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Abstract: In view of the fact that the steel rib and shotcrete are the main components of the initial
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support of weak surrounding rock tunnels, but there is still a lack of unified and perfect structural

calculation methods, resulting in blind support design, this paper provided the calculation

methods for the material equivalent elastic modulus and structural bearing capacity of the steel rib

and shotcrete initial support. Combined with the calculation examples, the comparative analysis

of different structural bearing capacity calculation methods for steel rib and shotcrete initial

support was carried out. The bearing capacity and engineering economy of the initial support

structure with different support schemes were comprehensively compared. The results show that

the maximum relative error of the equivalent elastic modulus of the initial support of the steel rib

and shotcrete obtained by three methods (equivalent bending stiffness of the section, equivalent

compressive stiffness of the section, and both equivalent bending stiffness and compressive

stiffness of the section) is about 6%. Considering the reinforcement effect of steel rib flanges on

shotcrete, the initial support is considered as a reinforced concrete structure, or considering the

steel rib and shotcrete initial support as a steel reinforced concrete structure, the difference in the

calculated structural bearing capacity between these two methods is about 9%. In view of safety

considerations, it is recommended to use the bearing capacity calculation method of steel rib

shotcrete initial support as reinforced concrete structure. If the strength growth process of

shotcrete is not considered, the steel frame and shotcrete with ultimate strength are considered to

be loaded synchronously, the bearing capacity of initial supports with different support schemes is
ranked as 125a, HW200, 122a, HWI175, 120b, 120a, and HWI150. The order of required
engineering costs is HW200, 125a, HW175, 122a, 120b, 120a, and HW150. Considering the

structural bearing capacity and engineering economy, 120a/b steel rib is superior to HW175 steel

rib and 122a steel rib is superior to HW200 steel rib. However, HW175 steel rib is superior to

122 steel rib and HW200 steel rib is superior to I25 steel rib for the tunnels with high

requirements for early strength and stiffness. 10 tabs, 5 figs, 32 refs.
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Fig. 1 Calculation unit of shape steel-shotcrete initial support
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after double stiffness equivalence

BRI S AR T A s T S AR A ) 9 S

Pt W B2 28580,
D.=D.+D. 7
IERGIlioEE]
D.=E.t.d (8
HE(7) L (8) T 5
a:Dﬁfc 9
SRIG » AR 4R 00 A S 3 b 25 W B SRR A
K.—K.+K. (10)
H R
&:a§§ an

H1 20 C9) ~ (LD AR S AP SR RUREJE ¢

_ [12(K.FK.
t.— W (12)

B OMRA K (12) 5 & 0T 15 7040 4 48 - 155 5
TREE L S b B SR E R EL T RA Y

—1
_ 12(K.,+K.)
EC(DS+DC){d /7DS+DC } (13)

2 MBXPEHERERBITESE
THCTT ¢ 4 2% B A 6 45 0 549 1 0 A A
T 75« S 3 A AR 5 T 1A B0 B
PR 7 B B3 F R
i A 95 4 0 0 R A S
TRTRTSREE o AT« 25 4 4 6 90 52 4 0 24 T

5P Rt AT AR T 5 R U0 R, AT A DK AR
A 17 TS R A b L R AT I O IS L (AR
TEWNIA AP B % 4 RBOHE ik EAATERR
X 50
2.1 AELERZRRLEMHTIHE

TETHEAT BS54 N 1 J5 o AT 4 AL 5N B 48 -1 Ip TR
BE WA AP Sy B — B RE L SR T TR BE T AR R
SR E IEAT 2 A PR IR AR, T AR R A B R G TR T )
(JTG 3370. 1-—2018) S 4 45 W9 1) &8 &2 &
BB

(1) SE 53 Hh il g A P 2 98 0 19 B O
OEe, s B

eo=M/N (14)
b M Ry S A R N
A R

(2)Y4 e,=<0. 2h B}, p VR BE 1= PL 9 B 45 0 K
ALK

Kzﬁ%@ (15)

A K O S5 22 4 280 b D 0 R 0 O AT
YE B s R, TR BE 1 A A% FR BT 95 5 5 o D A 1 A 1)
AR P o= 1sa JyHl1a] g 9 0 1 52 i 2R 8K
AT

a=1+0.648Ce,/h)—12.569(e,/h)*+

15. 444 Cey /R)* (16)

(3) 2 eo=>0. 2h I,y TR B 4 T 7 5 J3E 45 i) 7K

=i NIEG
Be,

K=1.75gR,bh] (%2 —1)N]| amn

ARy IR BE L HTRIAR FRGRE .

2.2 FAELEANSEERAEMS RS ATE
FETH A B W00 S 5 M N T T K T R R

B R T S TR B 0 S AT 23 BE L AR A T A0 4

SCAP R R 2R A S TR BE A5 AR R e R R R

6 5 B A TE B 3 2% A A

M=M.+M.
{MMMC (18)
K. K. K.

