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Abstract

Bored concrete piles are mostly used in Sudan Khartoum area for tall building,
bridges and other heavily structures where the soil under which is very weak.

The purpose of this study is to analyze and design bored piles under general
conditions of load in Khartoum area, particularly at Soba bridge site, to study how
pile transform these loads to the ground. how these loads are distributed in each
pile within the group piles and design it.

Using manual empirical formulas and computer software Allpile 6.5 to analyze
different pile diameters (1.2,1.4,1.6and 1.8m), different pile lengths (25.9,32.9,
and 35.9) and different numbers of pile groups (1x4,2x4 and3x4) subjected to
vary load combinations to study the effect of change in diameter, length and
number of piles in groups on pile behavior.

The results of settlement, deflection, axial, lateral load and moment on each pile
in group were obtained to compare the results from manual empirical formulas
with numerical software Allpile 6.5 and with the actual results which the bridge
was designed.

The study has shown that the results of numerical software Allpile 6.5 analysis,
manual empirical formulas calculations analysis and actual results are almost the
same for the vertical load results. However, about the results of moment and
lateral load the actual results which show large different compared to the software
Allpile 6.5 and manual empirical formulas calculations results which they are
often close.

The results indicate that the decrease in length effects on increase the settlement
about 14.14% and the increase of diameter effect on the decrease the settlement
by 22.59%. but the change in length does not influences on deflection. Also
Increase the number of piles in the group decrease the loads applied on each pile.

finally, the pile has been designed calculating the reinforcement for safety and
durability. Comparison of this with the actual design shows that more pile length
Is required because the actual length is 25.9m for 1X4 group, the satisfied length
for the design requirement in this research is 35.9m for 1X4 group.
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List of Symbols:

(As) i
Als

surface area of the pile in the layer.

area of shaft that is effective in developing skin friction.
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Chapter one General Introduction

Chapter One

General Introduction
1.1 Introduction:

The use of pile is oldest method of solving the soft soil problem to carry heavy load
from tall building, bridges. piles are used to transmit the load to stronger layer, when
this layer is in deeper depth.

When the load is too heavy to carry by single pile then the group of pile is necessary
to carry the loads. Many researchers study pile and group of pile under loads to
determine the capacity of piles to carry loads , most researcher depending their
research on the field observations; in-situ full-scale and laboratory model tests were
widely conducted on vertically and laterally loaded piles (including piers and drilled
shaft etc.) to computing bearing capacity.

Central of Khartoum which the case study area are alluvium deposits, they grade
with depth from clay near the ground surface in to silts and sand with gravel down
to Nubian formation (Al-amery,2005). These formations are either exposed or
covered by the recent quaternary formations. They cover large areas in Northern,
Central Western and Eastern Sudan. Several important heavy structures such as
bridges across the rivers and high-rise buildings in Khartoum are supported on these
formations (Elsharief, 2014).

Shallow soil cannot carry heavy structure loads therefore, pile foundation is used.

1.2 Problem statement:

Analysis pile and pile group under general conditions how the pile carry the general
conditions loads and transform it to the ground as single pile? also how the pile
behave under these loads inside the group of pile? Most researchers analyze piles
and group of piles and verify the results by compression with the experimental
observations field. In this study the results of theoretical calculations will be
compared with results of software program and actual results. That will help to verify
the accuracy results.



Chapter Two Historical Background and Literature Review

1.3 Research objective

The aim of the study is to analyze numerically and manually and design pile for
different diameters and lengths

Obijectives of the study are:

1. To learn how to analyze and design bored pile manually.
2. To analyze and design bored pile using computer software.

3. To verify the accuracy of results by comparison with actual soba bridge
pile foundation analysis and design results.

1.4 Methodology:

e Comprehensive literature review on bored piles analysis and design based on
published papers, books.... etc.

e Formulating theoretical framework collecting necessary data studying the
manual methods and selecting and studying the selected software package
(Allpile6.5).

e Applications of the manual and software methods to analyze the case study
problem and obtaining results.

e Analysis discussion and verification of results by comparison with known
results.

e Conclusions presenting recommendations and writing up the dissertation.

1.5 Outlines of thesis:

Chapter One Presents the introduction writing the problem statement, the objective,
the methodology and outlines of thesis.

Chapter Two Contains the theoretical background and literature review.

Chapter Three Gives details of methods of calculating capacity of vertical single pile
in sand or clay soil, methods of analysis of lateral single pile. Methods of analysis
group pile by simple equation and software program (All pile 6.5).

Chapter Four Presents the case study and result of analysis by theoretical equations
and software. For a single pile calculating bearing capacity, ultimate lateral load for
several diameters and lengths. also, analyze pile group under the static vertical load,

2
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lateral load, moment for different diameter, length and number of piles in group of
pile.

Chapter Five Illustrates graphically the results for analysis and discussion the effect
of change pile diameters and lengths on the vertical capacity and ultimate lateral
load of the pile. the distribution load of each pile in a pile groups for manual
calculations, All pile software, actual results.

Chapter Six Gives summary and conclusions of the current work and the
recommendations.
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Chapter Two

Historical Background and Literature Review
2.1 Introduction:

Piles are columnar elements in a foundation which have the function of transferring load
from the superstructure through weak compressible strata or through water, onto stiffer
or more compact and less compressible soils or onto rock. They may be required to carry
uplift loads when used to support tall structures subjected to overturning forces from
winds or waves. Piles used in marine structures are subjected to lateral loads from the
impact of berthing ships and from waves. Combinations of vertical and horizontal loads
are carried where piles are used to support retaining walls, bridge piers and abutments,
and machinery foundations.” (TOMILSON ,2008).

2.2The following list identifies some of the conditions that require pile
foundations (Vesic, 1977)

e When one or more upper soil layers are highly compressible and too weak to
support the load transmitted by the superstructure, piles are used to transmit the
load to underlying bedrock or a stronger soil layer, as shown in Figure 2.1a.

e \When bedrock is not encountered at a reasonable depth below the ground surface,
piles are used to transmit the structural load to the soil gradually. The resistance
to the applied structural load is derived mainly from the frictional resistance
developed at the soil-pile interface. (See Figure 2.1b.)

e When subjected to horizontal forces (see Figure 2.1c), pile foundations resist by
bending, while still supporting the vertical load transmitted by the superstructure.
This type of situation is generally encountered in the design and construction of
earth-retaining structures and foundations of tall structures that are subjected to
high wind or to earthquake forces.

¢ In many cases, expansive and collapsible soils may be present at the site of a pro-
posed structure. These soils may extend to a great depth below the ground surface.
Expansive soils swell and shrink as their moisture content increases and decreases,
and the pressure of the swelling can be considerable. If shallow foundations are
used in such circumstances, the structure may suffer considerable damage.
However, pile foundations may be considered as an alternative when piles are

4
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extended beyond the active zone, which is where swelling and shrinking occur.
(See Figure 2.1d) Soils such as loess are collapsible in nature. When the moisture
content of these soils increases, their structures may break down. A sudden
decrease in the void ratio of soil induces large settlements of structures supported
by shallow foundations. In such as, pile foundations may be used in which the
piles are extended into stable soil layers beyond the zone where moisture will
change.

e The foundations of some structures, such as transmission towers, offshore
platforms, and basement mats below the water table, are subjected to uplifting
forces. Piles are sometimes used for these foundations to resist the uplifting force.
(See Figure 2.1e.)

e Bridge abutments and piers are usually constructed over pile foundations to avoid
the loss of bearing capacity that a shallow foundation might suffer because of soil
erosion at the ground surface. (See Figure 2.1f.)” (DAS,2007).

I8l !

(a) (b} (<)

Zone of

¥ 1
‘]‘ T.fc\:c'.iling
o I
LI s
K3
(d) (e) )

Figure (2.1) Condition that require the use of pile foundations (DAS,2007)
2.3 Type of piles:

Type of pile classified according to several way that will show below:
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2.3.1 Classification based on mode of transfer of loads:

2.3.1.1 End bearing piles:

These piles transfer their load on to a firm stratum located at a considerable depth below
the base of the structure and they derive most of their carrying capacity from the
penetration resistance of the soil at the toe of the pile (see figure (2.2). In this case, the
ultimate capacity of the piles depends entirely on the load-bearing capacity of the under-
lying material; thus, the piles are called point bearing piles.

2.3.1.2 Friction piles:

Carrying capacity is derived mainly from the adhesion or friction of the soil in contact
with the shaft of the pile (see figure 2.2). When no layer of rock or rocklike material is
present at a reasonable depth at a site, point bearing piles become very long and
uneconomical.

These piles are called friction piles, because most of their resistance is derived from skin
friction.

2.3.1.3 Combined piles:

These piles transfer loads by a combination of end bearing at the bottom of the pile and
friction along the surface of the pile shaft. the ultimate load carried by the pile is equal
to the sum of the load carried by the pile point, and the load carried by the skin friction.

Oy

!

Figure (2.2) transfer of loads in pile
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2.3.2 Classification according to material used:

There are four types of pile according to materials used: (Tomlinson ,2008).

2.3.2.1 Timber piles:

Timber piles are made from tree trunk after proper trimming. the timber used should be
straight, sound and free defects. Steel shoes are provided to prevent damage at the top
pile during driving. The length of pipe sleeve should be at least five times the diameter
of the pile.

Timber pile blew the water table have generally long life. However, above the water
table these are attacked by insects.

2.3.2.2 Concrete pile:

concrete piles may be divided into two basic categories:
(a) precast piles.

(b) cast-in-situ piles.

(c) Prestressed concrete

(a) Precast piles can be prepared by using ordinary reinforcement, and they can be square
or octagonal in cross section. Reinforcement is provided to enable the pile to resist the
bending moment developed during pickup and transportation, the vertical load, and the
bending moment caused by a lateral load. The piles are cast to desired lengths and cured
before being transported to the work sites.

(b) Cast-in-situ, or cast-in-place, piles are built by making a hole in the ground and then
filling it with concrete. Various types of cast-in-place concrete piles are currently used
in construction, and most of them have been patented by their manufacturers. These piles
may be divided into two broad categories:

(a-1) cased.
(b-2) uncased.

Both types may have a pedestal at the bottom. Cased piles are made by driving a steel
casing into the ground with the help of a mandrel placed inside the casing. When the pile

reaches the proper depth, the mandrel is withdrawn, and the casing is filled with concrete.
7
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Figures 2.3a, 2.3b, 2.3c, and 2.3d show some examples of cased piles without a pedestal.
Figure 2.3e shows a cased pile with a pedestal. The pedestal is an expanded concrete
bulb that is formed by dropping a hammer on fresh concrete. The uncased piles are made
by first driving the casing to the desired depth and then filling it with fresh concrete. The
casing is then gradually withdrawn. Figures 2.3f and 2.3g are two types of uncased pile,
one with a pedestal and the other without.

(c) Prestressed concrete piles can also be prestressed using high-strength steel pre-
stressing cables. The ultimate strength of these cables is about. During casting of the
piles, the cables are pre tensioned to about, and concrete is poured around them. After
curing, the cables are cut, producing a compressive force on the pile section.

Raymond Monotube or Il ‘Western
Step-Taper Pile Union Metal Pile Cased Pile
Corrugated thin Thin, fluted, tapered Thin metal casing
cylindrical casing steel casing driven M A it Al
Maximum usual WG length: 30 m~40 m
length: 30 m (100 ft) Maximum usual (100 fi-130ft)
length: 40 m (130 fv)

(a) (b) (c)

[T | Seamiess Pile or Franki Cased S| Western Uncased Franki Uncased
Armco Pile Pedestal Pile =4 ‘é Pile without Pedestal Pile
Thin metal casing Straight steel pile [Ty Pedestal | Maximum usual

=
casing ' o { Maximum usual
<

s o | length: 30 m—40m
.| length: 15 m-20 m !

Maximum usual < | (100 fi-130 f1)

Iength: 30 m~40 m Maximum usual = 3
(100 fi~130 ft) length: 30m—40m | i (50 =65 f1)
(100 fi-130 ft) R
=X
(d) ©) ) ®

Figure (2.3) Cast in place concrete piles (DAS,2007).
2.3.2.3 Steel piles:

Steel piles have the advantages of being robust, light to handle, capable of carrying high
compressive loads when driven on to a hard stratum, and capable of being driven hard
to a deep penetration to reach a bearing stratum or to develop a high skin- frictional
resistance, although their cost per metre run is high compared with precast concrete piles.
They can be designed as small displacement piles, which is advantageous in situations
where ground heave and lateral displacement must be avoided. They can be readily cut
down and extended where the level of the bearing stratum varies; also, the head of a pile
which buckles during driving can be cut down and re-trimmed for further driving. They
have a good resilience and high resistance to buckling and bending forces.

8
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Types of steel piles include plain tubes, box-sections, H-sections, and tapered.
(Tomlinson ,2008).
2.3.2.4 Composite piles:

Combination of different materials in the same of pile. As indicated earlier, part of a
timber pile which is installed above ground water could be vulnerable to insect attack
and decay. To avoid this, concrete or steel pile is used above the ground water level,
whilst wood pile is installed under the ground water level (see figure 1.7).

2.3.3 Classification based on method of installation:

A simplified division into driven or bored piles is often employed.

2.3.3.1 Driven piles:

Driven piles are displacement piles. In the process of driving the pile into the ground,
soil is moved radially as the pile shaft enters the ground.

2.3.3.2 Driven and cast - in- situ piles:

These piles are formed by driving a casing with a closed bottom end into the soil The
casing is later filled with concrete. The casing may or may not withdraw.
(ARORA,2004)
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]
3
1

L

Figure (2.4) Stages in installing pile Driven and cast - in- situ pile (Tomilson ,2008) (a)
Driving piling tube. (b) Placing concrete in piling tube. (c) Compacting concrete in
shaft. (d) Completed pile (Tomlinson ,2008).

2.3.3.3 Bored piles:

Bored piles a void is formed by boring or excavation before piles is produced. Piles can
be produced by casting concrete in the void (figure 2.6). Some soils such as stiff clays
are particularly amenable to the formation of piles in this way, since the bore hole walls
do not require temporary support except cloth to the ground surface. In unstable ground,
such as gravel the ground requires temporary support from casing or bentonite slurry.
Alternatively, the casing may be permanent, but driven into a hole which is bored as
casing is advanced. A different technique, which is still essentially non-displacement, is
to intrude, a grout or a concrete from an auger which is rotated into the granular soil, and
hence produced a grouted column of soil. (Tomlinson,2008)

10
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Caving soal

(b}
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Figure (2.5) method of construction (a) drilling to full depth (b)placing rebar cage (c)

placing concrete(d) completed bored.
2.3.4Classification based on displacement of soil:

Based on the volume of the soil displacement during installation, the piles can be

classified into two categories: (Tomlinson ,2008).

2.3.4.1Displacement piles:

All driven piles are displacement piles as the soil is displaced laterally when the pile is
installed. the installation may cause heaving of the surrounding ground. Precast concrete
and closed — end pipe piles are high displacement piles. Steel H- piles are low

displacement piles.

2.3.4.2Non- displacement piles:

Bored piles are non- displacement piles. As the soil is removed when the hole is bored,
there is no displacement of the soil installation. The installation of these piles causes
very little change in the stresses in the surrounding soil. (Tomlinson ,2008).

11
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2.4 Previous studies:

(Basile ,2003)

Reviews of available computer programs for pile group analysis Estimation of
geotechnical parameters using some applications in both the linear and nonlinear,
attention is focused on correlations between these parameter and commonly available
in-situ test data , also compare the application of available numerical methods with
practical problem involving real soil .Effect of soil non linearity on pile group response,
as measured experimentally and as predicted by numerical analysis . the main advantage
of non-liner group analysis system over linear is reduction of loads in large groups.

(Elsharief. 2007)

Summarizes the outcome of a research program carried out in Sudan to provide
guidelines for the design of bored concrete piles in expansive soils. Design parameters
were developed. The parameters under consideration are the adhesion, bearing capacity
and uplift factors. The results of the full-scale tests showed that the compressive axial
capacity of piles installed in expansive soil were significantly reduced by wetting. This
resulted in recommending higher factor of safety (minimum 4.0), showed that the
adhesion factor was 0.45 for moisture content below the plastic limit and linearly
increased with moisture above the plastic limit. The end bearing capacity factor was back
calculated from instrumented full-scale load tests and a value of 9 was attained. Uplift
factor was found to be 0.2 from model pile tests.

(Ivsic,2013)

Analyzes the bearing capacity and settlement of bored piles, as the most frequently used
type of piles in local practice. Empirical methods based on geotechnical soil parameters
for capacity estimation, introduce some simplifications which lead to neglecting certain
elements of a complex pile-soil interaction. On the other hand, the results of pile field
testing methods are a direct summary consequence of the overall complex conditions on
pile-soil contact, the comparison of empirical procedures and in-situ tests conducted to
determine bearing capacity and settlement of bored piles in soft soils. as results obtained
by calculation methods are generally much higher that the bearing capacity values
obtained by in-situ testing.

12
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(Elsharief. 2014)

Summarizes the geotechnical characteristics of five bridge sites in Khartoum and the
approaches used by the designers for estimating the bearing capacity of the piles. The
designs were compared with the results from pile load tests carried out in the bridge sites.
The analysis has shown that the approaches used for estimating the pile capacities in the
NF are very conservative and un-realistic , this evaluation has shown that alternative
design approaches or improvement in the used ones are needed for the designers to come
out with a technically viable and sound design for piles socketed in the NF. Alternative
design approaches or improvements of the currently used designs are needed.

(Poulos,2014)

Presented for the analysis of general three-dimensional pile groups. The features of the
pile-group model may include battered piles, different pile sizes, non-uniform pile
sections, soil nonlinearity, soil inhomogeneity, and pile-soil-pile interaction. A typical
six-pile group is analyzed and compared with results from three other computer
programs for pile group analysis that are based on different approaches. This method is
then used to analyze field and laboratory tests on groups of battered and vertical piles.
The computed solutions are shown to be in good general agreement with the measured
data. The present approach is shown to be at least as good as some of the computer
programs currently available for pile-group analysis. Full-scale field tests and a lab and
the results showed reasonably good agreement with the measured values.

(Zhng ,2015)

Present a simplified approach for nonlinear analysis of the load displacement response

of a single and pile groups embedded in multilayered soils. The relationship between
shaft displacement and skin friction was presented, a hyperbolic model was used to
capture the relationship between skin friction and relationship between end resistance
and end displacement pile-soil relative displacement developing along the pile-soil
interface. The model of an individual pile in pile groups were proposed. Computer
program was developed using the proposed models. comparison of load-settlement
responses demonstrated that the proposed method is good agreement with the field
observed behavior.

13



Chapter Two Historical Background and Literature Review

(Priya,2017)

Carry out parametric analysis of a group of piles by analyzing using finite element
method (The STAAD Pro software) and comparing the results obtained using empirical
equations (Brom’s method and Vedic’s method). The piles are modelled as linear
elements. The effect of soil structure interaction is considered by assuming it as vertical
and horizontal soil spring (Winkler soil spring). The pile group is subjected to both
vertical and horizontal forces. Brom's methods which gave accurate results can be
adopted for small scale projects and when software is not available for the analysis.

14
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Chapter Three

Analysis and Design of bored Pile
3.1 Introduction:

In this chapter a general expression for the theoretical analysis using empirical
formulas also, the software computer program Allpile 6.5. to analysis and design
single, group pile under vertical, lateral load and moment is given and determine the
piles settlement and deflection, while materials for piles can be precisely specified,
and their fabrication and installation can be controlled to conform to strict
specification and code of practice requirements.

3.2 Load transfer mechanism for piles:

The load transfer mechanism from a pile to the soil is complicated. To understand
it, consider a pile of length L, as shown in Figure 3.1a. The load on the pile is
gradually increased from zero to Q(z=0) at the ground surface. Part of this load will
be resisted by the side friction developed along the shaft, Q;, and part by the soil
below the tip of the pile, Q.. Now, how are Q;andQ; related to the total load? If
measurements are made to obtain the load carried by the pile shaft, Q, at any depth
z, the nature of the variation found will be like that shown in curve 1 of Figure (3.1b).
The frictional resistance per unit area at any depth z may be determined as

AQ(z)

t@= P(AZ)

(3.1)

If the load Q at the ground surface is gradually increased, maximum frictional
resistance along the pile shaft will be fully mobilized when the relative displacement
between the soil and the pile is about 5 to 10 mm, irrespective of the pile size and
length L. However, the maximum point resistance will not be mobilized until the tip
of the pile has moved about 10 to 25% of the pile width (or diameter). (The lower
limit applies to driven piles and the upper limit to bored piles). At ultimate load
(Figure 3.1d and curve 2 in (Figure 3.1b), Q(z=0) = Qu. Thus,

Ql = Qs (32)
QZ = Qp (33)
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At ultimate load, the failure surface in the soil at the pile tip (a bearing capacity
failure caused by Q,, is like that shown in Figure 3.1e. Note that pile foundations are

deep foundations and that the soil fails mostly in a punching mode, as illustrated
previously in Figures 3.2e. That is, a triangular zone, |, is developed at the pile tip,
which is pushed downward without producing any other visible slip surface. In dense
sands and stiff clayey soils, a radial shear zone, Il, may partially develop. Hence, the
load displacement curves of piles will resemble those shown in Figure 3.2e.
(Das,2007)

o

resistance

Figure (3.1) Load transfer mechanism for piles (Das ,2007)
3.3 Load carrying capacity of single piles:

Like shallow foundation, a pile foundation should be safe against shear failure and
the settlement should be within the permissible limits. The methods for estimating
the load carrying capacity of a pile foundation can be grouped into the following
three categories:

16
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3.3.1 Dynamic formula:

The ultimate capacity of pile driven in certain type of soil is related to the resistance
against penetration developed during driving operation. pile to further penetration
by driving depend upon the energy imparted to the pile by the hummer. it is tacitly
assumed that the load carrying capacity of pile equal to the dynamic resistance
during driving.

3.3.2 Pile load test:

load test may be carried out either on a driven pile or a cast-in-situ pile. Load tests
may be made either on a single pile or a group of piles. Load tests on a pile group
are very costly and may be undertaken only in very important projects.

Pile load tests on a single pile or a group of piles are conducted for the determination
of:

e Vertical load bearing capacity.
e Settlement.

o Uplift load capacity,

o Lateral load capacity.

Generally, load tests are made to determine the bearing capacity and to establish the
load settlement relationship under a compressive load. The other two types of tests
may be carried out only when piles are required to resist large uplift or lateral forces.

3.3.3 Static methods:

the static methods give the ultimate capacity of an individual pile, depending upon
the characteristics of the soil. The ultimate load

capacity is given by

Qu = Qp + Qs (3.4)
Qp =y Ap (3.5)
Qs = qs 4s (3.6)

17
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The ultimate bearing capacity (q,,) of the soil at the pile tip can be computed from

the bearing capacity equation similar to that for a shallow foundation, Terzaghi
(1943) was the first to present a comprehensive theory for the evaluation of the
ultimate bearing capacity of rough shallow foundations. (Arora, 2004)

According to Terzaghi’s equations (Das,2007)

(for shallow square foundation)

qy = 1.3c'qN. + ¢ N, + 0.4yB N, (3.7)
(for shallow circle foundation)
qy = 1.3c'qN. + ¢ N, + 0.3yBN, (3.8)

Because the width to Depth for pile is relatively small, then yD N, " may be dropped
from the equation without introducing error.

qp =N, +qN,° (3.9)
The point bearing of the pile is
Qp=qp,Ap, = Ap(c’'N;," +qN;") (3.10)
3.3.1.1 Meyerhof ’s method for estimating Q,:
e Sand (c=0):

The point bearing q,,, of a pile in sand generally increases with the depth of

embedment in the bearing stratum and reaches a maximum value at an embedment
ratio of

Ly/D = (Lp/D)cr (3.11)

L, is equal to the actual embedment length of the pile. Beyond the critical
embedment ratio (L, /D)., the value of g, remain constant (g, = q) .

That is as shown in figure (3.2)

18
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Unit point

» resistance,

(Ly /D),

g, = q;—>

"
LD = L,/D

Figure(3.2) Nature of variation of unit point resistance in a homogeneous
sand(Das,2007)

For piles in sand ¢ = 0 and equation 3.10 simplifies
Q,=A4A,qN;" (3.12)

The bearing capacity factor N, depend upon the angle of shearing resistance (¢ is
shown in (figure 3.3), however @, should not exceed the limiting value A, q;.

