$43% 3 "= L T #M o #k Vol. 43 No.3
2021 4F 3AH Chinese Journal of Geotechnical Engineering Mar. 2021

DOI: 10.11779/CJGE202103016

bR SPGB DRI AR E N A

IMRF, KWL, o, RBHEE

(ERTEZHER IR TREZCA M Sk E, JbaT 100044)

B B RESC SR R AU T IR B R R M R A TR, WA R A B S S U IR R T
AR . S, R R SR 5] N S e, MR T BRI LA D R S R S, W T R G AR
WHAZ IR SRAESHL: BRI A W RS A% O o e 00 PR SO — A R Gt WIPF AR AR RS, M= 2E P F
WSRO, FAR RO L. WIRECECRAS DR, 3L B I LN SE AR SEL L A A, AR A H
PRACA I B AR AR T . S8 32 SIS A Bt H bR, 57 T 3T o0 SR A bR 5 sH R AE T2,
PR L3R T BEE SR R B AR R BT ik o KT R A 5 e k) IR Il K B AT R, A
ZARMRTSZ P RE R R, WA, OB IE S S R R IR T R R .

KHEIR): BRIE TR St BhIEMER: 2 HARRAG: MRS SR ERAE

FESES: U451 XHRFRIRAS: A XEHS: 1000 - 4548(2021)03 - 0530 - 10

EE® Y AMRT(1993—), 53, 14, PR, E2 N FREE Kot~ TRET7 M5 TAE . E-mail: 15115278@bjtu.edu.cn.

Synergistic optimization design method for tunnel support structure
system and its application

SUN Zhen-yu, ZHANG Ding-li, FANG Qian, HOU Yan-juan
(Key Laboratory for Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The design method for tunnel support structure system is the basic requirement of stability control of surrounding
rock of tunnels. How to determine the reasonable support parameters is the key to ensure the safety of tunnel construction.
Therefore, the synergetic principle is introduced to the design of tunnel support, and the synergetic support system of
surrounding rock of tunnels is established, and the system composition, research level and characterization parameters are
expounded. The core of the synergetic support is to give full play of the performance of the support system, structures and
elements, thus resulting in a synergistic enhancement effect. Its characteristics of timely linking, stiffness matching and
deformation coordination are revealed. The purpose of synergetic design of the support system is to achieve the stability of
surrounding rock with the minimum support cost, which is essentially a multi-objective optimization problem. Furthermore,
taking the deformation of surrounding rock, supporting force and support cost as the design objectives, a method for
membership representation of objective function based on grouping weighting is established, thus a multi-objective synergetic
optimization design method for tunnel support system is proposed. The method is applied in the large-span transition section of
the new Badaling Great Wall station of Beijing-Zhangjiakou high-speed railway. After optimization, the supporting
performance is more efficient, and the design is more reasonable than the original design scheme, which provides an idea for
the optimal design of the support structure system.
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Fig. 1 Basic composition of synergistic support system in
surrounding rock of tunnels
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Fig.2 Basic principle of multi-objective optimization
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Fig. 4 Membership representation of multi-objective optimization
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optimal solution

(3) HARER R0
2 H bR R EAEREA XA [x,, x, ) N E B0, BT
F IR, 2 X a7 S R 2 8] N IR A o 4
MHZ B ANAFAE M-Pareto 5, 4 M-Pareto BT Hi£k %
TH—HARREONFE A S ez EN 1
I, FAh T MR AEAE TS T R T Re At [, B B
B A LA B AT UM [ X, x, ) DX 8] AT — e
(4) )& FEREI
e HbR R BRI, & £ < £, NSRS B R 2
s, EFERE R R AL RS C & AR 2388
FEAS AN GO — R, i 8 fios, PP Bld F
AR R E RN E N P, (4,CT BN

o T T
N
Ht

BE pR¥ i 2
(b)) SRR BE R B R 4% H

8 REE R BANEFE R RME— 1RO

Fig. 8 Influences of choice of membership function on uniqueness

(a) )& B R% o, TE 45 B

of optimal solution

Wk G ER, NG (4),C') Bt A
FETHOZ R, W E B 0 f) < ™ I x
FIHE SR 45 R 58 4 ANl R R R, BRI ok SR ) T
75 20 Ho A H 3 R 2 i SRR, S D DA
S, AR T HARREL £, 1 ER RIS R, SBOR
BERT £ R RIS, HAEHAE LS.
M > fmr iy, YA EAE SRR A R A IRy
Al s, Wk NIEAFAETE S5 R, Wk 8 (b) Fims

