ) e R B sl B AR e A T
W, YRR A HUBEE AR, T8 I A e
FERT PVC 45 0K 5 AN [R5 AR IR %
DUBEAT 1A H I 8 DT A Greenfield
WET CRZELEN) LAY, Yeates! A
M ER A I IR FE R ME R 5 A5 453 BA,
(R it T 4% 1 Sl AR 5 1l A 4 S R RO 2
5o Attewell P15 T H1 Iz W I BCHE 1581 T i it 1.4
PR KT R E OB 1.25 R EE

1o ANURIE: P 73 Sl 75 5 T8 TV R K ST 1 e T A
2 0.8 m ANFIRAATE T Ui, Wi 4 iR,
TRIG L 20 T E AR AR T IR, Tl R
BT JECH 5 E E TA HIAR B P AT 0, DA B
WA E DA, Wl 5 Pros.

P 2 /em

0 25 50 75 100 125 150 175 200
0

20 A1 é
| V k4l 2 &

g 0 =%l 3
% 60 —
= 80 | FIEEAIRAL 3) - < i
100 FIEARKAL 2) &

FHEGARRAL 1) —
120 ij A

B4 ViERAEREE B cm)
Fig.4 Sketch of settlement plates position(unit: cm)

Bs5 REnEE A
Fig.5 The process of test

3 I AIR

3.1 Greenfield JT[FMEEZS

SR Peck A NAEAIF T RETE it 175 |6 M T T 5
D7 HTHUAS T A2 s, AR - rh i B 1R kG
PE AR AU, TS0k S i R DY A A A
M. #Eb3eat E, Vorster! i T AW 1 giE
it 15 | A AR TR (A 1 e 2 X

S = "

v 2 Smax
n —1+exp(a().€j J
i QP)

s e”Qa-1)

200 +1
A o HUTHFHEESERSE, Mn=1, a=05
BRI A Peck 243K o 8 I X1 96 Fdke 1) 0 A 3 B, 145
#I| Greenfield IR FUTRFAE AL, W 6 Fion.




146 b +

b 2013 4

MU 0 DR RS T 24 B AR
#, HARX (D WA LiiFIBSEch . E
T U B 2 K o fELRESU 15 AN ) LR AR B A

B, TR T A FBREAE N SR, AT
SR BRI IEIN,  o (B WK, AR A
0.2~1.0 ZIal, Dk, EM A IE S A s
e B 5 R - A R, 6 T B R
S PR K AR N BRI 2 8 o (i, X
FEREAT ROl MR 22

Sv/Smax

o HI¥E 20 cm
* R 40 cm
o HYR 70 cm
HIYR 105 cm
HIYR 120 cm

o

n
()
r
o

Bl 6 IR YT R A
Fig.6 Variation settlements of sand for different depths

3.2 BLRABHE

Kl 7. 8 AR D=300. 200 cm 7EHE K 75 cm
A AT . BF, LB IE K Spa N
EERNZRIR] /K IHIX Y. Greenfield ARAS T A4S
b KUtk s BT DA, Bk R TERS
) JUREAS R T B 8 1 = oA, bR
BN AR AR 1 B R AR, B MR
RN, ARG kT I
BRI 2R BN, NERS (PUSNIEEAND
ﬁﬁ%u@m%mﬁﬁﬂ%owwgsTﬂ,¢%

HE PUBRIEEAN) Pk bR 5 A
ﬁ&ﬁ% SR S CPI1F: Y N W NGNS NI
REIE (PUSKIEERD AR FE (1500 5 i
%.

Kl 9 4 D=300 mm EEHE /5K 75+ 105 cm
LR A B AT I, SLr i R KT i L Al 2k
XFIV Greenfield RZ R RS 8 & 240 MWEIHA]
DAE H, AH[FEHZ R BT, B 75 cm (1)
B TE % ) R LU E R 105 em I PTFEEK,
BBl HEBUR RN, P =R K. )
LIl 7 5 9 nTLLE H, AHELTHVR TR, 18
(S B R AN SR AR B 2, 3XAT g 1 )
DU b ieil . BEAG b, A [RIRE 0 B )
LAERBN, USRI RN, HPUE ) LR R
D17, MAER T8 4 LB 2ot AH g o

PR AN ) A 3 B i N YR £ Ab - Greenfield
AR YRR 58 B2 REOH— 5, nT#A3E 100 X
K9 FE 10 I E HY, B9 TE 1) B ) R sz AR Ak
%V*WEgﬁ%m LBt B J2 43 2K 1 ) 38
RSB I 2, 3R I BT il T e A 2 R
KUTREA—E R, ELINAE 52 AR 5 R
Bl AR, AT Ee IR SZ R TR
FEASBEANAN J B T/ 2 s R ml A e ) PR I rh — AN A