5 T v T V
o 10 20 30 20 45
Soil friction angle., & (deg)

Figure (3.3) Variation of the maximum values of Ng* with soil friction angle ¢’
(Das,2007)
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3.3.1.3 methods for estimating Qg :
e [or Sand (c =0)
The frictional or skin resistance Qs of pile may be written as
Qs=SpALf (3.13)

the unit skin friction for a straight — sided pile depends upon the soil pressure acting
normal to the pile surface and coefficient of friction between the soil and the pile
material figure (3.5). (Arora, 2004)

Figure (3.4) Unit frictional resistance for piles in sand (Arora, 2004)

From figure (3.4) the soil pressure normal to the vertical pile surface is horizontal
pressure (o) and is related to the effective vertical soil pressure as

op, =ko, (3.14)

fs =optand’ or f. =ko,tand’ (3.15)
approximate value of K can obtain from the following equation. (Das,2007)

K=1-sin ¢’ (3.16)

The value of K generally varies between 0.3 and 0.75. average value of 0.5 is usually
adopted. K value is given in table (3.1) (Das,2007)

the value of 6 from various investigation appear to be in range from 0.5¢' to 0.8 ¢’
Table (3.1) K value (Das,2007)
Type of pile K
Bored or jetted Ko =1-sin¢’
Low — displacement driven | Ky =1-sing’ to 1.4K, =1.4(1-sin¢’)
high— displacement driven | Ko=1-sin¢' to 1.8Ko =1.8(1-sin¢")
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Qs = f,PL = (kontand’) PL (3.17)

As stated earlier, the effective vertical pressure (o, ) increases with depth only up

to the critical depth below the critical depth, the value of o,, remains constant.

The frictional resistance (Q,) can be expressed as (Arora, 2004)

Qs= Y. K(0,); tan &' (Ay); (3.18)

The Equation (3.18) can be written as

Qs = X7, K tan &' (area of 0 ,, diagram) * pile perimeter (3.19)
The ultimate load for pile can be written for the sand soil as equation (3.4)
Qu=q' Ny Ap+ XTI K(0y,); tand" (Ay); (3.20)

3.4 Allowable load for pile:

After the total ultimate load-carrying capacity of a pile has been determined by
summing the point bearing capacity and the frictional (or skin) resistance, a
reasonable factor of safety should be used to obtain the total allowable load for each
pile,

Qau = 2—: (3.21)

Fs is factor of safety the factor of safety generally used ranges from 2.5 to 4,
depending on the uncertainties surrounding the calculation of ultimate load.
(Das,2007)

3.6 Analysis of pile to resist lateral loading:

Piles are frequently subjected to lateral load and for example quay and harbor
structure where horizontal force are cause by the impact of ships during berthing and
weave action , structure subject to wind load ,earth quake ,or pile supported earth-
retaining structure .the problem of laterally loaded pile embedded in soil is closely
related to the beam on an elastic foundation . A beam can be loaded at one or more
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point along its length, where in the case of piles the external loads and moments are
applied at or above the ground surface only.

A vertical pile resists a lateral load by mobilizing passive pressure in the soil
surrounding it. (Das,2007)

The degree of distribution of the soil’s reaction depends on
(a) The stiffness of the pile,

(b) The stiffness of the soil, and

(c) The fixity of the ends of the pile.

3.6.1Winkler’s Hypothesis:

Most of the theoretical solution for laterally loaded pile involve the concept of
subgrade reaction or otherwise termed as soil modulus which based on Winkler’s
assumption that a soil elastic medium may be approximated by a series of closely
spaced independent elastic springs. (Murthy.1969)

based on this assumption

p’ (KN /m)
= 3.22
y(m) (3:22)
using the theory of beam on elastic foundation we can write
d*x )
E|@ =p (323)
Based on Winkler’s model
p'= —ky (3.24)

the sign negative because the soil reaction is in the direction opposite that of the pile
deflection

combining the equations (3.64) and (3.65) gives for zero axial load:

4
E14Z v ky=0 (3.25)

dz*
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3.6.2 Laterally loaded piles can be divided into two major categories:

3.6.2.1Short or rigid piles:

The lateral load required to cause failure of soil along the pile length (shear failure
in the soil) before failure of the pile. (Das,2007).

the pile then rigid and its capacity governed by the soil resistance. (Poulos,1980)

A short rigid pile unrestrained at the top and having a length to width ratio of less
than 10 to 12. The short rigid pile will fail by rotation when the passive resistance of
the soil at the head and toe are exceeded figure (3.8a). rigid pile restrained at the
head by a cap will fail by translation figure (3.8b). (Tomilson,2008)

3.6.2.2Long or elastic piles:

The failure mechanism of an infinitely long pile is different. The passive resistance
of the lower part of the pile is infinite, and thus rotation of the pile cannot occur, the
lower part remaining vertical while the upper part deforms to a shape shown in
Figure (3.5a). Failure takes place when the pile fractures at the point of maximum
bending moment, and for the purpose of analysis a plastic hinge capable of
transmitting shear is assumed to develop at the point of fracture. In the case of a long
pile restrained at the head, high bending stresses develop at the point of restraint,
e.g. just beneath the pile cap, and the pile may fracture at this point (Figure 3.5b).
(Tomilson,2008)

The ultimate lateral resistance may be determined by the yield moment of pile which
may be reached before full mobilization of the ultimate soil resistance. pile failure
happened before the soil, lateral capacity of pile governed by pile characteristics,
long piles would generally fail by bending. (Polous.1980)

23



Chapter Three Analysis and Design of bored Pile

| B L
&) fb)

Figure. (3.5) Long vertical pile under horizontal load
(a) Free head (b) Fixed head (Tomilson,2008)

3.6.3 Calculating the ultimate resistance to lateral loads :method to analysis
single pile under lateral load:

3.6.3.1 BrinchHasen’s method

3.6.3.2 Brom’s method

The first step is to determine whether the pile will behave as a short rigid unit or as
an infinitely long flexible member. This is done by calculating the stiffness factors
R and T for the combination of pile and soil. The stiffness factors are governed by
the stiffness (EI value) of the pile and the compressibility of the soil. The latter is
expressed in terms of a ‘soil modulus’, which is not constant for any soil type but
depends on the width of the pile B and the depth of the loaded area of soil being
considered.

In the case of a stiff over-consolidated clay, the soil modulus is generally assumed
to be constant with depth. (Tomilson,2008)

R= |2 3.26
= B (3.26)

5 I
T= — (3.27)
np

Values of the coefficient of modulus variation n;, were obtained directly from lateral
loading tests.
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Figure (3.6) Relationship between coefficient of modulus variation and relative
density of sands (Tomilson,2008)

Representative value of n; Table (3.2) (Das,2007)

y
Soil kN/m? Ib/in®
Dry or moist sand
Loose 1800-2200 6.5-8.0
Medium 5500-7000 20-25
Dense 15,000-18,000 55-65
Submerged sand
Loose 1000-1400 3.5-5.0
Medium 3500-4500 12-18
Dense 9000-12.000 32-45

Having calculated the stiffness factors R or T, the criteria for behavior as a short
rigid pile or as a long elastic pile are related to the embedded length L as shows in
table (3.3):

Table (3.3) Stiffness factor

Pile type Soil modulus

Linearly-increasing Constant
Rigid (free head) L<2T L<2R
Elastic (free head) L>2T L >3.5R

When L >5T the pile considered to be long pile. for L< 2T the pile considered to be
rigid. (Tomilson,2007)
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3.6.3.1 Ultimate resistance of short rigid piles Brinchhansen’s method:

Can be used to calculate the ultimate lateral resistance of short rigid piles. The
method is a simple one which can be applied both to uniform and layered soils. The
resistance of the rigid unit to rotation about point X in Figure (3.7) a is given by the
sum of the moments of the soil resistance above and below this point.

————Fixed head

e Pt of sppiicatcr of equavalent
_("' free -headed load

————

&) fc)

Figure. (3.7) BrinchHansen’s method for calculating ultimate lateral resistance of
¢) Bending moment b) Shearing force diagram((short pile (a) Soil reactions
diagram (Tomilson,2008)

The passive resistance diagram is divided into a convenient number n of horizontal
elements of depth L/n. The unit passive resistance of an element at a depth z below
the ground surface is then given by

P, = PyzK, + CK, (3.28)

and K, andK ., are the passive pressure coefficients for the frictional and cohesive
components respectively at depth z.

BrinchHansen has established values of K, and K. in relation to the depth z and the
width of the pile B in the direction of rotation, as shown in figure (3.8)
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Figure (3.8) Brinch Hansen’s coefficients K, and K, (Tomilson,2008)

The total passive resistance on each horizontal elementis p, (e + z) B and, by taking
moments about the point of application of the horizontal load,

SM = YZip, = (e +2)B — ¥izkp,~(e+2)B (3.29)

The point of rotation at depth x is correctly chosen when the passive resistance of
the soil above the point of rotation balances that below it. Point X is thus determined
by a process of trial and adjustment. If the head of the pile carries a moment M
instead of a horizontal force, the moment can be replaced by a horizontal force H at
a distance e above the ground surface where M is equal to Hxe. Where the head of
the pile is fixed against rotation, the equivalent height el above ground level of a
force H acting on a pile with a free head is given by

ey = ~(e+17) (3.30)

where is the height from the ground surface to the point of application of the load at
the fixed head of the pile Figure (3.7), and z; is the depth from the ground surface

to the point of virtual fixity or the point of zero shear .

Having obtained the depth to the center of rotation from equation (3.29), the ultimate

lateral resistance of the pile to the horizontal force Hy can be obtained by taking
moments about the point of rotation, when

Hy(e +x) = X5p,~B(x — 2)B + X&' p,—+ (z— x)B (3.31)
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The final steps in Brinchhansen’s method are to construct the shearing force and
bending moment diagrams Figure (3.7 b and 3.7 c). The ultimate bending moment,
which occurs at the point of zero shear, should not exceed the ultimate moment of
resistance M,, of the pile shaft. The appropriate load factors are applied to the
horizontal design force to obtain the ultimate force H,,.

3.6.3.2 Brom’s method :

Brom’s (1965) developed a simplified solution based on the assumption of:

1.Shear failure in soil, which is case for short piles and

2.Bending of pile, governed by the plastic yield resistance of the pile section
which applicable to long pile. (Das, 2007).

Brom's provide solution for both short and long piles installed in cohesive and
cohesionless soil. He considered pile fixed or free to rotate at the head.
(Murthy,1969).

e Ultimate resistance of long piles:

The passive resistance provided by the soil to the yielding of an infinitely long pile
is infinite. Thus, the ultimate lateral load which can be carried by the pile is
determined solely from the ultimate moment of resistance M, of the pile shaft.

simple method:

ultimate lateral load free headed pile H,, = M,,/(e + z¢) (3.32)
ultimate lateral load fixed headed pile H,, = 2M,,/(e + zf) (3.33)

z¢ should be taken as 1.4R for stiff, over-consolidated clay and 1.8T for normally
consolidated clay, granular soils and silt. (Tomilson,2008)

* Cohesion less soil: ¢ =0

For long piles in cohesion less soils the soil reactions and bending moments for free-
headed piles are shown in Figure (3.29 a). The maximum bending moment on the
pile shaft occurs at the point where the shearing force is zero.
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Figure (3.9) Soil reactions and bending moments for long pile under horizontal
load in cohesionless soil (Brom's method) (a) Free head (b) Fixed head
(Tomilson,2008)

Ultimate laters! resistance H,/k, 8%y

roo 1000 10000
Uitimate resistance moment My/8y Kp

Figure (3.10) Ultimate lateral resistance of long pile in cohesionless soil related to
ultimate resistance moment (Brom's method) (Tomilson,2008).

Brom's has established the graphical relationship between H/K,yB>
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and M,, / (yKpB*)shown in Figure (3.21). These graphs can be used to determine
the ultimate lateral load Hu.

3.7 Pile Group:

3.7.1 Group action of piles:

In most cases pile group is used in to transmit the structural load that supported by
several piles acting as a group to the soil. a pile cap is constructed over the group
pile) The load acts on the pile cap which distributes the load to the pile see figure
(3.11).

/—PILE CAP

G.S.
A ASS

L IANSCASNN?

'S0l

- Pl

— oy —\]

. .'.{ :50“ J :: j."

— — —
i SO
==l b

e /)
g

Figure (3.11) Pile cap (Arora,2004)

The load carrying capacity of a pile group is not necessarily equal to the sum of the
capacity of the individual piles. Estimation of the load carrying capacity of a pile
group is a complicated problem. When the piles are spaced enough distance apart,
the group capacity may approach the sum of the individual capacities. if the piles are
closely spaced, the stresses transmitted by the piles to the soil may overlap, and this
may reduce the load carrying capacity of the piles figure (3.12) and figure (3.13) .
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Figure (3.12) Typical pile-group patterns: (a) for isolated pile caps; (b) for
foundation walls (Bowls,1997)

Figure (3.13) soil overlap (Das.2007)

3.7.2The efficiency (n,) of a group piles: are defined as the ratio of the ultimate
load of the group to the sum of individual ultimate loads. (Das ,2007)

Thus n, :‘fng(‘;)xloo (3.34)
_2(n1+n2-2)d+4d
g = (3.35)

if ng, > 1 in that case the piles will behave as individual piles
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Qg (W) =2 Qy (3.36)
if n, <1then in this case
Qg (U) =My Qu (3.37)

3.8 General analysis of pile group:

In general, a pile group may be subjected to simultaneous axial load, lateral load,
moment and possibly, torsional. Method of analyzing the pile group shown below:

3.8.1Simple statically method:

That ignore the presence of the soil and consider the pile group as purely structural
system. Traditional design method has relied on consideration of the pile group as
simple statically — determinate system, ignoring the effect of the soil. one such
method which may be employed either graphically or analytically. Considering, for
simplicity, load and pile having a pinned head, the steps in this method are as
follows:

e assuming each pile to take an equal share of the vertical load on the cap and
assuming the vertical load in pile caused by moment in the cap, to be
proportional to the distance x, the vertical pile loads are calculated as

vV . Mxi Myi
s X (3.38)

V.=—+ X +
' N Z?:O Iy ?:O IXy

e There then a residual horizontal force H which is assumed to be equally
distributed between each pile in the group.
It should be noted that this method cannot take in to account different conditions of
fixity at the pile head and always assume zero moment at the head of each pile group
is thus obtained. (Polous,1980)

e Pile group resist horizontal load by bending:
A group of vertical piles subjected to horizontal load H applied at the top of the pile
is showing in figure (3.14). the piles are assumed to be fixed at the top and bottom.

Shear per pile. (Macginley,2009)
Lateral load in each pile = H/N (3.39)

Moment in each pile = H h;/(2N) (3.40)
32



Chapter Three Analysis and Design of bored Pile

Where N is the number of pile and h; is length of pile between fixed end.

Figure (3.14) (a) pile group (b) deflection (c) moment diagram

(Mcginley,2009)
3.9 Allpile6.5 software analysis:

The program Allpile6.5 from CivilTech software analyze pile load capacity
efficiently and accurately. Allpile6.5 handle all type of pile, the program can perform
the following calculation:

e Vertical capacity and deflection.
e Vertical capacity and settlement.
e Group vertical and lateral analysis.
e Static and cyclic condition.
e Negative and zero friction.
In this research negative and zero friction, cyclic condition not considering
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Figure (3.15) group pile for vertical analysis
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Figure (3.16) group pile for lateral load

3.9.1 Lateral load analysis:

The method utilized in the laterally loaded pile program, is based on the theory of

subgrade reaction discussed above see equations (3.22 and 3.4).

3.9.1.2 p-y concept of lateral load transfer:

when the basic beam — column is inserted vertically as pile shaft , the method of

analysis Allpile6.5 consider the soil surrounding the shaft as a set of nonlinear
elastic spring a depicted in figure (3.17) .this assumption is attributed to Winkler
(1967) , and it states that each spring act independently , the behavior of one spring
has no effect on any of the adjacent spring .
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|
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Figure (3.17) model of pile system with soil represented as set of nonlinear elastic
spring (Reese, 1984).

in the analysis the response of spring can take as either linear or nonlinear. the
approach in program Allpile6.5 is to treat the springs as nonlinear with their response
represented by curves which relate soil resistance p to pile deflection y. in general ,
these curves are nonlinear and depend on several parameters including depth , pile
geometry , shear strength of soil , and type of loading (static or cyclic).

A typical p-y curve is shown in figure (3.18).
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Figure (3.18) characteristic shape of p-y curve (Reese, 1984)
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The soil modulus E; is defined as —p/y and is taken as the secant modulus to a point
on p-y curve as shown in figure (3.18). Because the curve is strongly nonlinear, the
soil modulus changes from initial stiffness Es; to ultimate stiffness p,, /y,,. as can be
seen the soil modulus Es is not a constant except for small range deflection.

All pile directly program solve the nonlinear different equations representing the
behavior of the pile — soil system to lateral (shear and moment) loading conditions
in finite difference formulation using Reese’s p-y method of analysis. For each set
of applied boundary loads the program performs an iterative solution which satisfies
static equilibrium and achieves an acceptable compatibility between force and
deflection (p and y) in every element. The program uses the four nonlinear
differential equation to perform the lateral analysis, equation (3.25).
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3.9.2The Allpile6.5 software input steps:
Allpile6.5 can be divided into six input pages:

First Pile type page: you can select the pile type there are twelve different type to
choose.

m—
Bl Alpile - file =: DIA180 COPI

File Edit Run Setup Help

(Y | = Ell j'|_| =| & Verticall =% Lateral | K | Sample: |M30. Tower with 4 Piles ~]

Pile Type Project Title 1:
&= Drilled Pile (dia <=24 in. or 61 cm]) [PILE dia 1.80 m LC18

¢ Drilled Shaft [dia >24 in. or 61 cm]) Project Title 2:
[THE PILE ANALYSIS

7 SHAFT [US. FHwWA Methods)

¢~ Driving Steel Pile (Open end) Memo: ¥ Shown Memo in Profile
¢~ Driving Steel Pile [Closed end)] . Concrete poured into diilled hole.

. . B e - Diameter is limited to 24in (61cm).
¢~ Driving Concrete Pile o) M

¢~ Driving Timber Pile
" Driving Jetted

" Micropile (MiniPile)
" Uplift Anchor

< Uplift Plate
- Auger ~Units: —
¢~ Shallow Footing  English & Metric

Program Path: E:%
File Path and Name: C:\Users\Eglaal\DesktopthunydatDIA180 COPM LCO1S.alp

Figure (3.19) Pile type page

Second input pile profile page: input the pile length, distance from the ground
level, surface angle and batter angle.

- - ricieme o

File Edit Run Setup Hel
ol || 2| & vetical| % Lateral | K| Sample: |M30. Tower with 4 Piles

Pile Type Pile Properties | Load and Group | Soil Properties | Advanced Page |

= » After entering data,
Pile Length [L]) -m 35.9 e i b et

Type data in box if
. it is beyond limits of
Top Height (H) -m  |5.93 sliding bar

Figure (3.20) pile profile page
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BB Allpie - 7ie pame: O1A180COBM (coF

Third input pile property page: in this page input the data through the section

is (width, area, perimeter, moment of inertia, elastic modulus, depth of pile,..... )

[y R=1= Il 31| 2| & wertical| =% Lateral | K| Sample: |M30. Tower with 4 Piles

Pile Type | Pile Profile Load and Group | Soil Properties | &dvanced Page |

Pile Property Table th from pile top to beginning of each section] Total Pile Length=35.9-m
Zp-m Pile Data Input “width-cm IA'-cmZ IF’er. -em II'-cm4 IE MP Iw kN /m IAl-cmZ I
0.000 @ Concrete (smooth) | 180 254469 S65.5 51529972.0 20683 £0.004 25446.9

35.9 130 25446.9 565.5 51529372.0 20683 60.004 25446.9

U Add Tip Secti Only if bearing area is different from that of the last section. add a new section then
ipoecton modify the area equal to the bearing area.

Figure (3.21) pile property page

Fourth input load and group: select the pile configuration that most fit to analysis
(single pile, group pile or tower foundation), determine static or cyclic load and
input vertical load, shear force (lateral load) , moment , torsion .

File Edit Run Setup Help

o [ elgf j"Ll =j & Verticall =% Late ] K] Sample: |M30. Tower with 4 Piles ~1

Pile Type | Pile Profile | Pile Properties

[ = S!azic‘
| — cyelic | I

* Load Supported
by Pile Cap (in %)

—

MNx - No. of Columns
4

Col. Spacing [S=] -cm
[e25

My - No. of Rows
R Sx - Column Spacng
Top View 1

Ny - No H H Sy - Row FRow Spacing [Sy] -cm
of Rows Spacig

250

Free Head Fixed Head

Figure (3.22) load and group page
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Fifth input soil property page: input the parameters of the soil (angle of friction,) and
must determine the water level.

I[ File Edit Run Setup Help

o3| L | & vetical| =% Lateral | K| Sample: |M30. Tower with 4 Piles

Pile Type | Pile Profile | Pile Properties | Load and Group Advanced Page |

Soil Property T able (Zg - Distance from “water T able [&n additional layer W Surface Elevation I
ground to beginning of each layer) is required at water table) - £ (O ptional input)

Soil Data Input G-kN/m3 IF'hi IC-kN/mZ Ik-MN/m3 Ieso or Dr INspt ITypeI

S SILTY SAND (looseliw] | 8.0 1.0 00 100 200 21 a
S SILTY SAND (looseliw] | 8.0 21.0 0.0 10,0 200 21
=7 CLAYEY SAND(medium did 9-0 30.0 0.0 200 50.0 50

25 SILTY SAND [very denpw] 9.0 do:0; Tioin 40:0 S o0

SILTY SAND [very denpad 3-0 40.0 0.0 40.0 S0.0 50

Click to Open

Click to Open

Click to Open

Click to Open

Click to Open

Figure (3.23) soil property page

Sixth advance page: this page allows to assign analysis parameter like factor of
safety for vertical and lateral loads, resistance limit, allowable deflection.

File Edit Run Setup Help
|3| e[gﬂ _le =| % Venicen[ - Lalelal] K] Sample:

Pile Type | Pile Profile | Pile Properties | Load and Group | Soil Properties  Adwvanced Page |

[~Zero Friction (Non-load zone) and Neagative Friction [Downdrag forcel :  Input Depth (Za)
I~ Zero Friction from | o | I~ MNegative Friction from | Factor |1
I Zero Friction from | o | I~ MNegative Friction from | Factor |1

I Zero Tip Resistance [ Tip resistance based on stratum from pile tip extends to |10 ~ 1 times of pile
“To diameter (10 recommended].

Analysis Parameters:

Parameters: Value [1]: Yalue [2] “alue [1] “alue [2] |
FS for Downward: [1] FS_side: [2] FS_tip EXs)

FS for Uplift: [1] FS_side: [2] FS_weight 2.0 1.0

Load Factor: [1] Vertical.O: [2] Lateral. P_M_T 1.0 1.0

[Critical Depth)/[Pile Diameter): [1] Side: [2] Tip 20.0 20.0

Resistance Limits: [1] Side: [2] Tip kMN/m2 (Mo Limit: 9999) 939393.0 99393.0

Alloveable Deflection: [1] Wertical. =_allow [2] Lateral. y_allows cm | 2.5 25

Group Deduction Factor for Lateral Analysis: [1] Rfront [2] Rside 1.0 1.0

Settlement Calculation

= “esic Method T Reese Method Define p-y. t-z Output Points

Figure (3.24) advance page
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3.9.3This program provides the result as follows:

Vertical analysis results: click on (vertical analysis) will display a panel that allows
to choose the different type of result from analysis. for this analysis all lateral load
components are ignored and only vertical load considering.

Lateral analysis results: click on (lateral analysis) will display a panel that provides
several choices.

3.10 Design of bored pile:

in this research will design reinforce concrete pile under axial load moment and
lateral load. when subjected to axial load and moment the reinforced concrete piles
are considered as columns the effective lengths for various conditions of end
restraint are given in BS 8110 respectively. (Tomilson,2008). But for lateral load
will design as beam (Winkler’s assumption).
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Chapter Four

Analysis Results and Design of Soba Bridge Piles

4.1 Introduction:

In this chapter pile foundation of soba bridge have been studied. soba bridge contains 13
piers. piers from1 to 3in west shore, from11to 13 in east shore and from 4 to 10 which in
river have been studied in this research.

In this study several diameters (1.20,1.6,1.40,1.80 m), several lengths (25.9,32.9 ,35.9m)
and several pile groups (1x4,2x4,3x4) subjected to load combinations have been analyzed
using manual empirical formula and software Allpile6.5.

Soba Bridge: this bridge located on the Blue Nile which connect east soba area with west
soba area in Khartoum see figure (4.1) the bridge length is 571m and width is 6 ways.
Published soil investigation recommendations for bored pile is 1.2m diameter and 30 m
length but the actual analysis using 1.8 m for diameter and 25.9m for length and 1x4 for
number of piles in group.

Figure (4.1) soba bridge location
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4.2 Properties of soil for soba bridge:

Soba bridge soil properties shown in table (4.1) which is inside the river.

