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Study on stress and deformation of segmental utility tunnel in
inhomogeneous strata
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(1. School of Civil Engineering, Chongging University, Chongqing 400045, China;
2. Chongqing Construction Residential Engineering Co., Ltd., Chongging 400015, China)

Abstract: Urban utility tunnel can make rational use of underground space, expand public areas, improve the
comprehensive carrying and operational capacity of cities, and have great potential and advantages in building sponge
cities, developing new urbanization construction, and intelligent management. In this paper, a three-dimensional numerical
model of Plaxis 3D was established to explore the stress and deformation of segmental utility tunnel in inhomogeneous
strata. The results show that the longitudinal inhomogeneity of the strata has a significant negative impact on the segmental
utility tunnel, and the uneven settlement of the foundation leads to the increase of the vertical shear stress between the pipe
sections of the utility tunnel, resulting in the dislocation of the pipe sections and even the connection failure. The overall
bending deformation of the utility tunnel will produce large axial stress between the pipe joints, which is prone to tensile
failure. The dislocation and axial stress between pipe joints will increase with time, increasing the possibility of damage
and water leakage. The treatment of pipe joints in practical projects is facing great challenges.
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Fig. 1 Standard section of segmental utility tunnel



390 o 4 H# 2024 %7 H
ok BT bR YK29 bR AL m
: 230.80 YK220 22853
-t 90000 £ry 222.54 DI+ ____2.10(22643)
e —— BEERENL _ — — -
2 =2 —- - N R R 80(222.
Sa022235) @2@ s - | 5:80(222.73)
T [ e o 10.50(218.03
<~ lso@uzes) @i IR e
@RI B 1/55&2/07 04)
21.10(201.44)

&2 IiEthmRIImE
Fig.2 Geological profile

2 BIEEH

A FAFERERINALID TR PO FaRTE
B, TEREEE, A0, HARS TR R R
TEFINAS . T ERETE, TARREIE T =1/6 fIEit

2.1 EBEEN JZ, BRERISE TR R, ¥ EECE ik
(1) HERMEE Sl 5 s A AR, AW SRR B TR R
x1 BLXUEHFESH
Table 1 Physical and mechanical parameters of soil strata

R HEK T Punsat/(KN/m?) Psat/(KN/m?) cret/(KN/m?) E' /(kN/m?) U 0/(°)
HIH+ Hek 18.80 21.00 3.0 6160 0.20 28

b v KAk Ay Hik 23.15 23.45 255 9.99x10° 0.35 28
[F, N FRMEAN SRR BRALGEE  BERBBAT A, i) E i S B oAU

JEESZ 1A T RE e, B AN R b A R, A
Fi=0. i=V12. i=V4. i=13, L&A L.

FRERE A T e e B, HAZE AT
PREGH, HZ0E Z4EBUERA RSN (o <K
() xFE (2) =70 mx240 mx30 m, % fEF|AHIHT
Ft B IR i b R0 R 2 1) 32 0 AR M PR D
& TN BE ELER, O 7 8052 21 1) 45 5 5 Jn Bl
&, BEAKERN 8m, BAARBAIK L 240 m,
3£ 30 4.

MR Fir 9T 70 (1) PN 25 9 &5 A TR b o 51 1 ] ok
AT, —4EBUE R Al 3 Frs o

B3 Z#HERE
Fig.3 Three-dimensional numerical model
(2) FLGHEFE

TR RV JRR 45 R 25 2R P 4 DY T s SE A
JCHHTAH IRICES . B - R R A -

T-ETH
P 1 L ST BT . AR R TR A TR

IR A

SR BT B S B R 2 R, IAIE T T DA
SR TN B J B Sk I J1 24T N, HER 3%
BT ERCR R . T B R A I
W 2 AR ARk, R S e B S T SR T
DT Ryyer R0 AR 3 L OB ETAT A, X LI
WAl R =0.666 . KT Plaxis £k 70 05& FI TG,
PR SN BTN S, A6 ST S
PRI PE 4 BT, U ALHREARI B R W 4 TS TE A
AP R s, HBHUONEA=4x10* kN, H 7

J82 73] AFE it LI R s

4 RMRETSETERE

Fig.4 Point-to-point anchor rod and pipe section connection

(3) MRIAMBR K SHRE

WRyEEaaR & B R, 455 E L
JRITIZEAT NS R B RS HR, o R AR
IR-PBEACRIURIN, BTS00 1 R

B RRAERR S A R AL, S B i



5 4 ]

skbape, 5. JEE ST o1 B SR B i 52 0 A AR T 391

y=27 kN/m®. E=3.15x10" kN/m? . v=0.15, %M
JEE IR~ PEAC LR R S SR T AT N

(4) HERIEEST

A TR 1) 2 A R P ik 40 4 A 25 4[] 3
AR, DR A B B TR [ R JE R R ) LA
R, JTEXRI PGSR . Bk 8O
Y2, BNHEEY .

