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Abstract; A regression model was established through orthogonal experimental design and multiple li-
near regression methods to analyze the sensitivity of different support stiffness influencing factors and their
advantages and disadvantages in terms of supporting stiffness. A first-order regression equation regarding
the supporting stiffness was obtained. By adjusting the supporting parameters, the tunnel supporting
stiffness was calculated and optimized. Regarding the influence of sprayed concrete thickness, sprayed
concrete strength, long anchor rod length, anchor rod circumferential spacing, anchor rod longitudinal
spacing, and steel frame longitudinal spacing on supporting stiffness, a first-order orthogonal regression

experiment was conducted using the 1.25(56) orthogonal table, and the constant values of each parame-
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ter and the partial correlation coefficients were obtained. A multiple linear regression equation was con-
structed. Through range analysis and variance analysis, the test results were analyzed using SPSS soft-
ware, and the remaining influencing factors of supporting stiffness were substituted into the regression
equation for verification and analysis. The research results show that the prediction accuracy of this
multiple linear regression analysis model is high, with an average relative error of 1. 14%. The signifi-
cant parameters I values of factors such as sprayed concrete strength and sprayed concrete thickness
level are greater than FO. 001, which play a decisive role in supporting stiffness; the F value of the lon-
gitudinal spacing of the steel arch frame is greater than FO. 025, and its influence on supporting stiffness
is relatively significant; the F values of the circumferential spacing and longitudinal spacing of the an-
chor rod are greater than FO. 1, and these two factors have a generally significant impact on supporting
stiffness ; the length of the long anchor rod has no significant influence on the value of supporting stiffness.
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Fig. 1 Closed circular ring lining
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Tab. 1 Support stiffness parameters

MR 1 B FT T AR

P o /MPa JERE t/m KEATRE L, /m  FRHEEE S /m YA EIEE S, /m I\ EIEE d/m
€20 0.20 4 0.6 0.6 0. 50
€25 0.25 6 0.8 0.8 0.75
€30 0.28 8 1.0 1.0 1. 00
€35 0.30 10 1.2 1.2 1.20
€35 0.35 12 1.5 1.5 1.40
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Tab. 2 Table of factor levels (6 factors with 5 levels)

K A/MPa B/m C/m D/m E/m F/m
1 20 0.20 4 0.6 0.6 0.50
2 25 0.25 6 0.8 0.8 0.75
3 30 0.28 8 1.0 1.0 1. 00
4 35 0.30 10 1.2 1.2 1.20
5 35 0.35 12 1.5 1.5 1. 40
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Tab.3 Test program and test results

Rgps A B C D E F AP/ (MPa - m™")
1 1(20) 1 1(0.20) 1(4) 1(0.6) 1(0.6) 1(0.50) 168. 80
2 1 1 2(0.25) 2(6) 2(0.8) 2(0.8) 2(0.75) 170. 21
3 1 1 3(0.28) 3(8) 3(1.0) 3(1.0) 3(1.00) 175. 44
4 1 1 4(0.30) 4(10) 4(1.2) 4(1.2) 4(1.20) 180. 91
5 1 1 5(0.35) 5(12) 5(1.5) 5(1.5) 5(1.40) 201. 97
6 2(25) 2 1 2 3 4 5 134.53
7 2 2 2 3 4 5 1 181. 20
8 2 2 3 4 5 1 2 195. 36
9 2 2 4 5 1 2 3 211.08
10 2 2 5 1 2 3 4 228.41
11 3(30) 3 1 3 5 2 4 144. 89
12 3 3 2 4 1 3 5 181.90
13 3 3 3 5 2 4 1 220. 04
14 3 3 4 1 3 5 2 221.02
15 3 3 5 2 4 1 3 252.23
16 4(35) 4 1 4 2 5 3 156. 05
17 4 4 2 5 3 1 4 194. 56
18 4 4 3 1 4 2 5 210.79
19 4 4 4 2 5 3 1 248.74
20 4 4 5 3 1 4 2 275. 19
21 5(35) 4 1 5 4 3 2 160. 52
22 5 4 2 1 5 4 3 188. 64
23 5 4 3 2 1 5 4 212. 64
24 5 4 4 3 2 1 5 233.98
25 5 4 5 4 3 2 1 289.93
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Tab. 4 Analysis of extremely poor support stiffness

SES A B C D E F
K, -102. 67 -235.21 17. 66 49. 61 44,93 108. 71
K, -49. 42 -83.49 18.35 8. 69 26.90 22.30
K, 20. 08 14.27 10.70 15. 48 -4.99 -16.56
K, 171.04 95.73 4.15 -14.35 -0. 69 -38.59
K, — 247.73 -11.83 -20. 40 -27.12 -36.83
k, -20.53 -47. 04 3.53 9.92 8.99 21.74
ky -9. 88 -16.70 3.67 1.74 5.38 4. 46
k, 4.02 2.85 2.14 3.10 -0.10 -3.31
k, 17. 10 19. 15 0. 83 -2.87 -0.14 -7.72
ks — 49,55 -2.37 -4.08 -5.42 -7.37
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Fig. 3 Trend chart of the factors influencing the total stiffness of the support system



