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ABSTRACT 

 Construction of Dawar El-Tawheed bridge project in Jazan ïKingdom of Saudi Arabia is national and very 

important project for developing jazan. The soil profile of soft clayey silt is sandwiched between two layers of 

silty sand and located between 5.0 m to 11.0 m in depth. It has high water content, low SPT no., and low bearing 

capacity. Hence the clay layer induces high settlement due to surcharge application of earth embankment at ramp 

T1, ramp T2, and ramp T3 especially at heights from 9 m right 3 m and calculated settlement for embankment 

less than 3 m heights are accepted regarding Saudi Code for soil and foundation. The soil and groundwater have 

high content of sulfates and chlorides at the project site. It is strongly recommended to increase the bearing 

capacity of the foundation soil by using new technology named PCC piles that has economically advantageous 

and high workability. The technology is cast in-situ thin wall concrete pipe piles (PCC piles) that can save time 

of implementation and application cost of about 30% of other method of soil improvement. PCC piles may 

increase the bearing capacity to be 294 kN/m2, 243 kN/m2, and 242 kN/m2 for ramp T1, ramp T2, and ramp T3 

respectively. 
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1. INTRODUCTION 

Geotechnical study is required for any engineering or building structure. The investigation may range from 

simple examination of the surface soils with or without a few shallow trial pits, to detailed study of the soil and 

ground water conditions by means of boreholes and in-situ and laboratory tests. 

Geology is an important role in most areas of economic life, where the development of societies based on 

the branches of the science applications in life and become contributing to many services. Jazan region is located 

in the south west part of Saudi Arabia on the red sea (E: 42.0°-43.8° and N: 16.5°-17.0°). It`s area is 13,500 km2. 

Jazan region is part of Arabia shield which is a part of the Precambrian crustal plate and consists of igneous and 

metamorphic rocks. It is located in an active zone of earthquakes classified as zone 2B. One of the major 

problems in geotechnical earthquake engineering is the phenomenon of liquefaction of loose to medium-dense 

sands below the water table.  

The dominant rocks are granite, basalts, diorite, gabbro and mica-schist. During the Tertiary period, the 

shield was separated from the adjacent African shield by a rift of earth`s crust that currently occupied by the red 

sea. Sedimentary coastal plain has formed on the area between the escarpment of the shield and the red sea. The 

climate of the Jazan region is considered arid with annual mean temperature 28°C, relative humidity 62% and 

annual precipitation 62 mm. 

The landforms, developed in Jazan region, are mainly of alluvial nature, formed as a result of the downward 

transportation of soil material from the highlands by the many valleys and drainage channels that drain out in the 

sea. Moreover, Jazan embodies variant landforms such as marshland, coastal plain, alluvial plain and valleys. 
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The geotechnical aspects of Jazan soil were studied by many researches as Erol (1989), Shehata (1989), 

Al -Amoudi (1992), and Al -Amoudi et al. (1992). The city of Jazan is situated on an elevated terrain underlain by 

a salt dome measuring 4 km2 in area and reaching about 50 m above sea level, (see Fig. 1).  

  
(a)                                                 (b) 

 

(c) 

Fig. 1: (a) Simplified Geological Map, (b) Geologic section across Jazan [modified after Londry, 1979)] (c) 

Map of salt dome in Jazan city 

2. BOREHOLES LOGGING 

2.1. Project Description 

The project is biggest national project in Jizan city- KSA is being solving traffic problem of crowding at 

different crosses there, see Fig. 2 which comprise the location map of DWAR ELTAWHEED bridge and its three 

ramps with layout of boreholes - sampling taken for field and laboratory tests. A 12- boreholes have be done at 

the ramps of Dwar El-Tawheed bridge project as 4 boreholes each ramp as depicting in location map, boreholes 

logs are shown in Fig. 3. Ramps dimensions are 17 m in width and 252 in length for ramp T1, 17 m in width and 

235 m in length for ramp T2, and 6 m in width and 147 m in length for ramp T3. The maximum height of each 

ramp should be 9.0 m above the ground surface.  
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Fig. 2: location map of ramps of Dawar El-Tawheed bridge and boreholes layout 

 
              (a)                            (b)                          (c) 

Fig. 3: borehole log at (a) T1-1, (b) T2-2, and (c) T3-2 

3. FIELD AND LABORATORY TESTS 

3.1. Field Tests 

3.1.1. Natural Water Content  
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Natural water content (Wc %) has calculated at deferent depths of all boreholes for ramps T1, T2, and T3. 

Results are shown in Fig 4. 

 

(a) 

 

(b) 

 

(c)  
Fig. 4: Water content with depth at: (a) Ramp no. T1 (b) Ramp T2, and (c) Ramp T3 

3.1.2. Standard Penetration Test (SPT) 

This test has been carried out on all layers of soil at all boreholes with different depths, the results are shown 

as in Fig. 5. 

 
(a)                                          (b) 
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(c) 

Fig. 5: Standard Penetration no. Vs. Depth at: (a) Ramp T1, (b) Ramp T2, and (c) Ramp T3 

3.2. Laboratory Tests 

3.2.1. Mechanical Sieve Analysis 

Mechanical sieve analysis for all samples collected from boreholes at different depths of ramps T1, T2, and 

T3 are shown in Fig. 6. 
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