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Study on the physical mechanics characteristics of the paleogene soft rock
in the tunnel of Yellow River to Xining water diversion project

YANG Jihua, GUO Weixin, WAN Weifeng, LIU Zhenhong, YAO Yang
(Yellow River Engineering Consulting Co., Lid., Zhengzhou Henan 450003, China)

Abstract: The Paleogene strata is widely distributed in the tunnel of the Yellow River to Xining water diversion project
in Qinghai Province, and the tunnel burial depth is deep. It is of great significance for tunnel design and construction to
evaluate the deformation and stability of tunnel surrounding rock based on the study the physical mechanical
characteristics of the Paleogene strata. In view of the stability of the surrounding rocks in Paleogene strata, A
preliminary study on the physical mechanics of soft rock was conducted using experimental and empirical analysis
methods. The results showed that the Paleogene strata has low density and high water absorption rate. Under saturated
conditions, the uniaxial compressive strength of rocks decreases sharply, and the softening coefficient is extremely
low; Some types of rock have expansibility and a small amount of rock has poor resistance to disintegration; The
mechanical properties of the rock are poor under waterrich conditions, which is detrimental to the stability of the
surrounding rocks. When the burial depth is over 127m, the surrounding rocks may undergo severe to extremely severe
compression deformation. During the construction, targeted engineering measures should be taken based on the
deformation characteristics of the surrounding rocks to reduce the hazard of surrounding rock deformation.
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Fig.1 Schematic diagram of the route layout for the Yellow River to Xining water diversion project
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Fig.2 Paleogene strata exposed on the surface
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Fig.3 Core of Paleogene strata from the tunnel
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Fig.4 Rock samples for physical mechanical

characteristic test
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Table 1 Test statistics of physical mechanical characteristics of the Paleogene strata

o Hefk# i /(geem™®) BUH7 58 /MPa U TR 38 ) /M Pa
B TR G = — ‘ S
EEN I Vgl EEZS EEZS T W Bk 2B
R 6 2 6 5 2 6
e KAH 2.33 2.23  2.59 1.13 16.20 1.19
WHERs  HirR
fe/MA 2.15 2.14 2.40 0.62 14.45 0.08
FHIME 2.25 2.18  2.50 0.82 15.33 0.31  0.020
A 34 29 16 16 24 30 21
e KAH 2.53 2.49  2.58 1.52 6.85 12.20 1.94
Wk il & .
/M 2.05 1.87  2.30 0.04 0.61 1.64 0.09
S 2.32 221 240 0.38 2.12 6.67 0.48  0.072
ZH 8 5 4 3 4 2 4 5
. Y NE 2.31 214 234 0.61 1.64  10.70 0.76
RRETE HIER
e /ME 2.06 1.91  2.10 0.13 0.98 3.56 0.06
S SLfE] 2.19 2.02  2.26 0.28 1.31 6.45 0.35  0.054
A% 28 15 9 20 3 15 26
. e KMH 2.49 2.38 247 0.99 5.02  27.00 6.08
s WL & .
e /MA 2.10 1.80  2.14 0.02 0.51 1.68 0.07
S 2.29 2.08  2.32 0.40 236 13.90 1.35  0.097
ZH 16 12 16 7 7 12 16
Rl 2.34 223  2.49 0.66 2.32 8.20 0.96
EHYE WIER
e /ME 2.26 2.09  2.30 0.14 0.99 4.19 0.13
S SLfE] 2.31 2.18  2.38 0.33 1.60 5.99 0.51  0.085

TR ST PR B 2.02~2.21 g/em’, 1R HiJZ 2 A TR K R R B 2RI REAIR A R R R
KRBT R 2.26~2.40 g/em’s WA H, 3 R )2 0.020~0.097, J& T 2 b5 £ .
) 25 A T o oR 25 R FR S T % 22 AR, 1 2.2 Ak
AR AE VRS 25, WA BRI AL, WK R A 2.2 X

A BT 5 O D, TR R I R X Y 4R T O R D SR A RN e B A A B R 6
J2 AT BB R 58 B 5.99~15.33 MPa, 11 #f FDIR 25 A, B R A S XS 2R AT B W sy %
T BB R 0.31~1.35 MPa, T IF L &R FE LB E SRR 2R
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Table 2 Mineral composition identification results of mudstone (sandstone) by X-ray powder diffraction method
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%5 FWAO PG EA SR a¥ BKG BIKA MG ARG
NZK92-1 9 e - 8 37 — 45 5 — 5 —
NZK31-1 18 e - 40 — 16 26 1 5 12 —
NZK31-2 19 tieEe) - 15 — 12 46 2 4 21 —
NZK15-1 15 E = 5 9 — 6 48 13 2 15 2
NZK15-2 16 = — 5 — 5 76 5 4 3 2
NZK15-3 17 iE 5 9 11 — 50 13 2 9 1
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Fig.5 Photos of rock swelling test samples
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Table 3 Test results for expansion rate and expansion

force of Paleogene strata

W F 0 2R WIKE
= 4
SEREN AL ik W Py i

ES N é = =1,
HEORY Y wy wm/% %% MPa

1 255 251 0.28
PZ-1 2 277 3.26 0.2
3 327 261 0.21
4 263 288 0.62
D39-1 5 449 234 0.58
6 4.1 1.96 1.25
7 594 1.65 0.43
D39-2 8 3.08 5.63 0.78
9 451 3.64 0.9
v es 10 3.1 2.5 1.24
D39-3 11 352 2 1.23
12 2.9 3.07 1.07
19 265 2.63 1.02
D56-1 20 345  2.62 1.3
21 3.22 345 1.2
22 2.03 3.25 0.41
D56-1 23 1.89  4.26 0.43
24 3.61 3.52 0.32
FHE 332 2.99 0.75
13 5.5 0.63 0.28
D46-1 14 446  0.35 0.21 l'ihﬁ
15 24 084 0.23 L
16 2.5 1.35 0.23 1.0hJ5
b 7 1%
i) 17 319 0.3 0.23 1.2hJ5
D46-2
3 1%
18 3.97 0.3 0.14 1.3hJ5
1 1%
EHME 3.67  0.63 0.22
- SZK24-1  1.68 1.61  1.75  0.069
B SZK24-2 153 1.31  1.15  0.006

FIME 1.61  1.46 145  0.04
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Fig.6 Rock samples for rock collapse resistance test
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Table 4 Test results for rock collapse resistance

2 A i Rss it B e 5 L/ %
76
PZ-1
60.41
66.08
D39-1
84.59
71.51
D39-2
65.29
A 71.01
D39-3
76.66
94.73
98.34
D56-1
92.76
93.86
-1 79.27
29.27
D46-1
33.61
Wi 28.95
D46-2
23.88
A 28.93
SZK24-1 18
A BRAD A SZK24-2 12.9
1 15.45
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Table 5 Classification of soft rock compression deformation
according to the Geological Manual for

Hydroelectric Power Engineering
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Fig.7 Relationship between the strength stress ratio

and the burial depth curve of surrounding rock
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