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ABSTRACT 

 

The stability assessment of sedimentary rock slopes of the area 

surround Garin Majjed archeological village which lay on cuesta 

shape hill in Wadi Dawa'an - East of Yemen was carried out. All 

important factors affecting slope stability in the area such as 

differential weathering, rainfall and runoff, sewage, discontinuities 

trends and inclinations, slope face orientation, and mechanical 

properties of rocks and joints filling materials were evaluated. Direct 

shear test of joints filling materials showed that the friction angle (Φ) 

values range between 11˚ and 31˚ and cohesion (C) Values between 

0.00 and 0.5 MPa. The compressive strength (cσ) values of the 

nodular limestone rocks is 66 MPa and for shaley marly sandstone it is 

12 MPa. It was found that  rock fall is the main mode of failure in the 

area, while secondary toppling and/ or plane sliding are probable to 

occur. Some remedial measures are proposed to protect the slopes like 

erect well seal drainage path, supporting the toe of the dip slope and 

the overhanging parts, as well as grouting of joints by convenient 

filling material. 
Keywords:  Slope Stability, Garin Majjed,  Archeological Village, 

Cuesta shape, Yemen. 

 

 
1. INTRODUCTION 

The study area is located at Wadi Leimen, the western tributary of Wadi 

Dawa'an which is 600 km to the south – east of Sana’a city; capital of Yemen 

(Fig.1).  Wadi Leimen is U-shape Wadi to mountainous area with hot dry 

climate. The annual average temperature ranges between 9- 42c and the 

annual precipitation ranges between 50-150 mm/year (Al-kharasane, 2005) 

with a considerable vegetative cover. 

This research aims to evaluate the slope stability  of the area surrounding 

Garin Majjed archeological village which is one of the most important tourist 

villages (Photo.1) in Wadi Dawa'an  (Ben Slman, 2007 and General Tourism 

Authority, 1999). 
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Figure (1): Yemen map showing the location of study area. 

 

 
Photo (1): Side view of Garin Majjed  archeological village. Photo direction south-east 

 

The important factors affecting slope stability in the study area were evaluated. These 

include differential weathering and erosion, rainfall and runoff, sewage, discontinuities 

trends and inclinations, slope face orientation, engineering characteristics of rocks and their 

discontinuities as well as determining the type and direction of failures.  

The engineering characteristics of the rock mass and discontinuities were described 

according to the geological society engineering group working party (Anon, 1972). The 

relationship between slopes faces and beds attitude are classified according to Al-Saadi’s 

slope classification (AL-Saadi, 1981). The inclination of slope (or dip of strata) is indicated 

by two numbers, the one to the left (three digits) represents the direction and the one to the 

right (two digits) represents the dip angle. The symbol (OH) is used for overhanging slopes. 
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Stereographic projection was carried out to show the relationship between slope faces and 

discontinuities using Rock Pack III computer program. 

The laboratory tests include performing a compressive strength test for 6 samples of 

nodular limestone and shaley marly sandstone as well as shear box test for 5 samples of 

discontinuities filling materials to estimate the two shear strength parameters; friction angle 

(Φ) values and cohesion ( C ) values. The tests are carried out in the laboratory of the 

ministry of public works & highway in Sana'a. 

 

2. GEOLOGY OF THE STUDY AREA 

The study area is located to the east of the Arabian shield as a part of the Arabian shelf   

(Beydoun et al., 1998). It is affected by faults and joints which associated with the opening 

of the Gulf of Aden since Oligo- Miocene. The dominant trends of these geological 

structures are NW-SE and NE-SW (Fig. 2). 

 

 
 

The Garin Majjed archeological village stands above cuesta shape hill with a dip (back) 

slope of 295 30/ ,  scarp- overhanging slope (090/OH) and Southern side slope of  

180/80-OH (photo2 & Fig. 3). The average dip of contact between two rock units of the 

cuesta is 270/26.  The upper part of the cuesta shape belongs to the Umm er Radhuma 

Formation (Upper Paleocene) which consists mainly of yellow and grey nodular limestone 

with some marl while the basal part belongs to Mukalla Formation (Cretaceous) which 

consists mainly of sandstone with some shale, silt and marl. Jeza formation (Early Eocene) 

 Figure (2): Geological map of study area (Modified after Robertson Group, 1990) 

 

 
   Garin Majjed archeological village 
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outcrops to the east, south and west of study area. This formation belongs to Hadramawt 

Group and consists of a series of yellow and pink papery shales with beds of marl and 

limestone (Beydoun et al., 1998). 

