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Proportioning test of similar materials for
Grade IV surrounding rock in Chaodou Tunnel No.1

ZANG Wanjun', XIA Huan'?, LIANG Yaru'’

(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2. Key Laboratory of Underground Engineering in Colleges and Universities of Fujian Province, Fuzhou 350118, China)

Abstract; In order to prepare similar materials that can simulate the target surrounding rock, gypsum and ce-
mented materials were used on the basis of iron crystal sand materials. Four factors including bone cement rati-
o, (iron powder + barite powder)/aggregate, iron powder/(iron powder + barite powder) and gypsum/
cement were set. Five levels are set for each factor, and a total of 25 groups of orthogonal test schemes were
set. Through sensitivity analysis and linear regression analysis, the significance of mechanical parameters on
influencing factors and the quantitative relationship between mechanical parameters and various factors were
studied. Results show that the mechanical parameters of similar materials can meet the requirements of most
rock mass model tests; the sensitivity analysis between various factors and the proportion of barite powder in
aggregate and mechanical parameters shows that the regularity of its effect is strong, and the proportion of simi-
lar materials in surrounding rock can be determined; the linear regression equation can quantify the relation-
ship between the parameters and the influencing factors. Comparison of the test results and the regression anal-
ysis results show that the two are in good agreement.

Keywords: surrounding rock; similar materials; orthogonal design; sensitivity analysis; linear regression a-
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Tab.1 Mechanical parameters of surrounding

rock prototype and model

SRR USRI, W, N BRI/

%

k=

MPa MPa (kg-m™) (°) kPa
JERL 6480 72 2 850 38.62 1674.0
il 180 2 2 375 38.62 46.5
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Tab.2 Orthogonal design level of similar materials

H#
IR HL
A B/% C/% D
1 7:1 60 0 0.0:1
2 8:1 70 10 1.5:1
3 9:1 80 20 2.5:1
4 10:1 90 30 3.5:1
5 11:1 100 40 1.0:0

T KR N A 4 B 1) 16%

2.2 A EHE

PIFE 3 vy 25 AL, AR ZH B LY 43 i) il £
oty R A R R L B R G b B A e A R SR
A% 50 mm 5 100 mm B9 B RO A HIE , B
AR FE R B2 61.8 mm 55 20 mm A9 5 A AR
AFEHIVE, S % e 4 R B LI AE 3 A4S, B
B R C L AR 4 A, 38 175 4
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Tab.3 Proportioning scheme of similar orthogonal test

SN
e

A B/ % C/ % D
1 7:1 60 0 0:1
2 7:1 70 10 1.5:1
3 7:1 80 20 2.5:1
4 7:1 90 30 3.5:1
5 7:1 100 40 1.0:0
6 8:1 60 10 2.5:1
7 8:1 70 20 3.5:1
8 8:1 80 30 1.0:0
9 8:1 90 40 0.0:1
10 8:1 100 0 1.5:1
11 9:1 60 20 1.0:0

FRTZE A ISR 1 SRR IE IV R AU HEC L 1 37
gk
ESES
S
A B/% C/% D

12 9:1 70 30 0.0:1
13 9:1 80 40 1.5:1
14 9:1 90 0 2.5:1
15 9:1 100 10 3.5:1
16 10:1 60 30 1.5:1
17 10:1 70 40 2.5:1
18 10:1 80 0 3.5:1
19 10:1 90 10 1.0:0
20 10:1 100 20 0.0:1
21 11:1 60 40 3.5:1
2 11:1 70 0 1.0:0
23 11:1 80 10 0.0:1
24 11:1 90 20 1.5:1
25 11:1 100 30 2.5:1
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Tab.4 Orthogonal test results of similar rock mass materials

i bR AR %?E%{ WEESE BRI/
MPa  #EE/MPa(kg - m™>) (°) kPa

1 290.4 16.79 2419 37.89  695.61
2 173.2 2.87 2 397 24.89  247.19
3 183.4 3.06 2372 38.37  46.89
4 167.6 5.08 2 540 33.88  447.33
5 2454 12.58 2 491 38.40  709.75
6 2021 4.92 2433 46.24  245.94
7 174.2 5.02 2438 33.16  368.80
8 2053 8.23 2 454 27.79  593.03
9 2534 13.85 2 608 778  841.31
10 162.1 1.88 2321 2223 396.04
11 2183 5.83 2 465 37.19  942.59
12 2955 15.87 2 641 4371  604.27
13 188.8 6.70 2533 23.81  400.34
14 1557 0.35 2271 21.25  24.09
15 147.1 0.44 2 364 13.84  195.96
16 204.4 4.82 2 580 25.77  583.63

