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Abstract

Engineering geological study of rock slope stability in two stations lying in the
SW of Haibat Sultan mountain, along the Kalksmaq - Koisanjaq road was carried
out. At each station, rock slopes and discontinuities were comprehensively surveyed
and the relationships with failures were determined. The limestone rock was
described in engineering terms, the types of failures recorded during field study were
rock roll and toppling whiles the probable failures were sliding, toppling, and rock
roll. The study also revealed that the factors affecting slope stability in the study area
were slope angle, height, dip of strata, and discontinuities (which are almost
perpendicular to the bedding plane). The laboratory test, of the rock samples (point-
load test) showed that the average value of compressive strength of the rock for the
study area is about 192 M.Pa. Landslide possibility index (LPI) classification of
Bejerman (1998) is applied to the study area, it shows that slopes of both stations lie
in the category IV of moderate (LPI). The hazards related to the (LPI) are also
moderated (LPI). Some remedial measures were suggested to slopes, such as remove
of unstable blocks, to avoid further failure problems and safeguard the slopes in the
future.
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Introduction

The study area lies in SW of Haibat Sultan mountain, along the Kalksmaq - Koisanjaq road, about
50km north west of Dokan city in sulaimaniyah government as shown in Figure-1. This area is very
important because of firstly its contains the road that connects between two important cities, Kalksmaq
& Koisanjag, and secondly the slopes alongside the roads is consists of the limestone that use as
cement industry and building materials. These slopes in some parts are unstable. The climate of the
area is characterized by the annual rainfall (700.2) mm. The temperature shows annual average (16-20
°C), which varies from minimum (50 °C) in August to minimum (3.1 °C) in January, and below (zero)
in some period. These variations in climatic conditions effect on mechanical and chemical weathering
of the rocks exposed in the area, and effect on the slope stability.

The aim of this paper is to study and analyze the unstable slopes, the acts of joints and bedding
planes, and mode of failure. Therefore, two sites have been selected they are characterized by
occurrence of failures in the rock slopes; this instable slope makes hazards on land. In this paper the
attitude (inclination or dip) of slopes or layers are referred to by two numbers representing the
direction to the left and the angle to the right. The stations were studied in detail; the study covered the
slope. Descriptions of slope and underlying layers from the structural, lithological and engineering
points of view are depending on the reports of [1-5] giving the nature of failure, the infusing factors,
and naming the mode of failure.

Geology of the study area

The formation exposed in the studied area is Pila Spi ranging in age from Mid-Late Eocene [6].The
resistant Pila Spi Formation from South a conspicuous ridge between the recessive weathering Gercus
and pars formation throughout the High Folded Zone. The Pila Spi Formation is 100-200m thick. The
upper part of the formation comprises well bedded, bituminous, chalky, and crystalline limestones,
with bands of white, chalky marl and with chert nodules towards the top. The lower part comprises
well bedded hard, porous or vitreous, bituminous, white, poorly fossiliferous, limestones, with algal or
shell section. In the supplementary type section, it consists of dolomitic and chalky limestone with
chert nodules. The formation was deposited in a shallow lagoon. Fossils are abundant and indicate a
late Eocene age. In N Iraq formation may be party of Middle Eocene age to the NE the Pila Spi
formation oversteps the Gercus Formation: small outliers of Pila Spi Formation (containing beds of
red shale) unconformable overlie older tertiary sediment in the Zubair area [7]. The upper boundary is
unconformable throughout. The overlying sediments are mostly of Miocene age. Structurally, there are
money geological structures in this studied area Haibat Sultan mountain. The length of Haibat Sultan
mountain is about 1609m and its high is 1230m it is axial trend N50W.the dip of its beds in SW part
about 28-30°.

Different types of fault exist within the study area; all are associated with anticline. The first is the
thrusts are believed to be developed simultaneously with the folding [8] and there are two types of
faults in the studied area, and the second is transversal-strike slip system. The geomorphology of
studied area is controlled by structure and lithology. The lithological variation of the stratigraphic
units helps to increase the differential weathering and erosion [9].
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Figure 1- location of study area (by Bing map)
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Laboratory work

The point load test [10], [11] and [5] was carried out on limestone (in which slope failure has
occurred) to find their unconfined compressive strength (6c) by indirect method. It was found that (5¢)
values is about 192Mpa and that means it is very strong.
Slope stability analyses

There are many failures accrued along the Kalksmaqg - Koisanjaq road in SW part of Haibat Sultan
mountain. Near Al Fatha area therefore two stations (sites) have been chosen in that area to analyses
the slopes
e  Station No.1

The station lies on the SW part of Haibet Sultan mountain within Pila Spi Formation, along the
Kalksmaq - Koisanjag road Figure-1. The length of the slope is about 20m, and (6m) average of
height, its oriented (265/62) and the average dip of beds (194/25) Figures-2,3. The exposed rocks in
slope face are light creamy to yellowish brown, fine grained, thinly to medium bedded, containing
some facility (lamination 1-5cm) very closely to moderately widely spaced joints, slightly to
moderately weathered, LIMESTONE, very strong with average 6¢=192 MPa, and slightly to highly
permeability, Figure-2. The rock mass is cut by two main sets of sub-vertical joints, in addition to the
bedding plane Figures-2,3.The first set [sj1(bc)], is with an average dip (080/88), with length range,
between (0.1-8.6)m, open with range between (2-30)mm, empty to filling with limestone sediments,
very closely to moderately widely spaced joint. (0.05-0.58)m. Figures-2,3.The second set.sj2(ac), it
average dip is (338/86), with length average between (0.3-0.7)m, open with ranges between (2-25)mm,
filling with limestone sediments, very closely to moderately widely spaced joints (0.04-0.06)m. There
are some of facility and disintegration in rock mass LFjgure-Z.