4 FREX IR R ENROTRIZR RN
BETE SCHP 1 F AT E A i G A2 g, LA H
HARW YIS AN BRIk
RBMABL T35, TS 32 03 A F S R
AMET R, EyEgER AR . R R
SCH SR B bR — 2, DR
A et i H bR, RS H brfgE . ARYE
I SCHE K5 T 20 AL H A R HGR J BERE AL T
12, i E B TE LI BT R AL BT AR L BT 9
(1) Z AR AL . 1 5E W REE 1
ih2 BRI EER, ML HARIUAR . 7RI B
RS ORAE TS H bR R B Se b 1, X R fRIERS
R AT 7 BRI AG BE OGHE . He E, H



3 1

PMRT, 55 BEIESCY ST IR R P R T i LN 535

AT ) AR SR AR 5 THNG R E/KF, I = A i)
VERZ AR BT R 30 R4, 1 Bk
IER LI AT AE A4 5 2Rl Bl Joa i, Ak
B P e th LU AR (L SRS TR R AR 10 &
WL P, Bl Ry SN T BT R,
QEIA SRR S TRESC BRI .

(] o |
1 [ B s2ost]  ~— |

[] 1 !

<lzm > | aﬁ:&m:mzma |
<lzms > [ smmmEmmmn | ! i
[] ! 1

ome > [mEsmmEmaERLR, | |
[] : 1

vms > ﬁﬁiﬁ&ﬂﬁrﬁﬁﬂé%ﬁul i
sme > | [ mimmmzsnstey | ; i
— |

,,,,,,,,,,,

9 ZEREIMLIZITRIE

Fig. 9 Multi-objective synergistic optimization design process
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Table 1 Physical and mechanical parameters of ground
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G RAAE KA 25 0.25 0.958 29 0.843 4.54 0.531
W 2 20 0.30 0.447 20 0.437 1.20 0.561
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Fig. 10 Typical section and stratigraphic distribution of section of
grade V surrounding rock of new Badaling tunnel
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Table 2 Design parameters for support of new Badaling tunnel

R ¥ B
. B dv=32 mm, K Lv=11 m, [A]#H Scv=1.2 m, HEFE S1=0.8
m, TN ] Fe=100 kN
o 70152 mm 4L, K Le=25 m, [A1PE See=FlEBE Sic=2.4 m,
B TRR. 77 Fee=1000 kKN
WERREE L C30 WEGHRE L, JERE #1=35 cm, IR E1=25 GPa
W 4022 HAREHE, 1817 R S=0.8 m/Hih, S TERL R £=2.66
GPa
YA C35 BUAISIREE L, JRE =60 cm, Bk A E E,=30 GPa

52 ZHEMMLER
% BB FEX S S HOEAT AL I BB IEAEAE C T
At T, A EAE R BA TR, W5
PR 1 5 ESHEATIAL, BRI 3 R,
*® 3 LIS H

Table 3 Parameters for support to be optimized

BRI BT B R WUREEE M AR
[1RE Seb,  AIBE Secs
RS BEn MBS EEn

HERE S HERE Sie
e ER S=8, WIARN, =
BRI T 0.5 m PR SR e R se B e,
TR THEREBOR . 4t Hoek F1 Brown i 84T
TR 2 B KA 5 AT A S B A P S5 R 3R A 9k,
DRI, AT T R A A A
05m<S§ <S, ,
S,=0.5+0.1n, n=0,1,2,-- , (11)
S, =min{L/2,(1.5J,,J,20.5 m),2 m} .