Table (4.1) Properties of soil for soba bridge

Description Depth Properties Value

Silty sand 6m ¢’ 0

(loose) ¢’ 21 deg
Y’ 8 KN/m3
K 1000 KN/m3
KO 0.5

Clayey sand 3m c’ 0

(medium dense) ¢’ 30 deg
Y 9 KN/m3
K 2000 KN/m3
KO 0.45

Silty sand 17m c’ 0

(very dense) and more ¢’ 40deg
Y’ 9 KN/m3
K 4000 KN/m3
KO 0.35

—
West Soba
Bz SET mawr SET East Soba

a8

T

RRRRRRR,

I EEE
(B TPt

2
= H
BRRLIRLLIEE, e
Bediadiagies
2
% R m
yrvuy
EREEE
1]
r
H
]
4

FE
RARAR

0 R 1
[

oUW oww oAl
(LTS dR AR AR TR

Figure (4.2) Subsurface profile of soba bridge site (Elsharief,2014)

4.3Bearing capacity of vertical pile with several diameter and length:

To analysis and design pile it necessary calculates Bearing Capacity of pile to
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know how much that pile can carry load without failure. Bearing capacity calculations
by manual methods and with All pile soft were show below.

4.3.1Pile bearing capacity manual calculation:

use equations 3.12, 3.17 and 3.20 from previous chapter to calculate the ultimate capacity
of an individual pile. to calculate the allowable load for pile, use the equation 3.21and
compare the result with soil report and All pile 6.5 result.

Tables from (4.2) to (4.4) describe the pile bearing capacity results from soil report,
manual calculations and All pile 6.5 software analysis for Lengths 39.5m ,32.9m and
25.9m respectively. (F.S is factor of safety).
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Table (4.2) Bearing capacity of vertical pile length 35.9

# | Diameter m Manual result All pile | Soil  report
result result
1- [1.20m Q, |13069.52 |17110.006
Q, 3117.9 5053.283
Q, |16187.42 |22163.289 Qau | 9500
KN
F.S (2 for @, and 1.5 for Q;) | Quy1 | 8617.01 7724.648
F.s (3 for @, and 1.5 for | Qg | 6435.106
Qs)
F.S (2.5for @, and Q;) Qaus | 6474.96
2- 11.40m Q, | 17789.079 | 27246.727
Q; 3637.51 6128.66
Q, |21426.59 |33375.395
Qa1 | 11324.34 | 11533.709
Qa2 | 8354.699
Qaus | 8570.636
3- |1.60m Q, |23234.72 |38250.762
Qs 4157.156 |7039.301
Q, |27391.876 | 45290.063
Qa1 | 14394.85 | 15565.975
Qauz | 10516.344
Qaus | 10956.75
4- [1.80m Q, |29406.4 48411.109
Q. |4676.80 7918.659
Q, |34083.20 |56329.805
Qa1 | 17828.56 | 19304.514
Quuz | 11672.85
Qqus | 13633.28
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Table (4.3) Bearing capacity of vertical pile length 32.9

# | Diameter m | Manual results KN All pile6.5 results KN

1-11.20 m Qp 13069.52 17095.324
Q, 2520.32 4167.684
Qy 15589.84 21263.008
Qun 8218.474 7365.515
Q2 6036.72
Qs 6235.93

2-11.40m Qp 17789.079 26291.209
Qs 2940.436 4928.36
Q. 20729.5 31219.57
Qun 10859.38 10735.081
Qaiz 7889.98
Qaus 8291.806

3-11.60m Qp 23234.72 34862.352
Q, 3360.49 4458.969
Q. 26595.2 39321.320
Qun 13863.47 13404.371
Qaiz 9985.23
Qauz 10638.085

4-11.80m Qp 29406.4 42905.840
Q. 3780.59 6125.547
Q. 33186.96 49121.387
Qun 17230.76 16788.166
Qauz 12322.5
Qauz 13274.78
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Table (4.4) Bearing capacity of vertical pile length 25.9

# Manual results KN All pile6.5 results KN

1-11.20m | @, 13069.5 14180.772
Q. 1370.617 2206.919
Qy 14440.137 16387.691
Qun 7451.638 5609.692
Qi 5270.25
Qs 5776.05

2-11.40m | Q, 17789.079 19301.685
Q; 1599.927 2574.651
Q. 19388.127 21879.219
Qun 9964.738 7463.710
Qauz 6995.726
Qaus 7755.25

3-1160m | @, 23234.72 25210.344
Q. 1827.502 2942.836
Q. 25062.22 28153.180
Qun 12841.11 9580.582
Qaiz 8963.24
Qaus 10024.88

4-11.80m |Q, 29406.4 31906.834
Q. 2055.93 3310.408
Q. 31462.33 35217.242
Qun 16080.6 11959.774
Qaiz 11172.75
Qauz 12584.9

4.4 Analysis group of pile:

load combination of soba bridge which subjected from bridge to piers. is given in table
(4.5). the LCO1, LCO05, LC11 and LC18 is load combination which used in analysis and
design because is maximum load combination. Figure (4.4) shows the number and
spacing between piles in different groups (1x4,2x4,3x4).
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Table (4.5) Load combinations (A&A soba bridge project)

LC Vertical load KN | Lateral load KN | Moment KN.m
LCO1 43608 0 10427
LC02 40685 0 7127
LCO03 43088 0 13734
LCO04 40939 0 10019
LCO05 41191 0 29735
LCO06 39109 0 19388
LCO7 40953 0 30954
LCO08 39546 0 28624
LCO09 42215 344 8690
LC10 39779 344 10986
LC11 41874 344 11621
LC12 40059 344 11217
LC13 40201 344 24779
LC14 38466 344 16157
LC15 40072 344 26145
LC16 38882 344 24188
LC17 27199 283 5838
LC18 36241 2089 21877
LC19 28189 2089 21877
LC20 27199 2089 16921
LC21 27199 850 12670
LC22 40201 520 33172
LC23 30800 0 18021
LC24 31159 0 21305
LC25 27919 1651 16980
LC26 30800 429 24957

47



Chapter Four Analysis Results and Design of Soba Bridge Piles

Figure (4.3) Piers bridge

4.4.1 Pile group vertical analysis:

Calculating group efficiency for all diameters using equation (3.34) to determine how
the pile group behave according to n, the results from table (4.6) represent that all pile
behave as individual pile in group pile.

Table (4.6) n4values
Diameter ng group 1x4 n,for group 2x4
1.8 1.9 1.27
1.6 2.18 1.40
1.4 2.44 1.58
1.2 2.81 1.8

The spacing between piles in the groups 6.25 that is distance of piers which supporting
the bridge deck that forlx4 group for another group the spacing shown in figure (4.4).
The spacing is more than 3D. using equation (3.38) to distribute the vertical load in each
pile in the group.

4.4.2 Pile group lateral analysis: using equation (3.27) to determine the stiffness

factor, according to table (4.7) find the lengths for all diameters greater than 5T then the
pile describe as long pile.
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Table (4.7) stiffness factor T for all diameters

Diameter m T 5T
1.8 4.63 23
1.6 4.19 20.95
1.4 3.78 18.9
1.2 3.34 16.7

the equation from (3.39) distribute the lateral load, because pile is long using equation
(3.33) to distribute the and moment in each pile in the group manually see tables from
(4.10 to 4.64).

The limiting settlement criteria sometimes specified the net settlement should not be more
than 25mm (Arrora,2004), The settlement should not be more than 25mm (Bowls, 1997).
limits the lateral deflection at ground level to 25mm (Das,2007).

4.5 Calculate maximum moment and ultimate lateral load on pile.

4.5.1 Brom's method:

Using the equation (4.1) and (4.2) to determine the yield moment for each diameter which
is shown in table (4.7).

Table (4.8) shown ultimate lateral load which to calculated from equation (4.4) .
My = f, * Z (4.1) (Murthy, 1969)
= f, * 1D%/32 (4.2)
For concrete assume the yield strength = £, = ., =30 N/mm?
M, =30(nD%32) KN.m (4.3)

Table (4.8) maximum moment in pile Brom's method

Diameter m M,

1.8 17176.6
1.6 12063.7
1.4 8081.74
1.2 5089.38
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Ultimate horizontal load from figure (3.10), table (4.9) shows ultimate | horizontal load

values of for different diameters.

Table (4.9) ultimate lateral load in pile Brom's method

Diameter (m) H,, (KN)
1.8 11022.48
1.6 7962.6
1.4 5927.04
1.2 1555.2

4.5.2 Brinchhansen's method using spread sheet:

Calculating ultimate lateral load from spread sheet using brinchhansen method the figures
from (A15) to (A18) shown values of ultimate lateral load for different diameters and
lengths the table (4.10) represent the ultimate lateral load in pile using brinchhansen
method.

Table (4.10) ultimate lateral load and maximum moment brinchhansen method in pile

Diameter (m) H,, (KN)
1.8 9711.5
1.6 9039.5
1.4 8356.3
1.2 7664.9

4.6The results:

The results of analysis the pile group of pile under four maximum load combinations
(LCO1, LCO5, LC11, LC18), for diameter (1.2, 1.4, 1.6 and 1.8 m) and three different
length (25.9, 32.9 and 35.9 m) by manual calculation ,Allpile6.5 software analysis and
results report from A&A .

tables from (4.11 to 4.18) for L = 39.9m for 1x4 group pile results.
tables from (4.19 to 4.26) for L = 39.9m for 2x4 group pile results
tables from (4.27 to 4.34) for L = 32.9m for 1x4 group pile results.
tables from (4.35 to 4.42) for L = 32.9m for 2x4 group pile results.
tables from (4.43 to 4.50) for L = 25.9m for 1x4 group pile results.
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tables from (4.51 to 4.54) for L = 25.9m for 1x4 group pile results (report from A&A).
tables from (4.55 to 4.62) for | = 29.9m for 2x4 group pile results
tables from (4.63 to 4.70) for | = 29.9m for 3x4 group pile results
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Figure (4.4) shows different number and spacing for pile groups
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Single Pile in Group 1x4:

Table (4.11) Load Combination (LCO01) analysis results for 6.25 spacing L= 35.9 m:

Dia (M) | Vertical Settlement Lateral Load KN | Max Top Manual Manual Manual | Note
Load (KN) | cm Moment Deflection | Vertical Lateral Moment
KN.M cm Load Load
1.20 10900.96 3.37301 BACK 0.0 | 256 0.00330 10735.17 | 0.0 0.0 Exceeds the
Allowable Capacity
(Down) 7724.65-kN
11402.50 3.65470 FRONT 0.0 | 245 0.00291 11402.5 0.0 0.0 Exceeds the
Allowable Capacity
(Down) 7724.65-kN
1.40 10900.96 2.17246 BACK 0.0 |2.76 0.00238 10735.17 | 0.0 0.0
11402.50 2.17314 FRONT 0.0 | 259 0.00197 11402.5 0.0 0.0
1.60 10900.96 1.62483 BACK 0.0 |2.98 0.00181 10735.17 | 0.0 0.0
11402.50 1.73842 FRONT 0.0 |2.76 0.00143 11402.5 0.0 0.0
1.80 10900.96 1.33159 BACK 0.0 |3.22 0.00145 10735.17 | 0.0 0.0
11402.50 1.41779 FRONT 0.0 |292 0.00109 11402.5 0.0 0.0

Table (4.12) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 30348.26 3.37358
1.40 45452.73 2.17280
1.60 61477.11 1.62506
1.80 76333.38 1.33176
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Table (4.13) Load Combination (LCO05) analysis results for 6.25 spacing L= 35.9 m:

Single Pile in Group 1x4:

Dia | Vertical Settlement Lateral Load | Max Top Manual Manual Manual Note
(M) | Load (KN) |cm KN Moment | Deflection | Vertical Load | Lateral Moment
KN.M cm Load
1.20 | 10294.78 3.04738 BACK [0.0 |255 0.00328 9821.99 0.0 0.0 Exceeds the Allowable
Capacity (Down)=
7724.65-kN
11725.03 3.83967 FRONT [0.0 | 246 0.00291 11725.03 0.0 0.0 Exceeds the Allowable
Capacity (Down)=
7724.65-kN
1.40 | 10294.78 1.97778 BACK |0.0 |275 0.00237 9821.99 0.0 0.0
11725.03 2.44840 FRONT | 0.0 |2.60 0.00197 11725.03 0.0 0.0
1.60 | 10294.78 1.49444 BACK |0.0 |2.98 0.00181 9821.99 0.0 0.0
11725.03 1.81350 FRONT | 0.0 |2.76 0.00143 11725.03 0.0 0.0
1.80 | 10294.78 1.23311 BACK |0.0 |3.21 0.00145 9821.99 0.0 0.0
11725.03 1.47383 FRONT | 0.0 |2.93 0.00109 11725.03 0.0

Table (4.14) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 30348.26 3.04893
1.40 45452.73 1.97872
1.60 61477.11 1.49507
1.80 76333.38 1.23359
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Table (4.15) Load Combination (LC11) analysis results for 6.25 spacing L= 35.9 m:
Single Pile in Group 1x4:

Dia (M) | Vertical Settlement | Lateral Load KN | Max Top Manual Manual Manual | Note
Load (KN) Moment Deflection | Vertical Lateral Load | Momen
cm KN.M cm Load t
1.20 10467.34 3.13830 BACK | 73.10 |466.00 0.60100 10282.56 86 512.52 | Exceeds the
Allowable Capacity
(Down) 7724.65-kN
11026.31 3.44254 FRONT | 98.90 | 606.00 0.72000 11026.31 86 512.52 | Exceeds the
Allowable Capacity
(Down) 7724.65-kN
1.40 10467.34 2.33839 BACK | 73.10 |504.00 0.43300 10282.56 86 546.92
11026.31 2.53139 FRONT | 98.90 |640.00 0.48500 11026.31 86 546.92
1.60 10467.34 1.74940 BACK | 73.10 |544.00 0.33000 10282.56 86 578.01
11026.31 1.88621 FRONT |98.90 |681.00 0.35300 11026.31 86 578.01
1.80 10467.34 1.26114 BACK | 73.10 |588.00 0.26400 10282.56 86 612.21
11026.31 1.35244 FRONT |98.90 | 722.00 0.26900 11026.31 86 612.21

Table (4.16) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 30348.26 3.13891

1.40 43692.50 2.33878

1.60 61483.46 1.5316

1.80 76333.38 1.26133
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Table (4.17) Load Combination (LC18) analysis results for 6.25 spacing L= 35.9 m:
Single Pile in Group 1x4:

Dia Vertical Settlement | Lateral Load KN | Max Top Manual Manual Manual | Note
(M) Load (KN) |cm Moment | Deflection cm | Vertical | Lateral Moment
KN.M Load Load
1.20 | 9058.06 2.43169 BACK | 443.91 | 3150.00 | 4.96000 8710.218 | 522.25 3112.39 | Exceeds the
Allowable Capacity
(Down) 7724.65-kN
10110.35 2.95176 FRONT | 600.59 | 4420.00 | 7.30000 10110.35 | 522.25 3112.39 | Exceeds the
Allowable Capacity
(Down) 7724.65-kN
1.40 | 9058.06 1.61057 BACK | 443,91 | 3110.00 | 2.78000 8710.218 | 522.25 3321.31
10110.35 1.92008 FRONT | 600.59 | 4360.00 | 4.08000 10110.35 | 522.25 3321.31
1.60 | 9058.06 1.24764 BACK | 443.91 | 3290.00 | 2.00000 8710.218 | 522.26 3510.12
10110.35 1.45538 FRONT | 600.59 | 4340.00 | 2.46000 10110.35 | 522.26 3510.12
1.80 | 9058.06 1.04333 BACK | 443.91 | 3560.00 | 1.61000 8710.218 | 522.25 3717.76
10110.35 1.20442 FRONT | 600.59 | 4400.00 | 1.64000 10110.35 | 522.25 3717.76

Table (4.18) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 30348.26 2.43273
1.40 45452.73 1.61117
1.60 61477.11 1.24806
1.80 76245.63 1.04366
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Table (4.19) Load Combination (LCO01) analysis results for 6.25 spacing L= 35.9 m:
Single Pile in Group 2x4:

Dia Vertical | Settlement | Lateral Load KN Max Moment | Top Manual Manual Manual Note

(M) Load cm KN.M Deflectioncm | Vertical Load | Lateral Moment
(KN) Load

1.20 | 5200.75 | 0.97413 BACKY 0.0 2.53 0.00340 6096.593 0.0 0.0
6175.10 | 1.25408 FRONT Y 0.0 2.29 0.00250 6253.601 0.0 0.0
5200.75 | 0.97413 BACK X 0.0 2.37 0.00279 6148.929 0.0 0.0
5701.25 | 1.11132 FRONT X 0.0 2.29 0.00249 6201.265 0.0 0.0

1.40 | 5200.75 | 0.74900 BACKY 0.0 2.29 0.00223 6097.823 0.0 0.0
6071.65 | 0.91121 FRONT Y 0.0 2.40 0.00161 6150.159 0.0 0.0
5200.75 | 0.74900 BACK X 0.0 2.54 0.00193 5993.151 0.0 0.0
5701.25 | 0.84109 FRONT X 0.0 2.40 0.00161 6045.487 0.0 0.0

Table (4.20) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm
1.2 59617.78 1.04030
1.40 89616.09 0.79371
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Table (4.21) Load Combination (LCO05) analysis results for 6.25 spacing L= 35.9 m:

Single Pile in Group 2x4:

Dia Vertical Settlement | Lateral Load KN | Max Moment | Top Manual Manual Manual Note
(M) Load (KN) | cm KN.M Deflection cm | Vertical Lateral Moment
Load Load

1.20 | 4435.23 0.78672 BACKY |00 |251 0.00339 7139.67 0.0 0.0
7213.81 1.62018 FRONTY [ 0.0 |2.30 0.00251 7287.942 0.0 0.0
4435.23 0.78672 BACK X |00 |236 0.00278 7189.09 0.0 0.0
5862.52 1.15715 FRONT X [ 0.0 |2.29 0.00249 7238.518 0.0 0.0

1.40 | 4435.23 0.61721 BACKY |00 |2.66 0.00222 6058.557 0.0 0.0
6918.82 1.08411 FRONTY [ 0.0 |241 0.00162 6107.98 0.0 0.0
4435.23 0.61721 BACK X |00 |254 0.00192 5959.709 0.0 0.0
5862.52 0.87162 FRONT X [ 0.0 | 240 0.00161 6009.133 0.0 0.0

Table (4.22) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 59617.78 0.96075
1.40 89616.09 0.74007
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Table (4.23) Load Combination (LC11) analysis results for 6.25 spacing L= 35.9 m:
Single Pile in Group 2x4:

Dia | Vertical Settlement | Lateral Load KN Max Moment | Top Manual Manual Manual

(M) | Load (KN) | cm KN.M Deflection cm | Vertical Load | Lateral Load | Moment

1.20 | 4955.35 0.91082 BACKY 36.55 | 230.00 0.31100 6103.24 43 256.26
6041.26 1.21258 FRONT Y 49.45 | 283.00 0.30800 6227.192 43 256.26
4955.35 0.91082 BACK X 36.55 | 216.00 0.25500 5855.336 43 256.26
5513.15 1.05794 FRONT X 49.45 | 282.00 0.30700 5979.288 43 256.26

1.40 | 4955.35 0.80699 BACKY 36.55 | 243.00 0.20300 5987.952 43 273.46
5925.98 1.01566 FRONT Y 49.45 | 297.00 0.19900 6111.904 43 273.46
4955.35 0.80699 BACK X 36.55 | 232.00 0.17600 5740.048 43 273.46
5513.15 0.92412 FRONT X 49.45 | 297.00 0.19900 5864 43 273.46

Table (4.24) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm

1.2 59617.78 0.98278

1.40 86351.53 0.86397
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Table (4.25) Load Combination (LC18) analysis results for 6.25 spacing L= 35.9 m:

Single Pile in Group 2x4:

Dia | Vertical Settlement Lateral Load KN Max Moment | Top Manual Manual | Manual | Note
(M) | Load (KN) |cm KN.M Deflection cm | Vertical | Lateral | Moment
Load Load
1.20 | 4005.08 0.69100 BACKY |221.96 | 1410.00 1.94000 6114.593 | 261.125 | 1556.20
6049.36 1.21509 FRONT Y | 300.29 | 1990.00 2.88000 6027.617 | 261.125 | 1556.20 | Deflection Exceed
the maximum
value 2.5 cm
4005.08 0.69100 BACK X |221.96 | 1400.00 1.91000 6071.105 | 261.125 | 1556.20
5055.17 0.93657 FRONT X | 300.29 | 1980.00 2.86000 5984.129 | 261.125 | 1556.20 | Deflection Exceed
the maximum
value 2.5 cm
1.40 | 4005.08 0.54876 BACKY |221.96 | 1470.00 1.23000 5202.97 | 261.125 | 1660.65
5832.33 0.86590 FRONT Y | 300.29 | 1980.00 1.59000 5246.458 | 261.125 | 1660.65
4005.08 0.54876 BACK X |221.96 | 1410.00 1.08000 5115.994 | 261.125 | 1660.65
5055.17 0.72394 FRONT X | 300.29 | 1970.00 1.59000 5159.482 | 261.125 | 1660.65

Table (4.26) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm
1.20 59617.78 0.80886
1.40 89616.09 0.63355
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Table (4.27) Load Combination (LCO01) analysis results for 6.25 spacing L= 32.9 m:

Single Pile in Group 1x4:

Dia | Vertical Settlement | Lateral Load KN | Max Top Manual Manual | Manual Note
(M) | Load (KN) |cm Moment | Deflection | Vertical Lateral | Moment
KN.M cm Load Load
1.20 | 10900.96 3.61801 BACK 0.0 | 256 0.00330 10735.17 | 0.0 0.0 Exceeds the Allowable
Capacity (Down)
7724.65-kN
11402.50 3.89701 FRONT 0.0 | 245 0.00291 11402.5 0.0 0.0 Exceeds the Allowable
Capacity (Down)
7724.65-kN
1.40 | 10900.96 2.41593 BACK 0.0 | 276 0.00238 10735.17 | 0.0 0.0
11402.50 2.58921 FRONT 0.0 | 259 0.00197 11402.5 0.0 0.0
1.60 | 10900.96 1.86576 BACK 0.0 |2098 0.00181 10735.17 | 0.0 0.0
11402.50 1.99794 FRONT 0.0 |2.76 0.00143 11402.5 0.0 0.0
1.80 | 10900.96 1.54305 BACK 0.0 |3.22 0.00144 10735.17 | 0.0 0.0
11402.50 1.64570 FRONT 0.0 |292 0.00109 11402.5 0.0 0.0

Table (4.28) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 28997.26 3.61859
1.40 42381.86 2.41628
1.60 54163.41 1.86604
1.80 66451.70 1.54326
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Table (4.29) Load Combination (LCO05) analysis results for 6.25 spacing L= 32.9 m:

Single Pile in Group 1x4:

Dia | Vertical | Settlement Lateral Load | Max Top Deflection | Manual Manual | Manual | Note
M) | Load cm KN Moment | cm Vertical | Lateral | Moment
(KN) KN.M Load Load
1.20 | 10294.78 | 3.31624 BACK | 0.0 | 255 0.00329 9821.99 |0.0 0.0 Exceeds the Allowable Capacity
(Down) 7724.65-kN
11725.03 | 4.10354 FRONT | 0.0 | 2.46 0.00292 11725.03 | 0.0 0.0 Exceeds the Allowable Capacity
(Down) 7724.65-kN
1.40 | 10294.78 | 2.21020 BACK 0.0 |2.75 0.00237 9821.99 |0.0 0.0
11725.03 | 2.70226 FRONT | 0.0 | 2.60 0.00197 11725.03 | 0.0 0.0
1.60 | 10294.78 | 1.71088 BACK |0.0 |2.98 0.00181 9821.99 |0.0 0.0
11725.03 | 2.08470 FRONT | 0.0 | 2.76 0.00143 11725.03 | 0.0 0.0
1.80 | 10294.78 | 1.39884 BACK |0.0|3.21 0.00144 9821.99 |0.0 0.0
11725.03 | 1.68430 FRONT | 0.0 | 2.93 0.00109 11725.03 | 0.0 0.0

Table (4.30) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 28836.96 3.31783
1.40 42381.86 2.21119
1.60 54163.41 1.71163
1.80 67372.82 1.39941
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Single Pile in Group 1x4:

Table (4.31) Load Combination (LC11) analysis results for 6.25 spacing L= 32.9 m:

Dia | Vertical | Settlement | Lateral Max Top Manual Manual | Manual | Note
(M) | Load cm Load KN Moment | Deflection | Vertical Lateral | Max
(KN) KN.M cm Load Load Moment
1.20 | 10467.34 | 3.38001 BACK | 73.10 |466.00 0.60100 10282.56 | 86 512.52 | Exceeds the Allowable Capacity (Down)
7365.515KN
11026.31 | 3.68750 FRONT | 98.90 | 606.00 0.72000 11026.31 | 86 512.52 | Exceeds the Allowable Capacity (Down)
7365.515KN
1.40 | 10467.34 | 2.26830 BACK | 73.10 |504.00 0.43300 10282.56 | 86 546.92
11026.31 | 2.45891 FRONT | 98.90 | 640.00 0.48500 11026.31 | 86 546.92
1.60 | 10467.34 | 1.75471 BACK 73.10 | 544.00 0.33000 10282.56 | 86 578.01
11026.31 | 1.89862 FRONT | 98.90 |681.00 0.35300 11026.31 | 86 578.01
1.80 | 10467.34 | 1.43197 BACK |73.10 |587.00 0.26400 10282.56 | 86 612.21
11026.31 | 1.54154 FRONT |98.90 | 723.00 0.26800 11026.31 | 86 612.21

