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Received 28 October 2020 In this research, directions of -gitu stresses in the roc
Revised 20 January 2021 slope in the left abutment of Bakhtiagam (Center of Iran
Accepted 17 January 2021 are defined taking advantage of geological history, tect
2 Y evolution of the area, and -Bitu tests. To that end, the stu
Ri{‘l’("z:();é stability analysis draws on the kinematic analysis, limit equilibrium a
Bakhtiary dam numerical methods. It is of note that there is no sjtlity

Jointed rock mass for toppling failure if kinematic analysis is used to study

Distinctelement methad stability in left abutment of Bakhtiary dam. The plane fail
analysis indicated that there is a possibility of failure in
middle and upper walls based on joint set J1. Alsomf
geological perspective, wedge failure in the middle
upper walls is possible due to the intersection of bed
planes and Joint set J1. In the analysis of the slope sta
using limit equilibrium, the least value of the safety fac
obtained forplane failure belongs to joint set J1 in the up
wall, indicating that the left abutment is stable. Numer
analysis indicated that this slope needs support requirements.

1. Introduction

There are di wieéeéhenthemet hoomhs ,adveant ages aands i
stabThetygel ection of anal ytical met hods depen
sl i de. Generally, the initial i ssues [ild t he s
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O0Speci feyicroghdtiht i ams loft ysl ope st

OAssiersg the type of slide potenti al
ODetermining the reinforcement requirements
0Deciding on the optimum design for excavati ol

The ground slide can be characterized as fall
thdm] Gurocok et al investigated the sl ope st
dam in easteknndmakeyg asdng 3imeRointaanla mentthrooddsu c

mass classification [td] Weisesemparc&kd slBMewistttab
three di mengi5q nAdle xmentwraacchs et al compared di ff

slope stability analysis and concluded that t
are very[o6effBrazsiwvweand Keynia demonstrated th
etsi mate the rock volume in a | arge {7ai ISUree dwi
and Abrhart investigated the effect of topogr
model |l ing of rock sl opemstimudieS | m@cit umaous an

2. Bakhtiary dam location

The Bakhtiary dam is |l ocated in a strait thro
Siahkok [ ®ynnlchlei nset rait has 150 m |l ength and 25
made over Bakhtiary river with the height of
worl d. The wupstream of dam axis dd @enaitstl o wefr $
and the dip increases at higher | evels of slo
some parts Fig 1. Showsl.Otlhe valley in the da

Ligre

Fi.yBakhtiary [dla0 |l ocati on

The bed rock of Bakhtiary dam consists of | i1

The | i magt ocnoent ain some percentage of dol omi
introduced as Bangestan group in geological n
The | imestones in the strait of 1d@m.S&Two di v

asynmedal synclined ogpeailfiredgoirnt tahe e f ol |l o
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1) Siahkoh syncline which is smaller, and | o
which is bigger. Both of the synclines are
arisingywelbmmsyymal i ne over Si ahkoisfsayunctl i ne
Ssystem.
Anticline
E3
FIl-F3
Skl Kuh Thrust Plane
Anticline
NFI
Fi.3The | ocation of Graywé&lf,auditalskysh eamsncl i n
3. The laboratory test results
A |l arge number of core sbaopB¥Ests$yomaBakbheear y
i ntact rocks and rock discontinuities accordi
that the valxyeSVAw®hiattse darteo cSVose and someti me
are | ocated i nhatvlee bdkaem dinttea,odtulteeyd as Group A
Group Bruamand $VMve been assessed féphrately and
Table 1
The rlaatbhoor y results of saunpilielsf i n A, B groups and S
Group Group
Type of group and (Sv2,Sv (Sv5, S Sv7 Un
Type of Ltabkg Descri|Uni DrySaturn DrySaturn DrySat ur
Wei ght |kgP|264 2650265 2660264 265(
Porosi % 1 1 1
I ndex Tes Watv\(ir Cl o 0 30 0 30 0. 40
3 - 0.3 0.300.39 0.30d0.39 0.337
Unconfined c UCS MPal 12( 105|12% 110]| 77 75
strength E GPa 65 60 6 5 6 0 6 3 58
Kci MP a 125 120 93
Triaxial com M _ 14 9 11
C MP a 19.6 32.5 30
I U 31 36 41
Sever al tests were dpaeamet @edi o geokemhasni ¢