Ao M, M. Ry BB B8 K s SR EE A 0 AR

R,

A a0 (18) . AT 75 Y 4K 494 28 g i TR B 1 4 40

)25 56 53 51 R
M:;ﬁkr (19)



72 K& XF

FIRCH KA F M)

2025 F

MK,
TR TR (20)
(7] JHL, ] A5 7R R 9 2 A S R R o3 #H 1 ik

_ ND,

N.=55p 21)
~ ND.

N=57p (22)

s NGNGB0 4K 28 T e S TR B 43 S R HH Y
LA

(AN BEB% I % 3140 0 ) (JTG/T D70—2010) 1
HEAT H 0 4 4 - 15 Gt R B = 0 0 S iR R R
A A SRR L R BE A RIS LA

M, =M (23)
M, =0 20
HA
aR.,A
K=
(M
K, =R, /(3 W{) (25)
K=k, (3

A K ﬁﬂmﬁf{m(ﬁiﬁﬁi‘nﬁtﬁ%?ﬁ Ky Ko
Vb ﬂﬂﬂﬂﬁhﬁﬁé%éﬂmhﬁé%ﬁ R
SRy W% SR TS BRE AR BR BE R 8 B s R, Ry 43 i) o AN 42
WA B0 % B iR B R BT L A B 56 BE 5 W j@iﬂﬂWJ
TS R
2.3 FiEIBRNHRRELEMFETHE

FETH AT B SCAP S5 A N ) o T AN AN A
R kg o 5 S5 R4 = 11 T A7 B 7R K 4 2 et B VR
2 A S5 B P TR BE A5 . TR ] AN
S G AE A L 7 E R IR AR AE R e e . AR
XS H (A B L) (JTG 3370, 1-—2018)
Hh T R A T T G R T A 4 R S N =X 3R AT A
AR A R

U AR E
AR, (hy—a )+0.5R, bh?

Ne

_KN
* bR,

_ 2 ZAgRg S
K: bRW|:\/(€ h()) + []Rw (h() a ) (e h())} (26)
N

KN 550,

20 <x= RS

AR, (h,—d) KN
Ne TR, S

A, VAL 435 R G T 32 R K N T A A R
T RN 2B 2 R RGO MR EBL A A, = AR,
AN A CRUARD I HT sk BT T F 35 s b R
W sa M (IR 50 A, VA, B T4 i
A Fe A A Sk B s R, A TR BEE A AR R BT 5
JEseve 2B B I E S E AVA, ORI
R, IR 5E + 025 i Bt He A BR 5 B 5 = Ay 0 32 R X
150 B e b i) AR P AR R AN A2 R B % 1 A
MZ P,
2.4 Fik4:BEWERIENHRITITE
TETHE AT BB S A S50 N T e AN A -
% SR TR 56 - 0 0 S A o TR TR Bk B 5 . S 5
(H AL BT HIE ) (JG 138—2016) ¥ 1741 ] 3%
PO 7 R BT
R A 7 T A R - A7 2%
A EOE AT N, R
N.=a\, fobx+ fuAy—0. Ayt N,, (27)
Ao HRZEXEE T EN 2w R& R BIR 5
5% B AR C50 BFER 1. 005 £ A R EE 4 Bl0
PUE R B s £ O BB 5 B T {E s A b
RN 37 3 % #1018 AR 5 00 A 2 B0 30 B 7 R /N i
1) AN B 25 107 7 5 A Ry PR B A2 L B 2% T T AR5 N
hy T MR A 32 e S T
e FRARZS T ) 91 Sl Y S M,
M,=N,e=q, f.bx(h,—x/2)+
FulAChy—a)+M,, (28)
rpahy BRI Z P 3 % S R R RIR Bk -2 K
W2 B s, b R A7 T B % 8 i 0 B IR BE L

<A TR AR BRODR 2 90 3

AT AT D P BB s ML, Ry TR A R A2 1 B ) A
PORIE: B R &2 S RN
e:77ei+%*a (29)
e;=¢e, e, (30)

P e W HR I O B 5 o DAl ) g R 48T O 110
O eo =M/ Nie, 75 JEA7 5L E A E P bR
AT it A 2 55 5 RS 1) BRI A o B 5 9 O Ml 0 2
JEs ¥ 7% 58458 1t 52 iy 1)l 1) g g B R R B
[2.56— (0+02) Jewh f.
NAWZJ O1ho<<l1.25x,8,he >1.25x (31
L8, =81 Jtwho f.
l O1ho<<l1.25x:8,ho<1.25x



