J. Al Azhar University –Gaza 2004, Vo l. 7, NO. 2 P 15

-26

LANDSLIDES IN THE WHITE MOUNTAIN (GEOTECHNICAL STUDIES AND ENGINEERING TESTS)

Isam G. Jardaneh^{(1)}, Jalal Al-Dabeek^{(2)}, Abdel hakeem Al-Jawhari^{(3)}

(1) Department of Civil Engineering, Faculty of Eng ineering, An-Najah National University, Nablus, Palestine

(2) Director of Earth Sciences and Seismic Engineer ing Center, An-Najah National University, Nablus, Palestine

(3) Projects Engineer, Northern West Bank, UNDP, Na blus, Palestine

Received: 28 April 2004 / Accepted: 27 February 200 5 Abstract: The White Mountain area in the city of Nablus, Pale

stine, had severe landslides in the year 1997. Necessary studi es to find out the causes and to overcome this problem were carried out. This included surveying of the area, geotechnical studies (digging out five boreholes, taking necessary samples, and conducting laboratory tests), and slop e stability analysis. The factor of safety was found to be more than one (bet ween 1.4 and 1.8), and this indicated factors other than the natural slope caused the sliding in the White Mountain. It was found that the main causes o f landslides were the cuts in the lower part of the area. After the cause s for

INTRODUCTION

Landslides occur in many places around the world, e specially the mountainous areas. They cause great danger to struc tures and people close to them. They occur when the component of gravity i s large enough so that the driving force overcomes the resistance form the shear strength of the soil along the rupture surface. The stability of the slo pe in not an easy task (1), it depends on soil stratification, shear strength para meters of soil, seepage through the slope, and the choice of a potential sl ip surface. The most likely rupture surface is the critical plane that has the minimum factor of safety.

Secondary causes may trigger and activate landslide s, especially in areas that had old landslides (2).

Historically, the site that had landslides in the C ity of Nablus, Palestine, is known as Al-Maajeen, the site is shown in Figure

1. This name indicates

16 Issam G. Jardaneh et. al clearly how danger is this site, the name means tha t the soil becomes like flour paste when water infiltrates it. This is beca use the soil in the site is Marl Soil (silty clay). In addition, the people in that area called this mountain the slippery mountain (3).

Figure (1): An Arial map of North Western part of

Nablus City showing the sliding area.

Landslides In The White M ountain (Geotechnical…. 17 This study presents description of the landslides t hat occurred at the White Mountain and necessary studies to find out th e causes of landslides and how to overcome problems caused by them. This i ncluded surveying of the area subjected to landslides and geotechnical s tudies (digging out five boreholes, taking necessary samples, and conducting laboratory tests). In addition, slope stability analysis was done using s pecialized software called PCTANI (4) for different cross-sections across the sliding area.

The factor of safety for the natural ground conditi ons was found to be more than one (between 1.4 and 1.8), and this indic ated that factors other than the natural slope caused the sliding in the Wh ite Mountain. It was found out that the main causes of landslides were t he cuts in the lower part of the area, the increased loads in the upper part due to construction of a house, and the earthquakes that occurred in Februar y and March of the year 1997. Although, earthquakes effect was considered m inor, however, they acted as a trigger for landslides in that area.

After the causes for landslides were determined, en gineering solutions to overcome landslides were suggested. The solutions i ncluded reducing the slope, supporting the area by a series of bored cas t in-situ reinforced concrete piles to form a sheet pile, installing dra inage system all-over the area including the upper and lower parts, and rehab ilitation of the road in the lower part of the area using selected backfill mate rials.

DESCRIPTION OF THE LANDSLIDES CASE

The White Mountain in the city of Nablus suffered l arge landslides; this area is shown in Figure 1. The landslides case can be described as follows:

• Landslides in the soil are due to loosing cohesion between the soil strata, since the soil in the area is marl soil (si lty clay). This caused large surface cracks and settlements in the soil at the upper part of sliding area as shown in Figure 2, which led to sev eral levels in the soil surface.

• A house subjected to sliding and thus moving horizo ntally causing the house completely failure, as shown in Figure 3.

