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ABSTRACT 

For construction of bridges in water courses, vertical or nearly vertical driven piles are usually 

used as the foundation element, because they could be constructed in the presence of water which 

means quick and cheap construction. Recently, many problems have arisen in several bridge sites 

using driven piles in water courses. Three such sites have been investigated by the author. A full 

assessment of those sites was required to avoid the risk of failure. In this paper, the assessment of a 

case study at the first site is presented and discussed. A comprehensive geotechnical investigation 

was carried out.  Examining the results of the field and laboratory tests showed the presence of a 

soil layer at the design pile toe level which is very dense and explains the refusal happening while 

driving the piles. The field investigation also showed that a platform of steel beams and wooden 

logs built on wooden piles was used for the pile driving machine in the presence of water. The 

presence of the platform lead to the contraction of the water course cross section and the 

contraction gets worse by driving the reinforced concrete piles which in turn lead to a higher water 

velocity causing scour around the driven piles. Therefore, the stability of the piles became 

questionable, because of the shorter embedment length due to the refusal of the piles and the scour 

around them. The stability of the piles under the new conditions in the field was investigated using 

three criteria; the pile capacity, the buckling length, and the bending moment on the piles. It was 

shown that pile refusal and the scour reduced the allowable pile capacity. It was also shown that 

the slender ratio of the piles in 3 supports exceeded the limit defined in the Egyptian code and is 

unsafe in buckling. 

تستخدم الأساسات الخازوقية سابقة الصب والتي تنفذ بالدق بكثرة في المنشآت التي يتم إقامتها على المجاار  المايياة 
في مصر، وذلا  نرارا لأنام يمكاف تنفياذ ا فاي    وقات دوف انتراار السادة الشاتوية  و تنفياذ ا بادوف  عماا  تجفيا  

 نام لتنفياذ مثا  تلا  الأساساات بالادق، فا ف الأمار يتذلاب تنفياذ للموقع ترفع مف تكالي  الإنشاء. وتجدر الإشاارة إلاى 
دمسة مف عروق الخشب وتجهيز منصة لتركيب معدات دق الخوازيق عليها والتي تؤد  إلى وجود عواياق بالقذاا  
المايي وتتسبب في تضييقم مما يؤد  بدوره إلى زيادة سرعة المياه في منذقة الإنشاء وحدوث نحر حو  الخوازيق. 

قد رهرت في الآونة الأخيرة العديد مف المعوقات التي تؤد  إلى تعذ  العم  بمواقع الإنشاء  و زياادة فتارة التنفياذ و
نرراً لعدم تحر  الدقاة فاي الدراساات الجيوتكنيكياة ال زماة استكشاا  ذبيعاة الترباة فاي الموقاع والتاي تاؤد  إلاى 

خازوق للتربة. لذا قام الباحث بحصر لعدد ماف الكباار  التاي حدوث امتنا  للخوازيق مما يؤثر على ذو  اختراق ال
يتم تنفيذ ا على  ساسات خازوقية بالدق والتي واجهت مشاك   ثناء التنفيذ مف بينها حدوث امتنا  للخاازوق وحادوث 

ع لعما  نحر بالمجرى المايي فاي منذقاة الإنشااء نتيجاة لوجاود الدمساة المشاار إليهاا با ع ه. وتام اختياار  حاد المواقا
دراسة تفصيلية لدراسة ت ثير حادوث اامتناا  وحادوث النحار علاى سالو  الخوازياق. و وضاحت الدراساة انخفاا  
قدرة التحم  القصوى للخوازياق وزياادة نسابة النحافاة للدرجاة التاي تجعا  بعا  الخوازياق نيار لمناة نرارا لزياادة 

 .الذو  الحر للخازوق كنتيجة لرا رة النحر

Keywords: Pile foundations, Drag forces, Break forces, Scour, Offshore, Buckling length, Slender 

ratio, Bending moment, stresses and Bridges 

 

1. INTRODUCTION  

In Egypt, constructing bridges in the water 

courses used to follow one of two methods. The first 

one is to construct the bridge foundation during the 

winter closure period and the second is to divert the 

water to either side of the water course, carry out 

dewatering if necessary, and then construct in the dry 

condition the abutments and piers as supporting 

elements to the bridge slab. The disadvantages of 

these two methods are either waste of time or 

increased cost because of diversion and dewatering. 

