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ABSTRACT

ABSTRACT

Excavation or cut in soils/rocks typically requires a retaining or brace system to
resist the induced active earth force. According to the design manual of foundations in
Taiwan, estimation of such active force is usually based on the classical earth pressure
theory such as Rankine and Coulomb theories. Actually, active force induced by
excavation or cut in rocks may be more complicated. This behavior is somewhat
different from that for soils.

The purpose of this project is to develop a more realistic calculation method for
determining the design active force for excavation/cut in rocks with weak dip planes.
The key issues of determining the cut-slope stability analysis and the design active
force in the presence of uncertainties will be addressed. A reliability-based
partial-factor design method for determining the design value of P, that is more

realistic for excavation/cut in rocks with weak dip planes is proposed.
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daylighting joints —

Standard slope
profile
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7/
;;///////F1ssur1ng parallel to

;;;// sheet joints.

(a) Potentially unstable slope aggravated by cutting benches
into rock with parallel sheet jointing.

Modified slope profile-

Standard slope
profile

(b) More stable slope is formed by laying back at the angle at which
the sheet joint is dipping. For a reasonable range of orientations
of the sheet joints, there may be Tittle extra volume of excavation
required.
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intersection

Direction of
sliding

CGE AT G N AT b

h&n
\an
=8
N
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Ry cos (E- - %ﬁ) + Rg cos (E- + %ﬁ) = Wecosy (4.21)
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Plane B
\( 4 Plane A
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Face
Y weos /8
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(a) Upper slope surface,
which can be obliquely
inclined with respect
to the face

Plane A Plane B

Face
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Assumed water pressure
distribution
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X = —u (4.26)
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eln @y coe @ gy
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FS = A4 tan pa + B tan ¢g (4.30)
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Mote: The flatter of the two planes is
always called plane A.

Factor of safety

FS=Atanga+ Btangg
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Ground water flow conditions Chart number

Fully drained slope

2
Surface water 8x slope height
behind toe of slope

3
Surface water 4x slope height
behind toe of slope

4
Surface water 2x slope height
behind toe of slops -
k) kvl kv d kvd kv

5

Saturated slope subjected to
heavy surface recharge
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(a) Tension crack
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1. Bentonite shale 14. Basalt; clayey, basaltic breccia
2. Bentonite seams in chalk 15. Clay shale; triaxial tests
3. Bentonite; thin layers 16. Dolomite, altered shale bed
4. Bentonite; triaxial tests 17. Diorite/granodiorite; clay gouge
5. Clay, over consolidated 18. Granite; clay-filled faults
6. Limestone, 10-20 mm clay infillings 19. Granite; sandy-loam fault fillings
7. Lignite and underlying clay contact 20. Granite; shear zone, rock and gouge
8. Coal measures; clay mylonite seams 21. Lignite/marl contact
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10. Montmorillonite clay 23. Limestone; marlaceous joints
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12. Schists/quartzites; stratification, thick clay 25. Slates; finely laminated and altered
13. Schists/quartzites; stratification, thick clay 26. Limestone; 10-20mm clay infillings
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| Residual strength Disturbed material | |Disturbed soil and Rock masses or
of slickensided with rounded unjointed rock fill containing hard
surfaces coated weakly cemented masses with clean angular
with high clay particles and relatively low clay interlocking
mineral content appreciable clay mineral content, particles and
materials. mineral content. blacks.
| | | | |
| I I I |
T T T T T T T T T
5 10 15 20 25 30 a5 40 45
117
500
10 @
| Undisturbed hard
rock masses with
9 no major structural
_|  patterns dipping
g - 07 outofface.
Undisturbed hard
‘é‘ ~  rock masses with
S 74 g no through-going
» = structures dipping
b @ @ 3004 out of face.
a 6 E T
5 2 Undisturbed
g 2 | jeinted soft rock
G & 8 masses with few
2 structures dipping
8 2004  out of face.
4
Soft rock masses
| orjointed hard
3 @ rock disturbed by
blasting or excess
100 .| leading.
2 % Weathered soft rock
o 0 or discontinuities in
1 @@@ ® hard rock.
©®® @ @ @ Clay or soil or sand.
T T T T T T T T
0 5 10 15 20 25 a0 as 40 45 50

® 5.4

% 5.2

Friction angle, ¢ (degrees)