presented 9ilnFiTga b3 .e s2hows

t he-slidwat.@nt sof

gal | e
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Tabl e 2

Geomechani cal par[a9net er s of rock mass
Type of tes Name of the Number of th

Uni axi al t € 162

Laboratory Triaxial (o 125

Direct shea 106

I ndirect tensi 47

Pl ate beari.i 47

| sittast s Dil ometer t 8 6

FIl at Jack t 9

l3itu shear 3

LEGEND

820 4 VERTICAL DRILLED BOREHOLE
PERFORMED BY M.G.

3-8 4  INCLINED DRILLED BOREHOLE
v WITH AZIMUTH PERFORMED BY M.G

B-423 VERTICAL DRILLED SURFACE BOREHOLE
PERFORMED BY BJVC

VERYICAL DRILLED GALLERY BOREHOLE
PERFORMED BY BJVC

VERTICAL DRILLED GALLERY BOREHOLE
PERFORMED BY BJVC

CHi4  GROUTING BOREHOLE
\'  DILATOMETER & SLOTTER TEST BOREHOLE
4GR3 PORTAL OF GALLERY
@  SPRING
4

Fi.gThe | ocations-soft uga®l]sesi es and in
4. System of discontinuities

General ly, otfheBarkohctki amayssdam consists of four
stabandtpearing capacity. Due to thin to thi
abundant i n Bakhgi asy tdhh@m.majoirntt ageoradade cr e:
from sever al metery$ stbes@ mbueadsantd cidomipzas ed el
i s the | east abundant in the dam site. Usi n
stereographical ma p , thgreseetcanimethleseérededadu

dam, consisting of two major and one minor | i
downstream of Siahkoh syncline. The results c
presented in.Table 3 and Fig 4
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Tabl e 3
Di pdsaamr i ke of available discontinuities in |eft ab
Di B ( Dip di(ec
Di scontinuity s\ Aver a Stan(ja‘Aver< Stapd
devi at | devi a
Bedding planes above 51 10. 2 030 8.0
Bedding planes bel ow t 69 8. 6 216 6.1
J 66 13.5 315 10. 9
x 59 15.0 123 11. 4
N 15 4. 64 031 6.6
5. Left abutment of Bakhtiary dam
| n Bakdhatm,arly06 direct shear tests and 3 in si
parameters were dlef@medand hbno Etkhde5 chiatblobb hb ok §
of 70 1 70 cm in situ. B ys iitrut erger saurhigesgy a hthheea |l ¢

parameters of discontinuities aff 18d3dm site are

Fisher
T Concentrations
DS Bedding ¢ % of total per 1.0 % area

¢

4m K 2m

T 3m '
|
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=13 [
A 1%’{14 4m =
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N=2OOpyonbwn-0O

200000

PELIRG Y L Ev Al

[=Y=t=toteYetotot=t
S506055888888888

TEDVIDORNDAR W
[elelelelelelelelelelelelele]le]
888883888388888
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’ A Lower Hemisphere
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Roughness(%) Jointi ( )
ointing (cm

80 3
o 70 < 70 4
2 60 i o
2 50 ¥ 560 = Beddi
8 30 - g © 40 é i mJ1l
& 120 7 S H
o 10 I g |; ‘ 8 301 é 2 ®J2
O i . - - = Bedding %20- i 2
2 5 ¥ 5 § 5 % e 8 o (N L RN .
& I P &8 = ¢ ° , 5
E & 5 G B2 [ oD & & O
3 o Ve & @b
=]3
C) D)
Fi.gyCharacteristics: 1) filling 2) aperture 3) sur
surfaces in[ BajJkhtiary dam
According to Fig 5, it i's clear that mo s t di
pl anar and smoot h, pl anartanéO0OrocmghAl and jafn
bedding planes are often c¢clay, and calcite, a
Tabl e 4
Geomechani cal parameters (dgfl.3di scontinuities in Ba
. C I
Type of Di sc¢ (kPa) Q
Bedding pl a 280 30
Joints 350 29