70 P | A D B N

A % B %R 2025 4E

F T 3 T Bt o T VR O R S R )R
FERBE N, ST R 2R NI B A B 4 R, iR EE
SRS WTVRBE TR B 5 SR R NI A 2k
PEIFEAR DG OC &, XF 3444 2 BRI BE 114 52 e 45K
FIHEAR G ][] FE 5 PR R SN BE R AR 2t oG
2, HHIRG ) (B FEAE 0. 50~ 0. 75 m AL A
B, S H A R BN B AR A 5k B3 5 X A HE B )
[EFEAE 1.0~ 1.5 m yE B NES, BIEAXEZ, K
BT E BT 1] () B 55 AT A 1 ) B A R
YhIn] (A1 5 S hr AR R LW 2 M OGO R Hov
S A ZR R JEE B AT R 1 () P S Al A 2 1 (] B
AR Ak A —2

3.2 HEHW

T3 2243 AT I X 25 A3 AT A R T, R E
ForHTAL K 1 25 5 1, 0 08 R 380K 7 AR 4k 2
EXTPEN P AR A B R, i 22 M
1R8] FAE, FEBK (5% % B E KPR FAE
Fd) , RAR R K2R 22 R E %, RIED
F VAR AG 56 T PN 2 S, e
K a=0.05, &K% p A <0.05, AR i% K EXF
RIS EE R EAT R,

(1) BB ZE S,

SV 2EF R S, B W ia s 4 SR 1R ) 22 5,
fEMAR, R IR 45 R 2 [ 2 ko, T R
W (7)—=(10),

y=*§,yk (7)

n B n 1 &
Iy Sy = 1; <Yk _3’)2 = I;ykz - ;( ;M)z (8)
A (8) I Llic N

Sp=Q; —p (9)

Qr = Zykz
k=1
1 n 2
p=— Zyk)
n =

ooy ARy, N A AR, Q W
Jil,

(2) H N R ZE M-I

PIRER A B 225 s, i, iy, i
R AR AKCFRS OGRS (=1,
2,n,5j=1,2,,a) .

Hr (10)

(11)

1 1 “
YK ( Xy’ (12)
a ;= n  p=1
HE A 2T fingh
l <
0= 2K (13)
K; = Zyij (14)

K, 2SR ERE i DIKF o IR S, S,
PR A R RSB ZERARR, Wit A
PRI 22 0 3 5 SR 1% 5% ), HC At PRI 26t ] DA AR [RD
PR S =

(3) B R 2E B 22V F0 S,

Sp =Sy = Sigix (15)
K .Sy, HITA %5 1838 B AR H 2 Y 5 227
T,

(4) I A HE

F TR AL (16) —(17) o
Ju=n-1 (16)
Su=n,-1 (17)

b fy A AR Al £y NS IR A
HIE

(5) HHEE B 2257 )5 i
Si
ﬁ%%%ﬁ%ﬁ%ﬁﬁ:fﬁ (18)
[B5]
(6)5K F {8

FAERA R P28 227 05 fl 5 e 22 3 22
T MZ F BB S e T 2% PR3 08 M 45 2R 1Y 52
M FERE

(7) X AT 2 PR

WA F oA R4k B E F,(fy ) B HS
FAESEFTXI L, Q2R FSF (fi . f) , WIRRIZH FR
XIS R A B R sz, HoF A F, 22 ERBOR
SO BRI DASCH I BE AR SR R bR i 5 22 53 A UL
x5,

S AL F, 0 (4,1)=5625,F, 4s(4,1)=
22 500, F, o, (4,1)=562 500, Hi F (&) A1, K5
FHR R 1Y A T d5c /Iy, oAt PR 2R 09 A JH B L 35 )
o BN R ¢ AR R 2E
XEERT AR 225 f S, =S, +S,. TSI
%6,



#
#
&

FrELAE < BT 0] TE SR 0 B BEE SCA I E 2 PR 2 23 A 71

RS ZPREFESTER

Tab. 5 Analysis table of variance for support stiffness

I Bz T2
TR 2 T 5
A 5 541. 87 3 1 847.29 184 729
B 26 545.53 4 6 636. 38 663 638
C 123.12 4 30.78 3078
D 618.74 4 154. 69 15 469
E 639. 70 4 159.93 15 993
F 3 026. 07 4 756.52 75 652
TRz 0.01 1 0.01 —
R6 FESHE
Tab. 6 Analysis of variance
= N7 A
ww v ORE ISR p ne
A 5 541.87 3 1 847.29 75.00
B 26545.53 4 6 636.38 269. 44
D 618.74 4 154.69  6.28
E 639. 70 4 159.93  6.49
F 3 026. 07 4 756.52  30.72
TRz 123.13 5 24. 63 — —
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Tab.7 Regression coefficients and significance

tests of model A
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Tab. 8 Prediction of test data

FEA g fE A MRS ERZE/ %
21 230. 54 228.66 -0.81
22 182. 87 180. 99 -1.03
23 158. 09 171. 80 8.67
24 134. 15 132.94 -0.90
25 214.88 214.40 -0.22
5 it
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