HB 54 ZF

Table 4.2 Sources of shear strength data plotted in Figure 4.21

¥ 2

TR R A BB T R S8 C s g BT

Ev

P

Point Material Location Slope height Reference
mmber (m)
| Disturbed slates and Knob Lake, Canada — Coates et al. (1965)
quartzire’s
2 Soil Any location —_ Whitman and Bailey
(1967)
3 Jomted porphyry Rio Tinto, Spain 50-110 Hoek (1970)
4 Ore body hanging Grangesberg, Sweden 60-240 Hoek (1974)
wall in granite rocks
5 Rock slopes with Any location 300 Ross—Brown (1973)
slope angles of
50-60°
6 Bedding planes in Somerset, England 60 Roberts and Hoek
limestone (1972)
7 London clay, suff England — Skempton and
Hutchinson {1969)
8 Gravelly alluvium Pima, Arizona _ Hamel (1970}
9 Faulted rhyolite Ruth, Nevada — Hamel (1971a)
10 Sedimentary series Pittsburgh, Pennsylvania — Hamel (1971b)
11 Kaolinized granite Cornwall, England 75 Ley (1972)
12 Clay shale Fort Peck Dam, Montana — Middlebrook (1942)
13 Clay shale Gardiner Dam, Canada — Fleming et al. (1970)
14 Chalk Chalk Cliffs, England 15 Hutchinson (1970)
15 Bentonite/clay Oahe Dam, South Dakota — Fleming et al. (1970)
16 Clay Garrison Dam, North Dakota — Fleming et al. (1970}
17 Weathered granites Hong Kong 13-30 Hoek and Richards
(1974)
18 Weathered volcanics Hong Kong 30-100 Hoek and Richards
(1974)
19 Sandstone, siltstone Alberta, Canada 240 Wyllie and Munn
(1979)
20 Argillire Yukon, Canada 100 Wyllie (project files)
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5.3 - B & Hoek-Brown # a3 % & % B

AP HAIEH G > e B R E gl H R 2 R Rk #F
A5 B 2 H TP ET 0 BRI 2 P W Ao ¥ 45 % Hoek-Brown 8 U 5 & I
HUECRCIAR T
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g, =0a,+a, (m,_., i + s) (5.3)
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[P 100})

My = MERP\ e o/

(5.4)
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Rock | Class Group Textura
type Coarse | Medium I Fine | Very fine
Conglomerates Sandstones Siltstones Claystones
(21+3) 17+4 T+2 442
: Breccias Graywackes Shales
Clastic (19:45) (18£3) (6+2)
Marls
% (742)
= Crystaliine Sparitic Micriic  Dolomites
% Carbonates | Limestone Limestones Limestones (9+3)
= (12+3) (10£2) (g+2)
w
w Non- Gypsum Anhydrite
Clastic Evaporites B+2 12+2
. Chalk
Organic 749
& Marble Hornfels Quartzites
T Non foliated 9+3 (19+4) 20£3
& Metasandstone
o (19+3)
g Migmatite Amphibolites Gneiss
% Slightly foliated (29+3) 26+6 28+5
: . Schists Phyllites Slates
Foliated 12+3 (7+3) 7+4
Granite Diorite
32+3 255
Light Granodiorite
(29+3)
Plutonic Gabbro
2713 Dolerite
Dark : (16+5)
%} Norite
§ 2045
= Porphyries Diabase Peridotite
@ | Hypabyssal (20+5) (15+5) (25+5)
Rhyolite Dacite Obsidian
{25+5) (26+3) {19+3)
Lava Andesite Basalt
Volcanic 2515 (25+5)
; Agglomerate  Breccia Tuff
Pyracisstic {19:3)  (1945) (1345)

* These values are for intact rock specimens tested normal to bedding or foliation. The value of my will
be significantly different if failure occurs along a weakness plane.

a4
9%

o=

eip

#Sa 5 MR RNSg

GEl—2100
g—aDl

=214 1(@,—551;15 — g 20/3)
1 8

@ ¥ 5% & %8B (GSI, Geological Strength Index)® d T # 5.4 # {7 o

kAR

(5.5)

(5.6)
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54 REEI G RREEG R ER M2 GSIE
GEOLOGICAL STRENGTH INDEX FOR = -,
JOINTED ROCKS (Hoek and Marinos, 2000) § g %
From the lithology, structure and surface 0 £ E 5
conditions of the discontinuities, estimate 8 7 2 2
the average value of GSI. Do not try to £ z = *;
be too precise. Quoting a range from 33 ® 7 5 @ o "
to 37 is more realistic than stating that it B = a= b
GSI=35. Note that the table does not g £ ° gg E
apply to structurally controlled failures. @ ‘:.% G @ = ]
Where weak planar structural planes are =z 5 B BE z
present in an unfavorable orientation @ = E oo o
with respect to the excavation face, these @ = ° = = 3 =

