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Prototype failure tests of segmental joints for gas transmission
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Abstract; Long gas transmission shield tunnels often run through complex strata. Joint, as vulnerable location of
segmental lining, is complex in its detail and configuration, and its deformation may easily exceed the design
requirements under large bending-compression load causing the damage of segmental linings. In order to investigate the
mechanical properties and failure mechanism of the joint under large bending-compression load, a series of prototype
tests of the curve-shaped joint were carried out. A detailed description was given to highlight the complete mechanical
behaviors, such as stress, deformation and failure, of the segmental disturbed region affected by the joint. Then the
relationships between the damage degree and internal force/ deformation of the structure were quantitatively analyzed. The
results show that the eccentricity can lead to the extrusion or uplift of the structure, and affect the distribution of
segmental bending moment along the circumferential direction. Under large bending-compression load, the failure process
can be divided into three stages, namely the slow deformation stage before yielding of bolt, the sudden deformation stage
due to yielding of bolt, and the rapid deformation and failure stage after yielding of bolt. When the joint is damaged, the
deformation amount is small, and the range of crushed concrete on both sides of the joint is approximately equal to the
thickness of the segment. The failure mechanism can be described as follows; the joint open due to the yielding of bolt,
resulting in the decrease of the contact area of compressive zone under the elastic sealing gasket the increase of concrete
pressure and the collapse of concrete. Subsequently, the concrete at the outer edge of the caulking groove is pressed and

finally crushed, leading to the final damage of the joint.

FEWH . EEE SRR (2016YFC0802205) . [H % A AR
2pFE4r (51878569, 51578462) F1 P4 JI| 45 Bl 4 %) Wi H
(2019YFS0070)

e . WA, ft, TR

WIRVERE . )1, e, #a%

Weks H . 2019-03-18



H53E ETH

B8 A - GOSN E e SE S TR - 109 -

Keywords: gas transmission shield tunnel; segmental joint; prototype test; bending-compressive behavior; failure

mechanism

E-mail: yyuueeqqiiuu@ 126. com

5l

il

JERREIE 2 A5 R BRI ri) AR 4 2 I
EISEHT, TR R IR e R B iR AR,
BT PR RE S IR LA AT AR, RE R A R )
ZERPEAR I 1247 R0 X T 24 K B B e U
FIRRIE, BB KR, RS E B, #
SEME RIS R S R, R RIS I 2 T,
ARSI Sy B BT ARV EER Y s e A B
B, WA T S R 02 1 WKL =
FE,

FIRT, XHELERMRTSE 2 LR R ol 5 0 38 56 1 )y
TP, Hd MR A AT RO 4R 2 D AR T — e U
SRR N X G, TP T I HT S M il 0 S ARG
By, AR AT ARt R K b R 5 R R T
TG ARG HEAT T MRS, MR T IR B 1 AR
i . BRI SR 0 B A /N X 2 4 0 B RO S o, L
BT Sy AR RS AR AR L, A T et
TRIERZR AN, THS | FHEAD | i
S50 ML R Y A B W R AT T I, AT
JE BT SRR  AE R R T £ I
JERIRRE SRR R G HE, XK R RSB
P4 A TF 25 97025 ) 4 A A O 3 AR R B S I
FTTOIE, RAHSS LI R0k 250K 56 9 J4Al
PR T B A B A e R R R AR
LRPERIRY

XU & I T [ 4T PR B4 UEAT, A
T R R S RS, N TR S T
25 A BOAE AN S DR R % T 42 4 R e R e R A
I BRARR B G: , AfE G T 2048 K e iy B 72,
WA I IR TR B S5 450 N 1 A SCHE, 1T ik
Ty T AT R B R LB > L, JFH,
TR A PR BR ), B S — A R A
WEBK I = 40 22—, X T4 4 52 WA 9 B A
ST 0 B9 32 A8 T LA, B2 4R b . o B 25 1
SRR AT A

YT, SCE R FIRE AL (AT TR B TR Y
FmEGR I R, B XK R B S % E TR AL
SERIUFUEAT IFORIR T, PRIR A R L NS 2
J1. BRI A R, BRITHEIR G R v 4% TF L ]