To measure shear strength of bedding planes,
nor mal |l oading conditions at GR2 gallery. To

35 cm were selected accorkdengntei it SRMirAttes
done on the three blocks (ST1R2, ST2R2, ST3R2

shear, and the shear | oad, and natur al |l oad v
were mgdsAjikbd shear and nor mal stiffness wvalu
i n |Tea b5 .
Tabi e
Shear amd indfdonmaasishe [ilnd]si tu tests

Bl ock Nor mal st Nor mal st Shear sti

( MPa) ( MPa/ mm) ( MPa/ mm)

ST1R2 8 7.6609 1.7509

ST2R2 8 7.732 1.903

ST3R2 8 7.254 1.698
It is necessary to indshcaate herean Itehfet roewtul besc

abundance.
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To define i n sitduanst rle7s sheysd rianu |l B ack hftriaacrtyur e t es
and underground power house. The |l ocation of
direction of in situ stress at HF1L1 borehol e

stredsticons around Bakhtiary dam were anal ys:e
borehole, the resultd$eof6 which are displayed

Tabl e 6
Thmeasuneditu stressesHMlyL IhykdaraeuHdlce fracture at
. Vertical|l Major Hol Minor Ho Az'|muth
Locatig ( MPa) Stress ( Stress Maj or Ho
Stress
Bor hHoAL®E 5. 35 2. Hb. 3 1. 821. 2 058
e rs Sva Sv3 {
K 18
U 4
08 4 \\
\f\ Py J
- \\, Sv8 // ’__(
P // L» x ;vl Sy A /f// Sv3
P 5 «\_‘\/'“\ CE/A/;U:’ °d
/ BEZ 20 b
Ny 3G svz Sv3
/ Sv4 = //"/ff:;/ " \" &: sv8
/ .\\ ”// ;:/// --;-\ IR I
\\// A sv3
sssss 00 S S
] // s i
/)‘ N ,774/ T—:;\Y
254n500 r‘l :‘ o8 & ,_/ .
\é,\\g ';% / \\\E’Z)//’
8400 \("v; ?\°§ B
i \Q‘E r:?\‘ Sv5 //.‘ S e
\\( 7\13 [ [ Sv5 :
3048300 \\\ ‘](% :}‘(;‘/// = -
OB\Q‘E - T o
8 ‘ ke, 00
Fi.gBorehole | ocation for hydraulic frac

6. Rock slope stability analysis usin@nalytical method

Bakhtiary dam is |l ocated in a strait nearly
|l i mestone | ayer s. Generally, the right abut me
The dip of %dieghteewalalndi § t&d0 height is 490 m ar
to 620m in downstream of Siahkoh syncline ax
wal | s. The first wall -f2ower WivalPdBOhas di pei T
second wal l (mi ddl e -20000 | M Wrafshetghte eh eii goght 1df i X
to indicate that mi ddl e wal l is the major wa

|l ocat ed. Upper wal l i isd doll ea cvea! li.n Tthhee uwpppsetrr evaa
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100 m Wdddr e8ed dip. According to the results o
abut ment , (Figs 4, 5), four major discontinui

definedidsgtiyndtaazt or foll owing the analysis of
show the results obtained from stereographic
According to these results, t here di stopp!l pag:
conditions in the | ower walb. pAsascEdgsn8j de dh
area in the middle and wupper wall s, but becau
set, there 1 s no opltehree sfaanel Urieg.s ,Acdchoerrdei ngs ta p
with intersectamd lodddjimigntplsaente J n middl e an
Hoeking method, if there is a possibility of
bet weceinntansdetbedJddi ng plane in the upstream. [ n

j oi nt. sAlts al, according to the results obtaine
possible toppling failure irneotghrea pnhiidcdalle garnadp hu
concluded that in addition to weak planes <co
value is effective in rock slope stability.