• The main street between Nablus and Tulkarm at the b ottom of the landslide area subjected to uplift and horizontal f orces and that led to uplift and horizontal movements, as shown in the bottom of Figure 4.

• Collapse of a barracks of steel structures in the l andslide area. This structure subjected to horizontal movement, as show n in Figure 5.

• Another building at the bottom of the landslide sub jected to horizontal and uplift movements. This caused cracks in the walls of the building and uplift movements in the ground floor.

18 Issam G. Jardaneh et. al • Main utility lines were subjected to horizontal for ces that caused damages to them and led to horizontal displacement from their original place.

Figure (2): Cracks and settlements in the sliding s ite.

Figure (3): A Photograph shows the Landslides and the damaged house in

Landslides In The White M ountain (Geotechnical…. 19 the White Mountain

Figure (4): A Photograph shows the bottom of Lands lides and Nablus – Tulkarm damaged main street in the White Mountain

Figure (5): A Photograph shows the damaged Barrack s in the White Mountain

20 Issam G. Jardaneh et. al

GEOTECHNICAL STUDIES

Purposes of Geotechnical Studies:

The purposes of the geotechnical studies are to ass ist in finding out the causes of landslides and hence suggesting solutions to this problem. The purposes included describing the subsurface soil st rata and drawing geological sections of the area that subjected to t he landslides, determining the necessary geotechnical parameters for geotechni cal analysis, and running slope stability analysis for different cros s-sections across the sliding area. Slope stability analysis is used to determine the location of rupture surface, which the sliding surface that has minimum factor of safety.

Methodology to Achieve the Purposes:

Five boreholes were dug out in the site under the s upervision of the authors. These boreholes are shown in Figure 6. The se boreholes gave the opportunities for eye exam of the soil and the soil strata, and taking needed samples for laboratory tests. Laboratory soil tests were carried out at soil mechanics lab at An-Najah National University, to d etermine the soil properties and parameters, such as unit weight, nat ural moisture content, liquid limit, plastic limit, plasticity index, and unconfined compressive strength.

Figure (6): Location of the boreholes and cross-se ctions for slope stability analysis

Landslides In The White M ountain (Geotechnical…. 21

21

Geological Description of the Site:

From borehole logs, geological sections (typical ge ological section is shown in Figure 7), and excavation in the site, the top soil of the site may be described as fill material which is mainly dumped s oil from various sources, the depth of this layer ranges between 0.5 to 1.0 m

. The soil below the fill material is white silty clay of low to medium plast icity (Marl Soil), mixed with aggregate of varying sizes, classified accordi ng to Unified Soil Classification System (USCS) as CL-ML. The thicknes s of this layer ranges form 8 to 16 m below the elevation of the main stre et. The soil below the marl soil is weathered fragmented and disintegrated marlstone of weak to medium strength.

Figure (7): Typical geological section in the slid ing area

Natural moisture content of the soil was found to b e high and varying form elevation to elevation and from borehole to bo rehole. This indicated that the moisture was mainly from rainfall water th at penetrated the soil layer through cracks resulted form sliding.

Results of Laboratory Tests:

Several laboratory tests were carried out at An-Naj ah National University, Soil Mechanics Laboratory, to classify the soil at the site such as sieve analysis (5), natural moisture content (6), l iquid limit, and plastic limit(7), and to determine shear strength parameter s such as unconfined compressive strength (8). Table 1 summarizes soil m echanics laboratory

22 Issam G. Jardaneh et. al tests results.

Table (1): Summary of the laboratory tests results Borehole

No.

Sample No.