(5) MK

1T A CBUE AU, T AR B BOR, AR 5
WK, O TR B R AR AT S I, DA
U JER D 8 D s 4 i s P AN R R A . B S5 A
WK AR B E B A I 25 R, A AR R R TS
N 272612, 15 RECH 398 889,

5 XISMgLERE
Fig. 5 Grid division result

22 Fe LS iEFEHL
¥ IR SE B e Lk FE AT AL, 0B B Lo fe
MR 2EE.
T2 SMEEIARE

Table 2 Phased construction process

Sy B it L XL
Initial phase e Hh R 7T
W1-W2 YU R
D R

KRS B 0, 23R8 I AE m X sl AT Tt
TR /) 70 kN, BEUSEBRTK AL
BEHE B AR, BB 0.5 m (111

Sitisisnsie

T1-T8

3 LRI

3.1 NS EETHERRXEEAERT @ (B

EEL) FTHTRASM

(1) 77 W 52 J153 0t

T Plaxis B4 PE, X T R S5 1T ) 32
D4 2 B R AT A T 2 TR ST U AR g SR
1T

B 81T 2 B ) BY R 7 VR R R A A A O
Bl 6 fim. W 6 il LUER], BT HEE
Y =120m Xf FR, K 0E A AR A BT R Ay 4
Y =120 m SR o B AR R I PR SR BY R SRR, ek
&4 101.9 kKN/m?.

(2) 7 R AR XA 8% B

a) B AN

AR 2 g ST 5 A 2 T i f 2 M. Z
[F1) 1) T AR R 2 32 15 2 (RN e [l B By, AR
BTG S o B AR A 2 A A1 AR T4
BTN .

I TR B 110 7 B T % ) A L RS 1 7 i
INo HFBAIUY Y =120 m 6P AR, D] 0k S T 58 g 4
PLFE S TRR A, i P 4 2 R G % ) 5 20
K, 298 0.033 mm, B [A)HBhIREE RO R 1)
TR, IR Z ) B B R

b) BTN R AR T

PRI Plaxis W, Y [A] RIS THIAF O A7 A%l A2
5 2 1) A ) AR T

Y =8m kb ST A = B E 8 B, A
WS S E N Z AR AR . BT
JES FE B PRI TR BE 25K, Sl v 72 R o A G s P ) P
SRR, T EBEh AR A IE, BV 2 8] R H A B
ST T w3 VA W £ 1 = ol i = v TP
HELRL T, SRR Z AR b d R .

T

WRIF) T, OBCK 0.05 fi)
B RAH=101.9 kKN/m?
B/ME=-101.5 kN/m?
Blo mETREEENDEGERMKEZLER
Fig. 6  Vertical shear stress of the final node changes with the length of the utility tunnel



392 Hh

b

2024 %7 B

L@Yﬂﬂlllllllllllllllllﬁlllﬁ&&-ﬁ

SRR LS wy, e BOK 100x10° £5)
R {E=0.032 66x10° m
H/ME=-0.032 53x103 m
E7 SAEERKENERR IS EEN S
Fig. 7 Vertical relative displacement of the interface along the length of the utility tunnel

[x107 m]

(=]
N3
S

-

»
I

<
S

AR SIS uy, . GBCR 20.0x10° 5
5 KAE=0.185 5103 m
5% /ME=—0.188 110 m

Fig. 8 Axial deformation nephogram of the interface at

Y=8m

T TR B (1 8 JB T A ) AR T A0 R 9 B
s [RVBEFAR N AL RS S BN, b 1] AR T AR R T
Y =120m XFFR oA, w5 1A B4 R
JD, V&S R 1A 1) R AR o 4 AL T
N 0 Ja, SR 7 ARy B TRRDD 48
BRI RERE P A, LEKR, B
N A sz 4 AR AR, BN B T, B
T3 A B D9 TR PR S ) TOTAR DA KR JRR AR I R
B, PRIAE B E A, W] Ll 5 g R
T RER) SRR OLREAT X NI BCE,  BLLIE B A M
R H o