RHAT T, THELEE XA R ZR AT 70 M.
X/em
-100 -80 -60 -40 20 0 20 40 60

80 100
08 .
5 L

10
15
20
25 .
30 | e

—-D=300 mm, S max=1 cm -¢--D=200 mm, S max=1 cm
35 | --D=300 mm, S; max=2 cm ~2-D=200 mm, S max=
—-D=300 mm, S max=3 cm -#-D=200 mm, St

40 | 5<D=300 mm, S, mux=4 cm -5-D=200 mm, S m; .ﬁl cm
45 L --D=300 mm, S| n=5 cm -€-D=200 mm, S, ym=5 cm

Sp/mm

B 7 AREEEEMBEDEH=T5 cm)
Fig.7 Displacements of pipe with different diameters

(h=75 cm)
XL
0.5 0.4-03-02-0.1 0 01 02 03 04 05
0 ————
02}
0.4 |
0.6 |
g 08t
3]
«Q
= 10}

1.2 | ~o-D=300 mm, S max=1 cm —e-D=200 mm, S max=1 cm
14 | 7*D=300 mm, S, =2 cm =4-D=200 mm, Sy max=2

: =% D=300 mm, S; max=3 cm —D=200 mm, S nax=3 cm
1.6 | ~&-D=300 mm, S; max=4 cm -=-D=200 mm, S; mx=4 cm
L8 -0-D=300 mm, S; mx=5 cm --D=200 mm, S max=5 cm

B8 H—EHEEERME LA

Fig.8 Normalised vertical settlement for pipes

Xlem
-100 -80 —-60 -40 20 0 20 40 60 80 100
5 L
10 |
15 |
20 |
25 |

Sp/mm

—0— h=75 cm, i=42 cm, S =1 cm  -¢-h=105 cm, i=30 cm, S; ;=1 cm
30 T o j=75 cm, i=43 cm, S py=2 cm -8~ h=105 cm, i=32 ¢, 5, =2 cm
35 | —&— h=75 cm, i=44 cm, S =3 cm -2 h=105 cm, i=32.5 cm, S ax=3 CmM
-6 h=75 cm, i=46 cm, Sy y=4 cm  -%-/7=105 cm, i=33 cm, S, mxﬂl cm
40 L = h=75cm, =48 em, S, =5 cm  -©- h=105 cm, i=34 cm, S; ;=5 cm

B9 AFERELR S AL 54 B (D=300 mm)
Fig.9 Displacements of pipes for different burial depths
(D=300 mm)



B 2 TAENAE: Wb P BRTE I o0k A4l FLE S 2 A8 SR (R LR IR T 147

Xli
-4 4
0 1
0.02 I
. 004}
\Q
“
0.06 | _ _
——h=75 cm, i=42 cm, S, =1 cm -6~ 4=105 cm, i=30 cm, S =1 cm
—— h=75 cm, i=43 cm, S =2 cm -2 h=105 cm, =32 cm, S =2 CM
0.08 | =« /=75 cm, i=44 cm, S =3 cm =%+ =105 cm, i=32.5 cm, S, pa=3 cm
-2 h=T75 cm, i=46 cm, S, =4 cm -8+ h=105 cm, i=33 cm, S; ;=4 cm
6= h=T75 cm, i=48 cm, S, =5 cm =&+ h=105 cm, i=34 cm, S; ;=5 cm

0.10 -

B 10 FEEAA FRREIE B 5540 B (0=300 mm)
Fig.10 Normalised displacements of pipe with different
depths(D=300 mm)

3.3 EBELAAHENAE
R AR RS R VP A PR B 1 1
BB SREBHL, 5 S LA R R,
Src]:Sv_Sp (2)

A S, WETER MR Sy AR N TE 4 2 K
] Greenfield R4 F LML . B LT R,
S . >0; B bHr, S <0, WK 11 Frw.

rel rel

Ry ORE

X

200

\ e U AT 2R

B FEZRESM AL cm)

Fig.11 Analysis of displacement acting on

pipeline(unit: ¢cm)

Bl 12 o4 3 AEE R AR A .
MBI FRATLLE Y, R 105 em [ E RO N
RNV SS, PRI EHERLS B, SRR 75 em )
o [F—HRER, BRI T Ry )
RN R S, A R RN SEAR AT . AT
R, HEVRIRE K 7 18 52 b T e T 5 m AR TN T )
HESOVE R, N RN SR R
I, B HZH RN, AR SR RGN R
W A S 3, Tl SR M K i TV R T R AN