Depth M Natural Moisture Content %

Liquid Limit % Plastic Limit % Plastici ty Index

Undrain Cohesion kN/m^2 1 0.0 – 5.5 16 90 1 2 5.5 – 8.5 21 39 27 12 3 8.5 – 10.5 18 50 29 21 215 4 10.5 – 12.5 16 1 0.0 – 2.5 12 40 29 11 130 2 2.5 – 3.5 12 2 3 3.5 – 4.5 14 35 26 9 145 4 4.5 – 6.0 12 5 6.0 – 7.5 12 1 0.0 – 6.5 19 44 29 15 95 2 6.5 – 9.0 18 40 30 10 100 3 3 9.0 – 13.0 15 42 25 17 4 13.0 – 16.0 14 110 1 0.0 – 1.5 12 2 1.5 – 6.0 13 36 25 11 125 4 3 6.0 – 7.0 12 4 7.0 – 8.5 12 1 0.0 – 1,5 12 47 2 1.5 – 3.5 15 35 21 14 120 5 3 3.5 – 8.5 17 90 4 8.5 – 14.0 14 43 24 19 110 5 14.0 – 15.0 14

The following is the summary of the ranges of these results:

Natural moisture content (N.M.C): 12% to 25% Liquid Limit (L.L.): 35% to 50% Plastic Limit (P.L.): 21% to 30% Plasticity Index (P.I.): 9 % to 21% Undrained Cohesion (Cu): 47 to 130 kN/m^2 Wet Unit Weight: 17 to 19.5 kN/m^3 Dry Unit Weight: 1.36 to 1.7 kN/m^3

Geotechnical Situation (Slope Stability Analysis):

Slope stability analysis was done for several cross

-sections across the site (sections A, B, C, and D as shown in Figure 6)

. The aim of this analysis is to locate the critical rupture surface (surface of minimum factor of safety).

This analysis was done using numerical integration by a computer program

Landslides In The White M ountain (Geotechnical…. 23 called PCTANI (Hector, 1983). PCTANI is an interact ive program that computes the factor of safety of slopes using Bisho p’s Modified Method.

The program accepts data from a FILE as well as fro m the KEYBOARD.

Data must be entered in the following order describ ing the slope geometry, soil properties, type of units used, soil data, and piezometric data. The program, also finds the coordinates of center and r adius of the circle that have the least factor of safety.

The analysis was carried out for two cases for the above-mentioned four sections. The first case, soil strata of the site w as assumed of homogeneous soil, which is Marl soil (Silty Clay). The second c ase, soil strata has a bedrock layer at a depth of about 15 meters form th e main street level. The first case considered as the critical condition whi le the second condition considered as the common strata types of the slidin g site.

Results of the Geotechnical Studies:

Geotechnical studies, especially the slope stabilit y analysis using computer program PCTANI for the four sections throu gh the site showed that section B is the critical section and has the lowest values of factor of safety. For the first case, one layer of homogenou s Marl soil, slope stability analysis showed that the minimum factor of safety i s 1.4, and the surface rupture existed at a depth of about 40 meters below the main street level.

However, slope stability analysis showed that, the minimum factor of safety is 2.3, and the surface rupture occurred on top of the bedrock layer, when introducing Marlstone bedrock layer in the second c ase.

From the above analysis, one can conclude that the sliding (surface rupture) may occur on the top of the bedrock layer, which is about 15 meters below the main street level as the maximum depth. O n the other hand, sliding may occur at a depth less than the depth of the bedrock layer and this was found in the field in one of the borehole, whic h was about 3 meters below the main street level.

In general, the analysis showed that the site with type of soil and slope available is safe against sliding and this indicate d that there are external factors that led to sliding.

REASONS FOR THE LANDSLIDES IN THE WHITE MOUNTAIN

The first sign of an imminent landslide is the appe arance of surface cracks in the upper part of the slope perpendicular to the direction of the movement. These cracks may gradually fill with wate r, which weakens the soil and increases the horizontal force that initia tes the slide.

The main reason for sliding was the large man-made cut at the site,

24 Issam G. Jardaneh et. al which was lack of engineering design and supervisio n. This led to cracks all over the site that filled with rainfall water and p enetrated the soil layers, thus weakened the shear strength parameter (cohesion) an d caused horizontal pressure. Other reason is the type of soil availabl e at the site, which silty clay soil (Marl soil) that loses its strength (cohe sion) when water penetrates it. In addition to the earthquakes, those have seco ndary causes by triggering and activating landslides, which hit the area (Pale stine) in February and March of 1997.

