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1-Introduction

Karst is a pnenomenon in the earth's crust manifested in the form of various phenomena such as holes and caves in
the surface and underground. In technical terms, the phenomenon of corrosion and dissolution of carbonate rocks
(limestone and dolomite), gypsum or salt is called karst. Studies show that about 25% of the land area is karst
(Milanovic, 1981). Iran has the highest percentage of karst after the United States, China and Turkey and more than
11% of its surface area covered by karst formations. Many urban areas are affected by the karst bed. As a result,
karst systems pose many engineering and environmental problems (Calembert, 1975; Ford, 1993; Williams, 1993;
Johnson and Neal, 2003; Gutiérrez et al., 2008a). The complexity and variety of geological conditions in the karst
are so vast that it makes each research work or structure very unique. Construction on hollow bedrock and sinkholes
is challenging for geoscientists and engineers (Waltham and Fookes, 2003; Waltham et al., 2005; Gutiérrez et al.,
2008b). Design and construction of civil engineering structures in these areas due to unpredictable location,
dimensions and geometry of the Kkarst structure and existing cavities face many problems. In addition, karst
environments, especially karst aquifers, are so vulnerable and sensitive that subtle natural or human changes may
have unintended effects in the short term. (Ford and Williams, 1989). In this research, before designing and
constructing a waterfall and an artificial pond with an output flow rate of 400 litres per second, in the southeastern
heights of Khorramabad due to karst conditions of the study area, comprehensive assessment of karst engineering
geological studies and rock slope stability analysis can be done in different ways.

2- Methodology

For this purpose, in the first step with karst geomorphological studies (such as dissolution cavities), the
karstification of the area was evaluated, and the geological characteristics of the karst engineering site with field and
laboratory studies of physical, hydraulic, resistance, durability and solubility of rock mass were analyzed. Finally,
by study discontinuity by the method of (Scan line) in the rocky slope of the waterfall, while classifying the rock
mass and determining the type of possible landslides, stability analysis using software (Dips, Roclab, Rockplane,
Swedge and Slide), It was evaluated in static mode and contact mode with surface water flow.

3- Discussion and conclusion

This study shows that the design and construction of civil projects in karst areas due to complex and diverse
geological conditions requires the integration of karst engineering geological studies with engineering design
analyses such as stability analysis of rocky slopes. For example, the known possible landslides in the proposed
location of the artificial waterfall in Khorramabad can be stabilized using anchors, bolts, shotcrete and steel mesh.
However, due to the karst conditions of the region, its stabilization, in the long run, will be affected by factors such
as rock mass solubility, water leakage, cavities, joint system and gaps. Accordingly, the risk of possible slippery
slides and the use of cement and shotcrete injection improvement methods in cavities, joints and dissolution cracks
will create environmental problems in the karst environment of the region. Therefore, the proposed relocation will
be a priority due to the increase in construction costs and environmental risks.

*Corresponding author: geotechnical47@gmail.com

DOI: 10.22055/AAG.2020.33794.2127
Received 2020-05-31
Accepted 2020-11-27

804 ISSN: 2717-0764

@08




Winter 2022, Vol 11 (4): 804-824 Adv. Appl. Geol. “\r“

Shahid Chamran U

References

Calembert, L., 1975. Engineering geological problems in karstic regions: Bulletin of the International
Association of Engineering Geology 12, 39-82.

Chen, D., Yi, C., 2017. Study on Roof Safe Thickness of Rock Foundation with Karst Cave and Karst Cave-
surrounding Rock Stability, 4™ International Conference on Mechanics and Mechatronics Research
(ICMMR 2017), 1-6.

Cooper, A.H., Farrant, A.R., Price, S.J., 2011. The use of karst geomorphology for planning, hazard avoidance
and development in Great Britain. Geomorphology 134(1-2), 118-131.

Ford, D.C., 1993. Environmental Change in Karst Areas. Environmental Geology 21(3).