Therefore, using driven piles as supporting elements 

has been thought as a better alternative for the quick 

and cheap construction of bridges in the water 

courses mainly because they could be constructed in 

the presence of water. Recently, this practice has lead 

to many problems in several sites. 
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Three sites have been investigated by the author. 

The first site is the bridge located in Upper Egypt on 

major canal as shown in figure (1). The soil is 

consisted of a layer of silty clay followed by poorly 

graded medium to coarse sand with a lens of gravelly 

sand. The problem reported in this site is the refusal 

of the piles at a depth shallower than the required by 

the design and the presence of scour of about 2.73 m 

from the original bed level. The second site is on a 

branch canal in the North West of Egypt. The soil at 

the site is mainly cemented sand and the pile 

penetration depth was shorter by 8 m because of 

refusal. The piles are shown in figure (2). The third 

site is of a bridge on a major canal in the North East 

of Egypt. The soil is mainly silty clay followed by 

sandy soil. The problem at the site is the refusal of 

the piles at a depth shallower than the required by 

design. Figure (3) shows the piles at the site and the 

platform used to construct the piles. A full 

assessment of the sites required to avoid the risk of 

failure. In this paper, the assessment of the case study 

at the first site in Upper Egypt is presented and 

discussed. 

Smith (1976) analyzes 143 bridge failures 

throughout the world between 1875 and 1975; 

approximately half of the cases were due to floods, 

most of them due to scour. Rhodes and Trent (1992) 

evaluated disasters on highways in the USA between 

1973 and 1990.  Among all possible causes 

(including vehicle collisions, plane crashes, train 

derailments, dam and structural failures, earthquakes, 

fires, landslides, tornados, volcanoes) 75% of the 

cases had hydraulic causes. Yeo (1998) reported 

more than 100 bridges collapsed or badly damaged in 

Korea annually as an average because of scouring. 

Solution of laterally loaded pile has been studied 

by many authors such as (Robert 1981, Laymon 

Reese 1977, Mauricio O. and Michael W. 1989, 

Dunnavnt and O'Neill 1986, Brown et al. 1987, Cox 

et al. 1984, Holloway et al. 1982, Matlock, H., and 

Reese, L. 1960). None of them studied the behavior 

of pile due to the scour that occurs around the pile on 

the watercourses.  

 

 

 

Fig.1 Driven piles of the bridge in Upper Egypt 
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Fig. 2 Driven piles of the bridge in North West of Egypt 

 
 

 

 
 

 

Fig. 3 Driven piles of the bridge in the North East of Egypt 
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2. CASE STUDY 

The case study is the one located on a major 

canal in Upper Egypt. The bridge of this case is 

designed to be founded on 8 supports. The right side 

support is number 1, the middle supports are number 

2, 3, 4, 5, 6 and 7 and the left side support is number 

8. Each support is founded on a number of piles with 

a square cross section of 0.40 X 0.40 m. For the 

middle supports, the pile length is 18.0 m, the level 

under the pile cap is 48.10 m, and the pile toe level is 

30.10 m. For the left and right supports, the pile 

length is 16.0 m, the level under the pile cap is 49.50 

m, and the pile toe level is 33.50 m. During the first 

site visit, all the piles were constructed except for the 

piles of the right side support. 

During construction, most of the piles did not 

reach to the required toe level as indicted in figures 4 

to 9. Consequently, these piles do not satisfy the 

required embedment length. In addition to that, the 

observed scour depth in the cross section of the canal 

at the bridge site after driving the piles ranged from 

zero to 2.73 m. To investigate the problem, an 

extensive program of field and laboratory work and 

numerical analysis were conducted. 

3. FIELD INVESTIGATION  

A comprehensive geotechnical investigation was 

carried out which included a total of four boreholes; 

one of them with a depth of 25 m and the other three 

with a depth of 15 m. Standard Penetration Tests 

were conducted and soil samples were extracted. 

Laboratory tests were carried out to define the 

required physical, mechanical, and chemical soil 

prosperities. From the field and laboratory tests, it 

can be shown that the soil deposit consists mainly of 

two layers. The top layer is either silty clay or clayey 

silt with a thickness ranging from 1.0 m to 13.0 m. 

The second layer is poorly graded sand till the end of 

the borehole. A lens of gravelly sand with a thickness 

of 1.10 m existed in the third borehole. Figure (10) 

shows the letheological section across the canal at the 

bridge site. By examining the results of the field and 

laboratory tests, it was found that the soil layer at the 

design pile toe level is very dense which explains the 

refusal happening while driving the piles. This shows 

the necessity for accurate geotechnical investigation 

prior to the design of such structure. Driven piles are 

not suitable in such a deposit. 

