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Study on Seismic Response Characteristics of L-Shaped and T-Shaped
Socket Type Utility Tunnel Joints

XIE Jiahui, BIN Jia, LIU Binghao, BU Guobin
( School of Civil and Environmental Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: By using the finite element simulation method, a utility tunnel model has thus been established
with joints taken into consideration, followed by an analysis of the seismic response characteristics of L-shaped and
T-shaped socket joints under combinations of different lengths and extension lengths. The results show that the longer
the extension lengths of the L-shaped socket joint, the less conducive it is to improving the seismic performance of the
utility tunnel. Specifically, optimal seismic performance can be achieved when the length is 0.2 m and the extension
length is 0.1 m. As for T-shaped socket joints, with an increase of the convex block length and the extension length, the
horizontal relative displacement decreases, thus enhancing the seismic performance, while the shear stress increases
accordingly. Based on a comprehensive comparison, it is found that an increase of the size of T-joints is more conducive
to improving the stability of the utility tunnel.

Keywords: utility tunnel; socket-type joint; numerical simulation; seismic response

| s PRS2, RS . (. R Ak
H SRR, BRI R TR L X
BT T 4 A A IR T L I T T A0 RGO A B E 1 S s

plil

o

YRS HHEE: 2024-07-03

EEWB: EEARPEEESTIIE (52308500 ) ; WIFE HARARHFIEARIIINAE (20251370048 ) 5 HIEEHET TR
AR 4 VB H (24B0547, 23B0556 ) 5 IRAZE TRHFEESFHIME (22C0328)

TEERNY: WEME, B, Wi TR A, B8O AR TR, E-mail: 2446369534@qq.com

BlEMEE: B 4, 5, B8 LRERIEEE, W, FEEE D s TR SR REdrs , E-mail: binjia@hut.edu.cn



2 (I R DR /A N S S 14

2025 4F

B SR BT Ay, Hs T P R AR PR RE A 8
F5om . WERERT, kb by KA TR ISR
SEG, FEOE ARG Hit, BFaH
PR BT X TR ER 5 A B BURE R ) 2 OCEH2E

WA WLRE 4 R S8 Lo ik
NItk o L L SR WA S R A T
BN A&, (B ok B R VR T T RE S R AR B
HRAEOL, S ER AR RE . WISk i P A
ST DR L R A i AR AR ) AR E T, (HAEHLRRAR
T G A R B N B, B A KRR
AR R A TR L WL 2 ], B —
FEMARIERE ST, NARUE T —E NI, Jreesesk, C.
Klappers %5 P BIF5E 7 W] 43 51 oK% FAGE . 5005 B0 LU
&Y IS AT, JREETT T 8L Ding X.
M. % BUR Besk f e Bk M EE A R T T — R4
PR IRE, AT 2R G BB T BRI 52 .
Zhang W. G. 55 " il e s LRSS, BF9Y T i
Sk PRI RRAR T ZR -G8 TR S LR - AR PR T RE . B
K Pl ATENA SR T 2% A8 R i =4
BROCHERY , FEoT T2 160l T3 LIB AR
APPSR R A A, X457 A 1) 7 RO A F
A7 75, i A R v S K O T AR
Ji) S5 S Ao AN b S A A, X ARV A B PR
PERBIEAT TR, B ELEG N T R A AR ke
BeCZR 548 B — RS A AR , B T R A
XS [ b 5 1) 45 A1 2% X o ] A7 RS e 5 i 3 5 e LA o
R Y TR GIRE, @I
TEAERNESL, It TR s B . 7
RO 5 Liu W. 58 PV i 25 JEGERIEAR | M 4548
EEHARSESE, TR T B B A B
T REL AR TE U S2 0 . Zhao W. S. 28 " RS T K JH 1
ok w3 D2 b R Bt BRI S, R IR G AR Rk
R E A E AR 1

Zr PRk, B SCEOCT B TR PRz R &
e —, XAFRIE A Rdd ek %
PR B AT . A SCHR FHBUE AL
e, oSy L ARVEN T A0 Aol 20 d Sk 2R A g =
A E R A A BT, SRR AT T X
R R AR SR AE AR R RS S5 A T 1R
M o A, DA A ot =X o B i 2 5 A R Sk ik
T K R W A A PR AL 4

2 HHEEE

2.1 HEEH
BRI TE R 4 mx 4 m, AR SER 055

mx0.55 m, TRHE 0.55 m, 5B 2o A7 AR
Pape L A LA T B e v, aniE 1 foR .