Ford, D.C., Williams, P.W., 1989. Karst Geomorphology and Hydrology. Academic Division of Unwin Hyman
Ltd, London. p. 601

Ghobadi, M.H., Ghorbani, S., 2011. Study of geomorphology karst in Khorramabad city, 7% Iranian Conference
on Engineering Geology and Environmental, Shahroud University of Technology, September 2011, pp. 9.

Ghobadi, M.H., Torabi-Kaveh, M., Miri, M., Mahdiabadi, N., 2014. An introduction to the Karst
geomorphology of the Bisetun—Tage Bostan historical region (northeast Kermanshah, Iran) with special
emphasis on karst development as a serious threat for the UNESCO World Heritage Site, Bulletin of
Engineering Geology and the Environment.

Gutie'rrez, F., Mozafari, M., Carbonel, D., Gomez, R., Raeisi, E., 2015. Leakage problems in dams built on
evaporates, the case of La Loteta Dam (NE Spain), a reservoir in a large karstic depression generated by
interstratal salt dissolution. Engineering Geology 185, 139-154.

Gutiérrez, F., Johnson, K.S., Cooper, A.H., 2008a. Evaporate karst processes, landforms and problems.
Environmental Geology 53(5).

Huang, X., Li, S., Xu, Z., Guo, M., Chen, Y., 2018. Assessment of a Concealed Karst Cave’s Influence on Karst
Tunnel Stability: A Case Study of the Huaguoshan Tunnel, China. Sustainability 10(7), 2132.

Waltham, A.C., Fookes, P.G., 2003. Engineering classification of karst ground conditions. Quarterly Journal of
Engineering Geology 36, 101-118.

Waltham, T., Bell, F., Culshaw, M., 2005. Sinkholes and subsidence. Springer, Chichester.

Williams, P.W., 1993. Karst Terrains, Environmental Changes and Human Impact: Cremingen-Destedt,
Germany, Catena Supplement 25, 268p.

i HOW TO CITE THIS ARTICLE:

' Karami, M., Rahimi Shahid, M., Lashkaripour, G., 2022. Study of engineering geology and analysis of rock
i slope stability in karstic areas. Adv. Appl. Geol. 11(4), 804-824.

DOI: 10.22055/AAG.2020.33794.2127

i url: https://aag.scu.ac.ir/article_16256.html




N

¥ o)l.o.:) AR o)gé AF. . ULM) 4..3)........' Lsoﬁ)ls GMLH” UM) ﬁm.d/'.w;?h
[C

(& 0 )Lwai Jao L) élgi,o).‘ﬂ ‘S&w)lf S| Giuw aowold ‘S)L\.{lg: J.o.l:u 9 (W0 ‘sawl.uwu.o.o) dxdllo

e
Ol edguiio cawgo 8 ol ypgle ouSTiils (ol o 09,5 o pncigos polid o (6,550 (sozeiils

Ol cdgtio (g8 LA qpgle UL ( puilidaaj 09,5 o soitige (olidn) (6550 (552l
29 S5 Lo pedle
Olrl o (g8 olC2 agle oA Sty (pulidnj 09,5 o poiigs (oeolidiaj Ol
IPY- /¥ i b 1PV 1)) sl o