The field investigation also showed that a 

platform of steel beams and wooden logs built on 

wooden piles was used for the pile driving machine 

in the presence of water as shown in figure (11). The 

presence of the platform lead to the contraction of the 

water course cross section and the contraction gets 

worse by driving the reinforced concrete piles which 

in turn lead to a higher water velocity causing scour 

around the driven piles. Therefore, the stability of the 

piles became questionable because of the shorter 

embedment length due to the refusal of the piles and 

the scour around them. To assess the safety of the 

driven piles, a stability analysis was conducted. 
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Fig. 4 The embedded length of the driven piles of support no. 2 
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Fig. 5 The embedded length of the driven piles of support no. 3 
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Fig. 6 The embedded length of the driven piles of support no. 4 
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Fig. 7 The embedded length of the driven piles of support no. 5 
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Fig. 8 The embedded length of the driven piles of support no. 6 
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Fig. 9 The embedded length of the driven piles of support no. 7 

Fig. 10 Letheological section of soil stratification at cross section of the canal 

 

Fig. 11 Platform setup used to drive piles of bridges across water courses 
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4. STABILITY ANALYSIS 

The stability of the piles under the new 

conditions in the field was investigated using three 

criteria; the pile capacity, the buckling length, and 

the bending moment on the piles. 

4.1 The Pile Capacity 

The vertical load carrying capacity of each pile 

was estimated based on the embedded length of the 

pile using the Egyptian code for soil mechanics and 

foundation design and construction (Ministry of 

Housing and Infrastructures, 2008). The soil profile 

and characteristics are indicated in figure (12). The 

load carrying capacity was estimated using the 

smallest pile length in each pile group. 

The ultimate load carrying capacity or the 

ultimate load resistance Qu of the pile is defined as 

the maximum load at which the pile continues to 

settle without increase of load. The load carrying 

capacity of pile is determined by dynamic formulae, 

static pile formulae, pile load test and/or the stress 

wave theory model solved by finite element or finite 

difference methods. In this paper, the static pile 

formulae are used as indicated below: 

 

Qu = Qb + Qs                                       (1) 

Qb =  CNc * Ab    (for cohesive soil)                       (2) 

Qb =  Pb Nq * Ab  (for cohesion less soil)           (3) 

Qs = KHC * Po * tanδ * As  (for cohesion less soil) (4) 

Qs = Ca * (As) (for cohesive soil)         (5) 

Qall = Qu / F.S            (6) 

 

Where: Qb is ultimate bearing resistance, Qs is 

ultimate skin resistance, C is soil cohesion, Nc and Nq 

are soil bearing factors, Ab  is bearing area of the 

pile, Pb is the effective soil stress at tip of the pile, Po 

is the effective soil stress at middle of the pile length, 

KHC is the percentage of lateral pressure to effective 

vertical pressure on pile sides, δ is soil/concrete 

friction angle, Ca is the soil/concrete adhesion 

coefficient, As is the shaft area, Qall is the allowable 

working load resistance, and FS is the factor of 

safety. 

The allowable working load of the pile with a 

length equal to the embedded length was estimated 

for three cases. The first case is the allowable 

working load assuming full penetration of the piles 

and the scour taking place around them. Table (1) 

shows the estimated allowable working load of each 

pile at each support before and after scour and the 

reduction percent of the design allowable load. The 

second case is the allowable working load assuming 

piles refusal taking place and no scour around them. 

Table (2) shows the estimated allowable working 

load of each pile at each support before and after 

refusal and the reduction percent of the design 

allowable load. The third case is the allowable 

working load assuming both piles refusal and scour 

around them taking place. Table (3) shows the 

estimated allowable working load of each pile at each 

support before and after scour and refusal and the 

reduction percent of the design allowable load. It 

could be shown from tables 1, 2, and 3 that the 

reduction in the allowable working load of the piles 

due to scour only ranges between 0.0% and 31.4%, 

due to refusal only ranges between 12.6% and 35.4%, 

and due to both refusal and scour ranges between 

29.2% and 52.1%. 
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Fig. 12 Soil profile and soil characteristics at the site 

 

4.2 Effect of The Scour on Buckling Length 

For the supports in the water (2, 3, 4, 5, 6, and 7) 

the scour around the piles increased their free length 

and consequently their slender ratio. According to the 

Egyptian code for design of the reinforced concrete 

structures (Ministry of Housing and Infrastructures, 

2009), slender columns are the ones with slender 

ratio more than 10 but should not exceed 23 and 

should be designed to resist additional bending 

moment due to buckling according to equation (7) 

(Ministry of Housing and Infrastructures, 2009). 