Orientations
D Dip / Direction

45 | 327 :Down Face

69 / 216 : DS Bedding
51 / 030 : US Bedding
66 / 315 :J1
59 / 123 :J2
15/ 031:J3

o or w N R R
3 3 3 3 3

LEGEND

Envelopes of Potential Instability:
M Wedges;

m Plane Failures;

E Toppling Failures;

Equal Angle
Lower Hemisphere
631 Poles
631 Entries

Fi gkiTnematic stabiliity analysis in | ow

Orientations
1D Dip / Direction

70 / 327 :Median Face

69 / 216 : DS Bedding
51 / 030 : US Bedding
66 / 315 :J1
59 / 1231392
15 / 031 :J3

1
1
2
3
4

3 3 3 3 3

5

LEGEND

Envelopes of Potential Instability:
Mﬂﬂ] Wedges;

V////A Plane Failures;

E Toppling Failures;

Equal Angle
Lower Hemisphere
631 Poles
631 Entries

Fi.gKi nemati calsysfibs linymiachd| e wal |
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Orientations

D Dip / Direction

80 / 327 :Up Face

m

1
1
2 m
3 m
4

5 m

69 / 216 :
51/ 030 :
66 /315 :

m 59 /123 :

15/ 031 :

DS Bedding
US Bedding
J1
J2
J3

LEGEND

Envelopes of Potential Instability:

Mwedges:
V////A Plane Failures;
E Toppling Failures;

Equal Angle

Fi.gKinematic stabili.ty analysis in upp

Stability analysis usi Li mit
software was used to assess
based on Li mitodEqwhiilcihbrdam arsestehs s
the safety facthorr acngtomdpagamet ¢ros nasd geomet
software was used for t he Limit equilibrium

geomefr wenddgelaane failure, respectively.

ng Equilibrium me

Swedge fail
wedge f

wedge
t he

Wedge

Wedge

Vol ume:

Wei ght :

tonnes

Line o

Pl unge:

Trend:

I nfor

Dat a
194

f I nt
57.
269.

116

Lengt h:
Persi stence

Jointl(Bedc
m

Joint2(J1):

Fi.gOWedge failure in wall .at |l eft abut

upper
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Dist. to SIo_pUpper Face Width
17.633m 30.248m

Upper Face Height _/I ’
7542ml— Jpper Face Angie 14
Factor of Safety 133 //Driving Force 3500.39 t/m
Driving Force 3500.39Um
Resisting Force | 39674.09tm
Wedge Weight 3831.65¢m Slope Height //
Wedge Volume |1445.91mA3/m | 100.000 m \
Shear Strength | 38980.21/m"2 : \\ =
Normal Force 1558.47 t/m
Normal Force 1558.47m
Plane Waviness 24.0° Slope Angl e
failure in intasmrds aeiptpiesn wiaetl waen | jeditntab:
sof t ware analysi s)

Stability analysis dam eefhis dbuemesi ngt LBakht E
The results of the analysis are presented in
safety factors for pl ane and wedge failure w
sefmit at i[cl.5olMMéhe s hear discontinuities opmartalhmet e
earthquake risk of Bakhtiary dam, the MCE val
equal to DBE=0.28 (Design Basis Earthquake).
f or -ssteartii ¢ rock sl oh& Asst acbainl ibtey saeneanl yisni sTabl e
hi ghealtl ftore static conditions. I n all failur
i mpl ementation of supporit esaydt esm.f eAlys d,asittori o
rel ated tion jtohentuppedr Jwal | On the whobe, it
performed for reinforcement of slope in order
in the |l ong run.
Tabl e 7
Stability analtysaits Bafk hit @ fatr ya ld@atmme n
Safety f ali
. T e q S u ort
LOE?LLZ inysptab Possi bl diTsycpoentoi Statpsspeeimsi Wedge
|l oad
|l oad
Pl ana St abl - - - -
Upper Wedge_ Stabl - - - -
Toppl i Stabl - - - -
Pl ana St abl J 61.3 57.6 4408 m
Mi ddlI e We d g e St abl Beddi ng 100 39.3 940124
Toppl i Stabl - - - -
Pl ana Stab]l J 11.3 10.5 153126
Lower We d g e St abl Bedding| 46.7 40. 8 515t0/2m
Toppl i St abl - - - -
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7. The slope geometry of left abutment

