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Design and Construction of Segmental Lining Structure for Water

Conveyance Tunnel with Round Small Cross Section

ZHOU Xiaojun
(School of Civil Engineering ,Southwest Jiaotong University ,Chengdu, Sichuan 610031, China)

Abstract; The structural design of reinforced concrete precast segments serves as a prerequisite for

constructing segmental tunnel lining using shield tunneling method. There are few studies on the method

for designing and constructing segmental lining for water conveyance tunnel with round small cross section

at home and abroad. Taking a mountainous tunnel in Guangxi Water Resources Allocation project around

Beibu Gulf as a case study, the method to design and construct segmental lining for water conveyance

tunnel with round small cross section to be constructed by using slurry shield driving method is discussed.

Based on the geometric characteristics and parameters of constructing tunnel lining with round small cross

section, the method to calculate and design the segmentation of tunnel lining and the longitudinal bolt-

holes as well as concave-convex-tenon on segments for water conveyance tunnel lining is presented, and

the detailed structure of precast segments as well as the construction method of segmental tunnel lining

with staggered or straight joints are also proposed.
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Fig.1 Cross section of the water conveyance

tunnel lining to be built
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surrounding rock and tunnel lining

-~ PN EE LS S
wn (VRN g T
(kN - m™) a °) GPa
vV YA 18.2 121.5 26.5 1.5 0.4
F% 84 1) 25.0 — — 35.5 0.2
AR .
»m{1+mw@?—§)J

= 1
1 Atang (D

Kby WEEAEE (KN - m™) R, M /K b
2 EAE (m) 50 R EIA B (°) 54 NEEIE
TGRS LA 10 0 R 8L, e T2 4 A =1. 0,
T 58 2 % 3 A ) e 752 B K S 7 e D% 32
IR, im T2 T e 24
e=(q +2yR2)tan2(45° —;Dj (2)
R 7K AR K R T p e R KA Y BE
R
P =7k, (3)
ﬁ:':F':’)/w jﬂﬂﬁ?ﬂ(ﬁgig(kN . m%) sh, M AR
oL KA B AR KR B (m) 5 BB K
o IV 2 2 U 7K A il 22 5, R 0Lt i 7K g T ek
WABIEK B n=1.0,
PN R TE VG LS TR R BT R 4 B )
2E SRR % 8 MR DL K R K i K Sk BE SRR A
K (1) ~3(3), BIAT 575 S 40 (57 A Wy 1 o 16
PRI A A2 I L ) oK s g 45 R an i 2 e
TR 5 RSB 7K B S PR T TR 0N PRI
TERR T Ao ) 1 (8K R ) B R AR, I B BUE YA
S QRO T BRI A 190 B e D 1Y) K 2 4 R A T
4 AR 2 7 7 0L Bk 3 A ) B G BT 7R A2 1
4 JEOT- T R AR 1 fof 2 5 S5 A B AT S5 2 T IR
TR THD 5% 308 o /B PN T B G gy A S5 R A 3
Fis
H 1] 3 ] L DL A 7K B T S B R 280mm 5N
AR BE T AT IR V 9 [l a TREDIR U T 7K 52 Bl A TR
TR T K # K R AT 1Y 2 4 R B ME N
8. 3, I EE = T R 18 WA TR E AT )22 4 R/
T 2.0 ISR, PRI /K BEE 52 5 280mm fY
I PERET I T C55 A TR BE T AT IITE V 9% A )2
T riety HAT 5 e AR 3 2 A e [T e s 2 ZE T
FIVERL AR M2 i (R g e PR
3 HKBREFBITHE RS PEX
P ADL /I W T8 A 7K R T8 80 P T R



2026 No.2

JEIGEZE R /DN T i K B T A e B R S5 T 85

ﬁEﬁ&#&&#&##&##fﬁﬂia
842%???%%?%%?3 RERR *417kga gigskpa

| EEEEEEENENE!

l
EEENENEEER)

i R TR
R s

2 BEWWIET RS
Fig.2 Dead loads applied on tunnel lining

5

ST
O, K i Y
7 N §‘ Qb
y y
X X
/\—,»— Y < 2 45
- \ U, 4
- _ T—
“170360  -92220.2 -14080.6 64059 142199 ~0.170E+07 ~0.156E+07 ~0.142E+07 ~0.127E+07 ~0.111E+07
-131290 -531504 248992 103129 181268 ~0.163E+07 ~0.149E+07 ~0.134E+07 ~0.119E+07 ~0.103E+07
a FI I R (ALN-m) b A %l g (BAALN)
—— 13.8
(s
L | 1, 1 10.8
! ]
\. s
g : g
TR0 006 132138 39644 924966 . N
924966  -396414 132138 66069 118924 83
¢ BT F7 (ALN) d A A ) 22 4 R E