 

3- ROCK MASS DESCRIPTION AND SLOPE STABILITY ANALYSIS 

The Cuesta shape rock mass outcrop in Garin Majjed archeological village area consists of 

two rock units as mentioned before ( Figure 2 ). In the upper part, a 12 m thick layer is 

exposed. It is grey, fine grained, very thickly bedded, moderately to very widely spaced 

joints, slightly weathered, nodular LIMESTONE, strong with uniaxial compressive strength 

(σc) of 66 MPa.  The 5 m  thick layer in the lower part of slopes  is  light yellowish brown,  

fine to medium grained,  very thinly bedded, closely spaced joints, moderately to highly 

weathered, shaley marly SANDSTONE moderately weak with compressive strength (σc) of 

12 MPa.  

The limestone layers are cut by two main cracks, one in the attitude of 285/62 and the 

other with attitude of 005/86. Stereographic projection of these two main cracks is shown 

on Figure 4D. The horizontal sandstone layers are cut by three sets of joints, S1, S2 and S3. 

The average dip of S1 joints is 265/87 and the joints spacing are of >3 m. The persistence 

is about 2 m on the bedding planes and slope surfaces. The joints are almost close. The 

average dip of S2 joints is 205/90 and the spacing ranges between 0.25-0.60 m while the 

persistence ranges between 0.20-0.40 m on the bedding planes and they are almost close. 

The average dip of S3 joints is 113/90 and the spacing ranges between 0.20-0.40 m, their 

persistence ranges between 0.20-0.70 m on the bedding planes and they are almost close. 

Stereographic projections of S1, S2 and S3 are shown on Figures 4 A and C. 

 

 

 
 

Photo (2): Side view of cuesta shape showing  different slopes around the village. Photo 

direction to the north. 
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Figure (3): Satellite image showing the areal distribution of slopes in study area, (Google earth). 

 

 

The areal distribution of slopes in the study area is shown in Figure 3. It can be divided 

into four main slopes. These are: 

 

(i) Dip (back) slope 
The slope is close to the main road as shown on Photo 2. It is 45 m high and 60 m long 

parallel to its trend. The slope inclination is 295/30 with average dip of 270/26 and it is 

daylighting at right part. According to Al-Saadi’s slope classification this slope is parallel 

slope with 15 divergence angle and left emergent concordance (Fig. 4A & B), 

 

(ii) Scarp slope 

This slope is 15 m high and 20 m long parallel to its trend. The slope inclination is 

088/OH with average dip of 270/26 (fig. 4D). According to Al-Saadi’s slope 

classification, it is a parallel slope with 02 divergence angle, right emergent and 

disconcordance. 
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              A. Dip (back) slope                                                        B. Wet state dip (back) slope with probable plane sliding 

 

     
 

             C. Southern side slope with probable wedge sliding.     D. Scarp slope with probable Rockfall 
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Figure (4):  Stereographic projections showing the relationship between slopes (thick great 

circles), ()contact surface, () cracks, ()  joints S1, S2 & S3, and area of 

potential sliding for friction angle of 31 & 11.  

 

(iii) Southern side slope 
The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is 

180/80-OH) and the average dip of contact between the  two rock units of the cuesta 

shape is 270/26 (Fig. 4C). According to Al-Saadi’s slope classification, it is orthogonal 

slope with 90 divergence angle. 

 

(iv) Northern side slope 

The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is 360/23 

with average dip of 270/26. According to Al-Saadi’s slope classification, it is orthogonal 

slope with (90) divergence angle (AL-Saadi, 1981). 
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4- RESULTS AND DISCUSSIONS 

The laboratory tests include performing of compressive strength as well as shear box tests. 