»

Figure 2- Slope of station No.1 at SW of Haibat Sultan Mountain. Kalksmaq - Koisanjaq road. A- General front
view showing the high and inclination of slope, bedding plane, SJ1, SJ2, toppling and rock roll, and
some of separated rock fragments. B- Side view of the slope showing the SJ1, SJ2, so trapping, rock
roll, and probably of sliding and separated fragments. C-Side view of slope showing the SJ1, SJ2,
toppling and rock roll, and some separated rock fragments. D- Close views showing SJ1, SJ2, fractures,
disintegration in rock mass.
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Figure 3- Showing the relationships among slope, bedding planes, discontinuities, and models of occur and
probable failure at station No.1 in SW of Haibt Sultan mountain Kalkasmag-Koysinjag.

The main mode failures that occurred in the rock mass in this station are rock roll, toppling, and
disintegration of rock fragments in which bedding plane acts as basal surfaces (B.S), SJ1, acts as back
release surface (B.R.S), and SJ2 acts as lateral release surface (L.R.S). Figure-2,3. The probable types
of failures in future in this station are sliding, toppling, and rock roll. In sliding, the daylighting slope
at this station is favorable geometrically for plane sliding Figure-2a, b, c, the bedding acts as sliding
surface while SJ1 act as (B.R.S) and SJ2 acts as (L.R.S).

e  Station (site) No.2.

The station lies on the SW part of Haibat Sultan mountain within Pila Spi Formation, along the
Kalksmagq - Koisanjaq road, it is located about (5)m, NW of station No.1 Figure-1.

The length of the slope is about (15) m, and (6)m average of height, its oriented (256/60),average
dip of bed is (205/28), Figure-4, 5.

The exposed rocks in slope face are light creamy to yellowish brown, fine graind, thinly to medium
bedded, very closely to moderately widely spaced joints, slightly to moderately weathered, limestone,
very strong with average 6¢=192 MPa, and slightly to highly permeable, Figure-4.

The rock mass is cut by two main sets of sub-vertical joints, in addition to the bedding plane,
Figure-2,3. The first set is SJ1(bc), its average dip (065,84), with length ranges between (0.1-0.6)m,
open with ranges between (2-30)m, empty to fill with limestone sediments, very closely to moderately
widely spaced joint,(0.07-0.6)m. The second set is SJ2(ac), its average dip (318/88), with length
average between (0.4-0.8) m, open with ranges between 3-27 mm, filling with limestone sediments,
very close to moderate wide joints (0.05-0.7)m. This station is very hazardous (danger) because the
Conditions of sliding are available, Figure-4. Where the daylighting slope at this station is favorable
geometrically for plane sliding. During the sliding the bedding planes act as sliding surfaces, while
SJ1 acts (B.R.S) and SJ2 acts as (L.R.S), also the rock roll is probable to occur in this slope of the
station Figure-4,5.
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Figure 4- Side view of the slope in station No.2 in Kalkdshag—Koysinjaq road shows height of slope SJ1, SJ2,
bedding plane, and separated blocks.

Landslide Possibility Index (LPI) in the studied area

The landslide possibility index (LPI) of [12] and Hazard category that corresponding to (LPI) also
of [10] are applied to the slopes of the two stations that have been selected. This estimation system
considers characteristic features for the slope estimation in the field and depending on ten factors.

Figure 5- Shows the relationship among slope, bedding planes, discontinuities, and models of occur and
probable failurs at station No.2 in SW Haibt Sultan mountain Kalkasmag-Koysinjag.
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The ten parameter of [12] classification are calculated for each station in Table-1.

Table 1- The calculated LPI parameter in studied station

LPI for st.
LPI parameter LPI for st. No.1 Nob.2
1- Slope hight 1 1
2- Slope angle 3 3
3- Grade of fracture 1 1
4- Grad of weathering 2 2
5- Grade of discontinuities 1 1
6- Spacing of the continuities 2 3
7- Orientation of the discount. 4 4
8- Vegetation cover 1 1
9- Water infiltration 1 1
10- Previous land sliding 1 1
Total 17 18

The results of the (LPI) calculation of ten parameters for the slopes in two stations in table (1), and

according to the hazard categories, shown in Table-2.

Table 2- The results of (LPI) calculation and category (LPI) and Hazard

St. No LPI (LPI) category Hazard category
1 17 (IV) moderate (LP1=16-20) moderate (LPI=I11-1V)
2 18 (1V) moderate (LPI=16-20) moderate (LPI1=111-1V)

From the results it appears that there is moderate landslide possibility at the two studied stations,

and the landslide hazard of the category of (LPI) is also moderate.

Co
1.

2.

nclusions
The slopes of studied stations are daylight slopes which are geometrically favorable for plane
sliding
The main failure modes are rock roll, toppling, in addition to disintegration of rock fragment of

various sizes (few centimeters up to 20 cm), probable types of failure in future are planer sliding,
toppling, and rock roll.

3. Two sets of joints are present SJ1 (bc) and SJ2 (ac) in addition to the bedding planes, where SJ1
(bc) acts as back release surface, SJ2 (ac) act as lateral reals' surface, and bedding planes act as
basal surface for rock roll and toppling.

4. the compressive strength of the rock is very strong with average 6¢ = 129 MPa.

5. The slopes in both stations are moderate landslide possibility and moderate landslide hazard,
when the landslide possibility index (LPI)and hazard category corresponding to (LPI), according
to Bejerman classification (1998) (LPI)values (category of LPI1=16-20), this requires treatment.
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