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Measured Device and Theory of Mechanical Parameters in

Horizontal Cavity of Rock and Soil

HUANG Ming-li, LI Ning
(Tunnel and Underground Engineering Research Center of Ministry of Education,

Beijing Jiaotong University, Beijing 100044, China)

Abstract; In order to get the mechanical parameters of rock and soil just only on the surface of
tunnels and foundation pits, a new in-situ test method for measuring its mechanical parameters
along horizontal cavity direction which was used in rock and soil was put forward, and a device
supporting this method was also researched and designed. So, this would avoid the inconvenient
working procedure of punching from ground surface to tunnel’s face. The design cogitation and
the manipulation method of the device were also definitely and concretely introduced. The essence
of this method was in-isotonic cavity expansion problem. For this problem, using the method of
elasticity, analytic theory of testing the elastic parameters of rock and soil by this device was
given, and there was also a numerical testify for this analytic theory. Finally, this test method
was simulated by numerical method, which involved several groups of parameters of elastic model
and Mohr-Coulomb model. The results show that the elastic analytic theory can be used in the
rock and soil with high values of cohesive force and internal friction angle. This device can be
used in a wider place along with the development of theoretical research.
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Fig.1 Mechanical Parameter Measured Device in
Horizontal Cavity of Rock and Soil
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Fig.2 Drilling Part of Device
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Fig.3 Airtight Device
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Fig. 4 Section of Inflation Measure Part
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Fig. 5 Installing Position of Balance Bar
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Fig. 6  Thrust Parts
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Fig.7 Brace Parts
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Fig. 8 Calculation Sketch of Measured Theory
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Fig.9 Step Calculation Sketch of Measured Theory
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Fig. 10  Positions of Measuring Points
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Tab.1 Parameters of Numerical Model