*Karami.mehdi@mail.um.ac.ir

oS

S9zge sloyi> 5 ()l LSl awain g olal i xbawpj Lauld a4 plebl pas clde @ ()I5 bl o (pwiige glaojle Lo 5 (b
Sbeladl Jlael g ail Koy )20l p loalins bl 5l Gl 4 csl (s gl Slaom; 2 pglaie (s 42005 a2lge gob; EMSAe b Wl o0
adlas L)l sl iz slagiy, bl i (egiae il cols cosdse 2o)lS Ll Lo 4 (Ghaghy Gl 0 WS ST 5 (L
(S 5 (Sopd Sleogad (el Jold Loty cnl el w85 18 eslaiul 3)50 (Sow anels gilal Jelos g S5 puaipe (ol
Sglad g )5 drwgd bl Gl mimren el (S aals 0 0ad g ke Gladiled 5l vl cuws 4 S lediges (g pdy Pl 5 (Sdg0ne
S aals 5o Jliml sla ) Jdod 5 et Sl g WD (o) 8 Siwedy cwdipe soualib g S5 (539)58,50055 JISET ¢ cmiigee
S el 0058,5 oolitnl (xaw OF by b wled < e 5 Slial cll> s «(Slide 3 Swedge Rockplane (Roclab Dips) la 330 5
Oizeed 3L 0 6.99 X 107 (M/S) Sl K (6 i Pl ey ol 5 Conl loz o )l5 08, 50 dibaie w5 Lasl 5 a5 ol lis b o o
ool B oy ,SSLs ¢ STl 51 eolatl b oyl caeasly (6lauly a5 sl (gloogs 5 (slogT (slaman £g5 3l ( Soow aels o onds plulis Jleisl sla sl
Sl ol 5 A6 slagtpd) Sawy Gl g sl Slid 0 plass &)5 ) (A6 (darmeden ) OMSs (silululy anpe 4 4z b Ll ol
055 8 Sliae soleiny Jore 5o jltal cole ol @Sy (S5 aelin 45 90,5 (o0 arogi (b
ol o o egimo Ly ( Kiw diold a5, ol Joloes cea )5 uotigro cunlis e 35 oadS SlolS

bl 5l 6l wiligy oo )l slassjle 1) o] o doys 1) dodiio
Sl @i )3 s 3 oad ()5 s b cow g Sygo a ol slbalis a5 cul ) sdiwg 5o slodss T IS
Byslisr 2979 4 1) (Srlem S jlanme g (pwiige SMSEe (L )lS oy A (B yale 50 010 D53y ue) p) g gk 4o Byle g Laojas
Calembert, 1975; Ford, 1993; Williams, 1993; ) )5 S | 25 (Cposlys 5 Sl Ki) 6l (slaKins ool
.Johnson and Neal, 2003; Gutierrez, et al., 2008a e b plez 2 (1459) MaKSIMOVIC s 5. 5 o 42iS
8 Sl ol iz e 53 (oulidine; Ll €535 5 (S SlyyS olacKin wes oo hSts aily ) Buee 5 Jo B sk |,
5 2ole Slage 34 @ ez ]y lojla b Sk sla)5 Sl S Gore agkS Goabea V o pasil 5 et egare ashS Gigeles To Loy
Olyie 4y allzrg 3 (il watns 3llio g ylo0 i iy Siw (5 2 sl 6y lools LS 1y e s JS 51 mye yioshS ankes ¥ Clla g
Sl oo (ot (ulidinmn) Qliire lp Sl Eed9e SO 0o T B YO (duSg ;055 )3 frmej g doyd VY 3ga> Jlie
Waltham and Fookes, 2003; Waltham et al., 2005; ) 5 51,5 slocSins 51150 el 0,3 10 5 Gilos 5555 (gla, 58 orluce
2 eige gloejls csle 5 >k (Gutierrez et al., 2008b S am ol (Milanovic, 1981 ) cul ous JSis J> 8
awaid g ol by Ll ph (398 patie Sde 4 ()5 3bLee i s 0 |y a8 0oy VL A4S 5 g ez S pel slaysiS
2-Sinkhole 1-Karst

A-F


mailto:Karami.mehdi@mail.um.ac.ir
mailto:Karami.mehdi@mail.um.ac.ir

¥ O)Loui} AR 6)50 AKX QLW)

N

e @l S oy T Y,

i) @l aallhe wign Jre S5 Ll 85l
2 bz slagbg, 4 (S asls slul Jelos g ce )5 cwaige
JA Gl 9y9m b ol ol b les 2l 5 5 (Sl