Table (4.32) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm
1.20 28997.26 3.38064
1.40 42381.86 2.26869
1.60 54163.41 1.75500
1.80 67372.82 1.43219
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Table (4.33) Load Combination (LC18) analysis results for 6.25 spacing L=32.9 m:
Single Pile in Group:1x4

Dia | Vertical | Settleme | Lateral Load KN Max Top Manual Manual Manual Note
(M) | Load ntcm Moment Deflection | Vertical | Lateral Max
(KN) KN.M cm Load Load Moment
1.20 | 9058.06 | 2.43169 |BACK |443.91 |3150.00 4.96000 8710.218 | 522.25 3112.39 | Exceeds the Allowable Capacity
(Down) 7365.515KN
10110.35 | 2.95176 | FRONT | 600.59 | 4420.00 7.30000 10110.35 | 522.25 3112.39 | Exceeds the Allowable Capacity
(Down) 7365.515KN
1.40 | 9058.06 | 1.80836 |BACK |443.91 |3110.00 2.78000 8710.218 | 522.25 3321.31
10110.35 | 2.14862 | FRONT | 600.59 | 4360.00 4.07000 10110.35 | 522.25 3321.31
1.60 | 9058.06 | 1.41571 | BACK |443.91 |3290.00 2.00000 8710.218 | 522.26 3510.12
10110.35 | 1.66543 | FRONT | 600.59 | 4340.00 2.46000 10110.35 | 522.26 3510.12
1.80 | 9058.06 |1.17295 |BACK |443.91 | 3560.00 1.60000 8710.218 | 522.25 3717.76
10110.3 | 1.36343 | FRONT | 600.59 | 4390.00 1.63000 10110.35 | 522.25 3717.76

Table (4.34) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 30348.26 2.43273
1.40 42381.86 1.80904
1.60 54163.41 1.41620
1.80 67372.82 1.17332

64




Chapter Four Analysis Results and Design of Soba Bridge Piles

Table (4.35) Load Combination (LCO01) analysis results for 6.25 spacing L=32.9 m:
Single Pile in Group 2x4:

Dia | Vertical Settlement Lateral Load KN | Max Top Manual Manual Manual
(M) | Load (KN) |cm Moment Deflection Vertical Lateral Moment
KN.M cm Load Load

1.20 | 5200.75 1.07133 BACKY [0.0 |253 0.00340 6096.593 0.0 0.0
6175.10 1.39865 FRONTY | 0.0 |229 0.00250 6253.601 0.0 0.0
5200.75 1.07133 BACK X 2.37 0.00279 6148.929 0.0 0.0
5701.25 1.23161 FRONT X 2.29 0.00249 6201.265 0.0 0.0

1.40 | 5200.75 0.81645 BACKY |[0.0 |2.67 0.00223 6097.823 0.0 0.0
6071.65 1.00297 FRONTY | 0.0 |240 0.00161 6150.159 0.0 0.0
5200.75 0.81645 BACK X 2.54 0.00193 5993.151 0.0 0.0
5701.25 0.92172 FRONT X 2.40 0.00161 6045.487 0.0 0.0

Table (4.36) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm

1.2 57112.86 1.14860

1.40 83734.42 0.86889
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Table (4.37) Load Combination (LCO05) analysis results for 6.25 spacing L=32.9 m:
Single Pile in Group 2x4:

Dia | Vertical Load | Settlement cm Lateral Load KN | Max Top Manual Manual Manual Moment
(M) | (KN) Moment Deflection | Vertical Lateral
KN.M cm Load Load

1.20 | 4435.23 0.85501 BACKY |0.0 |251 0.00339 7139.67 0.0 0.0
7213.81 1.81424 FRONTY | 0.0 |2.30 0.00251 7287.94 0.0 0.0
4435.23 0.85501 BACK X |0.0 |2.36 0.00278 7189.09 0.0 0.0
5862.52 1.28667 FRONT X [ 0.0 |2.29 0.00249 7238.518 | 0.0 0.0

1.40 | 4435.23 0.66843 BACKY |0.0 |2.66 0.00222 6058.557 | 0.0 0.0
6918.82 1.20364 FRONTY [ 0.0 |241 0.00162 6107.98 0.0 0.0
4435.23 0.66843 BACK X 2.54 0.00192 5959.709 | 0.0 0.0
5862.52 0.95576 FRONT X 2.40 0.00161 6009.133 | 0.0 0.0

Table (4.38) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement
cm

1.2 57112.86 1.05535

1.40 83734.42 0.86889
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Table (4.39) Load Combination (LC11) analysis results for 6.25 spacing L=32.9 m:
Single Pile in Group 2x4:

Dia | Vertical  Load | Settlement cm | Lateral Load KN Max Top Manual Manual Manual
(M) | (KN) Moment Deflection | Vertical Lateral Moment
KN.M cm Load Load

1.20 | 4955.35 0.99816 BACKY |36.55 230.00 0.31000 6103.24 43 256.26
6041.26 1.34999 FRONT Y | 49.45 283.00 0.30800 6227.192 |43 256.26
4955.35 0.99816 BACK X |36.55 216.00 0.25500 5855.336 | 43 256.26
5513.15 1.16922 FRONT X | 49.45 282.00 0.30700 5979.288 | 43 256.26

1.40 | 4955.35 0.76884 BACKY |36.55 243.00 0.20300 5987.952 |43 273.46
5925.98 0.96969 FRONT Y | 49.45 297.00 0.19900 6111.904 |43 273.46
4955.35 0.76884 BACK X |36.55 232.00 0.17600 5740.048 | 43 273.46
5513.15 0.88201 FRONT X | 49.45 297.00 0.19900 5864 43 273.46

Table (4.40) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 57112.86 1.08165
1.40 83734.42 0.82313
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Table (4.41) Load Combination (LC18) analysis results for 6.25 spacing L= 32.9 m:
Single Pile in Group 2x4:

Dia | Vertical Settlement | Lateral Load KN Max Top Manual Manual Manual Note
(M) | Load (KN) | cm Deflection | Vertical Lateral Moment
Moment | cm Load Load
KN.M
1.20 | 4005.08 0.74607 BACKY |221.96 | 1410.00 | 1.94000 6114.593 261.125 1556.20
6049.36 1.35286 FRONT Y | 300.29 | 1990.00 | 2.88000 6027.617 261.125 1556.20 Deflection Exceed the
maximum value 2.5 cm
4005.08 0.74607 BACK X |221.96 | 1410.00 | 1.91000 6071.105 261.125 1556.20
5055.17 1.02649 FRONT X | 300.29 | 1980.00 | 2.86000 5984.129 261.125 1556.20 Deflection Exceed the
maximum value 2.5 cm
1.40 | 4005.08 0.59209 BACKY |221.96 | 1470.00 | 1.23000 5202.97 261.125 1660.65
5832.33 1.00297 FRONT Y | 300.29 | 1980.00 | 1.59000 5246.458 261.125 1660.65
4005.08 0.59209 BACK X |221.96 | 1410.00 | 1.08000 5115.994 261.125 1660.65
5055.17 0.78820 FRONT X | 300.29 | 1970.00 | 1.58000 5159.482 261.125 1660.65

Table (4.42) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) Settlement cm
1.2 57112.86 0.87965
1.40 83734.42 0.68635
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Table (4.43) Load Combination (LCO1) analysis results analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 1x4:

Dia | Vertical | Settlement | Lateral Load KN | Max Top Manual Manual | Manual | Note
(M) | Load cm Moment | Deflection | Vertical | Lateral | Max
(KN) KN.M cm Load Load Moment
1.20 | 10900.96 | 4.88849 BACKY |0.0 |256 0.00330 10735.17 | 0.0 0.0 Exceeds the Allowable Capacity
(Down) 5609.692 KN
11402.50 | 5.27992 FRONTY |00 |245 0.00291 114025 |0.0 0.0 Exceeds the Allowable Capacity
(Down) 5609.692 KN
1.40 | 10900.96 | 3.57098 BACKY |00 |2.76 0.00238 10735.17 | 0.0 0.0 Exceeds the Allowable Capacity
(Down 7463.710KN
11402.50 | 3.81540 FRONTY | 0.0 |[259 0.00197 114025 |0.0 0.0 Exceeds the Allowable Capacity
(Down 7463.710KN
1.60 | 10900.96 | 2.79620 BACKY |0.0 |2098 0.00181 10735.17 | 0.0 0.0 Exceeds the Allowable Capacity
(Down 9580.582 KN
11402.50 | 2.97759 FRONTY |00 |2.76 0.00143 114025 |0.0 0.0 Exceeds the Allowable Capacity
(Down 9580.582 KN
1.80 | 10900.96 | 2.29916 BACKY [0.0 |3.22 0.00145 10735.17 | 0.0 0.0
11402.50 | 2.44576 FRONY |0.0 |2093 0.00109 114025 ]0.0 0.0

Table (4.44) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 22183.28 4.45400
1.40 29555.26 3.57148
1.60 37982.17 2.79658
1.80 46610.07 1.54326
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Table (4.45) Load Combination (LCO05) analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 1x4:

70

Dia | Vertical | Settlement | Lateral Max Top Manual | Manual | Manual | Note

(M) | Load cm Load Moment | Deflection | Vertical | Lateral | Max
(KN) KN KN.M cm Load Load | Moment

1.20 | 10294.78 | 4.45195 BACK | 0.0 | 255 0.00328 9821.99 | 0.0 0.0 Exceeds the Allowable Capacity (Down) 5609.692
11725.03 | 5.54872 FRONT | 0.0 | 2.46 0.00291 11725.03 | 0.0 0.0 Exceeds the Allowable Capacity (Down) 5609.69

1.40 | 10294.78 | 3.27886 BACK |[0.0]|276 0.00237 9821.99 |0.0 0.0 Exceeds the Allowable Capacity (Down 7463.710
10300.72 | 3.28167 FRONT | 0.0 | 2.44 0.00164 11725.03 | 0.0 0.0 Exceeds the Allowable Capacity (Down 7463.710

1.60 | 10294.78 | 2.58197 BACK |0.0|2.98 0.00181 9821.99 |0.0 0.0 Exceeds the Allowable Capacity (Down 9580.582
11725.03 | 3.09679 FRONT | 0.0 | 2.76 0.00143 11725.03 | 0.0 0.0 Exceeds the Allowable Capacity (Down 9580.582

1.80 | 10294.78 | 2.12462 BACK |0.0 |3.22 0.00145 9821.99 | 0.0 0.0
11725.03 | 2.54092 FRONT | 0.0 | 2.93 0.00109 11725.03 | 0.0 0.0

Table (4.46) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm

1.20 22183.28 4.45400

1.40 29555.26 3.28027

1.60 37982.17 2.58301

1.80 47457.87 2.12547
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Table (4.47) Load Combination (LC11) analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 1x4:

Dia | Vertical | Settleme | Lateral Max Top Manual Manual | Manual | Note
(M) | Load ntcm Load Moment | Deflection | Vertical Lateral | Max
(KN) KN KN.M Cm Load Load Moment
1.20 | 10467.34 | 457260 | BACK | 73.10 | 466.00 0.60100 10282.56 | 86 512.52 Exceeds the Allowable Capacity (Down)
5609.692 KN
11026.31 | 4.98361 | FRONT | 98.90 | 606.00 0.72000 11026.31 | 86 512.52 | Exceeds the Allowable Capacity (Down)
5609.692 KN
1.40 | 10467.34 | 3.36125 | BACK | 73.10 | 503.00 0.26100 10282.56 | 86 546.92 | Exceeds the Allowable Capacity (Down
7463.710 KN
11026.31 | 3.63202 | FRONT | 98.90 | 640.00 0.48600 11026.31 | 86 546.92 | Exceeds the Allowable Capacity (Down
7463.710KN
1.60 | 10467.34 | 2.64228 | BACK | 73.10 | 545.00 0.33100 10282.56 | 86 578.01 | Exceeds the Allowable Capacity (Down
9580.582 KN
11026.31 | 2.84111 | FRONT |98.90 | 681.00 0.35400 11026.31 | 86 578.01 | Exceeds the Allowable Capacity (Down
9580.582 KN
1.80 | 10467.34 | 2.17397 | BACK | 73.10 | 588.00 0.26500 10282.56 | 86 612.21
11026.31 | 2.33567 | FRONT |98.90 | 723.00 0.26900 11026.31 | 86 612.21

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 22183.28 4.57343
1.40 29555.26 3.36181
1.60 37982.17 2.64269
1.80 47457.87 2.17430

Table (4.48) Group Pile Vertical Analysis (in Group):
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Table (4.49) Load Combination (LC18) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 1x4:

Dia | Vertical | Settlement | Lateral Max Top Manual Manual | Manual
(M) | Load cm Load Moment | Deflection | Vertical Lateral | Max
(KN) KN KN.M |cm Load Load Moment
1.20 | 9058.06 | 3.65487 BACK | 443.91 | 3150.00 | 4.94000 | 8710.218 |522.25 | 3112.39 | Exceeds the Allowable Capacity (Down)
5609.692 KN
10110.35 | 4.32578 FRONT | 600.59 | 4430.00 | 7.31000 10110.35 | 522.25 | 3112.39 | Exceeds the Allowable Capacity (Down)
5609.692 KN
1.40 | 9058.06 | 2.71868 BACK | 443.91 | 3120.00 | 2.79000 | 8710.218 | 522.25 | 3321.31 | Exceeds the Allowable Capacity (Down 7463.710
10110.35 | 3.19182 FRONT | 600.59 | 4360.00 | 4.09000 10110.35 | 522.25 | 3321.31 | Exceeds the Allowable Capacity (Down 7463.710
1.60 | 9058.06 | 2.15880 BACK | 443.91 | 3300.00 | 2.00000 | 8710.218 | 522.26 | 3510.12 | Exceeds the Allowable Capacity (Down 9580.582
10110.35 | 2.51768 FRONT | 600.59 | 4340.00 | 2.47000 10110.35 | 522.26 | 3510.12 | Exceeds the Allowable Capacity (Down 9580.582
1.80 | 9058.06 | 1.77859 BACK | 443.91 | 3560.00 | 1.60000 | 8710.218 |522.25 | 3717.76
10110.35 | 2.07212 FRONT | 600.59 | 4400.00 | 1.64000 10110.35 | 522.25 | 3717.76

Table (4.50) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.20 22183.28 3.65620
1.40 29555.26 2.71963
1.60 37982.17 2.15954
1.80 47457.87 1.77918
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Table (4.51) Load Combination (LCO01) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 1x4 the actual result from pile group software:

Dia (M) Vertical Load (KN) Settlement cm Lateral Load KN Max Moment KN.M Top Deflection cm
1.80 10404 0.55531 0.244 808.43 2.27
11400 0.63263 0.244 824.18 2.28

Table (4.52) Load Combination (LCO05) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 1x4 the actual result from pile group software:

Dia (M) Vertical Load (KN) Settlement cm Lateral Load KN Max Moment KN.M Top Deflection cm
1.80 8860.8 0.43989 38.612 750.30 2.106
11706 0.65642 39.082 791.63 9.32

Table (4.53) Load Combination (LC11) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 1x4 the actual result from pile group software:

Dia (M) Vertical Load (KN) Settlement cm Lateral Load KN Max Moment KN.M Top Deflection
cm
1.80 9913.5 0.51721 84.071 1894.6 4.48
11024 0.60341 87.926 1965.5 9.327

Table (4.54) Load Combination (LC18) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 1x4 the actual result from pile group software:

Dia (M) Vertical Load (KN) Settlement cm Lateral Load KN Max Moment KN.M Top Deflection cm
1.80 6928.6 0.32646 512.81 5063.7 2.136
11001 0.60168 535.24 5226.9 4.73
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Table (4.55) Load Combination (LCO01) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 2x4:

Dia | Vertical | Settlement | Lateral Max Top Manual | Manual | Manual | Note
(M) | Load cm Load Moment | Deflection | Vertical | Lateral | Max
(KN) KN KN.M |cm Load Load | Moment
1.20 | 5200.75 | 1.59146 BACKY 0.0 253 0.00341 6096.593 | 0.0 0.0 Exceeds the Allowable Capacity (Down
5609.692KN
6175.10 | 2.05773 FRONTY |0.0]229 0.00249 6253.601 | 0.0 0.0 Exceeds the Allowable Capacity (Down
5609.692KN
5200.75 | 1.59146 BACK X 0.0 237 0.00279 6148.929 | 0.0 0.0
5701.25 | 1.82745 FRONT X |0.0]2.29 0.00249 6201.265 | 0.0 0.0
1.40 | 5200.75 | 1.21501 BACKY 0.0 | 2.67 0.00223 6097.823 | 0.0 0.0
6071.65 | 1.52408 FRONTY |0.0]| 240 0.00161 6150.159 | 0.0 0.0
5200.75 | 1.21501 BACK X 0.0 254 0.00193 5993.151 | 0.0 0.0
5701.25 | 1.38963 FRONT X |0.0|2.40 0.00161 6045.487 | 0.0 0.0
1.60 | 5200.75 | 0.98978 BACKY 0.0]281 0.00156 5751.155 | 0.0 0.0
5994.07 | 1.20225 FRONTY |0.0|252 0.00112 5855.827 | 0.0 0.0
5200.75 | 0.98978 BACK X 0.0]2.72 0.00141 5698.819 | 0.0 0.0
5701.25 | 1.12206 FRONT X |0.0|2.52 0.00112 5803.491 | 0.0 0.0

Table (4.56) Group Pile Vertical Analysis (in Group):

Dia (M) | Total Allowable Capacity (KN) Settlement cm
1.2 43906.46 1.70856
1.40 58579.05 1.30119
1.60 75938.45 1.05523
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Table (4.57) Load Combination (LCO05) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 2x4:

Dia | Vertical | Settleme | Lateral Max Top Manual Manual | Manual | Note
(M) | Load nt cm Load Moment | Deflection | Vertical | Lateral | Max
(KN) KN KN.M cm Load Load Moment
1.2 | 443523 |1.24924 |BACKY |00 |251 0.00339 7139.67 | 0.0 0.0
0
7213.81 | 259101 |FRONTY |0.0 | 2.30 0.00251 7287.942 | 0.0 0.0 Exceeds the Allowable Capacity (Down
5609.692KN
443523 | 1.24924 |BACK X |0.0 |2.36 0.00278 7189.09 | 0.0 0.0
5862.52 | 1.90511 | FRONT X | 0.0 | 2.29 0.00249 7238.518 | 0.0 0.0 Exceeds the Allowable Capacity (Down
5609.692KN
1.4 | 443523 |0.96923 |BACKY |0.0|2.66 0.00222 6058.557 | 0.0 0.0
0
6918.82 |1.84569 |FRONTY |0.0 |2.41 0.00162 6107.98 | 0.0 0.0
4435.23 |0.96923 | BACK X |0.0 | 2.54 0.00192 5959.709 | 0.0 0.0
5862.52 | 1.44771 | FRONT X | 0.0 | 2.40 0.00161 6009.133 | 0.0 0.0
1.6 |443523 |0.80262 |BACKY |0.0|281 0.00143 5849.088 | 0.0 0.0
0
6697.57 | 1.40562 |FRONTY |0.0 |2.53 0.00112 5997.36 | 0.0 0.0
4435.23 |0.80262 |BACK X [0.0 271 0.00141 5898.512 | 0.0 0.0
5862.52 | 1.16623 | FRONT X [ 0.0 | 2.52 0.00112 5947.936 | 0.0 0.0

Table (4.58) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 43906.46 1.56733
1.40 58579.05 1.19775
1.60 75357.70 0.97624
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Table (4.59) Load Combination (LC11) analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 2x4:

Dia | Vertical | Settlement | Lateral Max Top Manual Manual | Manual Note
(M) | Load cm Load Moment | Deflection | Vertical Lateral | Max
(KN) KN KN.M cm Load Load Moment
1.20 | 4955.35 | 1.47866 BACKY |36.55 |230.00 |0.31100 6103.24 43 256.26
6041.26 | 1.99201 FRONT Y | 49.45 | 283.00 | 0.30800 6227.192 | 43 256.26 Exceeds the Allowable Capacity
(Down 5609.692KN
4955.35 | 1.47866 BACK X ]36.55 | 230.00 |0.31100 5855.336 | 43 256.26
6041.26 | 1.99201 FRONT X | 49.45 | 283.00 | 0.30800 5979.288 | 43 256.26 Exceeds the Allowable Capacity
(Down 5609.692KN
1.40 | 4955.35 | 1.13351 BACKY |36.55 |243.00 | 0.20400 5987.952 | 43 273.46
5925.98 | 1.47084 FRONT Y | 49.45 |297.00 | 0.19900 6111.904 | 43 273.46
4955.35 | 1.13351 BACK X |36.55 | 232.00 | 0.17600 5740.048 | 43 273.46
5513.15 | 1.32282 FRONT X | 49.45 | 297.00 | 0.19900 5864 43 273.46
1.60 | 4955.35 | 0.92820 BACKY |36.55 | 257.00 | 0.14200 5653.582 | 43 289.00
5839.51 |1.15993 FRONT Y | 49.45 |312.00 | 0.13800 6025.438 | 43 289.00
4955.35 | 0.92820 BACK X | 36.55 | 248.00 | 0.12900 5777534 | 43 289.00
5513.15 | 1.07148 FRONT X | 49.45 | 312.00 | 0.13800 5901.486 | 43 289.00

Table (4.60) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 43906.46 1.60704
1.40 58579.05 1.22655
1.60 75357.70 0.99854
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Table (4.61) Load Combination (LC18) analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 2x4:

Dia | Vertical | Settlement | Lateral Max Top Manual Manual Manual Note
(M) | Load cm Load Moment Deflection | Vertical | Lateral Max
(KN) KN KN.M cm Load Load Moment
1.20 | 4005.08 |1.07168 BACKY |221.96 | 1410.00 1.95000 6114.593 | 261.125 | 1556.20
6049.36 | 1.99595 FRONT Y | 300.29 | 1990.00 2.89000 6027.617 | 261.125 | 1556.20 Exceeds the  Allowable
Capacity (Down 5609.692KN
4005.08 | 1.07168 BACK X |221.96 | 1410.00 1.91000 6071.105 | 261.125 | 1556.20
5055.17 | 1.52439 FRONT X | 300.29 | 1980.00 2.86000 5984.129 | 261.125 | 1556.20
1.40 | 4005.08 | 0.84268 BACKY |[221.96 | 1470.00 1.23000 5202.97 | 261.125 | 1660.65
5832.33 | 1.43670 FRONT Y | 300.29 | 1980.00 1.60000 5246.458 | 261.125 | 1660.65
4005.08 | 0.84268 BACK X |221.96 | 1410.00 1.08000 5115.994 | 261.125 | 1660.65
5055.17 | 1.16665 FRONT X | 300.29 | 1970.00 1.59000 5159.482 | 261.125 | 1660.65
1.60 | 4005.08 | 0.70455 BACKY |221.96 | 1560.00 0.86300 5078.095 | 261.125 | 1755.06
5669.55 | 1.11339 FRONT Y | 300.29 | 1970.00 0.94700 5165.071 | 261.125 | 1755.06
4005.08 | 0.70455 BACK X |221.96 | 1500.00 0.77900 5034.607 | 261.125 | 1755.06
5055.17 | 0.95298 FRONT X | 300.29 | 1970.00 0.94600 5121.583 | 261.125 | 1755.06

Table (4.62) Group Pile Vertical Analysis (in Group):

DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 43906.46 1.60704
1.40 58579.05 0.99793
1.60 75357.70 0.82484
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Table (4.63) Load Combination (LCO01) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 3x4:

Dia (M) | Vertical Load (KN) | Settlement cm | Lateral Max Top Manual Manual Manual Max
Load Moment Deflection Vertical Lateral Moment
KN KN.M cm Load Load
1.20 3467.17 0.86888 BACKY 0.0 |250 0.00336 3943.713 0.0 0.0
3996.05 1.06809 FRONTY |00 |227 0.00246 4048.385 0.0 0.0
3467.17 0.86888 BACK X 00 |235 0.00276 3686.336 0.0 0.0
3800.83 0.99200 FRONT X [0.0 |2.26 0.00246 3780.134 0.0 0.0
Table (4.64) Group Pile Vertical Analysis (in Group):
DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 65754.63 0.92880
Table (4.65) Load Combination (LCO05) analysis results for 6.25 spacing L= 25.9 M:
Single Pile in Group 3x4:
Dia Vertical Load | Settlement Lateral Max Top Manual Manual Manual
(M) (KN) cm Load Moment Deflection Vertical Lateral Max
KN KN.M cm Load Load Moment
1.20 2956.82 0.69749 BACKY [0.0 |249 0.00335 3915.867 0.0 0.0
4465.05 1.26199 FRONTY |0.0 |227 0.00247 4514.473 0.0 0.0
2956.82 0.69749 BACKX [0.0 |234 0.00275 3482.007 0.0 0.0
3908.34 1.03324 FRONT X | 0.0 |2.26 0.00246 4415.625 0.0 0.0
Table (4.66) Group Pile Vertical Analysis (in Group):
DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 65754.63 0.85646
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Table (4.67) Load Combination (LC11) analysis results for 6.25 spacing L= 25.9 m:

Single Pile in Group 3x4:

Dia (M) | Vertical Settlement cm Lateral Max Top Manual Manual Manual Max
Load (KN) Load Moment Deflection Vertical Lateral Moment
KN KN.M cm Load Load
1.20 3303.56 0.81163 BACKY 24.37 | 152.00 0.20500 3365.548 | 28.66 170.80
3893.01 1.02715 FRONT Y 3297 |187.00 0.20300 4016.959 | 28.66 170.80
3303.56 0.81163 BACK X 24.37 | 143.00 0.16800 3613.452 | 28.66 170.80
3675.44 0.94446 FRONT X 32.97 |186.00 0.20300 3769.055 | 28.66 170.80
Table (4.68) Group Pile Vertical Analysis (in Group):
DIA(M) | Total Allowable Capacity (KN) | Settlement cm
1.2 65754.63 0.87690
Table (4.69) Load Combination (LC18) analysis results for 6.25 spacing L= 25.9 m:
Single Pile in Group 3x4:
Dia (M) | Vertical Load (KN) | Settlement cm | Lateral Max Top Manual Manual Manual Max
Load Moment Deflection Vertical Lateral Moment
KN KN.M cm Load Load
1.20 2670.05 0.60955 BACK Y 147.97 | 920.00 1.24000 3063.571 174.08 1037.44
3779.70 0.98399 FRONT Y | 300.29 | 1250.00 1.66000 3823.189 174.08 1037.44
2670.05 0.60955 BACK X 147.97 | 888.00 1.10000 3370.9 174.08 1037.44
3370.12 0.83412 FRONT X |200.20 | 1250.00 1.65000 3428.884 174.08 1037.44

Table (4.70) Group Pile Vertical Analysis (in Group):

DIA(M)

Total Allowable Capacity (KN)

Settlement cm

1.2 65754.63

0.71746

79




Chapter Four Analysis Results and Design of Soba Bridge Piles

4.7 Design of bored pile:

For design the pile using BS8110 code for LC18 load combination using chart for circular
column in figure (4.5) and calculations in Table (4.71) to determine the area of steel and
shear check.