a) RIEE L BUEELER] b) AR T B
B1 sEXGEERELREE
Fig. 1 Schematic diagram of socket-type joints for
the utility tunnel

SEBE B A AR SR
18 mx 30 m x 30 m, i/
Ak BN 28G5 BRI EE B KT
M RT3 5 2R M,
Bl 2 P
22 ZRHIEEY

PR+ A S8 90 B2 R — PE AR
( Mohr- Coulomb )3 & fEN]
WARIFFE R, TR R
FPEA LR 1],
23 EME5BREHEE

T L T2 A il LA R 5 2R A AR =2 )
M OC R, FHC LG BRI RI, A+
PRI NI, FEERERIEOR
0.5, WA Z A (2 fil,
[) 5 >R FH 1T — T fi,
JESE A 0.3, LAY
JELR F 2 b 1 5 1,
A= R ZS Uiy N4 1]
BAETHER, Bk 7 RE R

B2 THEETEE
Fig. 2 Schematic
diagram of

the soil mass-range

RS EA AR "

WA TR sy, B3 LENREELR

}Fﬂiﬁ@ﬁﬁyﬁ@ T Fig. 3 VlSCOGlEllStIC

W SO R I L 3 boundary of the soil mass
pral A °

24 THRBRTEBEMNIE S

X F A ARBR fR R] , SE A SR A AR R
m 53— 00, HoA A TR ik (9 4 PR T
Ak, R T AR5 R ik B ER 4y, SRy ER A Al
WER 0.5 m¥5r—A~Ho0, LR C3D8R i,
HITHCN 4201,
25 SZHMMNBTEREEMENS

g PN EE S N iEa e o S
% 5O U S A Rl o AR, B RA A R, B
PIEE 0.25 m ¥ — 900, HOG2ASH C3DSR,



556 4 WIS, 45

L U T B R Qs 6 4 IR HE Sk MR S B R ERIT 3

2.6 HMIEFERIERSEA

LA E RSN — 2%, i AL RE D IGE
TP Bl Centro i, MR e F 2L
TEHT 15 s N, 18l 4 itz El Centro P HT 15 s
Jor s JE Ao e S e L

0.4

02p

N/ (m-s72)
S

02
045 5 10 15
[ 1a)/s
a) Jinid pr s A
0.04

o
=3
o)

RIS /mm

10 15 20 25
HiZR Hz

b) fEHLIE
B 4 El Centro #E KM MNEEESHEEML %
Fig.4 Acceleration time history and Fourier spectrum curves

of seismic waves of El Centro seismic waves

3 HEERESH

3.1 L BYCER R TR ER & & TR Y 3t R e iz 20
3.1 LA DS KA AR AR R R 6 0 v

AT F LA 10 mm
W LAk iy
NP O e ex
JER P9 i, 722 W] . 5%
Wel, % A LAY
FE S M PR R
El 5 Fis

ook g
Bsdxm kK
BE, o e R
SPAR R RS 10 mm x 10 mm. 10 mm x 20 mm., 10
mm x 30 mm, 10 mm x 40 mm. ¥EHBCANE 4 FioR 1
El Centro I I IEA7 8 =5 A, 20 Hr L 423k 1
Mo FR M N R . ERE LAY S R A 11 ik 4 Oy i

20 mm

10 mm

5 LEZEIMRKEREE
Fig. 5 Schematic diagram of the
convex block length of the L-shaped
connector

PRI, FCSHL TR i oG T A ) T A, @ DAL
AT b g WA, ARl Sk B KA LS |

fe ) VI 7 AR AL H o B An P 6 R 7 B, HAr
BN o R 1. g 6, B 7. 1 AM%:
1) I 2.0~2.5 s B AIAX AR IR A B, O ARG

T ) A3 P K- AR R L B i R AL, R
0.1, 0.2, 0.3, 0.4 m B, TH0JEC 0 M 00 57 I 45 f9 A X6
PRI L LT A 2) SERIUmsk i B IS 2.3
sHF, MRS 0.1, 0.2, 0.3, 0.4 m BS LR ES,
FHXTOE RS 235120 0.054 41, 0.053 26, 0.054 37, 0.054 32
mm. AT UL, 0.2 m A B TS RS 8 7 A W A
KRR AT /N, 9 0.053 26 mm, e R SFh
0.1 m W ACEARX ARSI 2.11%;5  HtERSE4 0.3
m I B ACE AR RS /N 2.04%; H RS 0.4 m
I A KSR 287N 1.95%, 0.2 m (9 HeAR A TR
SR 0.1 m e, REREGK, AR AT BRI K
fik%; MIET 0.3, 0.4 m A MBe, HAK B tRB iRk
BOMERE , N5 R AKX