5 | E/MPa ” o./MPa | 5,/MPa | P/MPa ro/m

1 50 0. 30 0. 20 0.18 1.0
0.05

2 30 0. 33 0.16 0.08 1.2

R2 (IBBTEBMBERX L

Tab.2 Comparisons of Displacement Analytic

Solution and Numerical Solution mm

A5 | MEsS | w8l | v BUEM | o BT | v N
A 1.017 9 0. 000 O 1.029 6 0.000 0

1 B 1.0476 | —0.023 2| 1.0530 | —0.0234
C 1.065 8 0. 000 0 1.076 4 0.000 0

A 2.2150 0. 000 0 2.2450 0.000 0

2 B 2.3776 | —0.144 1| 2.3940 | —0.1490
C 2.516 2 0.000 0 | 2.5427 0.000 0
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Fig. 11 Calculation Model
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Fig. 12 Sectional Elevation of Calculation Model (Unit:m)
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Tab.3 Mechanical Parameters of Rock and Soil and Their Groups
25 = A A 70 E/MPa P K, 0./MPa o./MPa ¢/kPa o/ (")
1 b A5 R
2 JEE SR A R 280 40
3 JBE IR - P A R AR 120 35
50 0.3 0. 65 0. 16 0.104
4 JE IR - oA A 80 32
5 JEE IR - oA AR 60 28
6 JEE IR - P A R AR 42 25
7 VA R
8 JEE IR - A R A 280 40
9 JEE IR - A A A 120 35
36 0.4 1. 30 0. 10 0.130
10 JEE R - A B A8 80 32
11 JEE SR~ A A T 60 28
12 JEE SR~ A A T 42 25
x4 ERUBHHER
Tab.4 Calculation Results of Radial Displacements m
45 | s uo u us us m us s ur us ug u1o
L —0.104 4| —0.039 4 0.025 3 0.089 9 0.154 7] 0.2195 | 0.284 3 | 0.3490 | 0.4136 | 0.4785 | 0.543 2
! S —0.2385|—0.174 4| —0.109 6 | —0.044 8 0.0202| 0.0849 | 0.1495 | 0.2145 | 0.278 8 | 0.343 9 | 0.408 4
L —0.106 4] —0.041 6 0.023 0 0.087 8 0.154 1| 0.2270 | 0.308 8 | 0.4015 | 0.5037 | 0.6128 | 0.728 6
’ S —0.242 6| —0.178 7| —0.113 9| —0.049 0 0.0126| 0.070 8 | 0.127 5 | 0.1856 | 0.250 3 | 0.318 0 | 0.390 7
L —0.106 4] —0.041 6 0.023 0 0.087 8 0.154 1] 0.2270 | 0.308 8 | 0.4015 | 0.5037 | 0.6128 | 0.728 5
’ S —0.2426|—0.178 7| —0.113 9| —0.049 0 0.0126| 0.070 8 | 0.1275 | 0.1856 | 0.2503 | 0.318 0 | 0.389 2
/ L —0.106 5| —0.041 5 0.023 3 0.087 9 0.154 3| 0.226 9 | 0.3088 | 0.404 1 | 0.5146 | 0.6132 | 0.791 8
! —0.242 6| —0.178 6| —0.114 0| —0. 049 1 0.0128| 0.0711 | 0.1281 | 0.2184 | 0.3503 | 0.5154 | 0.7108
. L —0.118 9| —0.054 3 0.010 2 0.075 2 0.141 8| 0.216 6 | 0.3092 | 0.4256 | 0.5599 | 0.7159 | 0.903 4
0 —0.2511|—0.187 1| —0.122 4| —0.057 6 0.004 1| 0.0852 | 0.2019 | 0.3634 | 0.5680 | 0.8216 | 1.1298
L —0.1658|—0.101 1| —0.036 3 0.028 4 0.103 1| 0.2037 | 0.3225 | 0.4698 | 0.647 5 | 0.858 5 | 1.141 6
. —0.2820|—0.2179|—0.153 0| —0.088 2| —0.007 7| 0.116 2 | 0.284 0 | 0.508 0 | 0.8030 | 1.178 0 | 1.650 2
L —0.2649|—0.1684|—0.0715 0.025 6 0.122 2 0.2191 | 0.316 1 | 0.4131 | 0.5096 | 0.606 8 | 0.703 6
! —0.181 0| —0.084 8 0.012 5 0.109 0 0.206 5| 0.3036 | 0.4005 | 0.4975 | 0.594 3 | 0.691 1 | 0.788 3
L —0.2686|—0.1719|—0.0750 0.0215 0.117 0| 0.2084 | 0.3030 | 0.4064 | 0.5157 | 0.638 3 | 0.764 8
’ S —0.1834|—0.0865| 0.0105| 0.1076| 0.2054| 0.3127 | 0.4356 | 0.5713 | 0.7148 | 0.868 7 | 1.029 1
L —0.2686|—0.1719|—0.0750| 0.0215| 0.1170| 0.2084 | 0.3030 | 0.406 4 | 0.5157 | 0.6383 | 0.764 0
! S —0.1834|—0.0865| 0.0105| 0.1076| 0.2054| 0.3127 | 0.4356 | 0.5713 | 0.7148 | 0.868 7 | 1.028 9
L —0.2686|—0.1719|—0.0750| 0.0215| 0.1170| 0.2084 | 0.3030 | 0.4385 | 0.6254 | 0.853 1 | 1.122 2
10 S —0.183 4| —0.086 5 0.010 5 0.107 6 0.2054| 0.3127 | 0.4355 | 0.5820 | 0.756 4 | 0.960 0 1.195 3
L —0.2695|—0.173 3| —0.076 3 0.020 7 0.1159] 0.2314 | 0.3926 | 0.6164 | 0.903 7 1.2600 | 1.6955
H S —0.184 5| —0.087 9 0.009 2 0.105 8 0.2039| 0.3136 | 0.4517 | 0.624 9 | 0.838 3 1.104 7 | 1.427 1
L —0.2929|—0.194 5| —0.097 6 | —0.000 5 0.110 3| 0.2746 | 0.5024 | 0.814 0 | 1.2238 | 1.754 7 | 2.411 1
12 S —0.2111|—0.114 2| —0.017 2 0.079 6 0.187 4| 0.3294 | 0.5007 | 0.7170 | 1.007 0 | 1.380 1 1.881 1
M L AERZ KR T3 0 BB AR RS s | pepmz HBHECT 2 478 TP I WA A 1Y A 1P X (E, B

W 5 S ZERZRKE HE J7 R 0 B B9 AR T L » | pogo »
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Fig. 13 Displacement Trend of Measuring Points Under Different Groups of Parameters

S GE A AE 13 R (1) ~ (3) AT 35 Hi i A58
F 1SR RS R I 6.