The pile group designed 1x4 length 35.9 and diameter 1.8 to support all the load and the
pile settlement and deflection in the design range.

Table (4.71) Calculation design for diameter 1.8 in 1x4 pile group.

4.71 design calculations:

Diameter of main reinforcement(®)=30mm
Diameter of link reinforcement=16mm

Cover=70mm

Compressive strength of concrete=30N/mm?

Yield strength of reinforcement =460 N/mm?
Maximum size of aggregate=20mm

Exposure condition=Mild

Bs 8110-1-1997

Load combination 18 (LC18)

N=1011.35KN, M=4400KN.M, Shear force = 600.59

3.8.1.6.1 | 1\calculate effective length: BS 8110
Le=0.8510 equation 31

Le =0.85*35.9=30.515m

2\slenderness ratio: British

)= le/h=30.515/1.8=16.95 Cement
o Assoclation

The pile is slender unbraced. 1989

2\calculate deflection BS 8110
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3.8.1.8

Table
3.19

3.83.1

au=pahK

assume k=1

—_1 ey __1 (30515, _

= 5000 ) Fhx k= ()7 + 1.8 % 1=0.258

3/calculate M add:
M add=a u N=10110.35X0.258=2615. 1KN.m
M=Mi +M add =4400+2615.1=7015. 11KN.m

N/h2= 10110.35*21000 — 312
1800
«106
M/h3= 701511107 4 54

18003

From chart in figure (4.5)
100As/Ac= 0.40

As =10178.76 mm2
15T 30 mm
Shear check:

At the face support:
Lateral load = 600.59 KN

For diameter 1.8 m

v=0.236 N/mm2 < 0.8Vfcu = 0.8v/30 =4.38
=4.38N/ OK

v =0.97 N/ mm2 from table (Table 3.8)

v =0.236 N/mm2 < v, =0.97 N/ mm2 OK
Nominal link reinforcement

A /S, =0.4b/0.87fy

= 222592 -1 799(T16@220mm C/C)

0.87 x460

Aw/lSy=182 OK

equation 32

BS 8110

equation 32

British
Cement
Association
,1989

Mosely,1990

equation 33

BS 8110
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Figure (4.5) circle column design chart (BCA,1989)

82



Chapter Four Analysis Results and Design of Soba Bridge Piles

i
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Figure ( 4.6 )Iile Reinforcement Detail

Figure (4.6) Pile Reinforcement Detail
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Chapter Five

Analysis and Discussion of Results

5.1 Introduction:

In this chapter have been studied effects in change of length and diameter on the axial
capacity and ultimate lateral load of single pile, also study the variability of pile (diameter
, length , number) in groups effect on pile deformation (settlement , deflection ) and
loading distribution (vertical, lateral load , moment ) using the result from manual
calculation and All pile 6.5 software analysis compare with the actual results that had
calculated (using PileGroup software) for case study soba bridge project.

5.2 vertical analysis results:

5.1.1 maximum settlement for 1x4 group of pile results:

Figure from (5.1) to (5.4) represent the effect of increase the pile diameter in maximum
settlement for length 35.9 m for group 1x4, the comparison shows that the maximum
settlement decreases about 26.43% with increase the pile diameters (1.2, 1.4,1.6, 1.8m).
The increase of pile diameter effects in the increase end bearing capacity which decrease
the settlement.

A Table (5.1)
E Diameter Maximum
§ 3 settlement
o
F2
w MAX 1.2 3.6547
1
g SETTLEMENT 14 217314
0 1.6 1.73842
0 2 4 6 1.8 1.41779
Diameter

Figure (5.1) L=35.9 LC01 1X4 group pile maximum settlement represent table (5.1)
which from table (4.11)
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Table (5.2)
5 Diameter | Maximum
5 settlement
o 4
5 3 \\
g 2 —~— —— MAX 1.2 | 3.83967
s ! SETTLEMENT 14 2.4484
° ‘ | | 1.6 1.8135
° ? : ° 1.8 1.47383
Diameter

Figure (5.2) L=35.9 LCO5 1X4 group pile maximum settlement represent table
(5.2)which from table(4.13)

Table (5.3)
4 Diameter | Maximum
settlement

£ 3 N\
£
ER) \ 1.2 3.44254
)]
x 1 o~ —— MAX SETTLEMENT 14 2.53139
£ 1.6 1.88621

° ‘ | | 1.8 1.35244

Diameter

Figure (5.3) L=35.9 LC11 1X4 group pile maximum settlement from table (5.3) which
from table (4.15)

Table (5.4)
Diameter

o4 Maximum
é 3 \ settlement
[}
= 1.2 2.95176
£ 2 MAX SETTLEMENT
2 T 14 | 1.92008
s 0 1.6 1.45538

0 2 Diameter 4 6 1.8 1.20442

Figure (5.4) L=35.9 LC18 1X4 group pile maximum settlement represent table (5.4)
which from table (4.17)
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Figure from (5.5) to (5.8) represent the effect of increase the pile diameter in maximum
settlement for length 35.9, 32.9 and 25.9 m for group 1x4, the comparison show that the
maximum settlement decrease 26.43% ,24.49% and 22.59% respectively with increasing
of diameters of pile for all load combinations (LC01,LCO05,LC11,LC18).

Decrease of the length effect on maximum settlement. decrease length of pile from 35.9
m to 32.5 m increasing maximum settlement about 14.14%, decrease the length from 35.9
m to 25.9 m increasing maximum settlement about 39.79%, also decrease from 32.9 m to
25.9 m increase the maximum settlement. The decrease of pile length effects in the
decrease skin resistance which increase the settlement.

Max settlement
O Rr N W b U1 O

o

p

0.5 Dianleter 1.5

—&o— [=35.9"
L=32.9
L=25.9

2

Table (5.5)

DIA | Maximum Maximum Maximum
Settlement Settlement Settlement
L=35.9 L=32.9 L=25.9

1.2 3.83967 4.10354 5.54872
1.4 2.4484 2.70226 3.28167
1.6 1.8135 2.0847 3.09679
1.8 1.47383 1.39998 2.54092

Figure (5.5) maximum settlement for L= (35.9 32.9 ,25.9) and Diameter = (1.2, 1.4,
1.6 ,1.8) for LCO1 from tables (4.11 ,4.27and 4.43)

Max settlement

o N O BO

o

1

A

Diameter

—L=35.9
L=32.9
L=25.9

Table (5.6)
Dia [ Maximum | Maximum Maximum
settlement | settlement settlement
35.9 32.9 25.9
1.2 3.6547 3.89701 5.27992
1.4 2.17314 2.58921 3.8154
1.6 1.73842 1.99794 2.97759
1.8 1.41779 1.6457 2.44576

Figure (5.6) maximum settlement for L= (35.9,32.9 ,25.9) and Diameter = (1.2, 1.4,
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(o)}

~

N\

AN

N

Max settlement
w

[EEY

~

o

0 0.5 Dianieter 1.5

—L=35.9
L=32.9
L=25.9

Table (5.7)

DIA | Maximum Maximum Maximum
Settlement Settlement Settlement
L=35.9 L=32.9 L=25.9

1.2 3.44254 3.6875 498361

14 2.53139 2.45891 3.63202

1.6 1.88621 1.89862 2.84111

1.8 1.35244 1.54154 2.33567

Figure (5.7) maximum settlement for L= (35.9,32.9,25.9) and Diameter = (1.2, 1.4,
1.6 ,1.8) for LC11 represent table(5.7) which from tables (4.15 ,4.31and 4.47)

Table (5.8)
5 DIA | Maximum Maximum Maximum
‘g 4 1 Settlement Settlement Settlement
53
£, { — 1359 L=35.9 L=32.9 L=25.9
eE’é 1 1=32.9 1.2 2.95176 2.95176 4.32578
0 ‘ ‘ L=25.9 1.4 1.92008 2.14862 3.19182
0 o 10 16 1.45538 1.66543 2.51768
Diameter 18 1.00442 1.36343 2.07212

Figure (5.8) maximum settlement for L= (35.9,32.9 ,25.9) and Diameter = (1.2, 1.4, 1.6
,1.8) for LC18 represent table (5.8) which from tables (4.17 ,4.33and 4.49)

5.1.2 maximum settlement for 2x4 group of pile results:

Figure from (5.9) to (5.13) represent the effect of increase the pile diameter in maximum
settlement for length 35.9 m for group 2x4, the comparison show that the maximum
settlement decreases 27.2% with increase the pile diameters (1.2, 1.4,1.6, 1.8m).
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Table (5.9)
Diameter] Maximum settlement
1.4
212 ~
o \
g 1 —~—
£ 08 1.2 1.62018
T 0.6
x —— MAX
g 8'3 SETTLEMENT 1.4 1.08411
0 ‘ ‘ ‘ |
11 12 13 14 15
Diameter

Figure (5.9) L= 35.9 LCO1 2X4 group maximum settlement represent table (5.9) which
from table (4.19)

2 Table (510)
§ 15 ™ Dia Maximum
5 \ settlement
s 1
— Max
S 05 SETTLEMENT 1.2 1.25408
1.4 0.91121
O T T T 1
1.1 12 13 14 15
Diameter

Figure (5.10) L= 35.9 LCO05 2X4 group maximum settlement represent table (5.10)
which from table (4.21).

Table (5.11)

13 Dia Maximum
< settlement
E 1.2 ~
g \ — MAX
© 14 SETTLEMENT 1.2 1.21258
g, T~ 14| 101566

115 1.2 12Diaidted.35 1.4 145

Figure (5.11) L=35.9 LC11 2X4 group maximum settlement represent table (5.11) which
from table (4.23)
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Table (5.12)
14 Diameter
g 1.2 ~_ Maximum
g 0; ~ settlement
E 06 - 1.2 1.21509
202
O T T T 1
11 12 13 14 15
Diameter

Figure (5.12) L= 35.9 LC18 2X4 group maximum settlement represent table (5.12) which
from table (4.25)

Figure from (5.9) to (5.12) represent the effect of increase the pile diameter in maximum
settlement for length 35.9, 32.9 and 25.9 m for group 2x4, the comparison show that the
maximum settlement decrease 27.2% ,28% and 25.85% respectively with increasing of
diameters of pile for all load combinations (LC01,LC05,LC11,L.C18).The compression
between maximum settlement for group2x4 and 1x4 group shows maximum settlement
decrease by 58.06%,62.63%,57.53% respectively to length (35.9, 32.9, 25.9 m).

Decrease of the length effect on maximum settlement. decrease length of pile from 35.9
m to 32.5 m increasing maximum settlement about 10.2%, decrease the length from 35.9
m to 25.9 m increasing maximum settlement about 33.1%, also decrease from 32.9 m to
25.9 m increase the maximum settlement about 25.5% for all diameters for group 2x4.

Table (5.13)

25 DIA | Maximum [ Maximum | Maximum
2 Settlement | Settlement | Settlement
Q
£

1.5 _

% 1 N — =359 L=35.9 L=32.9 L=25.9
x h 1=32.9 12| 1.25408| 1.39865| 2.05773
205 1=25.9 14| 091121 1.00297 | 1.52408
0 ‘ ‘ ‘ ! 1.6 1.20225
0 0.5 1 1.5 2
Diameter

Figure (5.13) maximum settlement for L= (35.9 ,32.9 ,25.9) and Diameter = (1.2, 1.4,
1.6,1.8) for LCO1 represent table (5.13) which from tables (4.19,4.35and 4.55).
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Table (5.14)

o

Max settlement
[EEY
oOuUVlEk 1N U1 W

Diameter

L=35.9
L=32.9
L=25.9

Diameter

Maximum
Settlement

L=35.9

Maximum
Settlement

L=32.9

Maximum
Settlement

L=25.9

1.2

1.62018

1.81424

2.59101

1.4

1.08411

1.20364

1.84569

1.6

1.40562

Figure (5.14) maximum settlement for L= (35.9 ,32.9 ,25.9) and Diameter = (1.2, 1.4,
1.6 ,1.8) for LCO5 represent table (5.14) which from tables (4.21,4.37and 4.57).

2.5

15

0.5

Max settlement
[EnY

1

Diameter

—L=35.9
L=32.9
L=25.9

Table (5.15)

Diameter

Maximum
Settlement

L=35.9

Maximum
Settlement

L=32.9

Maximum
Settlement

L=25.9

1.2

1.21258

1.34999

1.99201

1.4

1.01566

0.96969

1.47084

1.6

1.15993

Figure (5.15) maximum settlement for L= (35.9,32.9,25.9) and Diameter = (1.2, 1.4, 1.6
,1.8) for LC11 represent table (5.15) which from tables (4.23,4.39and 4.59)

2.5
€
o 2
€
@ 15
]
g 1 AN
x
s 0.5
=
0 1
Diameter

—L=35.9
L=32.9
L=25.9

Table (5.16)

Diameter

Maximum
Settlement

L=35.9

Maximum
Settlement

L=32.9

Maximum
Settlement

L=25.9

1.2

1.21509

1.35286

1.99595

1.4

0.8659

1.00297

1.4367

1.6

1.11339

Figure (5.16) maximum settlement for L= (35.9,32.9,25.9) and Diameter = (1.2, 1.4, 1.6
,1.8) for LC18 represent table (5.16) which from tables (4.25,4.41and 4.61)
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5.1.3 maximum vertical load results for pile group (1x4,2x4 3x4):

Figure from (5.17) to (5.22) represent the effect of increase number of pile and diameter
in maximum vertical for group 1X4,2x4 and 3X4 the comparison between the Allpile6.5
and manual results showing below for combinations (LC01, LCO05, LC11, LC18).

maximum vertical load decrease by 46.67 % and 35.28% with increasing of number of
piles for 1x4 ,2x4 and 3X4.

the manual results increase more the All pile6.5 results respectively 2.93%,1.6%and 6.4%
for group 1X4,2x4 and 3X4.

14000

12000
2 \
S 10000
-
—
< 8000 1X4 GROUP
& 6000 S 2X4 GROUP DIA 1.2 M
>
% 4000 2X4 GROUP DIAL.4 M
2 5000 3X4 GROUP DIA 1.2 M

0
Lco1 LCOS Lc11 LC18
LOAD COMPONATION

Figure (5.17) maximum vertical load with different pile groups Allpile6.5 results from
table (5.17)

table (5.17)
Load maximum vertical | maximum vertical | maximum vertical | maximum vertical load
combination load for Allpile | load for Allpilel.2 | load for Allpilel.4 | for Allpilel.2 m pile
1.2,1.4m pile | m pile group2x4 m pile group2x4 group3x4
grouplx4
LCO1 11402.5 6175.1 6071.65 3996.05
LCO5 11725.03 7213.81 6918.82 4465.05
LC11 11026.31 6041.26 5925.98 3893.01
LC18 10110.35 6049.36 5832.33 3779.7
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14000
2 —+— 1X4 GROUP MANUAL
2 12000 — S
g — - T —#2X4GROUP MANUALDIA12M
a 10000 * +
g 2X4 GROUP MANUAL DIAL.4 M
~ 8000
S 3X4 GROUP MANUAL DIA 1.2 M
£ 6000
w
>
S 4000
2
2
X 2000
S

0
Lco1 LCO5 Lc11 LC18
LOAD COMPONATION

Figure (5.18) maximum vertical load manual results with different pile from table (5.18).

table (5.18)

Load maximum vertical maximum maximum vertical | maximum vertical load

combination load manual for vertical load load manual for manual for
1.2and 1.40m ,1x4 | manual for 1.2m 1.4m ,2x4 pile 1.2m ,3x4 pile group
pile group ,1x4 pile group group

LCo1 6253.601 6175.1 6150.159 4048.385

LCO05 7287.942 7213.81 6107.98 4514.473

LC11 6227.192 6041.26 6111.904 4016.959

LC18 6114.593 6049.36 5246.458 3823.189
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14000
., 12000 —— 1X4 GROUP MANUAL
§ 10000 e— ——— 2X4 GROUP MANUALDIA 1.2 M
< 8000 2X4 GROUP MANUAL DIA1.4 M
E 6000 B ——— . 3X4 GROUP MANUAL DIA 1.2 M
E 4000 —— 1X4 GROUP
2 000 ——2X4 GROUP DIA 1.2 M

0 2X4 GROUP DIA1.4 M

LCO1 LCO5 LC11 LC18 3X4 GROUP DIA 1.2 M
LOAD COMPONATION

Figure (5.19) maximum vertical load manual and allpile6.5 results with different group pile for length 39.5m from table

(5.19).

Table (5.19)
Load maximum maximum | maximum | maximum | maximum | maximum | maximum vertical | maximum vertical
combination | vertical load | vertical vertical vertical vertical vertical load for Allpile | load manual for
for Allpile for | load load  for | load load  for | load for 1.2m ,3x4 pile
1.2and 1.40m | manual for | Allpile manual for | Allpil  for | manual for | 1.2m ,3x4 pile | group
x4 pile | 1.2and for 12m |12m ,1x4|14m ,2x4 |1.4m ,2x4 | group
group 1.40m ,1x4 | ,1x4  pile | pile group | pile group | pile group
pile group | group
LCO1 11402.5 11402.5 6175.1 6253.601 6071.65 6150.159 3996.05 4048.385
LCO5 11725.03 11725 7213.81 7287.942 6918.82 6107.98 4465.05 4514.473
LC11 11026.31 10282.56 6041.26 6227.192 5925.98 6111.904 3893.01 4016.959
LC18 10110.35 10110.35 6049.36 6114.593 5832.33 5246.458 3779.7 3823.189
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60000
50000 L_3)I -9 —e— QP manual
40000 //‘ —#— QS manual
- //‘ P —a—Qp Allpile
30000 //)(//// Qs Allpile
20000 y = QU manual
10000 / —e— QU Allpile
C—T—{—0 Qall manual
0 T T 1
Qall Allpile
0 Diameter 6

Figure (5.20) vertical load capacity manual and allpile6.5 results with different pile
diameters from tables (4.2 to 4.4).

60000
50000
40000
30000
20000
10000

0

Load

L=32.9
X
\777 T 1
0 2 4 6
Diameter

—o— QP manual
—#— Qs manual
—&—Qu manual
Qall manual
—#=— QP Allpile
—0— Qs Allpile
Qu Allpile
Qall Allpile

Figure (5.21) vertical load capacity manual and allpile6.5 results with different pile
diameters from tables (4.2 to 4.4).
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Figure (5.22) vertical load capacity manual and allpile6.5 results with different pile
diameters from tables (4.2 to 4.4).

5.2 Lateral load result:

5.2.1 deflection and maximum moment of lateral load for 1x4 group pile results:

Figure from (5.23) to (5.30) represent the effect of increase the pile diameter in deflection
and maximum moment for lengths 35.9 ,32.9 and 25.9 m for group 1x4. maximum
moment and deflection for back and front pile, also compare with diameters (1.2, 1.4,1.6,
1.8m). the maximum deflections decrease by 33.75% with increase the pile diameters
also moment for back increase 7.5%. and front is increase 5.4%. The comparison between
results from manual calculations and Allpile6.5 for maximum moment find that the
manual maximum moment for back pile increase about 5.9% and 3.8% decrease for front
pile about 15.74% and 23.12% from Allpile 6.5 results for LC11 and LC18 respectively.
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Figure (5.23) LCO5 1X4 group deflection for lateral load, maximum moment lateral for diameter (1.2, 1.4, 1.6 ,1.8)
and lengths (35.9,32.9,25.9) for Allpile results from table (5.23)
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Table (5.23)

Diameter 1.2 1.4 1.6 1.8
Maximum Back Front Back Front Back Front Back Front
Moment
Lateral load 2.55 2.46 2.75 2.6 2.98 2.76 3.22 2.93
Deflection 0 0 0 0 0 0 0 0
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Figure (5.24) LC11 1X4 group deflection for lateral load , maximum moment lateral for diameter (1.2,1.4,1.6,1.8)
and lengths (35.9,32.9,25.9) for Allpile results from table (5.24)

Table (5.24)
Diameter 1.2 1.4 1.6 1.8
Back Front Back Front | Back Front Back Front
Maximum Moment 466 606 504 640 544 681 588 722
Lateral load 73.1 98.9 73.1 989 731 98.9 73.1 98.9
Deflection 0.601 0.72 0.433| 0.485] 0.33 0.353 0.264 [ 0.269
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Figure (5.25) LC18 1X4 group deflection for lateral load , maximum moment for diameter (1.2, 1.4, 1.6 ,1.8) and
lengths (35.9,32.9,25.9) for Allpile results from table (5.25).

Table (5.25)
Diameter 1.2 1.4 1.6 1.8
Back Front Back Front Back Front Back Front
Maximum 3150 4420 3110 4360 3290 4340 3560 4400
Moment
Lateral load 44391 | 600.59 | 443.91| 600.59 | 443.91 | 600.59 [ 443.91 | 600.59
Deflection 4.96 7.3 2.78 4.08 2 2.46 1.61 1.64
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5.2.2 deflection and maximum moment of lateral load for 2x4 group pile results:

Figures from (5.26) to (5.29) represent the effect of increase the pile diameter in
deflection and maximum moment for lengths 35.9 ,32.9 and 25.9 m for group 2x4.
maximum moment and deflection for back and front pile, also compare with diameters
(1.2,1.4,1.6,1.8m). the maximum deflections decrease by 37.59% with increase the pile
diameters also moment for back increase 5.39%. and front is increase 4.75%. The
comparison between results from manual calculations and Allpile6.5 for maximum
moment find that the manual maximum moment for back pile increase about 9.5% and
9.1% decrease for front pile about 7.2% and 16.5% from Allpile 6.5 results for LC11 and

LC18 respectively.

0.004 27 -
S 0.003 i §26
- — -t
[S) 15} ]
£ 0.002 ~. DEFLECTION o 2>
S ~ FRONT T 24 -
g 0.001 MAX § 2.3 ,I
DEFLECTION
0 T T BACK 22
11 12 13 14 15 1 12 14 16
Diameter Diameter

— MAX
MOMENT
FRONT

MAX
MOMENT
BACK

Figure (5.26) LCO1 2X4 group maximum deflection, for diameter (1.2, 1.4, 1.6 ,1.8)

for Allpile results from table(5.7)

Table (5.26)
Diameter (m) 1.2 1.4
Back Front Back Front
Maximum 2.53 2.29 2.67 2.4
Moment
Lateral load 0 0 0 0
Deflection 0.0034 0.0025 0.00223 0.00161
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Figure (5.27) LCO1 2X4 group maximum deflection, maximum moment for diameter
(1.2,1.4,1.6,1.8) for Allpile results from table (5.27)

Table (5.27)
Diameter (m) 1.2 1.4

Back Front Back Front
Maximum Moment 251 2.3 2.66 2.41
KN.m
Lateral load KN 0 0 0 0
Deflection cm 0.00339 | 0.00251 | 0.00222 | 0.00162
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Figure (5.28) LCO5 2X4 group maximum deflection, maximum moment, maximum
moment for diameter (1.2, 1.4, 1.6 ,1.8) for Allpile results from table(5.28).