. . . = @ @ © @
will dominate the rock mass behavior. & g o g g S g
The shear strength of surfaces in rocks £ = ﬁ = -5 ey
that are prone to deterioration as a result O _2 g 3 Z o Z o

. . " = [ oo Do
of changes in moisture content will be & @ = 5 == £ E
reduced if water is present. When work- O 8 = E T o= |xgE
ing with rocks in the fair to very poor W | 55§ 2 £ 255|885
categories, a shift to the right may be 3 9] 5 ac £ « a8 |a2g
made for wet conditions, Water pressure £ | % =, o9 c8 |ocfE | Ff8=s
is dealt with by effective stress analysis. = ’;g;: 8 2 = c.-'E) o % § W % §
S5TRUCTURE DECREASING SURFACE QUALITY —— =
INTACT OR MASSIVE—intact
rock specimens_ or massive in situ a0 N/A N/A
rock with few widely spaced
discontinuities A
Q 80
w
BLOCKY—well interlocked un- o
disturbed rock mass consisting % 70
of cubical blocks formed by three O
intersecting discontinuity sets E 80
(e}
VERY BLOCKY—interlocked, 2 /
partially disturbed mass with % 50
multi-faceted angular blocks s}
formed by 4 or more joint sets e /
= 40
BLOCKY/DISTURBED/SEAMY =z
—folded with angular blocks 10}
formed by many intersecting =
discontinuity sets. Persistence 2 10
of bedding planes or schistosity E /
a DISINTEGRATED—poorly inter- 1 /
: | locked, heavily broken rock mass e 20
1 with mixure of angular and
] rounded rock pieces /
/
LAMINATED/SHEARED—lack 10
of blockiness due to close spacing N/A N/A
of weak schistosity or shear planes

BG4 BT D Y RRBEF SRR g TS
D=0> %73 3 Fh OB MR R D=1 &7 X FELFEH KR o

$F T4 55:¢
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Appearance ol rock mass Description of rock mass

Suggested
value of D

Small scale blasting in civil engineering slopes results
in modest rock mass damage. particularly if controlled
blasting is used as shown on the left hand side of the
photograph. However. stress relief results in some
disturbance.

D=07
Good blasting

D=1.0
Poor blasting

Very large open pit mine slopes suffer significant
disturbance due to heavy production blasting and also
due to stress relief from overburden removal.

In some softer rocks excavation can be carried out by
ripping and dozing and the degree of damage to the
slopes is less.

D=1.0
Production
blasting

D=0.7
Mechanical
excavation

B 56 A5 c@EY B % GSI & AWML HET - B mIS4720p

2 F Y BRMALEBEE B R R I BT Y R T

L;%ng_‘i s e & S E 2 5 R s

100000 4
80000 -
60000 -
40000 -

20000 -

Rock mass meodulus E_ - MPa

100

GSl

B15.6 oA B % GSI 2 288 %2 ik 4

LA E s RMR & Q an=fi 4
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1=0.30
E(GFa) =100 (1+exg{i?&+ 250-Gsl) /1 1}) 7

Bl 57 542 M RT 2R (0, )8 2 EL LA (0, )" B2 %

Barton's Q rating (RMR = 15 Log Q + 50)

0.001 0.01 0.1 1 10 100
60 ! 1 1 1 1 |

Read, Richards and Perrin (1999) [ =]
Serafim and Pereira (1983)

Bieniawski (1976)

Stephens and Banks (1989)

50

40 1

Serafim and Periera (1983)

Read, Richards and Perrin (1939) L)
Barton (2000}

Hoek and Diederichs (2008 : D=0) [ ]

30 4 ——— Hoek and Diederichs (2008 : D = 1) L)

Deformation Modulus E GPa

Bieniawski's RMR or Hoek and Brown GSl| ratings

W57 oA RMR & Q4 is &

By s 247 ¥ £ * Mohr-Coulomb 3 & B P& (7 2 47 ~ & )14 474K
"C FRFREREFRA(0,)RR T BERF DL