The average compressive strength of fresh to slightly weather nodular limestone (σc) is 66 

MPa which indicate strong rock. This value decrease rapidly by weathering resulting from 

seasonal rainfall and runoff as well as from local sewage. For fresh to slightly weather 

shaley marly sandstone, the average compressive strength is 12 MPa. This value indicates 

moderately weak strength rock. Evaluation of the two shear strength parameters namely 

friction angle (Φ) and cohesion (C) for unconsolidated filling materials of discontinuities 

indicate Φ = 31˚ and C = 0.22 MPa under 16 % moisture content and Φ = 11˚ and C = 

0.013 MPa. under moisture content of 29%. This mean that the friction angle of 

unconsolidated materials with more moisture content is smaller than sliding plane (contact 

surface) inclination which has dip of 26 
The discontinuities dissected the upper back slope as well as the exfoliation weathering 

of limestone help rainfall and sewage to penetrate inside the rock mass and reach the 

jointed marly sandstone. This resulting in disturb slope stability of the area. The scarp slope 

and southern side slope are strongly affected by this action; therefore, rockfall failure is 

dominant. Stereographic projection indicates wedge sliding along southern side slope but 

due to moderately wide spaceof joints, the rockfall occurs instead of wedge sliding for 

small rock fragments.  

The northern side slop is rather stable. Although the dip (back) slope is stable at present, 

it may reach a critical state of secondary toppling (Hoek, E. & Bray, J.W., 1981) or plane 

sliding in the future if toe cutting by rabid differential weathering resulting from surface 

sewage and seasonal rainfall and runoff continue. 
Because this village is one of the most important tourist villages in Wadi Dawa'an, and 

due to its heritage value, it is necessary to take some construction measures to treat the 

instability problem of the dip (back) slope, southern side slope and scarp slope. The 

following treatment may achieve: 

1- Removing the unstable blocks which are liable to fall in the scarp slope. 

2- Erecting well seal drainage conduit. 

3- Supporting the toe of the dip (back) slope and the overhanging part of the southern 

side slope by retaining wall. 

4- Grouting of discontinuities by convenient filling material like cement in order to 

increase the cohesion of the different parts of the rock mass and to prevent water 

infiltration to the lower part of the slope. 

 

5- CONCLUSIONS 

1- Weathering is the dominant cause of failure in the study area and most of 

discontinuities help to separate the rock blocks out of the slope. 

2- The northern side slop is rather stable. 

3- Rockfall is the main mode of failure that occurs in scarp and southern side slopes.  

4- Sliding and/ or toppling are the probable mode of failure in dip (back) slope. 

5- The treatment must be applied with well aspect. 
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 ملخص

في ُذٍ الدراسة جن جقيين إسحقزارية الوٌحدرات الصخزية الوحيطة بقزيةة قةزى هبجةد الأةزيةة ّ الحةي جقةم علة  هزج ةم 
شةةزا الةةيوي.  إ  جةةن جقيةةين جويةةم العْاهةةت الوةة ةز  فةةي عةةدم  -هةةي الصةةخْر الزسةةْبية بكةةكت الكْيسةةحب فةةي ّا    ّعةةي 

سقْط الوطز ّالسةيْ،،  الصةزا الصةحي،  اججةبٍ ّ هيةت اعًقطبعةبت،  الإسحقزارية  في الوٌطقة هثت الحجْية الح بضلية، 
الوٌحدر،  ّ الص بت الويكبًيكية للصخْر ّ الوْا  الوبلئة للاًقطبعبت.  أظِزت ًحبئج فحص القةص  َاججبٍ ّ اًحدار ّج

( بةيي cقةين الحوبسة)  ّ  11  ّ31( جحةزاّ  بةيي Φالوببشةز للوةْا  الوبلئةة لل ْاصةت أى قةين ساّيةة اعححكةبل الةداخلي  
هيقبببسةكب،  12هيقبببسكب، للصخْر الجيزية العقديةة ّ  66هيقبببسكب،. أهب قين الوقبّهة اعًضغبطية فكبًث  0.5ّ  0.00

للصخْر الزهلية الوبرلية الط لية.  خلصث ُذٍ الدراسةة إلة  أى ًوةظ السةقْط الصةخز  ُةْ اعًِيةبر السةبئد فةي الوٌطقةة 
دّخ اًِيبرات هي ًْع اعًقلاة الثبًْ  ّ / أّ اعًشعا الوسحْ .  بٌةبءا علة  ًحةبئج  ُةذٍ الدراسةة كوب جْجد اححوبلية لح

جن اقحزا  عد  هي الإجزاءات الْقبئية لحوبية هٌحدرات هٌطقة الدراسة هثت إًكبء قٌْات جصةزيف هبطٌةة،  جةدعين أسةبص 
 لئة هٌبسبة.س ْ  هٌحدر الويت ّ الأجشاء الوعلقة  ّ حقي ال ْاصت بوْا  هب
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