3 BEABMANMRERY
Fig.3 Internal forces of tunnel lining and

its safety factors

Feze xR SEAN L, i bE T8 A 840 o0 o U A8 R
MBI R BEATATIE
3.1 WS Aot ik

Bl 1a Fr7s B IERT I JC52E4E JCAL B AITCHE
TEERYBARRS], 25k B GRIR GE  T 2SI 32 BE 30
TR PR A8 AN 8 05 R R 2, IR B S 1)
HTETEAF TR [F) PR B A SR04 | e s £ R AN IR 55
Jo R e, TR IR o A 0 Ml A T 79457 Ok B
S R TE AT ) ARF D) T A 2 S B R A ) R A A Y L
RGO BLLAPE 1 B SE G iZA
At /K B T P TR A A 18 2 B R 45 g IR 5k
Fr#tsE izt

] P VT SR FH R 12 55 TBM. ¥ 8 et i 7K g 3
W 224 b TR IR THT % 38 B4 B0 Sk it i
BT /DN v A 7K O A R 45 R B BT T I F
FEREA o A T DA SR PR R ik o s T i R X []

IR R BB 5 % A v R SR ARV R Al P BT SR
R D20 3 A T A R TR T A A TR
FE45 4 B P LA F vk 5% TBM 1k 2 538 I 4% A T Y
K RS T T A R S R 3N 0L i K g T
BP9 S AT IR A i 1 Beds T 2 AR 3
Pebruidt 6 Pemiiil & 7 PR iy

P X% 18 e 1) v ) A R 0 o BRORD AR Y
B 5 22 SR TR 48 R AR B RE ) 8 R IR s
R DFRRG BE DL RS e Bl K Pk e RN T A 2 A0 45
IR R AR 2 9 2 X 0% 8 R i 09 T 48
B, 25 FEARHIE [] — A8 D T 11%) 0L 58 o 38 e A 7 B2 TR
JIFIH T K FRK T SEE TR B 0, JCHGE AR
PR 0 S R A S LR SR R 45 e, RIK B2
SR T A B T4 A e A U A R S T B 1 O
L T S A N R Ak T R X S
TRBEE TRE A S A0 I 5 R B, AR 9 % 3 4o
) O 25 R R TP 8 2 R A/ N R 43 )48 R B 2 ik
TEA ), % T Ao A 0 o A5 e ALk 1 S
FEAER 0, BRI A R B 4B mT DAAS 4% B8 % 38 4
W 0 AR A T HEAT RO O Bk R A
oI WD TRL I A B4 A BRI e A A 1) I N DA 1)
) O AR A T AR

PUAREE 1 A LT R SR AT 5 400 K B 1
WA R Rt ik, R b M B
00, WEMGEF L 0 VEEHZEL 04, ff 04 5353 54
J [T A8 W TR [R% 3 Ao ) 60 G 1 7000 R P 0 iy [ ]
ARSI A A R 4 R, SRIGTET
LB 00, WAMGER LD 0 fEELEL OB, f# OB 541
JC [T A8 W TR 5% 38 Ao A5 60 JB6 11 7000 R P 0 iy [5] J
AZE, B i o0 B F B T 4 Bt AA'Fl BB' L)
B 0 EZE: 00, IEARFR,

L HLZRE AA'FN BB Z IR T (B R o, LA
[IRE Y 7 el 4a PR 8 SR H B, 400l
CC',DD' EE',FF',II',J]',KK' il LL', i 5 28 Bk
CC'HMI DD’ ,EE'F1 FF' 1I'A1 LL' VL K JJ'Fl KK' 41 VA
B HERBE 00, BRAEAXFR, LA HEE CC
5 DD Z BRI 8ifa R o, A BLZEL EE' 1 FF
Z A e (B R oy A8 CC'FN 11", DD FI LL'  LL
KK’ ,KK'F1 JJ' Z [8) LA K IT' R0 JJ' 22 18] T e () 658 £
Bk B, A 4a s & B0 A I BRI Lo

[, 7E ] 4a H LA 0] 2R 00, W% O, K
IR B Ry =1 290mm AR JE K143 m %
oy, IF BB JA b 0 4% 554 i 0 il SR s O
0,,0,,-++,0, . WXEELER) i SR Batir R 745
TOUIAE Fr L R T N 1) I e T PN Y



86 s THAR (330

5 55 4

50
Sk 3, 9

4y meEn
~ BT~ IR TL
T .‘w': ,-; ) \ﬁy;ﬁl,#‘ ‘i:\

2R
2R

e
o B k4

iRl

2R,
2R,

b BB TR AL
B4 BEREHREREABIER LS

Fig. 4 Segmentation of the tunnel lining with

round cross section
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Fig. 5 Point location for convex and

concave tenons on precast segments
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Fig. 6 Structural form of concave and

convex tenon on precast segments
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Fig.7 Cross section of segmental lining

for water conveyance tunnel and its

geometric features
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Fig.8 Detailed structure of capped segment
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Table 3 Central angle and mass of precast segments
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Table 2 Geometric design parameters for the round cross-section of segmental tunnel lining
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Fig. 11 Waterproofing and structure of segmental

lining joint
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