*
Mo ki G R EWHBA(0,) £ EBRK- s LDg 87 FIHED c E(L

(5.8)
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® 5.8

®l 59

Tensile strength cut-off

e

Shear strength t - MPa

$I % A EHERTE SRR

Friction angle ¢

Rock mass UCS Ocm

o

Normal stress o - MPa

PP MALEL gL HBRRS

=
ﬂ}
o1

0.20

0.10

0.08

/ 0.06

0.05

0.04

0.03

AN

NN

0.02

Cohesive strength / Uniaxial strength of intact rock

0.01

0.008

o
n

30 40 50 60 70 80 90
Geological Strength Index GSI

7 GSI RERMARS cBEO AT HPEEREAE 2 V&
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55 m.

50

40

i 35

BRI

30

25

%
Z
e
= g

Friction angle - degrees

20

10 20 30 40 50 60 70 80 90
Geological Strength Index GSI

B 510 12 GSI K7 AL SE
Fpt o mERA cEUETFHPEERGAEZ L E T L GSIAR 59 K a Ei
NEEEGETF R S10 RE 0 N FENG95.103E RiE o BT AT

$PES RS AR 0 BMZES BAT RS HMPRE AL 8% -

ﬂ-a.mﬂ.{ua-f- uipUin }E.-:L ]
2(1+ ﬂﬁ:+ﬂ+5um€'+ W“;l}uq (59)

@ = sin'l[

E__ ggll2+aaler (1~ Ejmt:-@;nj'{ﬁ”""mhﬁ;n}a_i

e P P A e VP TeS

c (5.10)

54~ ERR-Rk2Z BRI R

- E MR-k B4 1 J Bieniawski (1989):F 3% £ 4 RMR =i & sie s
Wef 4 5 R 58 Co g BB FERMR B2 %15 % /> LT H 511, RMR
2 VR U RE A e Io 2 C ¢ E o Mehrotra(1993) % £ {7 44 B b it
HHRHR(Ep RZ kL2 e fed FR T )Y BT R S Far mokbede

GHEMC g MEARE > BBt C RS T0% ¢ & § "> 30%
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60— B N7 v
50 |- L7
wl-

—_

301 -

(), degree

Bieniawski (1989)

20 i

Angle of Internal Friction

| |
70 80

\
\
\
\
\
G
o O\

—
(=}
[ ]
(=]
(%)
(=]
o~
(=}
(54}
(=]

600
400

&

200

_—
—_——

) = Bieniawski (1989)
1 |

Cohecsion
(c), kPa

o ) ®o O ——

I

— e —
—_—

10 20 30 40 50 GU 70 80
Rock Mass Rating (RMR)
(Rock Mass at nmc)

Angle of Internal Friction
(p), degree

Cohesion

Rock Mass Rating (RMR)
(Saturated Rock Mass)

(b) tokifr g KR

~

B 511 RMR E&H #8875 4 5% & 58 C~ ¢ B2 B % (Mehrotra,1993)

Mehrotra(1993)45 21 5 RMR>60 ;xin™ » 2#T + B G ¥ ¢ 582 T H
BB T R EAFRALY - LRI DEBRMR=23-37)F 1 ¢ 4
= 20 B 1} 5 ¥ i Bieniawski (1979)RMR ;%4 23% RMR &4 ¢ ¢ "4 5] 05 L
Singh&:n 5 ¢ % > Mkt 15 B (RMR=0~20)° f #% 5 k& £42 C 95 022

Mpa’ fiz k47 fopF C=0.13~0.16 Mpa 2 fF>> & 4 35 & 7 "% 30%° RMR=41~58
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AR PN 2T A S PR KET #82 C H5 03Mpa - iz ke fop

C=0.23~0.24 Mpa 2. FF » % 4 s & 7 "% 25% -

55 AHRHZ AR A7 5B APMERA P 2R

5.5.1 ~ if 4o 4 sk

AHABLEERET AR B L_#czﬂi/ﬁ'&ﬁfil‘t‘“—r’!‘égﬁil“"g% ¥ AL2 h
TAHRBAES (IS 8T S ENF 430 HBAWE RETHRAETHEUR
BB -

iV ATt A ;B (ISRM 1981) » ] 5.12 0 8- 6§ 5 Bl4r# T4k L 87351 2
B TR WA R 26 [ P2 XPF R g BT E o

ZEFP CRF R IAEE ke TSN E A0 EER 10 A 1K

m’,\

BEPNEG T EREGE LAY - FR A A R%R RKRIEEFER
FA e E R R PR A dp B Id o AT A dp B Id KRB 0 AT RS

FIRfE kgasiit > G- H0 AL HE -

B 5.02 e zdoh (v 4 2 ) foat 4 R
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552~ gH2mokssi