=4
=
=

o

o

]
T

OF

-0.02f

|

|
ot
Binio—
Fartaten

—0.04F .~

WS R KT A XA /mm

-0.06

2.0 2.1 24 2.5

2.2mﬂ/52,3
6 20~2.5sBARE L 2 ML KER
HE K F AR LS
Fig. 6 Horizontal relative displacement of monitoring points
at different lengths of L-shaped block joints at 2.0~2.5 s

—_
=1 =1
T

L
=
T

I A ) DS, F1/kPa
|
S o

B0 123 45 6 7 8 91011121314 15
1) /s
B7 LEMRARELKERN « f#ERYINAZTh %

Fig. 7 Transverse shear stress variation curves at point a of

L-shaped protrusion with different joint lengths
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Table 1 Maximum values of displacement and stress values

of L-shaped blocks with different joint lengths

MY /m - BURHBUK FARX R /mm - a s i ) Y0y ) /kPa

0.1 0.054 41 11.42
0.2 0.053 26 12.97
0.3 0.054 37 15.82
0.4 0.054 32 28.12
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Fig. 10 Curves of transverse shear stress variation at
monitoring point a of different extension lengths of
L-shaped convex blocks
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Table 2 Maximum values of displacement and stress of

L-shaped convex blocks with different extension lengths

0.1 0.053 26 19.2
0.2 0.054 37 18.8
0.3 0.054 36 21.8
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floor under different working conditions during 2.0~2.5 s of
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Fig. 15 Curves of transverse shear stress variation at
monitoring point a of different extension lengths of

T-shaped convex blocks
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Table 5 Maximum values of displacement and stress of

T-shaped convex blocks under different working conditions

PP EE /m TURAUKSEARXALAS /mme D R [l DI ) /kPa

0.1 0.054 36 19.2
0.2 0.054 29 28.2
0.3 0.542 50 36.9

3.2.2 T A HeAd b K E A2 AE R E 6 6 %R

AT PR R E N 0.1 m, MR DA 5
Pefph e g . AR WEISAR S 2.2.1 AL, A
e T R AR EE A 16 T x IR

10 mm 10 mm 10 mm

10 mm

B 16 TEONRMEHKERSE
Fig. 16 Diagram of the extension length of
the T-shaped convex blocks

DUASAS [ A H R 5 08 TS AR K S AR RS L
IR AR L2 A an e 17, &8 Fios, Hpu
YN T RAE R 6. HIE 17, B 18, K 6 AJ LA
RA 1) MM 0.1 m B %] 0.3 m B, T
AR B KA RL RS 43 AN T 0.07%, 0.20%; Bl



6 (= R DR /A N S S 14

Bk M RN, KA A A 2 s,
BT 0y e i R AR 3 R 4R i 25 A R P DR
PERE, (HZRE A E -

0.04
£
£
g\g 0.02]
,}\:_‘
= 0
=
s -0.02
%
£ -0.04
'gﬁ -0.06 ! ! L !
2.1 2.2 2.3 2.4 2.5
HiF Al /s
B 17 2.0~2.5s B T 2 MR E#H K B TRRR A
K EHEXF IS

Fig. 17 Horizontal relative displacement of the roof and
floor with different extension lengths of the T-shaped
convex blocks during 2.0~2.5 s

20,
.15
S 10
51 5
8
% =5
lH;: -10
= -15
£ o
a3 4 5 6 7 8 910113131715
HiF () /s
B 18 TEMHIARMEKEKNA o #RE
VIR 71254k il 2%

Fig. 18 Variation curves of transverse shear stress at
monitoring point ¢ with different protrusion lengths of
T-shaped convex blocks

Fo6 TEORARMHKENUBINNEXE
Table 6 Maximum values of displacement and stress of

T-shaped convex blocks with different extension lengths

I /m TSURMOK AR (38 /mm TR e )b [ 13 S /kPa
0.1 0.054 36 19.2
02 0.054 32 18.8
0.3 0.054 25 21.8
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Table 7 Setting values for the extension lengths and lug lengths
of T-type joints under different operating conditions m
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Table 8 Maximum values of displacement and stress of
T-shaped convex blocks under different working conditions
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