(7] AT RHLRR HURH N P T ] AN R 47 157t o

g
£
oF
4 L B Sim=2 cm
-4 St max=3 cm
6 % St ma=4 cm
| oS man=5 cm
8 1 1 1 1 1 1 1 1 1 ]
-100 -80 60 -40 20 0 20 40 60 80 100
x/cm
(a) D=300 mm, #=105 cm
_4 -
_2 L %
oﬁ '
2 L
g
g 4
“ 6 +S\,|nz|x:1
& St ma=2 cM
8 1 &St mx=3 cm
%S, max=4 cm
10T &S =5 cm
12 . . . . . . i
-100 -80 60 -40 20 0 20 40 60 80 100
x/cm
(b) D=300 mm, #=75 cm
_4 -
g
£
oF
12

80 100

-100 -80 60 -40 -20 0 20 40 60

x/cm

(¢) D=200 mm, #=75 cm

12 BB A

Fig.12 Relative displacements between pipes and soil

3.4 B AR KB SR

I it T e A A I S B U A
5 AR AR IO DL b R P S SR
ST PRI PEAR R 2R AR (1 L AT WIS 501, iy
FE TELS LA RS A S,
SE RS SERRE LA BRI . Klar #2117 % 18
EEE AR HARAS IR T A L AR W FE T B A 5K
(RE)), A BRI i T R b 1 AT e fl,
ol e A HLA 2 BUR R R - 2 ik



148 b +

b 2013 4

AR ] — A WIS, B 20 T Ak e i KT
BT S (P30, M DLZRA S W Hb 2 400 R X 4
L AE S I EE T 5

' EP [P

X B ARFFIZIRE R LARs i e, @l =n
FEAHREAT 25 MPa; E, LR pEpi R, [Be i
B FE P AL TSRS 1,
B TEAE s Dy WAEEAME; @ TR PO
W R AL

Bl 13 ARG LA FERE Spax/i 172
e MEIFFRTLLEH, BEE S/ BHHEA, &1
KX AR AN I, HRBE A 1 52 AR Spadi 15
M [ HRA R SR EN Sa 5
Smax/i MR, FRPARIGRE AT
(BUSHIE) IR, BRI s LA RN
FEE R Spadi SEGE, 7] T VPSS 5L
WIE B 1R AR ), Ak, A LA
Xof W I 0 B RS B R, B AERT =N
BN IH R AT /A ae st an b, xbaX (3) 347
TIEIE:

(3)

E 1l E,l
R:R'(i/Smax): er (i/Smax):¢
E D i® EDS i°

sTp $77 p T max
4>
Stax/I
0 0.03 0.06 0.09 0.12 0.15
0 T T T T
0.003 |
0.006
w 0009 |
Y 9012 f
0.015 I - D=300 mm, ~=105 cm
: & D=300 mm, ~=75 cm
0.018 | - D=200 mm, 4=75 cm
0.021 -
E 13 Smax/i _% Srel/i B{]%?\
Fig.13 Relationships between S,,.,/i and S./i

K14 B IE R LA I BE 5 G TR 4
DI RUTF R R MEIPTCUEH, BEEH)Z
PRSI0 R AR TR I R R LA WIS
BN dEE 140 7. 9, A (5) Bty
b sz et J22 407 2R S A5 LA R DI 1 5

Bl 15 AN FE LA I B4 T IH— A5 10
DR RE R LA NI AR . NIRRT LUE Y,
AR NI BE N B B A5 A O s, RIh b

B A I L NE 2 SR AT R, R Rk
VAN AL N R f o R S R PR T
I LARR I TS A S AT AT PR 1 B

Si, max/cm

-e- D=300 mm, ~=105 cm
5t & D=300 mm, ~=75 cm
¢ D=200 mm, ~=75 cm

E 14 R _% St,max B{]%?\
& 14 Relationships between R and S;

B 15 H—ERELRS RS (D=300 mm, h=75 cm)
Fig.15 Normalised pipeline bending moment
(D=300 mm, /=75 cm)

4 4 &

(1) Vorster f& IF i B 28 200 b - o b T it 1
TARDUE S B, HiEHZ o EHAE 0.2~1.0 2
|, H51ZEEROEL .

(2) B LRI B 2L TE AT AR o AH )
MBS AR RSN, T B2 AR A4 Bl wE FE R
e, PRI LM A8 LRI 2 K.
TR SOV AL [FE A L AT, AH T
S N HROR, B AR T2 HEON S
TR R30S ) S Bl iR PR L A8, HL B Hh
JEAR BRI RN, AH Y. PR S P A8 AR AR S

(3) ERREPUEWIBE AR 5 DR A7 7 A
[, AH [FIAE PR RE JEIN B AR (s MBS OO |
BTN DURE R RS (M2 5K
XA BRI, AH RIS T 1 Z k5
BOK, ELMBBA.