Table (5.28)
DIA (M) 1.2 1.4
Back Front Back | Front
Maximum 230 283 243 297
Moment
Lateral load 36.55 4945 | 36.55 49.45
Deflection 0.31 0.308 | 0.203 0.199
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Figure (5.29) LC11 2X4 group maximum deflection, maximum moment for diameter
(1.2,1.4,1.6,1.8) for Allpile results from table (5.29).

Table (5.29)
Diameter(m) 1.2 1.4
Back Front Back Front
Maximum Moment 1410 1990 1470 1980
Lateral load 221.96 300.29 221.96 300.29
Deflection 1.94 2.88 0.203 0.199

5.3 The results from manual calculation, both software Allpile6.5 and pile
group software for 1x4 pile group with load combinationsLC01 LCO05,
LC11, LC18:

Figure (5.30) represent the comparison of maximum vertical load results from two
software program(Allpile6.5 ,pile group) and manual calculation of analysis 1x4 group
of pile spacing 6.25 length 25.9 m, the comparison show that the result from Allpile6.5
and manual calculation typically same for all combinations, for pile group just results
increase 8.09% for LC18 .
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Figure (5.30) represent the comparison of vertical load manual and Allpile6.5 software
and pilegroup software results with load combination LC01 LCO05, LC11 ,LC18 from

table (5.30).
LC Maximum | Maximum vertical | Maximum vertical
vertical load | load manual | load (PILE
(ALLPILE | calculation GROUP software
softwar analysis results))
analysis
results)
LCO1 11402.5 11402.5 11400
LCO5 11725.03 11725 11706
LC11 11026.31 11026 11024
LC18 10110.35 10110.35 11001

Table
(5.30)

Figure (5.31) represent the comparison of lateral load results, the comparison shows that
the result from Allpile6.5 more than manual calculation by 13%, also more than pile
group software by 10%.
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Table (5.31)
[a)]
§ HATERAL L.OAD PILE GROUP SOFTWARE LC lateral Lateral load lateral load
800 2 LOAD Allpile6.5 SOFTWARE load Allpile manual
é LATERAL LOAD MANUAL CALCULATION PILE software calculation
600 S GROUP
software
400 LCO1 0.244 0
LCO05 38.612 0 0
200 LC11 | 87.071 98.9 86
0 B LC18 535.24 600.59 522.25
LOAD CQAIBIATION _cos LC11 LC18

Figure (5.31) lateral load for manual, Allpile6.5 software and pile group software results
with load combination LC01 LCO5, LC11, LC18 from table (5.12).

Figure from 5.32 represent the comparison of maximum moment results, the comparison
shows that the result from Allpile6.5 more than manual calculation by 44% and 63%
LC1land LC18, also more than pile group software by 43% and 90% LC1land LC18.

1.2

e MAX
- 1 MOMENT
g os PILE

= GROUP
g 0.6

Z 04 MAX
24, MOMENT

ALLPILE6.5

LOAD COMBINATION

Table (5.32)

LC

maximum
moment
pile group
software

maximum
moment
Allpile
software

maximum
moment
manual
calculation

LCO1

824.18

3.22

0

LCO5

791.63

3.22

0

LC11

1965.5

1102.31

612.76

LC18

5226.9

10110.4

3715.8

Figure (5.32) maximum moment for manual, Allpile6.5 software and pile group software
results with load combination LC01 LCO5, LC11, LC18 from table (5.13).
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Table (5.34)
e DEFLECTION PILE GROUP LC deflection group | deflectiond
DEFLECYION ALLPILE6.5 software Allpile software
10
5
. E LCO1 2.25 0.0019
T LCO5 2.13 0.0019
(]
LCO1 LCO5 LC11 LC18 ’ Lell 9.3 0.269
LC13 4.703 1.64

LOAD COMBINATION

Figure (5.33) deflection for Allpile6.5 software and pile group software results with load
combination LCO1 LCO5, LC11, LC18 from table (5.14)

Figure from (5.33) represent the comparison of deflection results, the comparison shows
that the result from Allpile6.5 less than pile group software by 99% and 65% LC1land

LC18.
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Chapter Six

Conclusions and Recommendations

6.2 Conclusions:

1.

Decrease of the length effect on maximum settlement decrease length of pile from
35.9 m to 32.5 m increasing maximum settlement about 14.14%, decrease the
length from 35.9 m to 25.9 m increasing maximum settlement about 39.36%, also
decrease from 32.9 m to 25.9 m increase the maximum settlement about 31.08%
for all diameters for group 1x4.

Increase of the pile diameter effect on reduction maximum settlement for length
35.9 m the maximum settlement decrease about 26.43%, for length 32.9 m the
maximum settlement decrease about 24.49% and for length 25.9 m maximum
settlement decrease about 22.59% for group 1x4 with increasing of diameters.
Decrease of the length effect on maximum settlement. decrease length of pile from
35.9 mto 32.5 mincreasing maximum settlement about 10.2%, decrease the length
from 35.9 m to 25.9 m increasing maximum settlement about 33.1%, also decrease
from 32.9 m to 25.9 m increase the maximum settlement about 25.5% for all
diameters for group 2x4.

Increase of the pile diameter effect on reduction of maximum settlement for length
35.9 m the maximum settlement decrease about 27.2%, for length 32.9 m the
maximum settlement decrease about 28% and for length 25.9 m the maximum
settlement decrease about 25.85% for group 2x4 with increasing of diameters.
The compression between maximum settlement for group2x4 and 1x4 group shows
that maximum settlement for 1x4 less than maximum settlement 2x4 group by
58.06%,62.63%,57.53% respectively to length (35.9, 32.9, 259 m .

Increase number of pile and diameter decrease the maximum vertical load in each
pile for (1X4,2x4 and 3X4) groups. the maximum vertical load on each pile
decreased by 54.38% for 1x4 to 2x4, for 1x4 to 3x4 decrease by 64.95% and by
23.16 % for 2x4 to 3x4 group pile.

The manual empirical formulas maximum vertical load results increase more than
All pile6.5 results respectively 2.93%,1.6%and 6.4% for all lengths.

Increase of the pile diameter effect on deflection and maximum moment for all
lengths for group 1x4. the maximum deflections decrease by 33.75% with increase
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the pile diameters also moment for back pile increase by 7.5%. and front pile is
increase by 5.4%.

9. The comparison between results from manual empirical formulas calculations and
Allpile6.5 for maximum moment find that the manual empirical formulas
maximum moment for back pile increase by 5.9% and 3.8% and decrease for front
pile about 15.74% and 23.12% for All pile 6.5 results for Lcll and LC18
respectively.

10.Increase of the pile diameter effect on deflection and maximum moment for lengths
35.9,32.9 and 25.9 m for group 2x4. the maximum deflections decrease by 37.59%
with increase the pile diameters also moment for back pile increase by 5.39%. and
front pile is increase by 4.75%.

11.The comparison between results from manual empirical formulas calculations and
Allpile6.5 for maximum moment find that the manual empirical formulas
maximum moment for back pile increase about 9.5% and 9.1% and decrease for
front pile about 7.2% and 16.5% from Allpile6.5 results for LC11 and LC18
respectively.

12.The comparison of maximum vertical load results from two software
program(Allpile6.5 ,pile group) and manual empirical formulas calculation of
analysis 1x4 group of pile spacing 6.25 length 25.9 m , the comparison show that
the result from Allpile6.5 and manual empirical formulas calculation typically
same for all combinations, for software pile group results increase 8.09% for only
LC18.

13.The Allpile6.5 lateral load results are more than manual empirical formulas
calculation results by 13%, also more than pile group software by 10%.

14.The Allpile6.5 maximum moment results are more than manual empirical formulas
calculation results by 44% and 63% LC1land LC18, also more than pile group
software by 43% and 90% LC11and LC18.

15.The Allpile6.5 deflection results less than pile group software results by 99% and
65% LC1land LC18,

16.According to the analysis the increase of the length doesn’t effect on reduction of
deflection or moment, lateral load on pile.

17.Increase of the diameter of pile reduces the deflection and increase the maximum
moment on single pile.

18.the result of analysis by two software Allpile 6.5 is 2D analysis software and the
PILEGROUP is 3D software and the manual empirical formulas calculation for
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vertical load analysis is close but for lateral load analysis the result from manual
empirical formulas and allpile6.5 is close but the pile group is large compare with
the other two ways.

19.The pile group designed 1x4 length 35.9 and diameter 1.8 to support all the load
and the pile settlement and deflection in the design range.

6.3 Recommendations:
Based on the results obtained it to recommended:

1. To use manual empirical formulas calculation preliminary studies of pile as
single and pile group analysis in order to predict capacity and load subjected
to pile for pile design.

2. To use Allpile6.5 software for all final analysis and design of bored piles.

For future studies it recommended to:

1. Analyze pile and group pile using 3D software program.

2. Analyze and design batter pile inside group pile and study the effect that on
vertical and lateral load distribution.

3. Analyze and design group pile under earthquake load.
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Appendix A Sample
Results
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ALLPILE 6 results
VERTICAL ANALYSIS SUMMARY OUTPUT
Copyright by CivilTech Software 2005
www.civiltech.com
(425) 453-6488 Fax (425) 453-5848
k*khkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkhkhkhkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkhkkhkhkkhkkkhkkhkhkkhkkkkhkkhkkhkkhkkkhkkhkkkkkkikkkk
Licensed to
Date: 2019/08/07 File: C:\Users\Eglaal\Desktop\ANALSYS DATA\FIXED
SUPPORT\DIA 1800 mm\DIA 1.8 L=30\DIA 1.8 spacing 6.25m\DIA180 COPM
LCOl.alp
Title 1: PILE dia 1.80 m LCO1
Title 2: THE PILE ANALYSIS
TOTAL LOADS:
Vertical Load, Q: 43608.0 -kN
Load Factor for Vertical Loads: 1.0
Loads Supported by Pile Cap: 0 %
PILE PROFILE:
Pile Length, L=35.9 -m
Top Height, H=5.9 -m
Slope Angle, As=0
Batter Angle, Ab=0.00 Batter Factor, Kbat=1.00
GROUP PILES:
Group Configuration:
Fixed Head
Average Pile Diameter= 1.80 -m
Sx= 250 -cm
Sy=625 -cm
Nx=1 Ny=4
1. Single Pile Vertical Analysis (in Group):
Vertical Load=10902.00 -kN
Results:
Total Ultimate Capacity (Down)= 56329.80-kN, Total Ultimate Capacity (Up)=
5930.97-kN
Total Allowable Capacity (Down)= 19304.51-kN, Total Allowable Capacity
(Up)= 3668.49-kN
At Work Load= 10902.00-kN, Settlement= 1.332-cm
At Work Load= 10902.00-kN, Secant Stiffness Kgx= 8186.18-kN/-cm
At Allowable Settlement= 2.500-cm, Capacity= 16763.35-kN
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Work Load, 10902.00-kN, OK with the Capacity at Allowable Settlement= 2.50-
cm, Capacity= 16763.35-kN

Work Load, 10902.00-kN, OK with the Allowable Capacity (Down)= 19304.51-
KN
2. Group Pile Vertical Analysis (in Group):

Vertical Load= 43608.00 -kN

Results:

Total Ultimate Capacity (Down)= 225319.22-kN, Total Ultimate Capacity (Up)=
23723.89-kN

Total Allowable Capacity (Down)= 76333.38-kN, Total Allowable Capacity
(Up)=14673.95-kN

At Work Load=43608.00-kN, Settlement=1.33176-cm

At Work Load= 43608.00-kN Secant Stiffness Kgx= 32744.73-kN/-cm

At Allowable Settlement= 2.500-cm, Capacity= 67053.38-kN

Work Load, 43608.00-kN, OK with the Capacity at Allowable Settlement= 2.50-
cm, Capacity= 67053.38-kN

Work Load, 43608.00-kN, OK with the Allowable Capacity (Down)= 76333.38-
KN

FACTOR OF SAFETY:
FSside FStip FSuplif FSweight
25 30 20 1.0

Note: If program can't find result or the result exceeds the up limits. The result shows
9999.
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ALLPILE 6
LATERAL ANALYSIS SUMMARY OUTPUT
Copyright by CivilTech Software 2005
www.civiltech.com
(425) 453-6488 Fax (425) 453-5848
kkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkhkhkkhkhkkhkkhkhkhkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkkhkkkkhkkhkkhkkkkhkkhkkkkkikkhkikx
Licensed to
Date: 2019/08/07 File: C:\Users\Eglaal\Desktop\ANALSYS DATA\FIXED
SUPPORT\DIA 1800 mm\DIA 1.8 L=30\DIA 1.8 spacing 6.25m\DIA180 COPM
LCO5.alp
Title 1: PILE dia 1.80 m LCO05
Title 2: THE PILE ANALYSIS
PILE PROFILES:
Pile Length, L=35.9 -m
Top Height, H=5.9 -m
Slope Angle, As=0
Batter Angle, Ab=0.00
TOTAL LOADS:
Vertical Load, Q: 41191.0 -kN
Moment, M: 29735.0 -kN-m
Torsion, T: 0.0 -kN
Shear Load, P: 0.0 -kN
FACTORS AND CONDITIONS:
Load Factor for Vertical Loads: 1.0
Load Factor for Lateral Loads: 1.0
Loads Supported by Pile Cap: 0 %
Shear Condition: Static
GROUP PILE FOUNDATION:
Group Configuration:
Head Condition: Fixed Head (Cap with Restrained Connection)
Average Pile Diameter=1.80 -m
Column Number, Nx= 1
Row Number, Ny= 4
Row Spacing, Sy= 6.25 -m

Rt2=52.08
RMAX=1.50
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rx2/[RMAX=52.08

Y-Direction (Lateral Loading in Y Direction)
kkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkkhkkhkhkhkkhkhkhkhkhkkhkhkhkhkhkhhkhkhkhkhkhkikikix
A. Back Pile, Critical Loading for Back Pile:
Deduction factor due to side effect, Rside= 0.45
Deduction factor due to front effect, Rfront= 0.44
1.Vertical Analysis:
Try Vertical Load= 10294.78 -kN
Try Results:
Total Ultimate Capacity (Down)= 56329.80-kN, Total Ultimate Capacity (Up)=
5930.97-kN
Total Allowable Capacity (Down)= 19304.51-kN, Total Allowable Capacity
(Up)= 3668.49-kN
At Work Load= 10294.78-kN, Settlement=1.23311-cm
Work Load, 10294.78-kN, OK with the Allowable Capacity (Down)= 19304.51-
KN
2.Lateral Analysis:
Try Shear=0.00 -kN
Deduction factor due to Group Effect, R=0.20
Fixed Head Condition
Try Results:
Top Deflection, yt= 0.00145-cm
Max. Moment, M= 3.21-kN-m
Top Deflection Slope, St= 0.00000
B. Front Pile, Critical Loading for Front Pile:
Deduction factor due to side effect, Rside= 0.45
Deduction factor due to front effect, Rfront= 0.44
3.Vertical Analysis:
Try Vertical Load=11725.03 -kN
Try Results:
Total Ultimate Capacity (Down)= 56329.80-kN, Total Ultimate Capacity (Up)=
5930.97-kN
Total Allowable Capacity (Down)= 19304.51-kN, Total Allowable Capacity
(Up)= 3668.49-kN
At Workload= 11725.03-kN, Settlement= 1.47383-cm
Workload, 11725.03-kN, OK with the Allowable Capacity (Down)=19304.51-kN
4.Lateral Analysis:
Try Shear=0.00 -kN
Deduction factor due to Group Effect, R=0.45
Fixed Head Condition
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Try Results:
Top Deflection, yt= 0.00109-cm
Max. Moment, M= 2.93-kN-m
Top Deflection Slope, St= 0.00000
C. Final Results & Summary:
Max. Cap Settlement, Xmax= 1.47383-cm
Average Cap Settlement, Xaverage= 1.35347-cm
Differential Cap Settlement, Xdiff= 0.24072-cm
Cap Rotation, Rt=0.005777238 Slope
Cap Rotation, Ra= 0.33100766 Degree
Lateral Cap Movement (Deflection), yt= 0.000-cm
Front Pile: Shear= 0.00-kN
Back Pile: Shear= 0.00-kN
Lateral Cap Movement, yt= 0.000-cm, OK with the Allowable Deflection= 2.500-
cm
Max. Cap Settlement, Xmax= 1.474-cm, OK with the Allowable Deflection=
2.500-cm
X-Direction (Lateral Loading in X Direction)
*khkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkhkkhkkhkhkkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkikikikx
Nx<2, No Calculation. Please run single or tower pile analysis.
Note: If program can't find result or the result exceeds the up limits. The result shows
9999
Notes:
Q - Vertical Load at pile top
P - Lateral Shear Load at pile top
M - Moment at pile top
Xall - Pile top total settlement
yt - Pile top deflection
St - Pile top deflection slope (deflection/unit length)
The Max. Moment calculated by program is an internal moment of shaft due to the
loading. Egineers
have to check whether the pile has enough moment capacity to resist the Max. Moment
with adequate
factor of safety. If not, the pile may be damaged under the loading.
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VERTICAL ANALYSIS Foure 1
Loads:

Load Factor for Vertical Loads= 1.0

Load Factor for Lateral Loads= 1.0

Loads Supported by Pile Cap=0 %

Shear Condition: Static

Vertical Load, Q= 43608.0 -kN

Shear Load, P= 0.0 -kN

Moment, M= 0.0 -kN-m

Profile:

Pile Length, L= 35.9 -m

Top Height, H= 5.9 -m

Slope Angle, As= 0

Batter Angle, Ab=0

Drilled Pile (dia <=24 in. or 61 cm)

Soil Data: Pile Data:
Depth Gamma Phi C K e50 or Dr  Nspt Depth Width Area Per. | E Weight
-m -kKN/m3 -kKN/m2 -MN/m3 % -m -cm -cm2 -cm -cm4 -MP -kN/m
0 8.0 21.0 0.0 10.0 20 21 0.0 180 25446.9 565.5 51529972.020683 60.004
3.9 8.0 21.0 0.0 10.0 20 21 35.9 180 25446.9 565.5 51529972.020683 60.004
6 9.0 30.0 0.0 20.0 50 50
9 9.0 40.0 0.0 40.0 90 50
26 9.0 40.0 0.0 40.0 90 50

Vertical capacity:
Weight above Ground= 354.02 Total Weight= 1406.00-kN *Soil Weight is not included
Side Resistance (Down)= 7918.695-kN Side Resistance (Up)= 4524.974-kN
Tip Resistance (Down)= 48411.109-kN Tip Resistance (Up)= 0.000-kN
Total Ultimate Capacity (Down)= 56329.805-kN Total Ultimate Capacity (Up)= 5930.974-kN
Total Allowable Capacity (Down)= 19304.514-kN Total Allowable Capacity (Up)= 3668.487-kN
N/G! Qallow <Q

Settlement Calculation:
At Q= 43608.00-kN Settlement= 10.91451-cm
At Xallow= 2.50-cm Qallow= 16763.34570-kN

Note: If program can't find result or the result exceeds the up limits. The result shows 9999.

x| CivilTech PILE dia 1.80 m LCO1
[1] software THE PILE ANALYSIS
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ALLPILE Version 6 CadTech Software waw civitoch com Licensed 1o

PILE DEFLECTION & FORCE vs DEPTH
Y-Front,Single Pile, Kbc =2

mh (Zp) DEFLECTION, yt -cm MOMENT -kN-m SHEAR kN '?Onkh 2p)
Pile Top-m 000 8 E 0 1 Pile Top-m
0 i1 RS e o
T [
2 2
4 4
Greng B i, I cboiselenkin
=6 80 210_ 00 100 =
SILTY SAND (ioose)
8 8
10 80 210 00 100 10
3 SILTY SAND (loose) =
=12 90 300 00 200 L2
CLAYEY SAND(medium dence)
=14 14
50 400 o0 0o
16 SILTY SAND (very dence) 16
yt=0at 17.1-m B
18 18
20 20
2 2
2 2
=20 Tip\t=186E6  Topyt=1.09E-3 Top Moment=-2.9 Top Shear=0.4 =5 2=
Max. yt=1.09E-3 Max. Moment=2.9 Max. Shear=0.4 E-MP=20683
Top St=0E+0 I-cm4=51529972 &
28 28
30 30
CivilTech PILE dia 1.80 m LC01
Software THE PILE ANALYSIS Figure 2
ALLPLE Version®  ChTech Software  wee chiech com Ucensed o
Gonrete poured into driled hole.
Diameter s limited o 24in (61cm).
FOUNDATION PROFILE & SOIL CONDITIONS
Dopt FOUNDATION PROPERTIES 0 3 SOIL PROPERTIES mh
P
. ng'"' Depth _ WidthcmA'cm2 _Per.cm cmd EMP W.km e P“o' Vet
00 180 254460 5655 515299720 20683  60.004
Concrete (smooth) =
2 L 23
4 4
5 Depth _ y-kNm3 & CANm2 _ kMNIm3 eS0%  Nspt "
00 80 210 00 100 21
SILTY SAND (loose)
8 8
10 38 8o 216 00 100 2 10
SILTY SAND (loose)
12 66 5o 30000 200 w12
CLAYEY SAND(medium dence)
14 14
50 90 400 00 00 E E
i SILTY SAND (very donce) 16
1 18—
20 20
22 2
2 24—
2 250 180 254469 5655 515299720 20683  60.004 _ .
Concrete (smooth)
28 2
30 30
Batter Angle=0 (Pile diameter not to scale) Surface Angle=0
CivilTech PILE dia 1.80 m LCO1
Software THE PILE ANALYSIS Figure 1
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Sample Results

ALL-PILE Version 6 CivilTech Software www.civiltech.com

Licensed to

SOIL STRESS, SIDBE RESISTANCE, & AXIAL FORCE vs DEPTH

Vertical Stress -kN/m2
-200.00 [}

Depth (Zp)
rom
Pile Top -m
o

6 Ground

=20
22

24

Pile Ti
26 P Top Vertical Stress=0.000

Max. Vertical Stress=174.147
28

30

CivilTech
Software

ALL-PILE Version 8 CivilTech Software www.civiltech com

Depth (Zp)

from

Pile Top-m
]

DEFLECTION, yt -cm

-0.00 [
| L LR

+0.00
T U]

TTTTT

yt=0 at 18.7-m

21
24
27

30

33 Tipyt=4.88E-6  Top yt=1.44E-3
Max. yt=144E-3
o Top St=2.55E-21

39

42

45

CivilTech
Software

+200.00

Side Resistance-kN/m2

-100.00

v

v

ased on Ultimate Load Condition

Axial Force -kN

200000 Up O
[ITYIW‘Y1T

+200000
T

+100.00 Down

TTTTT

Up 0  Down

G-KN/m3  Phi C-kN/m2 k-MN/m3e50 %
8.0

210 00 100
SILTY SAND (loose)

80 210 00 10.0
SILTY SAND (loose)

Depth (Zp)

from

Pile Top-m
o

9.0 300 00 200
CLAYEY SAND(medium dence)

90 400 00 400
SILTY SAND (very dence)

Max. Side Resistance=64.68 Top Uplift=11788.0

Top DownWard=140869.0  Alip=25447-cm

PILE dia 1.80 m LCO1

THE PILE ANALYSIS Figure 1

Licensed to

-5
[T

PILE DEFLECTION & FORCE vs DEPTH
Y-Back, Single Pile, Kbc =2
MOMENT -kN-m

0 +5
[TTTT T T T

SHEAR -kN

-0 0
[TTTTTTTT

+0

TTTT T

v KN/m3 ¢
80

C-kN/m2 k-MN/m3eS0 %

21.0 0.0 10.0
SILTY SAND (loose)
8.0 210 0.0 10.0
SILTY SAND (loose)
90 300 00 200

CLAYEY SAND(medium dence)

90 400 00 400
SILTY SAND (very dence)

e 90

E -MP=20683
I'.cm4=51520072

40.0 0.0 40.0
SILTY SAND (very dence)