KRIEREE 5EEZ T I USSR kI ] Y
KER, XA BB PLE#EAT IR0, DU AH G
TR S %

1 TiEHA

B B 1 B T8 SRR R, e ) R A2 1Y
e RIKEHN 0. 33MPa, K FHUERE N 14~30m, £
BT OAE Y, WEEBMENREE L. B
FSHRP)ZE, BERE N 2.5~T0m/d, BEIE R A
AR EE L A R, €50 JREE L, HRB335 4
Ty, RPZEEE 40mm, NHR A 3h 3R S
FEWI 4 B2 1219mm 19 RARSEE, #4012
2405mm, W 2} £ 2125mm, & F 280mm, 0F P
1200mm, HF5H 6 (K1), MFEE T K(FE.L
i a=60°), ABEEH B1, B2( IR0 B=48°45") Filbr
WEHE A1~ A3 (B y=67°30"), . FREEK 1
12 5 M24 2SI, HLIRAESL 5. 8 9L,

E1 ERSRRE(E: mm)

Fig. 1 Layout of segments( unit: mm)

2 XIS

2.1 RREERENRS
YR R 25 IR R G K E
KRN R ) T T TS A SN S, JEB e A
e g R B S PR SRR IR A F T 2 IR
RIS 1 AR B2 FIAR i A3 Ak, & H
PR R T NGB RIERE VRN 3 Fis . N R FE R
BB R B RS 2 SRR R e v, e e op



- 110 - + & T

MEREMBN T RS B AR, KT
TEAISKTT i B EAT R AR, IR B - SR 4 A 5 WL Kk A
B A LA B A BB S A T 5% .

E®ES

L ERTT
ROR v

W

B2 BIEREEEHMEIRNGE RS
Fig. 2 Local prototype loading test system

A,
280
A

168.5

(b) FALEbssiRte
B3 EhREgEE

Fig. 3 Sketch of segmental joint structures

SER PN TR 320 T3 SR FH A N AR HE I A
A B SGRERSH IR 4 s, Hip ol 96 R
M, ©2. @5 3% B2, A3 HIEH, ©3. o4 Mtk
TP, 459 %8 w2 7% FRORE BE 0. 1mm OGN RS 1%
AR, W AR A, S R R N T
TCHRHAIR A R RS2, $Eag T i RS 2 0. 0lmm
(22 8l A B A% JEk e B, 5K T Bl R,
WS PN ) pl SR A e R — X F BEL R AR i, R
5ER FEE AR AT 25 5 458 322 L 0 7 28 5000 1) IE 5
(K5, METWEREE - ReE L, w8 F R
Fi& 10em [HIFEZE I AR e, St ic s & G far 2 T 9 I

R SO 2020 4E
SURRINE DL
ﬂ 903 , 503 ,

E [ 2 . N N N
JrQ L L L . N N N N N
g A Bz k |y N A3 N §

T T TI|T L L

I I I I I I

o 2 03 ¢4 5 06
0 Hagl&rsm

(a) SMINHE

GEERE 77 160 A9 T
— T

(b) i
B4 ZEMERTRUSHE(RAM: mm)
Fig. 4 Sizes of segment and arrangement

of the measurement points (unit: mm)

R
E S5 EemETEn
Fig. 5 Layout of strain gauges for bolt

2.2 m#EFAE

ISR R GE N GE R R AR, B4
FAFEAT AT, IR il e A E AB N T, aniAl
6 Fis . MUES I LA TE, 5 Al O fE DL IR
NWZPRIE, RZ R, RS2 e 15

N=N, (1)
_/\bhfc(e+H) -W( L3—L2)
- (L3_L1) (2)
N
;H\:':F', /\zfcﬁ (3)
e=M/N (4)

K. N, M o#ERE AR B N F ORAKE
BT T, WORERAE; H, L, L, LK
TIER R RSO A IRl L £ IR EE 1
WOHOHREVOHE, AWHLf, =23. IMPa; h, b K
B R BE . GO o MR R LoRE



H53E ETH

B8 A - GOSN E e SE S TR - 111 -

6 mHEBEXTEE

Fig. 6 Diagram of loading mode
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