FRGEREMI T HERBEL IS BI S AN P A MBS
o RPFT A BARFET bAoAt 2 R I(DF L= AT BT (R
F301994) £EFET G SR R HERERFT A4 HA FECST/M Y §=32°
feimBel ek 24 ) PEEEHAST 4 R S8c: C=IT/m*~ ¢=13 °- (2)
80k+475 L EE L E A LH R E ARG T o o RRPEET 4 A Sk
C=1~10T/m* ~ ¢=30~35%> {558 > 22 ecdk C=0+ ¢=10~17 & 7% (M1
B 2000) o (3) 82k+100 F| 82k+300 e fi= RIE H s pp# 2 A3 ks 5 o
AN 5°~25° FAmEERG T FE o RRFEET S A 2K
C=5T/m* ~ ¢=35°> {488 > F EA 515 @5 C=0~ ¢=17° (4)}r+¥ + 208 F 4
SRR FEFERE ¥ #4050 1998) EEEG 2 HEG30 R REVH
EEIR C=0- ¢=27° T R%HERITINT L kRASEEL $=25-3]
%58k 20 ] B $=20~24°>5¢ -k 72 | BF $=13~15% R_L ¥R EFRE 2ZFE (F)
B3Rk hieokdit s C EVERIR RSP S NTRALE Y g ML R KD

1/3~1/2 -

553 B £

HeRAMPETA T ERZRERS RRMONHE R R RRGR > T A
FHRGES B AR T T 2 MBS o B R FURG R AR BT
170 Glded T JCS 2t F 33w 2 de kR JRC pF & 4 * Hoek-Brown % | pFié * o
FlE PR AH AR ITEE LR R Fl g G B RUR S R
C R R ET AN E I F g iE £ 5% (Point load test) 0 B 5.13 >

- BIRFFEHF h 2 (ISRM 1985) » H 2™ L L 4HF chl o I HH o
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AR AL FERRR T W RARF I MRS E R A
FHRE S F A AREPF S ER e E L De RIBFEdp s

Is=P/(De)’ (5.11)

$¢ 0 (D)=D’ (D 5 # L $HTE G AR R P R R R RR)

A (D)*=4WD/7ZT (W % EH.2 T A ~D 5 4o REFEY) > £ 7 fR 5 AT

A B E I BN20~25 8 o FIRHRFRT AL LS56TqF Y PEAE

(2009)78 B2 o B F L B E RSB R (O )BT 4B S.14 - d BIp 7 w0 £ F

R R OMEH K £dba § # % 8% > & 5 o 20MPa 17 > i B BIRA o

B 5.13 Bhim & 3% &
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SATH L H R R g

Grade Description Field identification Approx. range
of uniaxial
compressive
strength (MPa)

Ra& Extremely strong rock Specimen can only be chipped with geological =250

hammer.

RS Very strong rock Specimen requires many blows of geological 100-250

hammer to fracture it.

R4 Strong rock Specimen requires more than one blow of 50-100

geological hammer to fracture it.

R3 Medium strong rock Cannot be scraped or peeled with a pocket 25-50

knife, specimen can be fractured with single
firm blow of geological hammer.

R2 Weak rock Can be peeled by a pocket knife with difficulry, 5.0-25

shallow indentations made by firm blow with
point of geological hammer.

R1 Very weak rock Crumbles under firm blows with point of 1.0-5.0

geological hammer and can be peeled by
a pocket knife.

RO Extremely weak rock Indented by thumbnail. 0.25-1.0

S6 Hard clay Indented with difficuley by thumbnail. =0.5

S5 Very stiff clay Readily indented by thumbnail. 0.25-0.5

54 Sriff clay Readily indented by thumb but penetrated 0.1-0.25

only with grear difficulry.

S3 Firm clay Can be penetrated several inches by thumb 0.05-0.1

with moderate effort.

S2 Soft clay Easily penetrated several inches by thumb. 0.025-0.05

S1 Very soft clay Easily penetrated several inches by fist. <0.025

Naotes

Disconrinuiry wall strength will generally be characterized by grades R0O-Ré6 (rock). Some rounding of strength values has been
made when converting to SI units (ISRM, 1981b).

® 5.14

g | T w Bl w|la|s| x| x| B

|y B |8 F|E|R| 8| g
an

A
r’é\_
[=9
E
= w0 A
2
3
» A
o
2
]
A a
& A A
S o — A
= A
= A
= AN
2 A A g’ﬁ‘
A
A
OA@J_\. A A

ot IEE s T HE R A JCS 2 A F(HE & 0 2009)
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6 oI FB RHET LB IRLREFELTH

AELEH ORI NE RO GRBLFSINE T E R EADT E4E

_EPR BT REERTHOAAREEEL TR I8 e+ 7

§5
(
o
=
It
wn
k=1
(w

R ZREBRLAISTRT S (A & KA AR AL B BAER )
B 105t s ARBRE R B4 57@a)b) -

Bo AARRES BB C IS R(PEDIEY B HEREZE) A
R AR B E AR T ACB 5060 d Bl AT ol v A EN2 30 AR

AT A 1555 2 B 0 T 30.4 B (%R 19 26%) o

EE (9)
i55E = (5)
HPUWE (1) 2 (2)
IR E (4) BE (13)
EHEEE (3) fﬁ 4
LHEEE (5) AEF (8)
ILTHAMIE (16) BAHE (10)
ZFin (6)
W1k (2) 28 )
=% (1) W R M
IE (26)
#H(2) /