Top Moment:
Max. Moment=3.2

3.2 Top Shear=0.4
Max. Shear=0.4

PILE dia 1.80 m LC05

THE PILE ANALYSIS Figure 2
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Sample Results

capacity of pile manual calculate

Qu= | Qp+Qs
Qp= | qp*Ap 13075
Qs= | Ki*oi* tan &'
depth | 20 m Diameter | 1.2 m
no depth [0) Y k o o' tan &' fs Qs
1 6 21 81 0.641 24 | 15.75| 0.282 | 4.338 98.1693
2 3 30 9 0.5 67.5 22.5| 0.414 | 13.97 158.061
3 11 40 90.357 | 130.5 30| 0.577 | 26.88 1115.14
1371.37
Qu = 14446
Qall 1= 7451.6
Qall2 = 5272.5
Qall3 = 5778.5
Qp= | gp*Ap 17796
depth
= 20m Diameter | 1.4 m
no depth (o) Y k o o' tan &' fs Qs
1 6 21 8| 0.641 24 | 15.75| 0.282 | 4.338 114,531
2 3 30 9 0.5 67.5 22.5| 0.414 | 13.97 184.404
3 11 40 9 (0.357 | 130.5 30| 0.577 | 26.88 1300.99
1599.93
Qu = 19396
Qall 1= 9964.7
Qall2 = 6998.7
Qall3 = 7758.5
Qp= | qgp*Ap 23244
depth | 20 m Diameter | 1.6 m
no depth [0) Y k o o' tan &' fs Qs
1 6 21 8 | 0.641 24 | 15.75| 0.282 | 4.338 130.892
2 3 30 9 0.5 67.5 22.5| 0.414 | 13.97 210.785
3 11 40 910.357 | 130.5 30| 0.577 | 26.88 1486.93
1828.61
Qu = 25073
Qall 1= 12841
Qall2 = 8967.1
Qall3 = 10029
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Sample Results

Qu= | Qp+Qs
Qp= | gp*Ap 29418
Qs = Ki*oi* tan &’
depth | 20 m Diameter | 1.8 m
no depth [0) Y k o] o' tan &' fs Qs
1 6 21 8 | 0.641 24 | 15.75 0.282 | 4.338 | 147.254
2 3 30 9 0.5 67.5 22.5 0.414 | 13.97 | 237.133
3 11 40 910.357 | 130.5 30 0.577 | 26.88 | 1672.8
2057.19
Qu = 31475
Qall 1= 16081
Qall2 = 11178
Qall3 = 12590
Qp= | qp*Ap 13075
Qs = Ki*oi* tan &’
depth
= 27m Diameter | 1.2 m
no depth (o) Y k o] o' tan &' fs Qs
1 6 21 8 | 0.641 24 | 15.75 0.282 | 4.338 | 98.1693
2 3 30 9 0.5 67.5 22.5 0.414 | 13.97 | 158.089
3 18 40 9 |0.357 162 30 0.577 | 33.37 | 2265.36
2521.62
Qu = 15596
Qall 1= 8218.5
Qall2 = 6039.3
Qall3 = 6238.6
Qp= | qp*Ap 17796
depth | 27m Diameter 1.4
no depth [0) k o o' tan &' fs Qs
1 6 21 8 10.641 24 | 15.75 0.282 | 4.338 | 114.531
2 3 30 9 0.5 67.5 22.5 0.414 | 13.97 | 184.437
3 18 40 9 | 0.357 162 30 0.577 | 33.37 | 2642.92
2941.89
Qu= 20738
Qall 1= 10859
Qall2 = 7893.3
Qall3 = 8295.3
Qp= | qp*Ap 23244
depth | 27m Diameter | 1.6
no depth [0) k o] o' tan &' fs Qs
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1 6 21| 8 0.641 | 24 15.75 | 0.282 4.338 | 130.892
3 30|9 0.5 67.5 22.5 0.414 13.97 | 210.785
3 18 40 | 9 0.357 | 162 30 0.577 33.37 | 3020.48
3362.16
Qu = 26606
Qall 1= 13863
Qall2 = 9989.5
Qall3 = 10642
Qu= | Qp+Qs
Qp= | qp*Ap 29418
Qs = Ki*oi* tan &’
depth | 27m Diameter | 1.8
no depth oY k o o' tan &' fs Qs
1 6 21| 8 0.641 | 24 15.75 | 0.282 4.338 | 147.254
3 30|9 0.5 67.5 22.5 0.414 13.97 | 237.133
3 18 40 | 9 0.357 | 162 30 0.577 33.37 | 3398.04
3782.43
Qu = 33201
Qall 1= 17231
Qall2 = 12328
Qall3 = 13280
Qp= | gp*Ap 13075
depth | 30 Diameter | 1.2
no depth oY k o o' tan &' fs Qs
1 6 21| 8 0.641 | 24 15.75 | 0.282 4.338 | 98.1693
3 30| 9 0.5 67.5 22.5 0.414 13.97 | 158.089
3 21 40 | 9 0.357 | 175.5 | 30 0.577 36.15 | 2863.16
3119.42
Qu = 16194
Qall 1= 8617
Qall2 = 6437.9
Qall3 = 6477.7
Qp= | qp*Ap 17796
depth | 30 Diameter | 1.4
no depth d|Y k o] o' tan &' fs Qs
1 6 21| 8 0.641 | 24 15.75 | 0.282 4,338 | 114.531
3 30| 9 0.5 67.5 22.5 0.414 13.97 | 184.437
3 21 40 | 9 0.357 | 175.5 | 30 0.577 36.15 | 3340.36
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Sample Results

Table of MANUAL CALCULATION FOR VERTICAL LOAD 1X4 GROUP PILE

NUMBER MOMENT SPACE | Ix NUMBER | MOMENT SPACE | Ix
LCO1 10427 1.5 6.25 195.3 | LCO5 4 29735 1.5 6.25 | 195.3
FRONT 11402 0.5 FRONT 11725 0.5
VER load 41191
139
VER load | 43608 4 29735 1.5 6.25| 195.3
BACK 9822 0.5
10427 1.5 6.25 195.3 41191
BACK 10735 0.5
43608
NUMBER MOMENT SPACE | Ix NUMBER | MOMENT SPACE | Ix
LC11 11621 1.5 6.25 195.3 | LC18 4 21877 1.5 6.25| 195.3
FRONT 11026 0.5 FRONT 10110 0.5
VER load | 41874 VER load 36241
140
11621 1.5 6.25 195.3
BACK 10283 0.5 4 21877 1.5 6.25| 195.3
41874 BACK 8710 0.5
36241
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Sample Results

Table of MANUAL CALCULATION FOR VERTICAL LOAD 2X4 GROUP PILE

2X4 NUMBER MOMENT SPACE Ix Y 2X4 NUMBER | MOMENT SPACE | Ix Y
LCO1 8 10427 1.5 6.25 390.6 | 25.92 | LCO5 8 29735 1.5 6.25 | 390.6 | 25.92
P1 6253.6 3271 0.5 3.6 P1 7287.94 3089 0.5 3.6

P2 6096.59 P2 7139.67

P3 4648.4 P3 3009.81

P4 4805.41 P4 3158.08

P5 6201.27 P5 7238.52

P6 6148.93 P6 7189.09

P7 4753.07 P7 3108.66

P8 4726.9 P8 3083.94

VER load 43608 | KN VER load 41191 KN

2X4 NUMBER MOMENT SPACE Ix Y 2X4 NUMBER | MOMENT SPACE | Ix Y
LC11 8 11621 1.5 6.25 390.6 | 25.92 | LC18 8 21877 1.5 6.25 | 390.6 | 25.92
P1 6227.19 7747 0.5 3.6 P1 6114.59 2718 0.5 3.6

P2 5855.34 P2 5984.13

P3 4241.31 P3 2945.66

P4 4241.31 P4 3076.12

P5 6103.24 P5 6071.11

P6 5979.29 P6 6027.62

P7 4320.14 P7 3032.63

P8 4489.21 P8 3010.89

VER load 41874 | KN VER load 36241 | KN
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Sample Results

manual pile group destibuted vertical load for group (3x4) for diameterl.2m
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2X4 NUMBE|MOMENT SPACE [SPACE |Ix Y 2X4 NUMBHMOMENT SPACE|SPACE IX Y
LCO1 12 10427 15 6.25( 585.938| 103.68(LCOS5 12 28735 1.5 6.25| 585.9| 103.68
P1 4048.38 3271 0.5 3.6 P1 4514.47 3089 0.5 3.6

P2 3543.71 0 P2 4415.62 0 0

P3 3219.62 1 P3 2350.69 1

P4 3324.29 P4 2449.54

P5 3686.34 P5 3482.01

P6 3581.66 P6 3383.16

P7 3616.55 P7 3445.06

P8 3651.45 P8 3445.06

P9 3849.91 PS 3915.87

P10 3780.13 P10 3515.87

P11 3254.51 P11 2383.64

P12 3289.4 P12 2416.59

VER load 43608 VER load 41191

2X4 NUMBE|MOMENT SPACE [SPACE |Ix Y 2X4 NUMBHMOMENT|SPACE|SPACE Ix Y
LC11 12 11621 1.5 6.25| 585.938| 103.68(|LC18 12 21877 1.5 6.25| 585.9| 103.68
Pl 4016.96 7747 0.5 3.6 P1 3823.19 2718 0.5 3.6

P2 37659.05 0 P2 3736.21 0

P3 2562.04 1 P3 2216.98 1

P4 3208.95 P4 2303.95

P5 3613.45 P5 3063.57

P6 3365.55 P6 2976.6

P7 3530.82 P7 3005.59

P8 3530.82 P8 3034.58

PS 3608.62 PS 3428.88

P10 3608.62 P10 3370.9

P11 3044.68 P11 2245.97

P12 3127.31 P12 2274.96

VER load 41874 VER load 36241
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BrinchHasen method spraed sheet for diameter 1.2m

Appendix A Sample Results
BrinchHasen method spraed sheet for diameter 1.2m
[ I I ]
Height of application above top of pileJ & 5.9[m
Length of pile 20 m
Pile diameter 1.2 m
Depth about which rotation of pile occurs m P R E SS To So Lv E
(use neg[:ative numbers)
Number of slices top soll 10 e e e e
Depthoftopsoil =~ 9 m
Number of slices bottom soil (max 10) 10
| [
Soil Properties Upper soil |
Phi 21 degrees
c 0 kN/m~2
rate of change of ¢’ 0 kN/m”2/m
Gamma 8 kN/m~3 Resistance to Horizontal Force = 7664.9 kN
] |
B soil| =
Phi 40 degrees
c 0 kN/m~2
rate of change of ¢’ 0 kN/m”2/m
Gamma 9 kN/m”3
Height of each element in top soil 0.9
Height of each element in b soil 1.1
Slics: fTop Igvel of Bottom_ fevelof z zZ/B Kg Poz Kq.Poz Kc c' c'.Kc Pz Pu arm M M
Number slice slice
1 0 0.9 0.45 0.38 3.044343 3.6 11 5.11085618 o] o] 11 11.836407 -14.7 173.6321068 173.6321068
2 0.9 1.8 1.35 1.13 3.4125 10.8 37 10.6279945 0 o] 37 39.8034 -13.8 548.0659563 548.0659563
3 1.8 2.7 2.25 1.88 3.7275 18.0 67 13.8247676 0 0 67 72.4626 -12.9 932.54476 932.54476
3 4 2.7 3.6 3.15 2.63 3.9925 25.2 101 15.466302 0 o] 101 108.65988 -12.0 1300.585434 1300.585434
"_’ 5 3.6 4.5 4.05 3.38 4.225 324 137 16.7747761 0 0 137 147.8412 -11.1 1636.502312 1636.502312
2 6 4.5 54 4.95 4.13 4.43125 39.6 175 18.0151842 o) 0 175 189.5157 -10.2 1927.246773 1927.246773
% 75 54 6.3 5.85 4.88 4.61875 46.8 216 19.0253242 ] o] 216 233.4501 -9.3 2163.924881 2163.924881
8 6.3 7.2 6.75 5.63 4.77125 54.0 258 19.7863592 o] o] 258 278.2593 -8.4 2328.842555 2328.842555
9 b % - 8.1 7.65 6.38 4.9025 61.2 300 20.4975733 0 o] 300 324.03564 -7.5 2420.327553 2420.327553
10 8.1 9 8.55 7.13 5.01825 68.4 343 21.1699279 0 o] 343 370.70816 -6.6 2435.302462 2435.302462
11 9 10.1 9.55 7.96 26.91667 86.0 2313 118.137011 o]} o] 2313 3053.8035 -5.6 17007.62461 17007.62461
12 10.1 112 10.65 8.88 27.875 95.9 2672 125.681882 0 (o] 2672 3526.8008 -4.5 15762.41926 15762.41926
= 13 11.2 123 11.75 9.79 28.51458 105.8 3015 133.226753 0 o] 3015 3980.3507 -3.4 13411.09564 13411.09564
3 14 12.3 13.4 12.85 10.71 29.60625 115.7 3424 139.223031 0 o] 3424 4519.6309 -2.3 10256.51206 10256.51206
g 15 134 14.5 13.95 11.63 30.625 125.6 3845 144.76384 o) 0 3845 5075.3588 -1.2 5934.744588 5934.744588
= 16 14.5 15.6 15.05 12.54 31.8125 135.5 4309 150.30465 0 0 4309 5687.8841 -0.1 394.3133708 394.3133708
3 17 15.6 16.7 16.15 13.46 32.95833 145.4 4790 155.845459 0 o] 4790 6323.4518 1.0 6517.422739 6517.422739
18 16.7 17.8 17.25 14.38 34.0625 155.3 5288 161.386268 0 o} 5288 6980.4281 2:3 14873.02271 14873.02271
19 17.8 18.9 18.35 15.29 35.29167 165.2 5828 165.975291 [} 0 5828 7693.5128 3.2 24855.238: 24855.238
20 18.9 20 19.45 16.21 36.20833 175.1 6338 168.524771 0 (o] 6338 8366.5148 4.3 36232.65508 36232.65508
161112.0231 161112.0231

125



Appendix A Sample Results

BrinchHasen method spraed sheet for diameter 1.4m

BrinchHasen method spraed sheet for diameterl.4m
Height of application above top of pile 5.9|m
Length of pile 20 m
Pile diameter 14 m
Depth about which rotation of pile occurs m PRESS TO SO LVE
(use n]egative numbers)
Number of slices top soil 10
| Depth of top soil 9m
Number of slices bottom soil (max 10) 10
| [
|Soil Properties Upper soil | [
Phi 21 degrees
c 0 kN/m”~2
rate of change of ¢' 0 kN/m"2/m |
Gamma 8 kN/m"3 Resistance to Horizontal Force = 8356.3 kN
| N
Bottom soil | |
Phi 40 degrees
c' 0 kN/m”2
rate of change of ¢’ 0 kN/m”2/m
Gamma 9 kN/m”3
Height of each el it in top soil 0.9
Height of each element in bottom soil 1.1
Slice
Numbe Top I'.WM of Bonom levetiof V4 zZB Kq Poz Kq.Poz Ke c' [c'.Ke Pz Pu arm M M
f slice slice
1 0 0.9 0.45 0.32 3.017287157 3.6 1 4684| 0 0 11 13.68641455 -14.7 200.770465 200.770465
2 0.9 18 .35 0.96 3.341962482 0.8 36 9.81 0 0 36 45.47742545 -13. 626.1934577 626.1934577
3 1.8 2.7 225 1.61 3.615 8.0 65 1268| 0 0 65 81.9882 -12.9 1055.132804 055.132804
3 4 2.7 3.6 .15 2.25 3.865 25.2 97 14.8 0 0 97 122.72148 -12.0 1468.893296 468.893296
f 5 3.6 4.5 4.05 2.89 4.083571429 324 132 1594| 0 0 132 166.70772 -11.1 1845.341956 1845.341956
é 6 4.5 5.4 4.95 3.54 4.27 39.6 169 7.05] 0 0 169 213.05592 -10.2 2166.634924 2166.634924
=) 4 54 6. 5.85 4.1 4.444642857 46.8 208 .09] O 0 208 262.0917 -9.3 2429.413184 2429.413184
6.3 7.2 6.75 4.82 4.60535714. 54.0 249 95| 0 0 249 313.3485 -8.4 2622.515479 2622.515479
) 7.2 8. 7.65 5.4¢ 4.740071429 61.2 290 63| 0 0 290 365.516388 -7.5 2730.160746 2730.160746
10 8.1 9 8.55 6. 4.860714286 68.4 332 20.24| O 0 332 418.9158 -6.6 2751.994097 2751.994097
11 9 10.1 9.55 6.82 24.82142857 86.0 2133 083| 0 0 2133 3285.43875 -5.6 8297.67663 18297.67663
12 10.1 11.2 10.65 .61 26.21428571 95.9 2513 11562] 0 0 2513 3869.4645 -4.5 7293.89497 17293.89497
- 13 11.2 12.3 11.75 .39 27.39285714 105.8 2897 121.7] © 0 2897 4461.06375 -3.4 15030.77425 15030.77425
E 14 123 134 12.85 9.18 28.11607143 115.7 3252 1282] 0 0 3252 5007.500438 -2.3 11363.64664 11363.64664
I3 15 134 14.5 3.95 9.96 28.62678571 25.6 3594 1346] 0 0 3594 5534.903138 -1.2 6472.101393 6472.10139:
e 16 14.5 15.6 5.05 10.75 29.6625 35.5 4018 1395] 0 0 4018 6187.389863 -0.1 428.9416766 428.9416766€
§ 17 15.6 6.7 6.15 .54 30.53571429 45.4 4438 1442] 0 0 4438 6835.08375 1.0 7044.748978 7044.74897!
1 6.7 7. 7.25 2.32 31.48214286 55.3 4888 149 0 0 4888 7526.908125 2 16037.3939 16037.3939
19 7. 8.9 18.35 3.1 32.60714286 165.2 5385 153.7] O 0 5385 8293.00725 3.2 26792.01003 26792.01003
20 8.9 20 19.45 3.89 33.39285714 1751 5845 1585]| 0 0 5845 9001.94625 4.3 38984.5023 38984.5023
175642.7412 175642.7412
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Sample Results

BrinchHasen method spraed sheet for diameter 1.6m

BrinchHasen method spraed sheet for dimater 1.6m

Height of application above top of pile 59 m
Length of pile 20 m
Pile diameter 16 m

Depth about which rotation of pile occurs [FNEISEN m
(use negative numbers)

PRESS TO SOLVE

Number of slices top soil 10
Depth of top soil 9m
Number of slices bottom soil (max 10) 10
Soil Properties Upper soil
Phi 21 degrees
c' 0 kN/m*2
rate of change of ¢' 0 kN/m”2/m I
Gamma 8 kN/m"3 Resistance to Horizontal Force = 9039.5 kN
Bottom soil
Phi 40 degrees
c' 0 kN/m”*2
rate of change of ¢’ 0 kN/m*2/m
Gamma 9 kN/m”3
Height of each element in top soil 0.9
Height of each element in bottom soil 1.1
Slice Number Top level of slice Bonom_ p 4 zB Kq Poz Kq.Poz Ke c c'.Ke Pz Pu arm M M
level of slice
G o] 0.9 0.45 0.28 2 49 3.6 11 4.3632048 o o] 11 15.53642 -14.7 227.9088232 | 227.9088:
bz 0.9 1.8 1.35 0.84 3.2810859 10.8 35 8.8491133 0 8] 35 51.02745 -13.8 702.6135126 | 702.6135°
3 1.8 2.7 2.25 1.41 3.530625 18.0 64 11.826784 o] 0 64 91.5138 -12.9 1177.720847 | 1177.720¢
§ 4 2.7 3.6 3.15 1.97 3.766875 25.2 95 14.224364 o o] 95 136.6924 -12.0 1636.115301 1636.1150
e 5 3.6 4.5 4.05 2.53 3.960625 32.4 ' 128 15.299991 0 0 128 184.7869 -11.1 2045.466499 | 2045.466-
2 6 4.5 5.4 4.95 3.09 4.14625 39.6 164 16.292353 o] 0 164 236.4358 -10.2 2404.392118 | 2404.392°
% 4 5.4 6.3 5.85 3.66 4.30375 46.8 201 17.257199 o 0 201 290.0383 -9.3 2688.459492 | 2688.459«
8 6.3 7.2 6.75 4.22 4.4546875 54.0 241 18.141452 o] ] 241 346.3965 -8.4 2899.104936 | 2899.104¢
9 Tl 8.1 7.65 4.78 4.5953125 61.2 281 18.899057 0 0 281 404.9757 -7.5 3024.895178 | 3024.895°
10 8.1 9 8.55 5.34 4.7166875 68.4 323 19.519654 o 0o 323 464.5749 -6.6 3051.943255 | 3051.943:.
%3 9 10.1 9.55 5.97 23.9375 86.0 2057 98.917759 0 8] 2057 3621.074 -5.6 20166.93568 | 20166.93!
12 10.1 32 10.65 6.66 24.65625 95.9 2363 106.47205 o o 2363 4159.411 -4.5 18589.75904 | 18589.75!¢
— 13 11.2 12.3 11.75 7.34 25.6875 105.8 2716 113.07852 ] 0 2716 4780.958 -3.4 16108.6003 16108.6C
g 14 12.3 13.4 12.85 8.03 27.03125 115.7 3126 118.73717 o 0 3126 5502.049 -2.3 12485.93756 | 12485.93'
g 15 13.4 14.5 13.95 8.72 27.71875 125.6 3480 124.39582 o] o] 3480 6124.957 -1.2 7162.065917 | 7162.065!
P 16 14.5 15.6 15.05 9.41 28.264063 135.5 3828 130.05448 o 0 3828 6737.926 -0.1 467.107699 467.107€
3 17 15.6 16.7 16.15 10.09 28.776563 145.4 4183 135.50817 o o] 4183 7361.505 1.0 7587.318242 | 7587.318.
18 16.7 17.8 17.25 10.78 29.704688 155.3 4612 139.66378 o] 0 4612 8116.509 2.1 17293.64127 | 17293.64
19 17.8 18.9 18.35 11.47 30.46875 165.2 5032 143.81938 o] 0 5032 8856.169 3.2 28611.40172 | 28611.40
20 18.9 20 19.45 12.16 31.234375 175.1 5468 147.97499 (0] o] 5468 9622.936 4.3 41673.80754 | 41673.80°
190005.1949 | 190005.1!
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Sample Results

BrinchHasen method spraed sheet for diameter 1.8m

BrinchHasen method spraed sheet fo?diametere 1.8m

Height of application above top of pile

Length of pile
Pile diameter

59 m

20m
18 m

Depth about which rotation of pile occurs RIS m

(use negative numbers)

PRESS TO SOLVE

Number of slices top soil 10
Depth of top soil 9m
Number of slices bottom soil (max 10) 10
Soil Properties Upper soil
Phi 21 degrees
c 0 kN/m*2
rate of change of ¢! 0 kN/mA2/m —l
Gamma 8 kN/m*3 Resistance to Horizontal Force = 9711.5 kN
Bottom soil
Phi 40 degrees
c 0 kN/m*2
rate of change of ¢' 0 kN/m*"2/m
Gamma 9 kN/m*3
Height of each element in top soil 0.9
Height of each element in bottom soil 11
Slice | 105 level of | Bottom level of
Numbe R 5 z zB Kq Poz Kq.Poz Ke c c'.Kc Pz Pu arm M M
: slice slice
1 0 0.9 0.45 0.25 2.981212 3.6 11 4.113988 0 0 11 17.386429 -14.7 255.0471814 255.0471814
2 0.9 1.8 1.35 0.75 3.233737| 10.8 35 8.101462 0 0 35 56.577469 -13.8 779.0335676 779.0335676
- 3 1.8 2.7 2.25 1.25 3.465 18.0 62 11.16079 0 0 62 101.0394 -12.9 1300.308891 1300.308891
g 4 27 3.6 3.15 75 3.675 252 93 13.29197 0 0 93 150.0282 -12.0 1795.736306 1795.736306
5 3.6 4.5 4.05 .25 3.865 324 125 14.80106 0 0 125 202.86612 -11.1 2245.591042 2245.591042
§. 6 45 54 4.95 .75 4.035 39.6 160 15.68805 0 0 160 258.85332 -10.2 2632.363575 2632.363575
3 T 54 6.3 5.85 .25 4.19 46.8 196 16.56037 0 0 196 317.66904 -9.3 2944.577619 2944577619
8 6.3 2 6.75 3.75 4.33 54.0 234 17.41801 0 0 234 378.7884 -8.4 3170.203279 3170.203279
9 7.2 8.1 7.65 4.25 4.4625 61.2 273 18.18354 0 0 273 442.4301 -7.5 3304.654269 3304.654269
10 8.1 9 8.55 475 4.5875 68.4 314 18.85697 0 0 314 508.3317 -6.6 3339.396217 3339.396217
11 9 10.1 9.55 5.31 2261111 86.0 1943 91.63054 0 0 1943 3847.9815 -5.6 21430.66011 21430.66011
12 10.1 11.2 10.65 5.92 23.83333] 959 2284 98.34546 0 0 2284 4523.1615 -4.5 20215.47941 20215.47941
- 13 11.2 12.3 11.75 6.53 24.52778| 105.8 2594 105.0604 0 0 2594 5135.7488 -34 17304.00738 17304.00738
3 14 12.3 134 12.85 7.14 25.27778| 115.7 2923 111.3924 0 0 2923 5788.2825 -2.3 13135.495 13135.495
15 134 14.5 13.95 7.75 26.5 125.6 3327 116.4223 0 0 3327 6587.6085 -1.2 7703.05624 7703.05624
é 16 14.5 15.6 15.05 8.36 27.36111| 1355 3706 121.4522 0 0 3706 7338.0038 -0.1 508.708147 508.708147
- 17 15.6 16.7 16.15 8.97 27.97222| 1454 4066 126.4821 0 0 4066 8050.2098 1.0 8297.148796 8297.148796
18 16.7 17.8 17.25 9.58 28.37917| 155.3 4406 131.512 0 0 4406 8723.6139 21 18587.18489 18587.18489
19 17.8 18.9 18.35 10.19 28.9125 | 165.2 4775 136.1168 0 0 4775 9454.3008 3.2 30543.77178 30543.77178
20 18.9 20 19.45 10.81 29.7375 | 175.1 5206 139.8107 0 0 5206 10306.988 43 44636.21277 44636.21277
204128.6365 204128.6365
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Sample Results

lateral load and moment manual distributionm
using equations 3.33 for and3.39

dia 1.8

T= (El/nh)71/5 4.631925 | 1x4 group | shear | moment

nh) Ec | for LC11 86| 612.211
5000 20700000 0.515 | for LC18 522.25 | 3717.76

zf 8.337464911

hl 14.23746491

dia 1.6

T= (El/nh)71/5 4.1901637 | 1x4 group | shear | moment

nh) El for LC11 86| 578.019
5000 20700000 0.312 | for LC18 522.25 | 3510.12

zf 7.542294605

h1 13.44229461

dia 1.4

T= (El/nh)71/5 3.7884568 | 1x4 group | shear | moment

nh) El for LC11 86 | 546.927
5000 20700000 0.1885 | for LC18 522.25 | 3321.31

zf 6.819222237

h1 12.71922224

dia 1.2

T=(El/nh)71/5 3.3439852 | 1x4 group | shear | moment

nh) El for LC11 86| 512.524
5000 20700000 0.101 | for LC18 522.25 | 3112.39

zf 6.019173309

hl 11.91917331

dia 1.2

T= (El/nh)*1/5 3.3439852 | 2x4group | shear | moment

nh) El for LC11 43 | 256.262
5000 20700000 0.101 | for LC18 261.13 | 1556.2

zf 6.019173309

hl 11.91917331

dial4d 2x4 group shear moment

T= (El/nh)71/5 3.7884568 | for LC11 43 | 273.463

nh) El for LC18 261.13 | 1660.65
5000 20700000 0.1885

zf 6.819222237

hl 12.71922224
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Appendix B Sample Results

Sample of results

River Pile Group

Date: May 22, 2013 Time: 15:06:58

W COMPUTATION RESULTS NN

SOBA BRIDGE-PILE GROUP ANALYSIS

TREER LOAD CASES RESULTS KA ht

LOAD CASE : 1
CASE NAME : Load Case 01
LOAD TYPE : Special, Sp

REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS, COMBINED Y AND Z DIRECTIONS
ESTIMATED USING MOVEMENT IN THE DIRECTION OF PILE CAP DISPLACEMENTS

.