1 2

FAEMAE: bt AP BRI I T AR 40 P

ey

B

LR SR IR IR T 149

(4) B LA AR S M AU, HLBE

AR Stna/i HERTUHG R, )2 P A 3K —
AW o FESREERE b, ASCR TE R
LARR IS, IRl R E R AR T2
5 HE

[3]

[4]

(6]

(8]

2 % L W

F2E, X7, 2, 55 R TS AR L )
LR S ). P EEIER Y, 2006, 27(6): 117—
123.

WANG Ting, LIU Wei-ning, LI Xing-gao, et al. Current
situation and prospect of studies on tunneling-induced
effect of adjacent pipelines[J]. China Railway Science,
2006, 27(6): 117—123.

ATTWELL P B, YEATES J, SELBY A R. Soil
movements induced by tunneling and their effects on
pipelines and structures[M]. London: Blackie and Son
Ltd., 1986.

SV, . HK DX IR) R i T BN AR 2 S ) =

ERE AT, A )12 5 TRE2AR, 2002, 21 (3T 2):

2451—2456.

WU Bo, GAO Bo. 3D numerical simulation on effect on
tunnel construction on adjacent pipeline[J]. Chinese
Journal of Rock Mechanics and Engineering, 2002,
21(Supp.2): 2451—2456.

Begk2r, X, VLR, BEIE T2 R A8 e i) S
ST, &%, 2006, 27(8): 1317—1321.

BI Ji-hong, LIU Wei, JIANG Zhi-feng. Analysis of
effects of tunnel excavation on underground pipeline[J].
Rock and Soil Mechanics, 2006, 27(8): 1317—1321.
TAN W L, RANJITH P G Numerical analysis of pipe
roof reinforcement in soft ground tunneling[C]//Proc. of
the 16th International
Mechanics, ASCE. Seattle, USA: [s.n.], 2003.

YU Jian, ZHANG Chen-rong, HUANG Mao-song.

Conference on Engineering

Soil-pipe interaction due to tunnlling: Assessment of
Winkler underground  pipelines[J].
Computers and Geotechnics, 2013, 50: 17—28.

KLARR A, VORSTER T E B, SOGA K, MAIR R J.

modulus  for

Soil-pipe interaction due to tunneling: Comparison
between Winkler and elastic continuum solutions[J].
Geotechnique, 2005, 55(6): 461 —466.

VORSTER T E B, KLAR A, SOGA K, MAIR R J.
the effects of

Estimating tunneling on existing

pipelines[J]. Journal of Geotechnical and Geo-

environmental Engineering, ASCE, 131(11): 1399—

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

1410.

TAKAGIN, SHIMAMURA K, NISHION. Buried pipe
response to adjacent ground movements associated with
tunneling and excavations[C]//Ground Movements and
Structures  Proceedings of the 3rd International
Conference. London: Pentech Press, 1985.

VORSTER T E B. The effects of tunneling on buried
pipes[Ph.D D]. England: Cambridge University, 2005.
RANKINE W J. Ground movements resulting from
urban tunneling: predictions and effects[C]//Conference
of Engineering Geology of Underground Movements.
Nottingham: [s.n.], 1988: 79—92.

MAIR R J, TAYLOR R N. Theme lecture: Bored
tunnelling in the urban environment[C]//Proc. Fourteenth
International Conference on Soil Mechanics and
Foundation Engineering. Hamburg: [s.n.], 1997: 2353 —
2385.

YEATES J. The response of buried pipelines to ground
movements caused by tunnelling in soil. Ground
Movements and Structures[C]//Proc. 3rd International
Conference held at the University of Wales Institute of
Science and Technology. Cardiff: [s.n.], 1984: 129—144.
MAIR R J, TAYLOR R N, BURLAND J B. Prediction of
ground movements and assessment of risk of building
damage due to bored tunneling[C]//Geotechnical Aspects
of Underground Construction in Soft Ground. Balkema:
[s.n.], 1996: 713—718.

CELESTINO T B, GOMES R AM, BORTOLUCCI A A.
Eorrors in ground distortions due to settlement trough
adjustment[J]. Tunnelling and Underground Space
Technology, 2000, 15(1): 97—100.

JACOBSZ S W. The effects of tunneling on piled
foundations. [Ph.D D]. England: Cambridge University,
2002.

VESIC A B. Bending of beams resting on isotropic
elastic solids[J]. Journal of Engineering Mechanics
Division, ASCE, 1961, 87: 35—53.

HETENYI M. Beams on elastic foundation[M].
Michigan: University of Michigan Press, 1946.

KLAR A, VORSTER T E B, SOGA K, MARI R J.
between

UK:

Soil-pipe-tunnel  interaction:
Winkler
University of Cambridge, 2004.

O’ROURKE T D, TRAUTMANN C H. Buried pipeline

Comparison

and elastic continuum solutions[R].

response to tunnel ground movements[C]//Europipe’82

Conference. Basel: [s.n.], 1982: 9—15.