Bl5.05 AE{ericdrt B Rl TASDT AFHL LA G
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Mean = 30.4°
cCov=026

N]

10 20 0 40 50 B0
Friction angle (degrees)

Bl 516 #AMEFHE T E R BT ERRREELEZLG

Fit— kR AR 0 A BT Al S5.07(a)~(d) > @A kRN
WHREE (D EB G RARELLS GRE(HT0 22% T4 § 43015 ~42°
2B TEg 35S R P RHE AN ENSG BT ERERGTQFTE S
K355 (6 36 mipsk TOR)RARRELLS G 5 42020 ~30 2 F > T35 28.23
B o

Sandstone

-
(o2

Mean @ = 31.50°
COV=0.27 7

Sample unmber
2 o oo o N =

[W4]

-

15 20 25 30 35 40 45 50 55
Friction angle, ¢ (degress)

Bl 5.17(a) Fifddo 2 mepEEE L H(70 BiE5k)
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Shale
3 T T T T T T T T
Mean @ = 30.17°
251 COV = 0.16 -
o)
o 2+ :
€
5
o5 :
o
€ | |
Y]
n
0.5¢ 1
% 15 20 2;[5 30 35 20 45 50 55
Friction angle, ¢ (degress)
Bl 5.17(b) T EBw 2 mepEEE - (6B ER)
Mean ® =22.90°
25k COV =037 ]
S 2 = 1
||
o | | ‘
% 15 2 25 3'# ‘3'5;_ ] 25 50 55
B 5.17(c) R EB a2 AmREEL L H(6 BE%K)
Sandstone/Shale
12 T T T T T T T T
Mean ® = 28.23°
10f COV =0.29
o
o 8 1
=
5
o 9 |
o
£ 4 -
]
2_ -
%0 15 20 25 30 35 40 25 50 55
Friction angle, ¢ (degress)
Bl 5.17(d) FIREIKBo 2 meBEL s 30 ei@E%k)



Foho §9BFEEG AR EE5 RN NI RIPN EKRFHCEHE
ek 3R REFRIBRFMIDE G I AREEL O B KPR A 95%T
50%2 (L] 5.18) - ie 3 fe s 80~90% = Flit - Fpot vt BlARSH 0 R A5G
BiEh s ISR 0550 BEELSE K BT AT B 4~8 R 0 4 H 5
RERPERPTERFETrE LT HHF A WUT FEHEBLT)ZFEE
Bif(- ¥ R E % b OB R Ao M AR B) o A KRR TR A
IR R Al Gk o i AT

Reduction ratio of friction angle after water 72 hour

T T T T T T T T T

(4]

o B
T T

Sample unmber
[a*]

:

85 055 06 065 07 075 08 08 09 095 1
Reduction ratio of friction angle

Bl 5.8 35 i3k 72 | PEisgie ka2 AARREE F LR
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257a) M s BFT EB0 L TV R%KZARGE ST KR ¥ BRERAL)

3 2h R Fog e C,. (kPa) ¢, (%)
LS i A 15.00~16.00 B 0 37
B 12.00~13.00 Lo 0 27
A (58 5 6.70-6.80 B 0 30.5
A (58 5) 11.50~11.60 R 0 21
= ik 9.05-9.20 K& ES S 0 19
¥k 17.54-17.64 HHEER 0 21
ok 107.25-107.30 BASLR 0 23
5% 12.16~12.30 L 0 36
9 59.45-59.60 BASLRE 0 17
o7 59.80~-60.00 L 0 22
97 99.82-99.92 HEELRE 0 17
o7 54.25-54.60 ER 0 18
5 58.50~58.55 B 0 17
% 5% 14.38-14.50 WEELRE 0 21
BB B 30.20~30.60 Az 0 26.5
H7 JE 92 33.00-33.30 Az 0 23.5
o (%) 15.55-16.00 Lz 0 27
o (T R) 18.63~18.95 Lo 0 332
o (7 %) 22.30-22.70 B 0 36.3
B (F#) 8.50~8.70 L 0 30.5
b f LB 6.78-6.93 B 0 25
7% 7.70~7.90 e 0 22
iz E 12.44-12.56 B 0 28.8
%3353 6.25-6.40 L 0 34.3
iz E 14.60-14.75 B 0 23
tEE 14.65~14.75 AL B By 0 28.2
A5 R 28.3-28.45 HEELRE 0 30
BB R 31.4-31.5 g 0 24.5
R R 34.8-34.9 B 0 21.5
BB R 53.6-53.75 g 0 25.2
R R 16.15~16.25 Az 0 21.8
5 R 45-45.15 w5 (EEAUH) 0 44
R R 55.55-55.65 8 (B ) 0 33
B R 65.95-66 WEEER 0 24.6
R R 89.05-89.15 HAAER 0 23.5