M6 AT LLE L 7E SRR (5 1.7 4D Fiig
K ocro (HRYBPERAL BRI 1 8 BAR Y ) 2
ZHOG I B 5.6, 12 HiHEB MW %S5
HEAAER R R 2E . X 3 HSHCP YR &
SR B ¢y (/I o SR Y 35 IR LR AR 5 114 2
PEAT R FE AR I 4G L 2 28 8 B 1 W) )
B4 565 5.6 20 S B7E R0 TR LR R i 8 X
1A LI 1415 SIS Y w | oo BT | poop-2 AH
LU SR ASE AT (R (BT WD S A G o RO i S Y
IRV ALAS 1 B s T B s e A A KL 1
B N2 S B0E SAIRRIIRZE,

4 & iE

2 RIS FU N I 2 S B0k 25 8 ) S o 2
— A BRI 2 S RO o BT ALES S FT DL BE R A 5
(AN T IR T s B3 L 5 A I 2 8. AR SCroxt iz
BB M EAR A 7 T R A AL 4
TN g 2 S 00 B AR B L IR BUE Ty AR
AT 3% %< B S8 B S O AT DLAS 3 DL LR
4598

(1) 2258 B ) P A D) Do 38 2 TE A 1

(2) TN SR AR 2 B 88 v BB AT oA Y o A rh
FHSRME B KT T 2 S50 W 23 B 8 25 T
o B R 2 1) AR JO D R R A T L — 8 425 B o 30



%4 FAA L F B ARRTFILA A F BN K E R AR 2% 9

x5 uUBE
Tab.5 Displacement Differences mm
A5 [ Auy Aus Aus Auy Aus Aug Auz Aug Aug Auig
L 0.064 99 0.064 67 0.064 66 0.064 76 0.064 75 0.064 88 0.064 68 0.064 57 0.064 96 0.064 70
: S 0.064 08 0.064 76 0.064 79 0.064 99 0.064 76 0.064 62 0.064 93 0.064 31 0.065 13 0. 064 50
L 0.064 82 0.064 62 0.064 85 0.066 29 0.072 90 0. 081 80 0.092 70 0.102 13 0.109 12 0.115 84
’ S 0.063 83 0.064 83 0.064 87 0.061 63 0.058 16 0.056 70 0.058 12 0.064 69 0.067 74 0.072 64
) L 0.064 82 0.064 62 0.064 85 0.066 29 0.072 90 0. 081 80 0.092 70 0.102 13 0.109 12 0.115 72
’ S 0.063 83 | 0.064 83 | 0.064 87 | 0.06163 | 0.058 16 | 0.056 70 | 0.058 12 | 0.064 69 | 0.067 74 | 0.071 18
L 0.06505 | 0.064 72 | 0.064 67 | 0.066 35 | 0.072 64 | 0.081 83 | 0.09536 | 0.11048 | 0.098 57 | 0.178 63
! S 0.064 04 | 0.064 61 | 0.064 86 | 0.061 88 | 0.058 35 | 0.056 98 | 0.090 34 | 0.131 88 | 0.16504 | 0.195 46
_ L 0.064 63 | 0.064 52 | 0.064 95 | 0.06659 | 0.074 80 | 0.092 63 | 0.116 43 | 0.134 28 | 0.15596 | 0.187 52
’ S 0.064 06 | 0.064 64 | 0.064 78 | 0.06174 | 0.08108 | 0.116 76 | 0.161 48 | 0.204 57 | 0.253 63 | 0.308 16
L 0.064 75 | 0.064 81 | 0.064 68 | 0.074 62 | 0.100 61 | 0.118 85 | 0.147 32 | 0.177 70 | 0.210 92 | 0.283 14
‘ S 0.064 07 0.064 99 0.064 73 0.080 52 0.123 94 0.167 74 0.224 01 0.295 02 0.374 99 0.472 20
L 0.096 49 0.096 85 0.097 08 0.096 63 0.096 92 0.096 97 0.096 98 0.096 70 0.097 06 0.096 76
! S 0.096 28 0.097 20 0.096 55 0.097 48 0.097 08 0.096 96 0.097 02 0.096 76 0.096 81 0.097 16