SUMMARY OF REMEDY MEASUREMENTS

Many methods can be used to correct landslides (Win terKorn and Fang, 1975). The commonly used correction methods can be divided into the following three main groups. The first one is geome trical methods, which involve the change of the geometrical conditions of a slope. The stability of a slope can be increased by one or more of the foll owing: flattening of the slope, removal of the soil or other loads at the to p of the slope, and placing pressure berms at the toe of the slope. Second meth od is hydrological methods, such as a lowering of the ground water tab le or a reduction of the water content of the soil or rock. This can be acco mplished, for example, by surface drains, or drainage galleries, or sand drai ns. The third method is mechanical and chemical methods, which increase the average shear strength of the soil. This method can be done by va rious techniques, such as, compaction, grouting, freezing, rock bolts, piles a nd sheet piles, and retaining walls.

Remedy measurements suggested to overcome the slidi ng problems in the White Mountain area are drainage of the rainfal l water for both surface water and water that penetrated the soil layers, an d installing an overall drainage system for the whole site including the to p and bottom of the slope.

Flattening the slope, recommended slope for this ca se is 1 vertical to 3 horizontal. Strengthening the bottom of the slope b y introducing a row of bored cast in-situ reinforced concrete piles, to fo rm reinforced concrete sheet pile. Planting the site with suitable type of trees to increase the strength of the soil and reducing soil moisture. Fi nally rehabilitation of the road in the lower part of the area using selected b ackfill materials.

In addition to suggestion of precaution measuremen ts, such as, implementing land use policy in our country based o n engineering decisions, enforcing site investigation program for new struct ures, and designing and supervising excavations by experienced engineers. F igure 8 shows part of remedy measurements that took place in the site.

Landslides In The White M ountain (Geotechnical…. 25

25

Figure (8): Part of remedy measurements that took place in the sliding site

CONCLUSIONS AND RECOMMENDATIONS

Slope stability analysis using computer program PCT

ANI showed that minimum factor of safety is greater than one for tw o cases of strata considered for the study area to analyze causes of sliding. This indicated that there are external factors that led to sliding

. One of the main reasons for sliding was the large man-made cut at the site, whi ch was lack of engineering design and supervision. This led to cra cks all over the site that filled with rainfall water and penetrated the soil layers, thus weakened the shear strength parameter (cohesion) and caused hori zontal pressure.

Therefore, it is recommended to have experienced de signer and supervisor for designing and constructing excavatio ns. In addition to implementing land-use policy by zones according to their suitability for uses, and enforcing site investigation through specialize d geotechnical engineers for new structures.

ACKNOWLEDGMENT

The authors would like to thanks the following orga nizations and people for their help and support. Municipality of Nablus

City, especially the Mayor Mr. Ghassan Al-Shaka’eh and the personnel of

Engineering Department, An-Najah National University, Nablus, P alestine, especially

26 Issam G. Jardaneh et. al the personnel of the Civil Engineering Laboratories

, and Ministry of Local Government, especially Nablus District personnel.

REFERENCES

1. Das, Braja (2002):

Principles of Geotechnical Engineering.

Fifth Edition, Thomson, Brooks/Cole, USA.

2. WinterKorn, H. and Fang, H. (1975):

Foundation Engineering Handbook. Van Nostrand Reinhold, New York, USA.

3. Abu-Safat, M. (1997):Geomorphology Report of the White Mountain Area. Internal Report, Geography Department, An-Najah National University, Nablus, West-Bank, Palestine.

4. Hector, M. (1983):

Slope Stability Analysis Using Numerical Integration – PCTANI. M.S. Thesis, Utah State University, Utah, USA.

5. ASTM D 854-92,‘ Determination of particle size d istribution’.

6. ASTM D 2216-92, ‘Laboratory determination of wat er (moisture) content of soil, rock and soil aggregate mixture’.

7. ASTM D 4318-93, ‘Liquid limit, plastic limit and plasticity index of soils.’

8. ASTM D 2166-91,‘ Test for unconfined compressive strength of cohesive soil’.