B

B R 64.7-64.8 Gk HE ) 0 25
R R 69.1~69.2 Lo 0 388
B R 88-88.1 Lo 0 395
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257() & cHFT £330 2V R%R ASE R ST KR P 2R
()
2 R e g3 €, (kPa) ¢ ()
023
5 R 41-45.05 ) 0 16.7
M TE R R 48.15-48.3 ﬁ “ 0 30.2
(e S 2)
B
5 R 49.35-49 .45 ) 0 32
B R 21-21.1 HRAEER 0 28
75 R 29.25-29.35 ’Eﬁ 0 22
(RHHES)

Ltz EE 11.2~12.35 R EHAR 0 19.5
LT fEEE 11.5-11.7 BHEHRER 0 22
LTz EE 12.4-12.52 DHEMER 0 20.5
b G 7-7.3 iz 0 41.5
L %R 16.7-16.9 B g 0 46
L HE 23.6-23.7 B g 0 31
LB 11.9~12.1 I 0 35
L HE 14.65-14.8 B g 0 41.5
¥e 10.71-10.93 B 25
¥ 13.80-14.00 B 22
L ] 10.10-10.33 B g 0 26
] 18.20-18.50 B 0 24
WE 12.30-12.66 B 0 27.5
¥e 30.55-31.00 e 0 27
Me 19.0-19.30 2 0 28
%5 (8 D) 11.55-11.85 B 0 30.5
(A LT 6.30-6.50 B 0 32.5
%5 (8 D) 27.50-27.65 HEEER 0 15
58 LT 19.20-20.00 R By 0 20
5% (8 LF) 124.20-124.30 B 0 36.5
(A L) 129.40-129.60 B g 0 38
5 11.7-11.9 B g 0 19
B 6.0-6.25 B 0 24
5 4.7-49 BEELR 0 19
B 4.6-4.8 B 0 18
B 14.1-14.3 WRAEERE 0 26
B 14.4-14.6 e 0 14
39k 23.50-23.60 RESE 0 28
%l 80k+475 X R 0 10
L FE 82k+100 E R 0 17
A AEP & fo WRELR 0 27
A A AR A WE 8T 0 14
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257b) & ST A5 PV RH AR E FR(FTERR D FRER)

WEs | mEskE | A Cp (kPa)| ¢ (?) LR E
BH-A-08 | 99.00-99.25 0.00 60.9 B
BH-A-09 | 67.30-67.80 0.00 32.0 B

_— BH-A-12 | 32.60-32.70 0.00 40.5 5%
BH-A-13 | 30.30-30.40 0.00 30.0 WRBER
BH-A-14 | 40.80-41.00 0.00 32.8 B
BH-A-15 | 49.25-49.45 0.00 33.7 B

AH-1 | 20.10-20.35 0.00 32.9 VREERE
AH-2 | 13.55-13.90 0.00 39.8 B
. A2 | 16.20-16.50 0.00 41.7 5%
AH-3 | 11.00-11.40 0.00 32.7 WRBER
Al-4 | 20.00-20.30 0.00 27.6 WRBER
AH-4 | 25.40-25.70 0.00 39.3 PRAEER
B0027-01 | 3.48-3.65 0.00 54.3 B
B0027-01 | 6.17-6.40 0.00 48.6 R
B0027-02 | 3.00-3.22 0.00 51.7 B
B0027-02 | 14.45-14.63 0.00 343 o
B0027-03 | 4.57-5.00 0.00 41.9 I
B0027-03 | 6.24-6.53 0.00 39.1 o
i B0042-01 | 4.71-5.00 0.00 41.2 By dR
B0042-01 | 6.15-6.45 0.00 39.3 2 % JE 4E
B0042-02 | 7.00-7.28 0.00 43.4 DHELRE
B0042-02 | 22.53-23.00 0.00 34.3 HE BT
B0079-01 | 17.76-18.00 0.00 39.2 5%
B0079-01 | 18.26-18.50 0.00 364 g
NP1-2 | 58.60-58.75 0.00 29.6 PRAEER