N W W W W A W A W W A W U Y 0 A 4

Z
L:r!! I 11
Y

FrHARA AL uy, o (BOK 20x10° £55)

K AE=0.185 9x107 m
5/ME=-0.189 0x10° m
9 AERKENERRSEMHETR
Fig. 9 Axial deformation of the interface along the length of the utility tunnel

32 EHSLETHERANEAEBNEZT I

(1) S5 153 M

AN 3 P R e N ) = R 10 B
TNe WTRERIEEEN 0 B DL, & ET 2 m R
£ 500 kPa VAP, HIFKFETT MARA K. Tk T
PR i =16 HLZ, JRJ7 8 R AETE S AR o (1) THUAR
FOEEM, B RAB N 7460 kPa. Hil ) B 19545 8 AR K
FE 5 AR AGAEOR,  THUR 2l ) 2 77 R 52 038 52 %
JEAR il 17 B 3 B 52 R A8 RS2 R, o] WLt 2 R AR A
JER B ) B s AR R . BEE MR R AR PR K,
MR PTRE AR R, M S EUE B B AR, Af
L Pale e A A

(2) RS UTREALRS 7

BB =16 R A5 TR R AR B b [ 35
IR DR E L 11 s, ATRAVEH, M
B B S, TUREE/NER, R,
RO, HBEERES L b BHR, B
NEUURRAE AN, SAARRUL, He mumghE/N, e
BTRESEIR R, FLBE A (R s B p 3G 0, B B A

MABAERE R, [BIHSERER, BTN 0.27 m,
IR R4 0.09 m, BIFEFEUL 20 em (IANIS 2]
Uik, BAEE R, XA SR R . 78
XAEOL T, BRI W] e A 4 A I KT 5
HBLRLE, B RS2 BT T IR OK . IR RPN
O, SEFHE I BEMBKE . R ETES R . X
TR R AT O, N5 RER A AT
BT P B T BRI BRI AT R R AL P

AN TR R T A R B A R UL BRI L n B 12
Fiuse S O, M R RAA T, BT
B LK1 B2 18] PR R Bl B B2 (A3 KT K, 3%
AR o B R T PR T ) A R T 2

DR TUE JRR AN [R]85 T it e A 3 P52 2 A (R T P
B, Y =0m. Y=60m LY =120m At
B RRYCRRE, W 13 B . AT AE B R UTRE
AN RIS G R AN IO, T AE s R 48
PER AT TORAF R, AEHBIE I i/ ) 37 3

PEATRLE .



%4 M sk, & EBAHE T B GEE S AT A I 393
[kN/mz] 1 T T
8 000 e
6500 | \.\_ |
- 5000 ~100 T
3500 = i ¢
= 2000 3 \
500 =200 o i
P z ~1000 R% \.
ady Y — = [
I 2500 = \.
X -4 000 5§ —300 | —m—Y=0m i
-5 500 o —e—Y=60m
—7000 Y=120m
(a) iﬁg i=1/6 _ I I I I I I I I
[kN/m?’] -0.05 0.00 0.05 0.0 0.15 0.20 0.25 0.30 0.35
500 HR YL
350 13 EEBRAEESEMEEREE TR
= 200 Fig. 13 Settlement of different sections of the utility tunnel
s 50 with the changes of bedrock slope
/ - z -100 s s o
= - (3) & AR IRV IR I R S5 A AL 7% 7 pr
-250 N
L$X_ o fE o 2 TR R T4 TR, — ELi 3L
L SRR, SRR S TR R, X St

(b) YW i=0

10 FAEEERE TERMEN D= E
Fig. 10 Axial stress nephogram of the utility tunnel under
different slopes of bedrock

o
o
S

|
o
S
m

E
Ry
¥-0.10
12 IR %
h — h=
%-0.15 h=0.5m
= ——h=1.0m
= h=1.5
@ =lom
fu—0.20 h=2.0m
\\d//' ——h=25m
—0.25- A7h=3.0 m
1 1 1 1 h:3'5 m
0 50 100 150 200
YA FR/Im
B 11 EEEE i =16 FERE N EADET P ERR
BYTURE IS

Fig. 11  Settlement of the utility tunnel during installation and
foundation backfilling with a bedrock slope of i =1/6