5521 4
W FAREBUR AU W B BRD)/
MPa 3 /MPa(kg - m™>)  (°) kPa

17 226.8 8.94 2589 35.08  361.77
18 164.6 142 2250 3357  64.33
19 1753 4.55 2294 22.87  369.53
20 1788 7.64 2557 4.04  378.53
21 199.1 410 2490  23.89  340.31
22 169.6 5.13 2244 4671 409.01
23 205.4 7.63 2 607 9.63  413.28
24 1451 3.64 2477 15.03  137.27
25 1722 378 2482 17.11  328.85

DRV it A R o BRSO HL B e B
A K53 0 S0 W R AR A5 PR Y, R i 1 03 A
HR G SR A SR T R TR TS
MBI R 122 28 4 DR — R AT g
AT . EEARCOBE R o L SRR R e S
BRI 5 PR,
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Tab.5 Relationship between the proportion of barite

powder in aggregate and material mechanical parameters

WL g PHI go  pyre BR
EL/% 1#/MPa MP: (kg - m™>) f/(°) pa

40 210.10 5.95 2553.00 28.25 428.57

50 231.62 9.43  2536.00 31.75 606.89

60 205.64 7.66 244443  33.48 444.09

70 173.08 5.05 245250 22.12 322.10

80 172.90 4.54  2367.00 20.16 270.80

90 151.40 0.40 2317.50 17.55 110.03

100 162.10 1.88  2321.00 22.23 396.04

2 80.22 9.04 235.50 15.94 496.87
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Tab.6 Range analysis of elastic modulus

MPa
KPS BHFERA O HEB O BEEC HED
K- 1 212.00 222.86 188.48  244.70
K2 199.42 207.86 180.62  174.72
K- 3 201.08 189.50 179.96  188.04
K4 189.98 179.42 209.00  170.52
K5 178.28 181.12 222770 202.78
W= 33.72 43.44 42.74 74.18
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Fig.1 Analysis of sensitivity factors of elastic modulus
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Tab.7 Range analysis of uniaxial compressive strength

MPa
KPS HEA KHEB HWEC WED
KF- 1 8.08 7.29 5.11 12.36
KF-2 6.78 7.57 4.08 3.98
K3 5.84 5.41 5.04 4.21
KF- 4 5.47 5.49 7.56 3.21
KF-5 4.86 5.26 9.23 7.26

W= 3.22 2.30 5.15 9.14
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Tab.8 Range analysis of density

VAN EES S B SEXT R, b 2 9 AlAl 4, 9F
XPHEFR 5, R B 2R GROR, N EE S A il Bk bt
BHE R R & HOE B RIVE A, 25 2 36 R
T SRR R R B IMKUCO I B> T A 8/
BESHE D> ASER Co K 4 /1AL G800
FIHE A TE BB T0% 0, A EE48 AR Jc o, T
PR A S A EORE R U 70% I, P EE
S RN G SR NSRS R LR e i EA N
AT SRS R SRR T A S A S e A R A 1)
KRN ZR  APRHC LU 50 N EESEE A fELRRAER

kg/m’

KPE HEA KHEB HEC BEED
KF1 2443.80 2477.40  2301.00 2 566.40
K2 2450.80 2461.80 2419.00 2 461.60
KF3 245480 2443.20  2461.80 2 429.40
K4 245400 2438.00 253940 2 416.40
KI5 2460.00 2443.00 254220 2 389.60
7= 16.20 39.40 241.20  176.80

R9 NEBRRESN
Tab.9 Range analysis of internal friction angle
()

KFEE HWEA O BEEB O HWERC HERD
K1 34.69 34.20 32.33 20.61
K2 27.44 36.71 23.49 22.35
K3 27.96 26.63 25.56 31.61
K 4 24.27 20.16 29.65 27.67
K5 22.47 19.12 25.79 34.59

e 12.21 17.59 8.84 13.98
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Tab.10 Range analysis of cohesion
35 35 kPa
10 10 AR HWERA S KRB WERC HWED
§ g K- 1 429.35 561.62 317.82 586.60
2o 225 KFE2 489.02  398.21 29438 352.89
K3 433.45 303.57 374.82 201.51
20F 20
K 4 351.56 363.91 511.42 283.35
B N S KFES 32574 401.83 53070 604.78
7 8 9 10 11 60 70 80 90 100 0 10 20 30 40
B gy o RGO )/% s 163.28  258.04 23632  403.27
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Fig.4 Analysis of sensitive factors of internal friction angle 600 & 600
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Fig.5 Analysis of sensitive factors of cohesion
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Tab.11 Variance analysis of mechanical parameters
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A 0449 0354 0509 0733 0.353 5 i 5 2% R 25 27 W] 2 [ 0
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Fig.6 Comparison of test results and regression results
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