2000

2 t
PM tadd                                   (7) 

Where: 

Madd = Additional moment due to buckling 

P    = Axial load 

λt     = Slender ratio 

t     = Pile width 
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The buckling length, slender ratio, and additional 

bending moment on the piles were calculated before 

and after the scour around the piles has taken place. 

The results are shown in table (4). From the table it 

could be seen that the slender ratio of the piles before 

buckling for all the supports were more than 10 and 

less than 23. This required an additional bending 

moment equal to 1.67 mt applied on the pile cross 

sections. After the scour around the piles has taken 

place, the slender ratio increased for the piles in 

supports no. 3, 4, 5, and 6. For the pile in support 3, 

the additional bending moment increased by 35%. 

However, for the piles in supports no. 4, 5, and 6 the 

slender ratio exceeded the limit defined the Egyptian 

code which is 23 which means that the piles are 

unsafe in buckling. 

 

 

 

 

 

4.3 Effect of The Scour on Moment Due to Lateral 

Load 

The lateral loads due to the drag and brake forces 

were calculated considering a drag force of 2.1 ton at 

half of the water depth and brake force of 1.75 ton at 

the pile head. Figure (13) indicates the schematic 

diagram of the lateral forces applied on the piles. The 

scour increased the moment due to the lateral loads 

on the piles. Table (5) shows the free length of the 

pile and the resulting moment on each pile for each 

support after the scour has taken place. The 

maximum normal stresses on the pile cross section 

due to normal load and bending moment were 

calculated for each pile before and after the scour. It 

was found that despite of increasing the moment 

because of the scour, the normal stresses were within 

the allowable limit and that the effect of the scour on 

the normal stresses on the pile cross section is 

limited. 

 

Table 1, Reduction of the Allowable Working Load due to Scour Only 
 

Support 

No. 

Design 

Embedded 

Pile Length 

(m) 

Design 

Allowable 

Working Load 

(ton) 

Actual 

Embedded 

Pile Length 

(m) 

Actual 

Allowable 

Working Load 

(ton) 

Reduction due 

to Scour Only 

(%) 

2 12.55 46.18 12.55 46.18 0.0 

3 12.55 46.18 11.52 40.42 12.5 

4 12.55 46.18 9.82 31.69 31.4 

5 12.55 46.18 9.92 32.18 30.3 

6 12.55 46.18 10.67 35.94 22.2 

7 12.55 46.18 12.55 46.18 0.0 

 

Table 2, Reduction of the Allowable Working Load due to Refusal Only 
 

Support 

No. 

Design 

Embedded 

Pile Length 

(m) 

Design 

Allowable 

Working Load 

(ton) 

Actual 

Embedded 

Pile Length 

(m) 

Actual 

Allowable 

Working Load 

(ton) 

Reduction 

after Pile 

Refusal Only 

(%) 

2 12.55 46.18 10.03 32.71 29.2 

3 12.55 46.18 9.43 29.82 35.4 

4 12.55 46.18 10.42 34.66 24.9 

5 12.55 46.18 11.97 42.89 7.12 

6 12.55 46.18 11.51 40.37 12.6 

7 12.55 46.18 9.75 31.35 32.1 
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Table 3, Reduction of the Allowable Working Load due to both Refusal and Scour 
 

Support No. 

Design 

Embedded Pile 

Length (m) 

Design 

Allowable 

Working Load 

(ton) 

Actual 

Embedded Pile 

Length 

(m) 

Actual 

Allowable 

Working Load 

(ton) 

Reduction after 

Scour and Pile 

Refusal 

(%) 

2 12.55 46.18 10.03 32.71 29.2 

3 12.55 46.18 8.40 25.40 45.0 

4 12.55 46.18 7.69 22.10 52.1 

5 12.55 46.18 9.34 29.40 36.3 

6 12.55 46.18 9.63 30.77 33.4 

7 12.55 46.18 9.75 31.35 32.1 

 

Table 4, Bending moment due to lateral forces and bending moment due to buckling 
 

Support 

No. 