b9 9 0lge
Sglad 5 Siwodgs Jame iy Sl cslllae oS 9 sl p
Sl ol o cen)lS it owlibipe; adllae o cwdige
L S ‘_g).:fo)’.ba $Ls # Hokaie u.»l 6‘)’.’ FEW W 'al.?dl (S Fmae
O JS8) we S gla> egiae Hlia] (Siw amels jo e Vo Ges
5 Ghobadi wlilks 51 w5 (s55)58,50955 JKS (g sl
S o) s solaiul Flyge S oyl o (V21T K
Alols b g SluSs (b o) bl o egian lanl olSiasl g ¢lygw
oy, Julod g 45550 (gl uioren ilasd 3 108 K0S a4 Cond (oS
Solul slaghy) @l (Sow anels jo Jliot sla A54) £95 (et 9
l5dln s 5l b ol Bl b ke el o 5 (Soibiul Cls 4o
5 .o eolizwl (Slide 3 Swedge (Rockplane (Roclab Dips)
aglllas 0 50 ddlaio ;0 ool (g la> Sldiled 5 olKiw] cuxdge aslol

() Jj&) Sl 00l ool QL"‘“‘

2lge sb) OAMe b lgi oo 29290 laoyi> g (S5 jSLe
(oS slaglszel ohiy a5 )lS Slalame ol ol 005
5 b iyl Slni o psbas i wleo 5l Jles
4 Soe obsS slwoyes o 1y atulesl oSt cel (See Sl L
pype sla sy, (FOrd and Williams, 1989) aral acsls of e
5 eiolesl slaazily wiled (g li> 0 Slalllae o )5 Slolis
1095 calee 5 Ll Lol 516 5o adl a8 e (So508555 slais,
9 99750 azdgr w0igy o b casliie gzl )3 Wl b oy, ol 1 il
Xeidakis et al., 2004) x5 )|, solazsl 3,90 Jou3 b0 Sas,
el Gls I Szl & Cel (Kas ole Sl rizad
ol b S8 s (ol laladl Jleel g ail Kt (3,406
b sl les il onizmy Laly) 5 oo )l5 sloadlze el (>
3 48,8 Ojeo Sldlas alex 31 il el dewgd 651wl 5 sl
Sblie (owdipn (oulidim) Sluogas 3 OMUe (owyp pogas
(Xeidakis et al., s 4 oy oo calize slaoiyp ;o )5

Cooper et al., Jiang et al., 2008; Parise, 2008; 2004
Gao et al., Alijaetal., 2013; 2011; Abdeltawab, 2013;
Niu et Parise et al., 2015; Ghobadi et al., 2014; 2014;
al., 2015; Gutiérrez, et al., 2015; Li et al., 2016; Chen

5,5 o Lzl Huang et al., 2018; and Yi, 2017)

@ 17 b pias axdgm g il cSle 5l S gk Gl
P Lebles el (Bpb ogiz olelis)l )0 adb jo g Fre 2y 5

Eyan HLial oSl jo Kiw (5 pSorme 5l (g pgal -\ S
Fig. 1. View of rock drilling in artificial waterfall station.
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Table 1. Location of stations and drilled boreholes

Station Borehole X (UTM) Y (UTM)
BH1 254711 3707274

BH2 254713 3707275

Artificial BH3 254710 3707277
Waterfall BH4 254712 3707273
BH5 254710 3707275

BH6 254719 3707267

Sang Surakh - 254681 3707166
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Table 2. Characteristics of Geomorphological Forms of Karst in Sang Surakh station (Ghobadi and Ghorbani,

2011).

Phenomenon UTM Elevation Apertu(r;)Length Aperture Width (m) Size (m)
Cave 1 JozeaRee 1218 2.2 1.35 5.3
Cave 2 RPN 1218 355 1.2 25

Karstic arch éz g%g;’?gé 1268 4.34 9.8

P 1268 2.9 15 11

Karst Cavity o g;g;‘%g 1268 15 1.45 0.92

RPN 1270 3.2 113 055

éj g?g;‘%g 1218 7.76 4.2 7.5
i PRp O 1269 7.6 045 0.75

X= 0254682 1268 47 0.2 0.35

Y= 3707166

éi g?g‘;igé 1268 75 0.2 0.35

Y *’5' 8 WK N
(G Jlods Coom 43 290 a3l5) e shol il (SieiSs sl Sonss -F s
Fig. 4. Tectonic fractures of the main slope of the waterfall (view to the northeast).