L 0.096 71 0.096 86 0.096 51 0.095 49 0.091 40 0.094 65 0.103 39 0.109 30 0.122 57 0.126 48
’ S 0.096 90 0.097 01 0.097 06 0.097 83 1.073 30 0.122 86 0.135 72 0.143 50 0.153 86 0.160 45
L 0.096 71 0.096 86 0.096 51 0.095 49 0.091 40 0.094 65 0.103 39 0.109 30 0.122 57 0.125 66
? S 0.096 90 0.097 01 0.097 06 0.097 83 0.107 33 0.122 86 0.135 72 0.143 50 0.153 86 0. 160 25
L 0.096 71 0.096 86 0.096 51 0.095 49 0.091 40 0.094 65 0. 135 46 0.186 86 0.227 70 0.269 15
10 S 0.096 90 0.097 01 0.097 06 0.097 83 0.107 33 0.122 86 0. 146 50 0.174 38 0.203 61 0.235 30
L 0.096 24 0.096 98 0.097 02 0.095 21 0.115 47 0.161 19 0.223 77 0.287 31 0. 356 34 0.435 50
H S 0.096 66 0.097 04 0.096 65 0.098 08 0.109 66 0.138 16 0.173 20 0.213 43 0.266 36 0.322 40
L 0.098 45 0.096 92 0.097 01 0.110 80 0.164 29 0.227 83 0.311 61 0.409 81 0.530 90 0. 656 40
12 S 0.096 87 0.097 06 0.096 74 0.107 80 0.142 05 0.171 30 0.216 27 0.290 02 0.373 10 0. 501 00
x6 NESHHEER
Tab. 6 Calculation Results of Mechanical Parameters
45 | p=0,9—o/mm ulp=o.p=% /mm Au/mm K, P E/MPa “ E /MPa | &85 52

1 —0.104 38 —0.238 47 0.064 767 0. 654 0.282 49.5 0. 291 49. 8

2 —0.106 44 —0.242 55 0.064 796 0.683 0.232 47.5 0. 305 50. 3

3 —0.106 44 —0.242 55 0.064 796 0.683 0.232 47.5 0. 305 50. 3 Ko=0.65,

4 —0.106 51 —0.242 63 0.064 782 0. 684 0.231 47.5 0. 305 50.4 F/;ZS(())DE;[;’(l

5 —0.118 92 —0.251 12 0.064 705 0. 787 0. 000 38.6 0.392 53.6

6 —0.165 81 —0.282 01 0.064 794 1. 160 1. 627 101. 3 0.714 66.1

7 —0. 264 86 —0.181 03 0.096 929 1. 300 0. 390 35. 8 0. 390 35.8

8 —0. 268 60 —0.183 42 0.096 909 1. 330 0.419 36. 6 0. 357 35.0 )

9 —0. 268 60 —0.183 42 0.096 909 1. 330 0.419 36. 6 0. 357 5.0 | T LE
10 —0. 268 60 —0.183 42 0.096 909 1. 330 0.419 36. 6 0. 357 35.0 Ei:%:hﬁ;l;’a
11 —0. 269 54 —0.184 54 0.096 871 1. 340 0.431 36.9 0. 348 34. 8
12 —0.292 92 —0.211 11 0.097 176 1.590 0.573 40.5 0.155 29.7

< T

. i B T A G
(3) 246 00 AL I FE B 414 390000 25 T B T ap
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E14 FSHSPETRMERHEERSH
Fig. 14 Plastic Zone Distribution Without
Pressure for the Fifth Group of Parameters
E15 FoHSETARMERNHNEERSH
Fig. 15 Plastic Zone Distribution Without
Pressure for the Sixth Group of Parameters
SE 3k
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