% 4

MR RBE s RAMP I REA T AT RS A E SR 73

[%(5? 60— (8 4o+

2. 56— (1. 255)2]twh£fa
S1ho<<1.25x,8,he>1.25x (32)
1 2 2\ _ 2
[?<a]+az> (s, &)}Whofa
O1hy<1.25x,8,he<1. 25x
itqjg ﬁ*ﬁXﬁ%EE%TE,SZI/h,& j@i”ﬁﬂﬁ/ﬁ*ﬁ
Fum EAE FAE RS A B 0, NN AR T
swESE FREES A B EE; 0 BV IR
JERE .
Z P 8 A2 RN ) AL AN 3R 2k N ) 6, TT AR
AR

Jf“ <& ho ,j(ﬂﬁlll\
L (= REEED
1&*0. 8<hf, 0. 8) x> ho s /L

_ # -1
&=0.8(1+ 555 003E5> (30

W3 S B 5 R AT L0 .00 VAL Ay F S
HCRT AR A L AN AN A T L Aer RO SR A AR i R
THMEER. B, B 6k, <<1.25x,8:h, >1. 252
Fe KA 032 s o B o, = fs B (31D L (32) 23 AR A
A (27) . (28) , B 7 3R i 1 32 5 X B s # OR A
B 2 il 01he <<1. 252, 8,0 > 1. 250 H il B <<
&l T IR BT 4« FORAR A (27),(28)
SRAT A S AP BH AEAR BRAR S TR W8l ) N, RS
M, ¥ 55 8 52 N A B A K T 0 T 2
PR T D56 B TR iR B AT S R A SR AR Y o AN
JE 81 he<<1.25x.8,he >1. 252 M KA 0> 32 B AR %
W) 3 S 470 R /N G 32 B 30 (31D L (32) 43 Bl AR A
(27) . (28) LIRS R A 2 KSR AR « O ICAR
(27) . (28) . 45 B ) 3 = 4 B 70 A FRARZS T iy %k )
N, FIa4E M, , #E70 g1 2 (35) L (36) 3R 1540 1 4 8%
A1 4 7 5 0 A Y 2 4 R AR D

KN:N” (35

N
M
s NOM 4350 S 90 1 3404 2 80w my 4l g A

A
3 WMMXPENMAENTET X

Xt AT 0 O T A P e A B A i
14 7 AR 7 ol PR T 56 B2 ) 2 75 T A 2K, T X T

FA LRSS  H A5 M R 3 ) B 1 5 8 g
A RN 5 G5 T 52 29 8 SR A (43 52 0 25 48 8% A )
I REMHO WAFTER VIR R . P TR Bt
R 1 QT 25 M 7 45 8 A 8 T e s I AT 119 42
2 FABN B FIT e AR 32 1 B R A T 3R 2 it R
T HEZENE,

Xof B G WA S, B M R ) ) E S <
1 I B 2 A RACCHV B /N L 2 RBO ST 1 AR
() AT 28 o TSI R o AN W R AR AR W3 S
b B A B A A R R Y 7 e REGE IR T 1,
I 9 B S A i e B 4R TR 52 ) G T i E A FR AR
5 T 32 A BN R W AP B S5 A AR B T . X
S ST ST S RT) 0] S A8 A7 25 R 43 B R A [ B
2 L& S ] by J22 A JB 6] ) 99 S AP A5 4 1 s B 0 7R
(I 4 fE 7 A0 s 2805 W0 S0 S5 0 9 T B & &
B EmRR. K4 g BB EKRY P FAE
FH B AT 285 00 e D 3 SEOKAT) 9] 4 B AR T B K
A, HA

Goax = q(Koin) [k~

€lmax = Aumax (37

Comax = €lmax TAYS
T G R FRIR SR 5 28 K W) 91 34 B AR R
A AT 28 5 K i 900 30 S AP B 6 6 4 TR 1 28 4 R B
€ 1max ~ €omax B BRIR Z TR 45 28 K ) 3 S A B AR T
IKPAT 85 f R SCAP R BE sy WA A R
IS

P4 IS AP A - A A A

Fig.4 Load-structure model of initial support
PR L SR X BT 2 AR 4 A 52
PO 22 4 R BOT T AR B A4 RR DI SO A5 R
RN RITE.
Tk 1B S BTN S A A R



74 KZXFFHRARFAFR

2025 F

WISCI B Ty B SR E R SO A R B
AR oL B /N 1 531 326 AR I 1) 22 4 R MO0
25 fo i » AN T 9 8 A T A 280 T 28 0 300 S 4 4RI e
AN FBOBGE T L 8 E W8 SCPP T RE K 32 1 i
PN TR