Buckling 

length 

before 

scour (m) 

Slender 

ratio 

before 

scour 

Add. 

Bending 

moment 

before scour 

(m.t) 

Buckling 

length 

after scour 

(m) 

Slender 

ratio 

after 

scour 

Add. 

Bending 

moment 

after scour 

(m.t) 

Increase in 

Add. 

Bending 

moment (%) 

2 6.45 19.41 1.67 6.50 19.50 1.67 0.0 

3 6.45 19.41 1.67 7.50 22.50 2.25 35.0 

4 6.45 19.41 1.67 9.20 27.60 Unsafe --- 

5 6.45 19.41 1.67 9.10 27.30 Unsafe --- 

6 6.45 19.41 1.67 8.35 25.00 Unsafe --- 

7 6.45 19.41 1.67 6.50 19.50 1.67 0.0 

 

Brake ForceBrake Force

Canal Bed Level

Moment due to Lateral

Force and Buckling

Drag Force

H.W.L.

Canal Bed Level

Drag Force

H.W.L.

 

Fig. 13 Schematic diagram of the force inserted on the pile under investigation 
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Table 5, Bending moment due to lateral forces 

Support 

No. 

Scour depth 

(m) 

Total free 

length (m) 

Total water 

depth (m) 

Max. Bending moment 

(m.t.) 

2 -- 5.45 5.95 15.79 

3 1.03 6.50 6.98 18.67 

4 2.73 8.20 8.68 23.43 

5 2.63 8.10 8.58 23.15 

6 1.88 7.35 7.83 21.05 

7 -- 5.45 5.95 15.79 

 

 

5. DISCUSSION 

The case study presented in this paper is a good 

example on the negative effects of the lack of 

adequate technical investigations prior to 

construction. The lack of geotechnical investigation 

lead to the refusal of the piles before reaching the 

design foundation level. Table (2) shows that 4 out of 

8 supports have a reduction of more than 20% of the 

pile capacity due to pile refusal. Furthermore, the 

lack of hydraulic investigation lead to a shorter 

embedment pile length because of scour and 

consequently longer buckling length. Table (1) shows 

that 3 out of 8 supports have a reduction of more than 

20% of the pile capacity due to scour. The 

combination of the lack of both investigations at the 

same site made it worse. Table (3) shows that 6 out 

of 8 supports have a reduction of more than 20% of 

the pile capacity due to both scour and pile refusal. 

With some modification, a solution could have been 

made to stabilize the bridge in the case of scour only 

or pile refusal only. However, with both taking place, 

the solution will not be cost effective. 

To solve the problem it was suggested either to 

add more bored piles around each support and 

construct a very rigid pile cap or to drive a box of 

steel sheet pile around the existing piles and fill it 

with concrete. Any of the two solutions will add a 

significant cost to the cost of the structure which 

could have been saved if the appropriate studies were 

made. However, the second solution is also not 

accepted hydraulically because the box around the 

piles will hinder significantly the flow of water in the 

channel and cause more scour around the supports 

and destabilize the structure. 

6. CONCLUSIONS AND RECOMMENDATIONS 

Using driven piles as supporting elements for 

bridges across water channels is a common practice 

in Egypt. However, the lack of adequate studies has 

caused problems in several sites. In this paper, a case 

study is presented to highlight the negative effects of 

the lack of adequate technical investigations. Neither 

adequate geotechnical nor hydraulic studies were 

made for the site. The lack of geotechnical study lead 

to missing the presence of very dense layer and 

consequently lead to pile refusal which meant 

construction of shorter piles. In addition, the platform 

used for the pile driving machine in the presence of 

water lead to the contraction of the water course 

cross section and the contraction gets worse by 

driving the reinforced concrete piles which in turn 

lead to a higher water velocity causing scour around 

the driven piles. It was shown that pile refusal and 

the scour reduced the allowable pile capacity by 29% 

to 52% of the original capacity. It was also shown 

that the slender ratio of the piles in 3 supports 

exceeded the limit defined the Egyptian code and are 

unsafe in buckling. 

It is recommended to use a different method 

while constructing bridges across water courses to 

avoid the contraction of the water course due to the 

pile installation and consequently avoid the scour 

problem which destabilize the structures. Thorough 

technical investigations are highly recommended to 

be conducted before construction. 
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