NP1-6 | 20.20-20.57 0.00 36.1 B

d#F | NPI-8 |23.00-23.37 0.00 34.7 L
NP2-1 | 22.80-23.00 0.00 30.9 VREERE

NP2-3 | 18.14-19.00 0.00 30.4 B
-~ BH-8 | 14.55-15.00 0.00 28.6 YRBERE
BH-8 | 20.25-20.50 0.00 37.3 WRBER
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£2570b) A BT £355 E T R%BLASLSAE SR KR 5 RN
36 i a3 R C, (kpPa) g, (%) i
BH-B-8 23.00-23.20 0.00 348 L
P WL BH-B-8 24.55-25.00 0.00 34.6 i
BH-B-8 29.30-29.50 0.00 47.7 %
BC-A-02 20.08-20.28 0.00 35.6 BE
& AR E .
BC-A-03 22.30-22.52 0.00 42.0 WRBELR
NP3-1 7.80-8.00 0.00 24.6 iR
B E NP3-4 39.10-39.60 0.00 327 H
NP3-5 19.25-19.40 0.00 31.1 R %
B0029-1 6.00-6.30 0.00 31.8 BRELRE
i B0029-1 13.50-13.95 0.00 36.6 AL
ik B-1 8.00-9.00 0.00 36.0 HABELR
it k£ B-1 15.00-16.00 0.00 32.0 R HERE
bk B-2 23.00-24.00 0.00 354 S
# &) Bl 9.00-10.00 0.00 24.3 WA BLRE
. W %) Bl 14.00-15.00 0.00 26.5 LR
& T B2 24.00-25.00 0.00 39.6 B
& F B2 27.00-28.00 0.00 34.3 i
L+ Bl 12.00-13.00 0.00 289 A%
i+ Bl 17.00-18.00 0.00 325 A%
& F Bl 8.00-9.00 0.00 29.6 WAEBELR
4% DOL 9.00-9.50 0.00 27.3 DREELR
DH-3 19.00-19.32 0.00 31.8 HALELR
DH-4 11.33-11.60 0.00 294 HREERE
DH-5 13.60-13.80 0.00 283 DAELRE
wn DH-6 11.25-11.45 0.00 317 WHBELRE
DH-3% 18.60-18.85 0.00 27.8 P HETH
DH-4* 8.20-8.40 0.00 27.9 @E
DH-4* 11.60-11.80 0.00 26.7 I B,
BH-2 14.50-14.75 0.00 29.8 WEBLRE
. BH-3 6.50-6.90 0.00 30.2 B %
H BH-4 15.25-15.70 0.00 32.1 B

HLAKRTHELIBMEK T2 FE > EATEFREKRSTERRZIKE -
P BIER 2P H T 4 Oy 0 FA 10 28 0T EY 25kg/lom? 0 GRA 10 % 2 g

3.5 kg/em? o

£y Rl
LR Y32 %1

FR 10 &

»

R

MR 3kg/em? SRR 10

AN
<

<

kg S kg/em? o
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A E Lk BER AN AR ER
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Design active
. H o Y Hq
Scenario o n, 3 | Vr force Ba
(m) ") (kKN/m”) |(kN/m”)
(kN)
1 19.29 | 8.83 16 | 23.99 6.13 | 0.25 1238.77 1.75
2 1556 | 11.00 | 2 19.29 8.16 | 0.28 827.03 2.55
3 19.31| 8.04 13 | 17.00 | 12.50 | 0.30 877.84 1.82
4 1397 1195 | 6 18.03 | 14.21 | 0.22 746.82 2.19
5 17.61 | 6.80 7 20.38 | 11.69 | 0.12 786.09 2.17
6 11.64 | 10.78 | 11 | 24.10 | 12.67 | 0.30 591.88 1.89
7 17.55| 5.17 9 20.25 852 | 0.25 679.10 2.00
8 1278 | 12.13 | 18 | 18.07 | 12.80 | 0.20 638.60 1.74
9 533 | 942 12 | 1534 | 13.45 | 0.25 89.57 1.91
10 10.64 | 12.18 | 12 | 22.15 | 11.79 | 0.11 539.01 1.96

165




NI $2 e PAFB RPN TR T

272 BEBIPIEREETO%REES

Design
. . Pa,Coulomb x1.5
Scenario Ao Ah Aq AR active force | fa (kN) Bcoulomb
(kN)
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0.537 10.838(1.146
6 0.719 663.70 2.01 991.34 2.51
7 0.762 719.32 2.06 1698.99 3.23
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9 0.763 94.73 1.98 158.55 2.68
10 0.891 488.06 1.84 782.56 2.48
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