AY-



¥ O)Lo..:;'J AR 6)50 AKX ULA.AM)

N

A pdy (69,5 wlid [y ""f‘u’/’“ﬁ’?""

(Nl 00> ol e a0 )lga0 (B33 5l 6 pglar -0 5B
Fig. 5. View of the slope slide with the dissolved hole.

a

(g3l 5 shiaal B ondg) (59,5 slaails) BH2

o &%

Fig. 6. Microscopic image of the limestone of borehole BH2 (bright spherical beads of Foraminifera and Radioler).

b S Sl 3 58 Doy
(S (b Sl SRy b Cw )5 A g b S5
Gsbie rep 4010 s bLI I S Pl ol g (6 230354
S5 aleS £ 5l osel Cawd 4 ladiges slp Sluogar lawgie
¥ sz 50 ol @l g a3 )15 obs)l 0550 yie Ve Ges 4 S

Sl oo &3l

A

(XRF) S (gl il yodd iulo3T

la by, (5380 5l (o (KRF) (SOl (il jsls g, a0 50
4 i el mls abbe S ol oS 5 ms Gl
5 oS QST oy 106 YU 00 )T o Lo yolie slalS] O s
SeS b ()5 slp drngi 4 gt ST o) (99 b
ool 00305 @l ailaie ;o gleend LT 51 Jols mls 0,5 salss
(¥ Jgoz)



N

¥ O)LQA:J AR 0,90 AR KR QLM) d“’eJ‘“""‘) 6‘>)'~’)'5 tS“)L"w ) }lmu,r;,:,?/],
Qo0 e XRF LT s =Y Joos
Table 3. Results of XRF analysis in percent.
SiO; Al,O3 Fe 03 CaO MgO K20 P>03 SOs L.O.l
2.1 0.71 0.33 54.68 0.25 0.11 0.1 0.16 42.21

o0 (5 S0 3he (S (ladiged (SlSe 5 (S 58 loogas ¥ Jur
Table 4. Physical and mechanical properties of rock samples.

Parameter
n% 3.45
e 0.03
Percentage of Water Absorption 1.38
®% 0.48
Dry 2.56
Density(gr/cmd) Moist 2.58
Saturation 2.60
Gs 2.64
Hydraulic conductivity (m/sec) 2.4 x10°8
. (1d2) 99.82
Durability (Ids) 99.74
Oc (Max) 50% MPa 371
C(Kg/cm?) 0.98
Shear strength
(Saw Cgt) ¢° 34.6°
Is (50) 5.18
Dry UCs 57.39
BTS 11.04
. Is (50) 4.65
p(‘li/'lrl‘pta)Load Moist UCS 44.13
BTS 9.18
Is (50) 4.03
Saturation UCS 32.6
BTS 6.83
Dry 47.81
E (GPa) Moist 53.56
Saturation 58.2
Dry 0.29
v Moist 0.30
Saturation 0.31
Dry 4.99
V,p (kmls) Moist 5.33
Saturation 5.59
Dry 2.68
Vs (km/s) Moist 2.80
Saturation 2.92
Solubility (m/s) pH (6.5-7) 6.99 x 10
Rock Classification CM
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Table 5. RQD values of boreholes.

Borehole RQD (%) Rock Quality
BH1 39 Poor (weathered rocks)
BH2 32 Poor (weathered rocks)
BH3 43 Poor (weathered rocks)
BH4 61 Fair (Moderately weathered rocks)
BH5 13 Very poor (Completely weathered rock)
BH6 70 Fair (Moderately weathered rocks)
S 0395 RMR gusaas - & Jgo
Table 6. RMR classification of rock mass.
Parameters Artificial Waterfall slope Basin
values condition values condition
(li”)'ax'a' comp. strength 7 50-100 MPa 7 50-100MPa
C,
RQD 8 25-50 % 3 <25 %
Discontinuity spacing 18 2-2.6 m 5 <0.06 m
Condition of discontinuity 25 Sum of 5 Parameters 25 Sum of 5 Parameters
surfaces
Groundwater conditions 15 Dry 15 Dry
C_)rlenta_ltlo_n_of -32 Fair -15 Fair
discontinuities
RMR 41 40
Q Glayzally (pojlel -V Jgor
Table 7. Scoring of Q parameters.
Q Artificial
Value Description Waterfall Type of rock RQD In I Ja Jw SRF
5.7 Poor Slope Limestone 43 9 3 1 1 2.5
1.06 Poor Basin Limestone 25> 9 3 3 1 2.5
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Fig. 7. Rose diagram in Dips software.
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Fisher
Concentrations
% of total per 1.0 % area