0
=50 F i
£ —100
£
g 150
=
& 200
X
£ -250 .
B +—i=0
w300 - i=1/12
i=1/6
—350 |- i=1/4
i=1/3
7400 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240

Y A hR/m
12 TREEREE TEMRERITEER
Fig. 12 Final settlement of the utility tunnel under different
slopes of bedrock

BORRM, R S M52 J178 18— &
B ERKIUE R ESbr TS, FE+EA2
M7KBEEIER, RIRBER/DN, B R E AR,
AW ILBR K R I, AR s, il
HFEU b 7 LRI, /5 T — M AR
TCHAF AT BE AT I S5 RN [ 45 1 T . 8 H
WEFT, RKE R 0 E EA K HNIEEAE N,
P R FEREHEAT Plaxis 2524 [E 455 L. 7F [ 3HZE

Je B NS AR 25 I B, Gl GO A, R
T 0k 50 A ok 2 S [ 85 4 )Xo A R 45 A 6 A 11
AL

Bk, DL RIRBRUON AL, 78 B Bt T
T8 Ja 2 BIE NI B G1~G7, &M B X S i 44
o, SRR Sh R L 140 5B BE B IE AR
HEZIN 21 kKN/m?, TR R 53 7008 5 544 kPa.
4 928 kPa. 4 312 kPa. 3 696 kPa. 3 080 kPa.
2464 kPa. 1 848 kPa (RT3 51 90%- 80%
70%- 60%-+ 50%- 40%. 30%).

AN A0 [ S5 FE R R 3 A W i = 16 I R 1T
I 15 fios (EIRR k Rosimi /50, mIes
b, TR R, [E SRS R 2
MRRBEH, XG0T B R IS b I R B R
MR o B R TRUAR PR il B ) B 2 b AR R
TR JECAR Bl 1) Y 3 H 52 R AR RS2 R . BEAE BT IR SR 3L
(vaks)s, BB A ] 2555 B BN, B R AN 38 5030
e ARG K. 3T RN 0.3 B, mAZER
DURRMEIRB] T 45 cm, BIANIS) 5] R T 8 R 75 2247
)2 A A ] 25 U P ) S



394 MoK 4

2024 %7 B

(a) KHIBAH L

SLILE 45,
BT Rt

(b) SR S5 B
& 14 FHELRERER

Fig. 14 Simulation of equivalent consolidation

0.00 T T T T T T T T T T T
—0.05 4

-0.10
-0.15
£ -020

>
& 025
2
Z-030

¥ —0.35

Ty
ey

g 040 =10
—0.45 +|—— k=0.9 ——k=0.5| A
—0.50 L|—k=0.8 —k=04| ]
055 LI k=07 k=0.3 |
_0.60 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240

Y AL FRIM

15 FEIFHELEZE TEEHE i =16 FHERMNTR
Fig. 15 Deformation of utility tunnel at bedrock slope
i =1/6 under different degrees of consolidation

4 2 B

A% 3 A PR 7T 7 iR AR UL AR 2 ST = AT B
R T2 4 #2532 S0, R
T ARSI Z AR R TR AN T (1452 1380, IF
HA G T B4R R ARG Ol XA ]
ARSI R, S LT 4R

1) FEAE SI R IFEMA T, 7 3 81 2 ) 1
8 [ BN DU B B BB, T R 1] )

FRIZHTIR N, AR T IR BTN g LR R e £ B
/o

(2) IR RS2 A i %, BN e A
RErP e MBI Jy, I 0 A R A R 793 i )
THURR LK% 6 TG v B RO JERAR PR A e B A 2R
A LU 25 R R AT BE K 52 B DL AT 0 I
B, CUESATE MR E 0.

(3) W RIEIE » 55 BOER&E MuZR Ak
ZEH, O\ IR) I A SRS T B SR A TR B 1) 18
JIFEMAAE N B3 . B I R i RO, s IR
ARK, BET - EUE RS AT, e A e B
71, HBEAE BB IR IAEK, B B A 25 A
VIR EABAE, PSR &

(4) B 4 )5, & KTk 5 nE +
WP, B MR pe i, HLREAE ik S 4 1
BER, BERAEI 32 LA R IR K. SR
5 RE [ 45 JE B TR ARSI, Bl g A
Ky HREG MIRAKRERO, HI T BRALRE
R, R R M AL TR DA KRR FR T T By 7K Ak
B Mt

N> AN

A}

SE R

[11 X535, RS, R REREIZHE N 5558 i

THEARWFFC[I]. HiAEALEE, 2021, 3(1): 76-81.
LIU Huifen, CHENG Chunxiang, WU Duo. Research on
construction technology of shallow-buried excavation
tunnel undercrossing utility tunnel[J]. Journal of Ground
Improvement, 2021, 3(1): 76-81.

