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Influence Analysis of Arch Structure Rise-
span Ratio in Arch-cover Method Under-
ground Excavation Metro Station

HUA Fucai, LEI Gang, LIU Mingming, YANG
Lin, LUO Lina

Abstract To study the influence of arch rise-span ratio on
station structure in underground excavation arch-cover method
construction, taking a metro station project in Qingdao as exam-
ple, based on MIDAS GTS finite element software, the influ-
ence of different rise-span ratios on structure stress and deforma-
tion are comparatively analyzed, in the case of two station struc-
tures with platform width of 11 m and 13 m respectively. Re-
search results show that when the rise-span ratio increases from
0.16 to 0.24, the bending moment of the vault at the arch con-
struction stage is the largest, and the bending moment first de-
creases and then increases. During the construction of the over-
all structure, the bending moment at the junction of the arch and

the straight wall is the largest, and the bending moments of the

station with 11 m and 13 m spans are reduced by 42.1% and
44.6% respectively. The axial force decreases with the increase
of the rise-span ratio, and the ratio has a greater influence in the
arch construction stage. In addition, the influence of rise-span
ratio on structure deformation is evident, and the settlement of
the vault, the settlement of the spandrel and the clearance of the
arch foot are reduced by roughly 1/3. When considering the o-
verall structure construction and the reasonable station structure
span height, larger arch section rise-span ratio corresponds to
more reasonable structure.
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Fig. 1 Diagram of station section and stratigraphic distribution
1.2 ME&FMG

Tl AR LR 2 N T B R+ 5
WA R A RO, 22l AL T RO AL
o PSR C45 TR EE AL, AR A C35
REE AU AR SEMYBIA 2RI 1 PR,

x1 BFMESEMMEFSHY

Tab.1 Stratigraphic and structural physical parameters

FFk JRE/m O SERIE/GPa FREE/(KN/m’) A
ATH+ 3 0.006 1750 0.40
Mg+ 3 0.040 1 950 0.35
AL A 5 3.600 2 200 0.32
hXAb 2 5.000 2 400 0.25
AL A — 20.000 2 500 0.20

C35 — 31.500 2 400 0.20

C45 — 33.500 2 500 0.20
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Fig.2 Calculation model of single arch structure
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Fig.3 Overall structure calculation model
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Tab.2 Calculation working condition

T4 PRRES L TH HER R I
1 0.16 4 0.22
2 0.18 5 0.24
3 0.20
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Fig. 4 Layout diagram of analysis points

3 XEERImMoSH

RN

AR RS T AL 1— 100 5 i HE R N
71, HXF 5 Bh B0 2 R S ik S 2 AT R A
3.1.1 B4ESH

XFFul G 11 m Fl 13m0 A 4 3k 25
Hay, FEHE S T B B 5 B A TR B, AR AR
B T00F AR 2, SIS A A B A S R
AFRTHT , BERE R EX LNk 3 PR

3.1

00 D W h oo S0 n i

hoo S inoo S0
T546/(10° KNm)
AwuNLo O =N

KA B /m
a) Wi B 11 m R EHLRRY b)) w5 5 A 13 m A EL LAY
T BHEUGEMIMUSZ S WISZERONIE, DIEERAMUSZHL. W2y T .

KA E/m

K5

n

222906 30 3 69 12
JKFAL B /m
d) 5 & 5N 13 m SR

11 -7 -3 01 5 9
IKEAL B /m
c) Vi & T EN 11 m B AARAR Y

AT AT A

Fig.5 Diagram of arch bending moment analysis
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Tab.3 Comparison of the maximum arch bending moments under different working conditions

AN 1 m

AN 13 m

T KA/ (KNm) LR

KK/ (KNm) AR T8 114

o KA R i/ % B KA R e/ %
ik gk AR gt ik gt ik L
1 3 880 1554 3 744 1 440
2 3317 1 445 14.5 7.0 3282 1382 12.3 4.0
3 2 950 1 408 23.9 9.4 2832 1378 24.3 4.3
4 2578 1393 33.5 10.4 2 461 1 406 34.2 2.4
5 2245 1 420 42.1 8.6 2071 1477 44.6 -2.6

&L S Fe 3 ml g, AEHE R B B, Bl G Ok 5
HE A3 R (<85 LA 0.16 3K 22 0.24) | HEFR AR 5
PN HE I, LR e RS AL Tk 3l 5 9
JE 11 m () ZE s BE TS 46 L 1 554 kNm JE i 2
1 393 kNm, /> T 10.4% , F-3 & 1 420 kNm, ¥4
B YN 13 m A G HE TR AR AR IR AN, 2R 15 Lk
) 0.22 B, AT AR 3G K. 7R T B B, L
TR 5 R LU R AR DG, B KA A T 5
BRAC . MBI 11 m A1 13 m 3k By K
H o s> T 42.1%F1 44.6%
3.1.2 & A5H

XPT ol 6 58 B 11 m A1 13 me i) A 42 3t 245
P, et o e T B 5 B At TR B, B R4S A
o T30 R HERR S T, HEES A 7 oA R n ] 6 iR .

- 30 -

AR THT TR X etk 4 iR,

6 A1 4RI ZEHEE T BB, 3l R 2
CHLIE A A ik 0l O 5 R B L B O
JEE M 0.16 B8N EE 0.24 5 K hih 1 5 /Nl 14
S IR S HETT, 35 A0 R 11 m (19 425 HE
B KAl T 12 690 KN Ji % 10 664 kN, £ /N /7
10 342 kN J# & 7 681 kN, 45136/ T 16.0% Fil
25.7% . v &R 13 m () 4 bR Kt 5
/N4y B T 15.6% F1 24.9% O 5 Lt
ToUfl 0% 52 e B K, AE A TR B, Al BT
“WIE”, BT B2 T, LR A 4l 1IN AT
B NG E A IS PN A Wik PSS PN
WS EN O B M AE R R ST, i A
GEJEA L1 m Al (%) f Rl g R /Nl g 4 S s /b



L 1

%1 77/(10° kN)
Bl 77/(10° KN)

v - g
il . Z
°\ ~

N B
N

ey =R N ﬁ
——LH 3L 4 &

-13
-14 IUI_ILS ~12 ;
11 -12 -8 -4 g8 12 -1 -7 -3 5 -12-9-6 -3 \0 369 12
7J<${J_§/m 7J($U§/m /k:Fhﬁ/m 7KL E/m

a) W SEEEAN 11 m YL b) 3 LR 13 m AL

FEX 11 m PPRARBEAY d) S & BERE 13 m IR

¢) ¥ &5 %

Ee MU ZRONIE, RN

K 6

HEER T 7314

Fig. 6 Diagram of arch axial force analysis
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Tab.4 Comparison of vault axial forces under different working conditions

B 11 m

WHFEEA 13 m

T4 PETF 4 F7/kN KB

HETR#E J1/kN AR T 1Y

il I B NE/ %o il 7 A e %o B 1R
£ gk BN gk BN gk AN it
1 8 977 10 365 10 201 11 364
2 8 595 9 585 4.3 7.5 9 744 10 586 4.5 6.8
3 8 010 8 740 10.8 15.7 9 038 9611 1.4 15.4
4 7 688 8 191 14.4 21.0 8 665 9 038 15.1 20.5
5 7 450 7713 17.0 25.6 8 307 8 479 18.6 25.4
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Fig.7 Subsidence value of arch structure analysis points
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