GROUP NO P-FACTOR Y-FACTOR
1 0.9772 1.0000
2 0.9549 1.0000
3 0.9549 1.0000
4 0.9772 1.0000

* TABLE L * COMPUTATION ON PILE CAP
* EQUIVALENT CONC. LOAD AT ORIGIN *
VERT. LOAD, KN HOR. LOAD Y, KN HOR. LOAD Z, KN

43608.0 0.00000 0.00000

MOMENT X , M- KN MOMENT Y, M- KN MOMENT Z, M- KN
0.00000 104 3271.00

* DISPLACEMENT OF GROUPED PILE FOUNDATION AT ORIGIN *

VERTTCAI . M HORTZONTAL Y. M HORTZONTAI 7. M
Page 1
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* EFFECTS FOR LATERALLY LOADED PILE *

* MINIMUM VALUES AND LOCATIONS *

PILE DEFLECTION BENDING MOMENT
y-DIR z-DIR z-DIR y-DIR
M M KN- M KN- M
Fhdhk Feddedekdkkhd Khddddedehkh ek hhkr kbR % % e e ok de e e ok o
1 -5.3300eE-02 -1.0500E-06 -2330.0 -0.5650
x( ™M) 0.0000 20.160 12.880 23.800
2 -5.3300e-02 -1.0500E-06 -2320.0 -0.5680
x( M) 0.0000 20.160 12.880 23.800
3 -5.3200e-02 -1.0500€E-06 -2310.0 -0.5680
x( M) 0.0000 20.160 12.880 23.800
4 -5.3100e-02 -1.0400E-06 -2320.0 -0.5710
x( M) 0.0000 20.160 12.880 23.800
Min. -5.3300E-02 -1.0500E-06 -2330.0 -0.5710
Pile N. 1 1 1 4

* MAXIMUM VALUES AND LOCATIONS *

PILE DEFLECTION BENDING MOMENT
y-DIR z-DIR z-DIR y-DIR
M M KN= M KN- M
EE 3 1 Fede kv vk Tdedkdkdkkdk E2 2222222 27 Khxkrhhkhddk
1 -5.3300e-02 3.7600E-04 80.400 16.400
x( M) 20.160 0.0000 23.800 0.0000
2 -5.3300E-02 3.7600E-04 80.600 16,300
x( M) 20.160 0.0000 23.800 0.0000
3 -5.3200E-02 3.7600E-04 80.400 16.300
x( M) 0.0000 0.0000 23.800 0.0000
4 -5.3100e-02 3.7600E-04 80.600 16.400
x( M) 0.0000 0.0000 23.800 0.0000
Max. -5.3100e-02 3.7600£-04 80.600 16.400
Pile N. 4 1 Z 1
LOAD CASE : 5
CASE NAME : Load Case 05
LOAD TYPE : Special, Sp

River Pile Group

SHEAR FORCE

y-DIR z-DIR
KN KN
Fedkdededdeok otk Fhhkhedkdd
-28.500 -3.2500
25.480 18.480
-28.700 -3.2300
25.480 18.480
-28.600 -3.2300
25.480 18.480
-28.600 -3.2600
25.480 18.480
-28.700 -3.2600
2 4

SHEAR FORCE

y-DIR z-DIR
KN KN
tE 222222 % 2] E 222233 2313
463.00 0.2000
18,480 25.480
459.00 0.2020
18.480 25.480
458.00 0.2020
18.480 25.480
460.00 0.2020
18.480 25.480
463.00 0.2020
1 2

REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS, COMBINED Y AND Z DIRECTIONS
ESTIMATED USING MOVEMENT IN THE DIRECTION OF PILE CAP DISPLACEMENTS

GROUP NO P-FACTOR Y-FACTOR
1 0.9772 1.0000
2 0.9545 1.0000
3 0.9545 1.0000
4 0.9767 1.0000

Page 11

SOIL REACTION

y-DIR
KN/ M

Fhdkdekdhhd
-163.00
17.080
-161.00

z-DIR
KN/ M

Flhdeddhhtd
-0.8310
20.720
-0.8180
20.720
-0.8190
20.720
-0.8310
20.720

-0.8310
1

SOIL REACTION

y-DIR
KN/ M
P2 T 2222333
118.00
20.720
116.00
20.720
116.00
20.720
117.00
20.720

118.00
1

Z-DIR

KN/ M
EEEE RS 4% 2
1.1400
17.080
1.1400
17.080
1.1400
17.080
1.1500
17.080

1.1500
4

TOTAL
STRESS
KN/ M**2

Fekdkdkhkhtd

4210.0

TOTAL
STRESS
KN/ M#*2

FkAkhhhhdw
1.2500E+04

12.880
1.2400E+04

12.880
1.2100E+04
12.880

1.2500€E+04
1

FLEXURAL
z-DIR
KN- M¥*2
Tk Ak hdekd
7.0400E+06
0.0000
7.0400E+06
0.0000
7.0400E+06
0.0000
7.0400E+06
0.0000

7.0400E+06
1

FLEXURAL
z-DIR
KN- M**2
Sk ok
7.0400E+06
0.0000

7.0400E+06 -

0.0000
7.0400E+06
0.0000
7.0400E+05
0.0000

7.0400E+06
i

RIGIDITY
y-DIR
KN- M*#2
e Aok deok
7.0400E+06
0.0000
7.0400€E+06
0.0000
7.0400E+06
.0.0000
7.0400E+06
0.0000

7.0400E+06
1

RIGIDITY

y-DIR
KN- M**2
LR RS LS
7.0400E+06
0.0000
7.0400E+06
0.0000
7.0400E+06
0.0000
7.0400E+06
0.0000

7.0400€E+06
1
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River Pile Group
* TABLE L *  COMPUTATION ON PILE CAP
* EQUIVALENT CONC. LOAD AT ORIGIN *
VERT. LOAD, KN HOR. LOAD Y, KN  HOR. LOAD Z, KN
41191.0 0.00000 0.00000
MOMENT X , M- KN MOMENT Y, M- KN MOMENT Z, M- KN
0.00000 29735.0 3089.00
* DISPLACEMENT OF GROUPED PILE FOUNDATION AT ORIGIN *
VERTICAL , M HORIZONTAL Y, M HORIZONTAL Z, M
5.48155E-03 -0.0211850 1.06738E-03
ANGLE ROT. X,RAD ANGLE ROT. Y,RAD ANGLE ROT. Z,RAD

1.32228€E-05 1.15479e-04 2.29193E-03

THE GLOBAL STRUCTURAL COORDINATE SYSTEM

*.PILE TOP DISPLACEMENTS *

PILE GROUP DISP. X, M DISP. Y, M DISP. Z, M ROT. X,RAD ROT. Y,RAD

ROT. Z,RAD

Feddehdh Rk FThhkdhkdhhx hdhkhkhhhhhk hhkkkhrkhhhh tE 2222 2 Fhkhdkdhhkdok Tkdhkfhdokhk

1 6.5642e-03 -2.1309e-02 1.0674e-03  1.3223e-05 1.1548&-04
2 5.8424g-03 -2.1226E-02 1.0674E-03  1.3223e-05 1.1548E-04
3 5.1207e-03 ~-2.1144€-02 1.0674E-03  1.3223e-05 1.1548E-04
4 4.3989e-03 -2.1061E-02 1.0674e-03  1.3223e-05  1.1548e-04
MINIMUM 4.3989e-03 -2.1309e-02 1.0674e-03  1.3223e-05 1.1548e-04
Pile N. 4 1 1 1 1

3>xH3:3 m.mmhmmIOwum.HomHmuoNH.omuam|0wH.wNNwmncmH.Hmawmuoa
Pile N. 1 4 1 1 1

* PILE TOP REACTIONS *

2.2919e-03
2.2919€e-03
2.2919e-03
2.2919€e-03

2.2919e-03
1

2.2919€e-03
1

PILE GROUP FOR. X, KN FOR. Y, KN FOR. Z, KN MOM X, KN- M MOM Y, KN- M MOM Z, KN- M

Fededede ke dede vk A e de e dek e ok Kk dedkddededekhkdd e e v de ok ok dekde ke hhhokd Yo de ok ke or ok Fede e dek ko dodow ok

1 1.1706E+04 -0.2341 -7.5243e-02  8.0574e-08 38.612
2 1.0777e+04 0.2264 -4.0669e-02  8.0574E-08 38.900
3 9847.3 0.2496 1.6112e-02  8.0574E-08 39.055
4 8860.8 -0.2419 9.9800e-02 8.0574e-08 39.082
MINIMUM 8860.8 -0.2419 -7.5243e-02 8.0574E-08 38.612
Pile N. 4 4 1 1 1
MAXIMUM 1.1706E+04 0.2496 9.9800eE-02  8.0574E-08 39.082
Pile N. i 3 4 1 4
page 12

750.30
766.68
780.40
791.63

750.30
1

791.63
4

STRESS, KN/ M**2
e TR R Rk ok
7288.4
6981.8
6665.6
6318.1

6318.1
4

7288.4
1
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Appendix B Sample Results

Soil report recommendations

ES f)l:(’;);ECT: SOBA BRIDGE

: DECEMBER 2011 11

o The prevailing sub-soil conditions.

o The magnitudes of loads imposed by the superstructures.

° The total and differential tolerable ground settlement under the
foundation.

° The economics of alternative foundation design, and

o The capability and experience of available foundation construction
contractors.

Taking these factors into account with reference to particular project under
consideration, the bored concrete pile foundation type is recommended to
support the proposed bridge at the investigated site: .

6.1- Pile foundation: _

Consideration has been given to the use of bored piles as a feasible foundation
alternative at this particular site. These are suitable for the rock formation
encountered at the present site. The bored piles have the advantage that local
contractors are available. Piles of 60 'to 120 cm diameter are recommended.
The length of the pile will depend on the magnitude and direction of the forces
acting on the pile and the soil conditions within the pile zone. The piles should
rest on or be embedded into the Nubian sandstone formation at the depth of
30.0 m below the existing ground level or the river bed. »

The allowable bearing capacity of individual bored pile was calculated
according to AllPile software program and a summary of the computed safe

pile’s bearing capacity is given below for piles of variable diameters and 30.0m

length.
Table(4) : Pile allowable bearing capacity
Pile diameter (m) 0.6 0.8 1.0 1.2
Pile embedment (m) 30.0 300 30.0 30.0
Allowable bearing
3000 4900 7100 9500
Capacity (kN) :

Khartoum - Tel: +249183248886 - Fax: +249183248866 - P.O.Box: 95 Khartoum North
Web site: www.esd-sudan.com. E-mail: esd.eng.coi@gmail.com - esdengco@yahoo.co
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Appendix B Sample Results

E_:S} PROJECT: SOBA BRIDGE
—

DATE : DECEMBER 2011 12

6.2- General Recommendations:

e Depending on the magnitudes of anticipated superimposed loads, the
appropriate size of pile (length, cross-section or diameter) and the
number and spacing of piles in each group may be decided according to
the foundation design method applied.

* Bored piles are normally constructed by advancing a hole of appropriate
size to the required depth by auger drilling, or any other suitable
technique followed by lowering down the reinforcement cage and
gradually filling the hole with concrete. Below the groundwater level or
in the offshore sub-structure t-imme pipes or casings should be used.

* It must be pointed out that only static vertical bearing capacity, using
factor of safety of 3 for end bearing and 2.5 for side friction, of the piles
were considered in the analysis and thus the values given above should
be considered as estimates and guidelin'e for foundation design. To
confirm the theoretical calculations of the allowable bearing capacity of
single piles, it is strongly‘recommended that few pile-loading tests be
carried out. The pile load test should be carried out on a typical pile

loaded to a minimum of 1.5 times the calculated design load.

7.0- Conclusions and Recommendations:

The site investigation has been made for (A&A for Urban Development) at
Soba town, in Khartoum state for the proposed Soba Bridge. A total of ten (10)
boreholes ranging between 40 to 50m, as suggested by the client, were drilled
in this project. Field as well as laboratory tests were conduced on the soil
samples and the summary of the results are presented in this report. The results
indicated that the site is dominated by alluvial soils that are followed by
Nubian formation towards the bottom of the boreholes. The alluvial deposits
are clayey silt (ML), silty clay (CL), clayey sand (SC) and silty sands (SM, SP-
SM, or SP), whereas the Nubian formation is comprising of sandstone and

mudstone. The chemical test results indicated alkaline soils free from harmful

Khartoum - Tel: +249183248886 - Fax: -+249183248866 - P.O.Box: 95 Khartoum North
Web site: www.esd-sudan.com. E-mail: esd.eng.co(@gmail.com - esdengco@yahoo.co
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Appendix B Sample Results

Soil properties

WHATLING CONSULTANTS |Project No| Sheet No. Rev.
11001 C02.4/6 A
Calculation Sheet
Project Made by Checked by"
Soba Bridge PFW
Element Date Date
Pile Design - Piers P4 to P10 21.05.13
Design Section - 1800 Pile Stratum
thickness
(m) & Unfactored Factored
Level (m) P-y data p -y data
Description e
= 370
: c = 0 0 kN/m’
¢'= 21 17.1 deg
Silty Sand 6.0 y'= 8 8 kN/m’
(Loose) K= 10000 10000 kN/m®
Ko = 0.5 Ref Tomlinson 5th Ed. Pg 170
364
4 ¢ = 0 0 kN/m’
Clayey Sand ’ ¢'= 30 24.8 deg
(Medium dense) 361 y'= 9 9 kN/m’
K= 20000 20000 kN/m’
Ko = 0.45 Ref Tomlinson 5th Ed. Pg 170
¢ = 0 0 kN/m’
¢'= 40 33.9 deg
Y= 9 9 kN/m’
17.0 K= 40000 40000 kN/m’
Ko = 35 Ref Tomlinson 5th Ed. Pg 170
Silty Sand
(Very Dense)
344
C02.4 - Pile Design - River Piers - Wider Deck.xlsm 6 Print date : 17/06/2013 10:22
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Appendix B Sample Results

Transverse Section of pile group

WHATLING CONSULTANTS |Project No Sheet No. Rev.
11001 C02.4/8 A
Calculation Sheet
Project Made by Checked by
Soba Bridge PFW
Element Date Date
Pile Design - Piers P4 to P10 21.05.13

6.2 Transverse Section

375.900

—

Loads to be applied at
underside of pilecap

R ——
B R e

/_é\z
il

I

Bed Level=  370.000

Scour Level = 364.630

L |

6.250

TS
] |

6.250 I 6.250

1~

Toe level  350.000

} ey i

C€02.4 - Pile Design - River Piers - Wider Deck.xlsm 8 Print date : 17/06/2013 10:22
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Tables of load combinations

WHATLING CONSULTANTS Project No| Sheet No. Rev.
11001 co24/16] A |
Calculation Sheet
Project Made by Checked by
Soba Bridge PFW :
Element Date Date
Pile Design - Piers P4 to P10 21.05.13

Combination 1 - ULS

ILCOI 6 Lancs HA - Both F. ootways - 2 Spans Loaded - Max Longitud-inal

\4 Ht HI el et Ml Mt
Dead 35251 0.075 2644
Traffic 7753 0.075 1.345 581 10427
Footway 605 0.075 0 45 0
|Totals 43608 0 0 3271 104271
rLC02 6 Lanes HA - Both I-Tootways - 1 Span Loaded - Max Longitudinal
\4 Ht HI el et Ml Mt
Dead 35251 0.075 2644
Traffic 5022 0.825 1.345 4143 6754
Footway 413 0.825 0 340
|Totals 40685 0 0 7127 6754
rLC03 6 Lanes HAtHB - Both Footways - 2 Spans Loaded - Max Longitud-inal
Vv Ht HI el et M1 Mt
Dead 35251 0.075 2644
Traffic 7232 0.075 1.899 542 13734
Footway 605 0.075 0 45 0
|Totals 43088 0 0 3232 13734
LC04 6 Lanes HA+HB - Both Footways - 1 Span Loaded Max Longitudinal
A\ Ht Hl el et Ml Mt
Dead 35251 0.075 2644
Traffic 5276 0.825 1.899 4353 10019
Footway 413 0.825 0 340 0
Totals 40939 0 0 7337 10019
C02.4 - Pile Design - River Piers - Wider Deck.xlsm 16 Print date : 21/05/2013 16:41
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WHATLING CONSULTANTS Project No| Sheet No. Rev.
11001 C02.4/17 A
Calculation Sheet
Project Made by Checked by
Soba Bridge PFW
Element Date Date
Pile Design - Piers P4 to P10 21.05.13

Combination 1 - ULS

LCO05 4 Lanes HA - One Footway - 2 Spans Loaded - Max Transverse

\Y% Ht HI el et Ml Mt
Dead 35251 0.075 2644
Traffic 5638 0.075 4.625 423 26077
|Footway 302 0.075 12:1 23 3658
|Totals 41191 0 0 3089 29735

LC06 4 Lanes HA - One Footway - 1 Span Loaded - Max Transverse

\% Ht Hl el et Ml Mt
Dead 35251 0.075 2644
Traffic 3652 0.825 4.625 3013 16892
Footway 206 0.825 12.1] - 170 2497
Totals 39109 0 0 5827 19388}

LC07 4 Lanes HA+HB - One Footway - 2 Spans Loaded - Max Transverse

\% Ht HI el et Mi Mt
Dead 35251 0.075 2644
Traffic 5400 0.075 5.055 405 27296
Footway 302 0.075 12.1 23 3658
Totals 40953 0 0 3071 30954

LC08 4 Lanes HA+HB - One Footway - 1 Span Loaded - Max Transverse

\4 Ht HI el et Ml Mt
Dead 35251 0.075 2644
Traffic 4089 0.825 6.39 3373 26127
Footway 206 0.825 12.1 170 2497
Totals 39546 0 0 6187 28624
C02.4 - Pile Design - River Piers - Wider Deck.xIsm 17 Print date : 21/05/2013 16:41
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WHATLING consu‘_TANTs Project No| Sheet No. Rev.
11001 co24nsl A |
Calculation Sheet
Project Made by Checked by
Soba Bridge PFW
Element Date Date
Pile Design - Piers P4 to P10 21.05.13

Combinations 2 to 5 - ULS

LC09 6 Lanes HA - Both Footways - 2 Spans Loaded - Braking/Traction

\Y Ht Hl el et Ml Mt
Dead 35251 0.075 2644
Traffic 6461 0.075 1.345 485 8690
Footway 504 0.075 0 38 0
|Horizontal 344 13.4 4606 0
|Totals 42215 0 344 7772 8690
LC10 6 Lanes HA - Both Footways - 1 Span Loaded - Braking/Traction
) Ht Hl el et Ml Mt
Dead 35251 0.075 2644
Traffic 4185 0.825 1.345 3453 5629
Footway 344 0.825 284 0]
Horizontal 344 13.4 4606 0
Totals 39779 0 344 10986 5629
LC11 6 Lancs HA+HB - Both Footways - 2 Spans Loaded - Braking/Traction
4 Ht HI cl et Ml Mt
Dead 35251 0.075 2644
Traffic 6120 0.075 1.899 459 11621
Footway 504 0.075 38 0
Horizontal 344 13.4 4606 0
Totals 41874 0 344 7747 11621

LC12 6 Lanes HA+HB - Both Footways - 1 Span Loaded - Braking/Traction

\4 Ht HI el et Mi Mt
Dead 35251 0.075 2644
Traffic 4464 0.825 1.899 3683 8477
Footway 344 0.825 284 0
Horizontal 344 13.4 4606 0]
Totals 40059 0 344 11217 84’@4
€02.4 - Pile Design - River Piers - Wider Deck.xlsm 18 Print date : 21/05/2013 16:41
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WHATLING CONSULTANTS Project No| Sheet No. Rev.
11001 C02.4/20 A |
Calculation Sheet
Project Made by Checked by
Soba Bridge PFW
Element Date Date
Pile Design - Piers P4 to P10 21.05.13

Combinations 2 to 5 - ULS

LC18 |(-).7x(4 Lanes HA - One Footway) - 2 Spans Loaded - S-hip Impact

\% Ht H1 el ht Ml Mt
Dead 35251 0.075 2644
Traffic 940 0.075 4.625 70 4346
Footway 50 0.075 12.1 4 610
Horizontal 2089 0 8.1 0 16921
Totals 36241 2089 0 2718 21877

LC19 Min Dead Load - 0.2x 4HA+Footway) - 2 Spans Loaded- Ship Impact

\Y Ht Hl el ht Ml Mt
Dead 27199 0.075 2040
Traffic 940 0.075 4.625 70 4346
Footway 50 0.075 12.1 4 610
Horizontal 2089 8.1 0 16921
Totals 28189 2089 0 2114 21877

LC20 Min Dead Load - No Live Load - S_hip Impact

Vv Ht Hl el ht Ml Mt
Dead 27199 0.075 2040
Traffic 0 0.075 0 0 0
Footway 0 0.075 0 0 0
Horizontal 2089 8.1 0 16921
Totals 27199 2089 0 2040 16921

LC21 Min Dead Load - No Live Load - Transverse Wind

\% Ht HI el ht Ml Mt
Dead 27199 0.075 2040
Traffic 0 0.075 0 0 0
Footway 0 0.075 0 0 0
|Horizontal 850 0 14.9 0 12670
|Totals 27199 850 0 2040 12670

LC22 4 Lanes HA - One Footway - 2 Spans Loaded - Transverse Wind

\Y Ht HI el ht Ml Mt
Dead 35251 0.075 2644
Traffic 4699 0.075 4.625 352 21731
[Footway 252 0.075 12.1 19 3048
Horizontal 520 0 16.15 0 8392
Totals 40201 520 0 3015 33172
C02.4 - Pile Design - River Piers - Wider Deck.xlsm 20 Print date : 21/05/2013 16:41
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