Computatioka(2€Grg)neeiilng

and

A comprehensive model of Bakhtiary dam abut me
Di mensi onal Di stfilvdAn Ed eme mpd eCwvedlgo) pmatdlee tmo d e |
close to the reality considering the wvariati
were chosen as displayed in Fig 12. The model
are shown in Figtdad33 Al mensFogal4dmdedeei cand ge
dam.
ssemm
-
somxm
ssmrm
soman
soman
ssmm
-
—
QUATERNARY DEPOSITES (ALLUVIUM , COLLUVIUM , SCREE, SLOPE WASH, FAN, ROCK FAIl)
—— THINLY TO MEDIUM BEDDED SILTSTOME AND SANDSTONE «* REVERSE FAULT
WITH INTERCALATION OF LIMESTONE % COVERED REVERSE FAULT
[ET DARK GREEN SHALE AND MARLSTONE 7 FAULT
THINLY TO MEDIUW BEDDED DARK GRAY LIMESTONE AND s FAULT INFERRED
© MARLY LIMESTONE WITH THIN SHALE INTERBEDS ~ SUBVERTICAL JOINT
—— MEDIUM TO THICKLY BEDDED DARK GRAY LIMESTONE AND « INCLINED JOINT
m MARLY LIMESTONE WITH THIN INTERBED S +. DIP AND STRIKE OF BEDS
[EZN THICKLY TO VERY THICKLY BEDDED DARK GRAY LMESTONE 4 ANTICLINE AXIS
WITH BIG SILICECOUS NODULES
g&gllﬁhtﬁs;[?og%lggwo%%ﬁl_%%D DARK GRAY LIMESTOMNE WITH £ SYNCLINE AXIS
i GEOLOGICAL UMIT BOUNDARY
THINLY TO MEDIUM INTERBEDDED DARK GRAY MARLY LIMESTONE
mem | A AND SILICEOUS LIMESTONE KINK ZONE BOUNDARY
THINLY TO MEDIUM BEDDED DARK GRAY LIMESTOMNE TO MARLY LIMESTONE — CONTOUR
WITH THIN BLACK LAMINATED MARLSTOME TO SHALE INTERBEDS
MEDIUM TO THICKLY INTERBEDDED DARK GRAY MARLY LIMESTONE = BANK OF RIVER
AND BLACK LAMINATED MARLSTOMNE TQ SHALE P TREND OF GEOLOGICAL SECTION
BLACK SHALE WITH THIN INTERBEDS OF MARLY LIMESTONE
- MATIOM
m MEDIUM TO THICKLY INTERBEDDED DA e Numerical M odeling Limit
MARLY LIMESTONE AND SHALE
Fi.g2T'he boundaries. of the studied ar e,
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Fi.gy3T.he model geometry with geol ogi cal
7.Geometry of joints
I n this research, considering t he | arge vol
di scontinuities, t he smal | er area was chosen
boundari es i n di sconti nuous medi um wmestsel ec
di spl acement variations.
7. Phe dam structur e
To develop the dam structure model, at first
divided into different | evels of height. I'n f
| evfedrs t he abut ment s. The meshed model of t he
(A) (B)
Fi.g4The dam structure model in 3DEC software; a)

downstream
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7.Behavioral model selection

I n selection of Ipehawnidorsalr emesdelo,ndn dlcéyzyntsyabr e
rol es. In this research, for static analysi s,
and coul omb model was ¢ hosTehne fgoero melcehaamalay s ips
conventional concrete applied for the construct
Tabl e 8

Geomechani cal parameters of the concrete for cons

Modul us of defo Poi @rsaotni @ Unit weidght
23.6 0.2 2700

8. The boundary conditions and initial stresses

I n the studied model, the stresses were based
the area were calculated and i mplemented accoc
initial strestsepo gcroanpsh idecearli nygartihaet i ons. The to
cressesstions and perpendicular to river axis v
analyses on model of Fi g. 13. The difference

50met er. Fig 17. shows the | ocation of di ff

di spl acement history in the middle vertical s

Fi.g5Vertical stresses