0.00 ~ 3.00 %
3.00 ~ 6.00 %
6.00 ~ 9.00 %
9.00 ~ 12.00 %
12.00 ~ 15.00 %
15.00 ~ 18.00 %
18.00 ~ 21.00 %
21.00 ~ 24.00 %
24.00 ~ 27.00 %

B  2700~3000%

No Bias Correction
Max. Conc. = 28.0487%

Equal Angle
Lower Hemisphere
13 Poles
13 Entries

DIips J58la 5 o o) oaiws iles -A S
Fig. 8. Joint sets in Dips software.
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Table 8. Dip and dip direction of main joint sets.

Joint set Dip Dip Direction
Waterfall Body 75 240
Joint set (1) 77 304
Joint set (2) 42 231
Joint set (3) 68 185
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Fig. 9. Values of shear strength of rock mass discontinuous surfaces in water fall site.
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Fig. 10. Calculating the factor of safety of plane failure in Joint J2.
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Table 9. Calculate the factor of safety and geometric characteristics of the slide in joint J2.

Water
FOS Resisting Wedge Wedge Shear Normal Plane Force on
Force Weight Volume strength Force Waviness Failure
plane
1.19 2458 t/m 3076 t/m 1139 m3/m 2085 t/m2 2111 t/m 10° 174 t/m

Upper Face Height

4083 m|__

Slope
50.00

Height
om

Dist to Slope Crelst
13397 m I

Upper Face Width |
46,668 m |

l/_irzurmer FaceAngle 5.0 °

t
4
/ Driving Force 1612.51 t/m

MNormal Force 2414.35 t/m

ure Plane Angle 42.0°° ater Pressure 13.521 tm2

S ol U oylebsl o i - V) SCS
Fig. 11. Factor of safety using Anchor.
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Table 10. Stabilization of plane failure using Anchor.
FOS 1.52
Driving Force 1612 t/m
Resisting Force 2449 t/m
Wedge Weight 3076 t/m
Wedge Volume 1139 m” 3/m
Shear strength 2322 t/m"2
Normal Force 2414 t/m
Plane Waviness 3°
Active Bolt Force 0.00t
Active Bolt Angle 0°
Passive Bolt Force 0.00t
Passive Bolt Angle 0°
Water Force on Failure 273t/m
Plane
i sl Sleogar =V oo
Table 11. Characteristics of the proposed anchors.
No Angle Capacity Length (m) Anchor Length
(m)
1 0° 100 t/m 35 10.9
2 0° 100 t/m 20 7.5
3 0° 100 t/m 48 8.3
4 0° 100 t/m 40 8.5
5 0° 100 t/m 15 6.3
6 0° 100 t/m 25 8.4
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Fig. 12. General position of sliding wedges.

Fig. 13. FOS = 1.47, wedge failure on joi
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Fig. 14. FOS = 1.16, wedge failure on joints J2 and J3.
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Table 12. Safety factor of the created wedges.

No. Wedge FOS
1 J1-J2 1.42
2 J1-J3 1.47
3 J2-J3 1.16

J3 5\]1 0,0 64 .)L';u‘ c; 50 Lgbl.er.m.u dL&:)S.J Corog )| @L«u—\? JS.M:

Fig. 16. View of the position of the proposed anchors in the wedge created by joints J1 and J3.
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Fig. 17. The the geomechanical parameters of the waterfall rock mass.
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Fig. 19. Slide plane and safety factor before water flows on the slope.
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Fig. 20. Slid plane and safety factor after water fall utilization.
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