X4 2R [ B 2 AR AR B 2, T DR
D 53 Te 2 m RHI . MRAHTEEY, i

Y N RNES S S L)
S5em<t, <35cm (12)
PAZRIRI R I 2 R 2R
05m<S <15m,
(13)
S§.=05+025n (n=0,1,2,---) o}
TRASTNIE R DA SR L, AR R R
htt, AT, HLARFA R

25em<t¢, <100 cm ,
(14)
£, =25+5m,n=0,12" .
BRI ATT IR A
%Jﬁ*@{# - cb,c = 2’TU"OPb,cLb,c /(Scb,cSIb,c) ’
WigREE L — ¢ =2nr Bt (15)

WH —> ¢ =2nr,pPA ,
AT — ¢, =2m, B, o
Arb R A R R R RS LA S AT, R
B b Al 73 AR AR B WU R B AT
SCHERA s POVIASREREAR S A, p AN L
A NIRRT P BT IREE LSS RIE Y, o
N IATHESE
BRI, BEIE S A H b B BT R
c=c,+c, +c+c,+e, o (16)
53 ETHEMNMBREERBEREL
BEIE SR & 22 HARILAL ]y
min f(x)=min{u, p, p, p p. ps cfo (17)

X, p, Ci=1,2,-,5) SRR BHR . BISHRE
et AR IR ISZ T, TR SCRR[22 ~ 24
o

B, XA ALgEZ BRRbim g, s
THAESE RIS TR AT . T & HfEn 2
IR JEARRE, AR NE— Bbs, FEF R
H o IAUEBAE RS (17) 5N

5
Egﬂmﬂg%,gm%%, (18)

X, u, NEEBRAEL, 2 NS E .
ki S i A AT AR 1~9 AREERE ), 4
BB W TSR 2627, R S i R S PR B
=S B HTAERE (n=5):
12 12 1/2 1

/2 1 14 1/3 1)2

B=|2 4 1 2 3 . (19)
2 312 1 3
1 2 13 13 1

S, B MRKEHEEN o, =5.536, HEiiA]
BBEIE PR R PR HER . BRI AR

AT IR E 2 5N



%3

PMRT, 55 BEIESCY SR IR R D RDC AT T i L LN 537

A =[0.145, 0.110, 0.359, 0.260, 0.126] . (20)
NG AN ARG — AT AT i 22 e 1tk o8
%, SRR ERIE AT

(' -1)
l-e -5
1 —

= — (=123) Q1)
o

K, o AREERBOCIRIE IS H, WRESCR[17],
Ma =01,
54 MRUERSHH

MR 9 11 SR B e N B v AR AR X S — (]
FRZATIIE, KH Hoek-Brown #EN, #3445
R SR e 2 7155 5 k(28] R TR
SCREBER S S HGHAT AL, SR Matlab 2077 84Ridk
Tots, KitEEReH T RBETHAN, WE 11
Fis o B, P o4 o AUINAUG 13 8 FE R 5K

Al UL, 5 2RI T AT S 1004 AN, T M-Pareto
FAH 10 A4S, IX R BILE A 1Bt 75 2 h iR A
1%, AR RBATIAB T, WS RIRK
MR FRAEEN . A, BSHE e R BONEHE
w=>01L10 B, BB g A (A A A AL BR A
w, =(0.77, 0.73, 0.96) , [l ‘A AR TE ALY 52 T il =
WG, HIERIB TN B R, 7% N A BE
T me, RS %E S R L, =0, 0.9,
0.8) » b IS 5 A0 A AE 1% SR @ BE S (Al WAL bR oA, =
(0.85, 0.76, 0.79) . EARVAEL)S, BEIE % 1AL,
BRFE TR R, M SC i 7 RNk 4 Fios.

B 1 PR ZERALER
Fig.11 Multi-objective optimization results of support system
&4 IPSHIMMER

Table 4 Optimization results of support parameters
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Fig. 12 Schematic diagram of arrangement of measuring points for

supporting force
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Fig. 13 Arrangement of field instruments
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Fig. 14 Stress distribution of support structure
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