[21 7, KT, Bilgk, & GEERIUE SRR
ZEIR[T]. BRI (FHEI0), 2022, 42(11): 1821-1831.
YUAN Yong, ZHU Li, YU Haitao, et al. Review on
seismic analysis of utility tunnels[J]. Tunnel Construction,
2022,42(11): 1821-1831.

[8]1 BRBHXH, T, K, & KBORMA FHI 25 &

B RGBT AT TS I —— DA 2T X R i SR
BIRIE A FII]. BEIE (R E ), 2022, 42(8):
1473-1481.
OUYANG Xiaoyong, XIAN Jianping, ZHU Li, et al.
Research and application of construction technology of
long-section and large-tonnage prefabricated utility
tunnels: a case study of Xiong’an new area, China[J].
Tunnel Construction, 2022, 42(8): 1473-1481.

[4] 5L, THEWl, ERE, 5. BBEERIM T 5RE
B RRREh G ], A 175, 2020, 41(4): 1295~



5 4 ]

skbape, 5. JEE ST o1 B SR B i 52 0 A AR T 395

(5]

(6]

[7]

(8]

1304.

FENG Li, DING Xuanming, WANG Chenglong, et al.
Shaking table model test on seismic responses of utility
tunnel with joint[J]. Rock and Soil Mechanics, 2020,
41(4): 1295-1304.

BEfRR, WA, E1EMR. g X BN SR A
R 32 PERE W B B A (0], R4 A, 2009, 26(1):
105-108, 116.
XUE Weichen, HU Xiang, WANG Hengdong.
Experimental studies on mechanical properties of PPMT
in Shanghai expo area[J]. Special Structures, 2009, 26(1):
105-108, 116.

PG U 28 5 R B2 Sk PO BTk B 5 S5 UL T
E[T]. BRIERIEE, 2020(3): 37-43.

SHANG Wuxiao. Study on shear resistance and equivalent
simulation method of prefabricated composite pipe gallery
joint[J]. Railway Investigation and Surveying, 2020(3):
37-43.

W, TR, BT A h, 5. BLGE EE
KA AT RBAEREI S T AL ] RAERE R (E
REBEAR), 2018, 39(12): 1788-1793.

WANG Pengyu, WANG Shuhong, JIERULA Alipujiang,
et al. Numerical simulation and analytical study on
mechanical behavior of cast-in-place utility tunnel joint[J].
Journal of Northeastern University (Natural Science),
2018, 39(12): 1788-1793.

FBIE, 5K, Frmel. B h i X A A ST B X i
il 25 5 5 AR B S e BE AT 0], IR 2 AR, 2018,

(9]

[10]

[11]

40(10): 86-87.

BAI Xufeng, ZHANG lJing, SU Xiaoguo. Effects of soft
soil foundation with long-term differential settlement on
precast concrete utility tunnel[J]. Low Temperature
Architecture Technology, 2018, 40(10): 86-87.

RS, R, EAEM, S5 Tl PR LR E Rk 1
BVFZER YIRS HT[T]. LG AR, 2020, 418 T 1):
434-442.

ZHAO Wenhao, PENG Bin, WANG Hengdong, et al.
Analysis of permissible differential settlement for
assembled precast utility tunnel with different joint
types[J]. Journal of Building Structures, 2020, 41(S1):
434-442.

rhte NERILAN EE A 55 A 2 e, e N RSEAIE
FmE W R IR R . W LR G 8 TR AN
j: GB 50838—2015[S]. dbxt: AEHRIH A, 2015.
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Technical Code for Urban
Utility Tunnel Engineering: GB 50838—2015[S]. Beijing:
China Planning Press, 2015.

WEE, Bttt REEE, S KR rh R A
ERA[I]. RIREFEOA, 2010, 32(2): 98-100.

YANG Dezhi, FENG Shijin, XIONG Juhua, et al.
Numerical simulation of pile foundation in collapsible
loess[J]. Low Temperature Architecture Technology, 2010,
32(2): 98-100.