Tk 2B S BTN S R A TR
WISl ) s AR AU b Tl TR A A 2R R 5
S IR IR - L [ AR 25 A el M 2R A L ) T
LA R e AN I R A P A 2 B E A S8
WA /N 22 A R BOBE T 1L Bl E B0 S B BE K
32 1) e KA 2K

Tk 3 E S BEAT RN S A A TR
WISCY B 7 B s SRS K 0 301 S R R A TR
2 7 8 R A 4 S 3 G X e SR 5 A ISR AR AL 3
SR S 2 4 ARG e s AN WA B A R T AL
A0 9] SC AP O e/ 2 R BOBIE T 1 8 2 40 Y
SCIIT RE R 32 1Y B KA 3K

Tk A B S BEAT RN S A A TR
WISCY B 7 B s SRS K 0 3 S R D Y R
o 7 6 TR 40 S 3 % A0 R AR 0T B S5 TR OB ) T
YERD TS0 530 22 4 A8 dee )i o A W 3 R A
A7 48 L AU SR B e /N2 4 R BB T 1L
TE W S I RE AR 2 B B R AT 3

VA b A0 S A g AN 25 48 N SR B R R Y
A BRIC I B PR 2 T 2 s 52 1l

4 MBZPERBHATEFTELR

4.1 BHBEG (RERKE)

DA T 2 3 R R T Dy ) o T TET P R R ST
Bl S Bim . BlA B0 V%, 20 8 39 S 50
T :120a S04 Ghm] [ #E 50 cm; C25 W TR % + . )&
28 cm; KA WIE 50 cm. [ IE A w0 S P At
BHEEA T 22 280 B W3 1.2 g,
41,1 Fpmgit A4 R

K FZC(3) L (6) A (13) 43 il 3 3 Bk 18 L 4K
A - S5 VR R - 3 S AR T S AR AR L D
3% 3,

8 3 AT s 45 A T Be T R A AR 4% B W
JE ST T A5 7R 9 - S TR B W S M
RFEF R R O T I M 2544 0. 1 GPa; [
2 AT e 2 RN e I A RO T AR 0 S
ARk A5 T R i W K DR T TR A M R T
JE I B2 2 20 15 A8 P i 1. 75~ 1. 84 GPa; (X
2 SEBUAS W B A A AN % T8 B R W AR, 5 (]

(IR S EE Y N
Fig.5 Inner contour dimensions of tunnel
2 BB NI EE AT MRS A R0 B R 25 2 600,
6L AR AT 45 52 390 B o AT D 3 ) S A AR A
®1 REREEETESH

Table 1 Calculation parameters of surrounding rock of

soft rock tunnel
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Table 2 Material mechanical parameters of initial support
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Table 3 Comparison of equivalent elastic modulus calculation

results for initial support of soft rock tunnel

VBRI | HURRIE | BE PR
%0k
. o e R 45
GRS B/ GPa 28.01 27.92 29.76
BEIR2E/ % 5.9 6.2

P RT3 1 T BE R MR AN Y AT s AHER I LAY
% e W A 5 s e W A A A A T i N
AT A58 ] B 2% PECT 25 M S8 A4R 40 Hs M B 45 A% 7 B
W R MR A,
4.1.2 B EPAREATFER LK

TE T SRAT B4 3 S A b ) S5 Ak M R i S L DA
g S OK ) S AP S R G2 HR Al 5% G L AT 2 8RN S



% 4

MR RBE s RAMP I REA T AT RS A E SR 75

BRSS9 0 S A A A5 A AT AR R,
56 AR e T4 A7 A 28K () I 4 B B s T B AL
HREAE R TR S5 B K- 17 280 TH 50 1 S
BER N 3 T R ) ) S B S B AT s AR S S WA
FAE T 00 S b i e 2, 5 A i 6 AT A 4
FEEIT T 1, O R T ) 0 S b i A8 D
I SCAP A AR BR K T

IR 3 TR IR 4 FhOTvE 20 B R A AL
% S TR A5 S A I A M R BT il Ok 4 M
X 1M 5 5 e T BEARA L AR B R R K S T L
BAAIEMTTAESR B ES W E g 1~3
BIAX T 070 4 THEARI S IR AR ISR 4,

R4 REBEVHZIPEMRFE AL
Table 4 Comparison of structural bearing capacities of

initial support of soft rock tunnel
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Table 5 Calculation parameters of surrounding

rock of loess tunnel
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Table 6 Comparison of equivalent elastic modulus

calculation results for initial support of loess tunnel
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Table 7 Comparison of structural bearing capacities of

initial support of loess tunnel
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Table 8 Comparison of structural bearing capacities of

different initial support schemes
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HW150 21 259.8
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Table 9 Comparison of engineering quantities of different

initial support schemes
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120a 1.028 26 9.6
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HW200 1.836 26 9.6
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Table 10 Comparison of engineering costs of different

initial support schemes
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