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Abstract: At present, there are two types of structures for strengthening dangerous rock mass in earthquake area
construction: anchorage and retaining. The connection between the two types of reinforced structures and the

dangerous rock mass is rigid with very limited deformation ability between the structure and unstable rock mass,
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which leads to the poor seismic performance of the structure. Under the seismic load especially when the
magnitude of earthquake is strong, it is easy to fail and cause collapse disaster. This kind of damage phenomenon
exists in a large number of seismic projects in southwest China. To solve the existing problems of the reinforced
structure, a composite reinforced structure was designed in this study, and it allows the dangerous rock mass to be
dislocated to a limited extent under the action of earthquakes, can buffer the seismic impact force of the dangerous
rock mass, and has the function of shock absorption and energy dissipation. The structure is composed of anchor
rod (cable), shock absorber anchor head (primary energy dissipation), connecting beam, supporting pile, and a
secondary shock absorber and energy dissipation device between the connecting beam and supporting pile. To
verify the effectiveness of the composite reinforced structure, besides theoretical analysis, a physical model
comparison test on the common anchor reinforced structure under the same conditions is carried out by using a
shaking table. Different seismic waves, amplitudes and frequencies, which are representative of the region, are
selected as input seismic loadings. Theoretical analysis and experimental results show that the displacement
growth rate and cumulative displacement amplitude of the composite reinforced structure decrease significantly
comparing to conditon for the same collapse body without protective measures. Compared with the traditional
bolt-reinforced structure, the tensile force and pressure are significantly reduced. The amplification coefficient of
peak acceleration PGA also decreased significantly. It is proved that the composite reinforced structure can
effectively resist the dynamic stress caused by the earthquake on the dangerous rock mass by using its own
elastoplastic deformation and damping force, effectively transfer the impact kinetic energy of the dangerous rock
mass, and significantly reduce the shock and energy dissipation, which greatly avoids the damage of the reinforced
structure and prevents the occurrence of collapse disasters. It is proved that the composite reinforced structure can
slice off the peak seismic energy generated by small, medium and large earthquakes in layers, and has a good
effect on damping and energy dissipation. This technology provides a new reinforcement scheme for the collapse
dangerous rock mass, and has great practical significance for improving the consolidation technology of
potentially collapsed rock mass in seismic area.

Keywords: potentially collapsed rock mass; vibration and energy dissipation composite structure; shaking table

physical model test; shock absorber and energy dissipator
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Fig.1 End of anchorage device of anchor cable (rod)
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Fig.2 Schematic diagram of comparison test model
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Fig.4 The composition diagram of shaking table system
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Table 1 The target parameters and test parameters
for sliding surface
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Table 2 Cohesion of the similar materials for sliding surface
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Fig. 5 Damaged slip surface
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Fig. 6 Cohesion of similar materials for different sliding surfaces
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Table 3 Target parameters and test parameters of bolt
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Table 4 Displacement parameters of energy
dissipating components
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Table 5 Load parameters of energy dissipating member
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Fig. 7 Repeated tension and compression cycle test
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Fig. 9 Seismic wave output waveform at the bottom of dangerous rock mass
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Table 6 Loading system of shaking table test

=2 JIIE=2 3 Jnggy i) Prir/g Frif/s

1 S x — 30
2 El Centrol x 0.1 50
3 RNk i x 0.1 55
4 N x 0.1 50
17 Sl x — 30
18 El CentroJ§ x 0.5 50
19 FiMie i x 0.5 55
20 ATk x 0.5 50
25 Sl x — 30
26 El Centrolf x 0.7 50
27 FiMie D x 0.7 55
28 N x 0.7 50

3.3 g

WA AN O RS T, AR A E S5 4 1 fa s
AR DL R SR 04 52 B 2 B A8 Ak, AN 2 B T 14 22 7T L)
DU AS & 2 1A A ) b 7 0 2 A 1 I AS (B . A
A B AP T A% AR AT 2 A 0 B 5 4% 42 i [ 7 52
B e 3 RIS, X PR A A% B R 1 s T R 2 1 R
AE A 38 O 0 B AL AR, DA 3 0.1 g~ 0.7 g U AE
T U, OF LA 16 AN W A, A5 5 336 4
HEPIE .

4 KRS

4.1 R e i R
TG b a3 B He A AR T RE A2 A N I 45 R 1Y)
BUBE, 12 F Newmark BH{E P FN T & A AR 76 35 A B 3

(a) EMA
10 MEEERFREFE
Fig. 10 Detail layout of acceleration sensors
E: 1—16 S il i e

T S5, A2 210 55 00 Hh = n A ) T D B
A BRUK AN IS E . FI ] B RS 5 im 5t
o R b 5 By 04 (I B LU (B Y 1 53 Newmark
RN E, THEA X,

a 2.341 a -1.438
lgDN=0.215+1g[(1— : ) ( : ) ]io.sm
amax amax

Xrf: Dy—R BB E;

a1l S 5
Ao HUFE BRI JEE
I 55 o i R 35

a.=(F,—1)gsina
A F— W8 % 2 58
g—H I B
a—— BT
S A RO
el N tang’  my, tan¢’

* yhsina tana

K o —Fi R J1/kPa;

A R E/(KN'm™);

h— T )5 B /m

a— YA /()

o' ——WEEE /()

YoM N KA E E/(KN'-m ™) ;

m—— AR 7K 2 11 JEE B LB

OIS EAE SR E A 11 FiR ad BEIS AL

FE MR K B, T 4715 il 14 95 5 A o7 s it 2 B 7 e (L
I R 2 =R A o A o I AR R, A
G5 F4 B B 10 A8 R B8 il 26 7 Bl Centro 3% 5 B g %
INER T 00T i o W {0 B8 S ek 0 A, T N T

ytana

(b) LR



- 132 - 7K SC Ml J5T T b 5 %5

1000

—=&— E] Centro b
—e— AT /
soor . fibJg
—v— g
c 600f y
£
2 400 )
=l ~
200
O L

01 02 03 04 05 06 07
VBN /g
B 11 fEEEarBmms

Fig. 11 Displacement curves of dangerous rock mass
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