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FUNDAMENTAL STUDY ON THE INTERNAL
FAILURE OF STRATIFIED ROCK

By Sakuro MURAYAMA, Yoshiharu IsHil and Hajime MATSUOKA

Synopsis

In order to investigate the internal failure in various stratified rock due to the local
yield such as the local failure caused around the excavated tunnel, a model test was
carried out by using a pile of blocks made of vinyl chloride. In the model test, the
blocks was piled up in the horizontal, inclined and vertical strata and the internal failure
in the stratified pile was simulated by gradually lowering a panel which forms a part of
the horizontal base under the pile of blocks.

From the test results, it is observed that the failure zone may be classified into the
primary failure zone which usually accompanies the lowering of the panel and the secon-
dary failure zone which appears around it under a certain condition. Then the relation
to determine the condition is studied. This condition is influenced by D/B (D: depth
of the blocks, B: width of the lowering panel) and the critical values of D/B below
which the secondary failure zone appears are obtained from the consideration of the
failure mechanism. Furthermore the stability for the development of the failure zone
caused by a litte disturbance is discussed.
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Fig. 1 Kinds of pile of blocks simulating stratified rock.
‘ (@) pile of blocks with horizontal strata,

(b) pile of blocks with inclined strata,

(c) wvertically piled blocks.
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Photo. 1 Test apparatus with lowering panel tu investige
internal failure in pile of blocks.
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Photo. 2 Failure pattern of blocks piled in horizontal strata with checked
joint, Width of lowering panel B=10cm, depth of pile of blocks
D=10.5cm ; Dimension of block §=2cm, ¢=0cm, A=1cm.
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Photo. 3 Primary failure zone of blocks piled in horizontal strata with
symmetrically staggered joint.
B=10cm, D=30.5cm; b=2cm, a=1cm, 2=0.5cm.

Photo. 4 Failure pattern of blocks piled in horizontal strata with sym-
metrically staggered joint.
B=20cm, D=10cm; b=2cm, g=1cm, 4A=0.5cm.
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Photo. 5 Failure pattern of blocks piled in horizontal strata with
symmetrically staggered joint.
B=20cm, D=14cm; b=2cm, ¢=1cm, h=1cm.

Photo. 6 Failure pattern of blocks piled in horizontal strata with
unsymmetrically staggered joint.
B=20cm, D=10cm; b=5cm, a=5/4cm, h=1cm.
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Photo. 7 Failure pattern of blocks piled in horizontal strata with

unsymmetrically staggred joint.
B=20cm, D=4cm; b=>5cm, a=5/4cm, h=0.5cm.
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Fig. 2 Illustrations to analyse failure mechanism of blocks piled
in horizontal strata.
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Table 1 Critical value of D/B in horizontal strata with symmetrically staggered
joint below which secondary failure zone occures.

Dimensi(t;r:)rl (;f Block Measured ( % )cr. Calcuézt:dl)(%)m k vfalrlgxr(:1 %clflégsted
bt s 2 1o=10, 2-10 1.0 E=1.0, k=1.0
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Table 2 Critical value D/B in horizontal strata with unsymmetrically staggered
joint below which secondary failure zone occures.

Dimensie)élm;)f Block Measured (%)m Calculated (%)m F{;‘c’m?alljf:léist;d
- _ B e eFaem =0 | ey
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b=5, saxosfff = ~0.5 &5-0.3 0.52 46
: b=5, 5ax05/§3x2h o 5 %—02 0.35 _ '17 —
77b=75 5aX05/24X;3 0.2 | ITOI—?O 14 7 0.21 10 -
5=5, 5axos/:*, h=0.2 2202 0.11 0.14 11
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Fig. 3 Relationship between contribution factor Fig. 4 Relationship between k/a and a.

k and angle « with parameter a.
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Photo. 8 Failure pattern of blocks piled in inclined strata.
B=10cm, D=15.6cm, 0=45° b=2cm, h=0.2cm.
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Fig. 5 Illustration to analyse failure mechanism of blocks
piled in inclined strata.
Table 3 Critical value of D/B in inclined strata below which
secondary failure zone occures.
D
Angle of Calculated (2) Measured (f)cr.
B/er.
Inclination (2=0.5) Dimension of Block | Dimension of Block | Dimension of Block
#=0. 2x0.2x5 (cm) 2x0.5x5 (cm) 2x1x5 (cm)
o 7 8 9
=30 . = =0. ——=0. —=0.
0.7 10 0.7 10 0.7 10 0.9
° 15.6 17 36.8 17
9= . 15.6_, 17 1.7, 303_4. 17 4.
45 1.7 10 1.6 1017 20 1.8 10 1.7
° 47.5 50. 7
0 =6 . LAY ) =5,
0 4.9 10 4.8 10 5.1
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freieh, BEEER 3RO L 51f0.5 LRI TN5DT, BOMERIAE 6=30°, 45°, 60° DBFH
oW T (D/B)er. DfEiRFHETHL Table 3 OFE2HMOX 510l b, Zhi LT (D/B)er. OEH
B 7wy 7FECH L TES~5MicRT Lok, @EF—HKT5X5THb, Fig. 6 1% (14 Ric
1% (D/B)er. DEMEXBOBERMA O LHHNCL Y, BEER p &7 4A-2L L TRLILELDTH
Do FNENOEBREEICHET LT D/B OETIL 2 REUK T TRIEL, T oMK L D LTk
BLiLWI ERRLTW S,
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Fig. 6 Relationship between (D/B)e-. in inclined strata and angle
of inclination @ with coefficient of friction p.

Photo. 9 Tailure pattern of vertically piled blocks.
B=10cm, D=40cm; b=2cm, h=0.5cm.
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Photo. 10 Application of force to check stability of horizontal strata at
fairly large depth and with symmetrically staggered joint.
B=10cm, D=10cm; b=2cm, a=1cm, A=0.5cm.

Photo. 11 Complex failure pattern of blocks piled in inclined strata,
B=20cm, D=25cm, 0=30°; b=2cm, h=0.5.
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Fig. 7 Illustration to explain complex failure pattern in inclined strata.
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Photo. 12 Pattern of failure with buckling in steeply inclined strata.
0=60°,
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