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Fig. (3) shows the ratios of normalized maximum bending moments when the
piles are located at one edge only. That is edge No. 1 or edge No. 2; refer to
Fig. (1-b). Evidently, the existence of edge piles causes dramatic change in
mat bending moments. This is valid for all considered cases of soil condition
and pile stiffness. However, this dramatic effect is slightly reduced when the
soil subgrade reaction coefficient increases. When piles exist at edge No. 1,
negative moments around the X-axis are amplified by factor of the order 1.80
to 2.5 depending on the stiffness of the soil and the piles. This is
accompanied by a slight reduction factor of the positive moments of the order
0.8 to 0.9. The positive and negative moments around the Y-axis are slightly
affected by the existence of the piles (factor of the order 0.98 to 1.09is
observed).

When piles exist at edge No. 2, negative moments around the Y-axis are
amplified by factors of the order 1.4 to 2.1. On the other hand, positive
moments are reduced by factors 0.9 to 1.0. Again, positive and negative
moments around the X-axis are slightly affected by the existence of the piles
in which factors of the order 1.1 to 1.3 are observed.

The mat negative bending moment is significantly more sensitive to the
existence of the piles atedge No. 1 than their existence at edge No. 2. This
may be attributed to the fact that the mat span to depth ratio in the Y direction
‘is significantly smaller than that in the X direction [Ly/d = 2.5 whereas Lx/d =
4.17). This observation is in agreement with that reported by Horvilleur and
Patel (1995). ’

Fig. (4) shows the results when the piles were located at two opposite edges;
Refer to Fig. (1-c). For the case with piles at edges No.1 and 3, negative Mx
was amplified by factors reaching as high as 2.4 to 4.0. The lower limit of 2.4
is associated with relatively soft pile (Kp=10Ks) and hard soil while the upper
limit of 4.0 is associated with the case of stiff piles (Kp=30Ks) and weak soil,
respectively. In conjunction with these dramatic increases in the negative
moments, the positive Mx were deamplified considerably. Ratios ranging
between 0.25 to 0.35 were reported. Similar behavior is reported when the
piles exist atedges No. 2 and 4. In this case, negative My ratios reached 1.5
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to 2.6 while positive My ratios ranged between 0.2 to 0.5. Positive and
negative Mx ratios lied between 1.110 1.5.

Again, the negative bending momentin the mat is significantly more affected
by the existence of the piles at edges 1 and 3 than their existence at edges 2
and 4. This trend is attributed to the difference of the mat span to depth ratio
in the Y and the X directions [Ly/d = 2.5 whereas Lx/d = 4.17].

Fig. (5) shows the results when the piles were located at three edges. it might
be seen that, the upper graphs of both figures 4 and 5 are comparable as far
as Mx is concermed, and the lower graphs of both figures are comparable as
far as My is concerned. This means that the existence of the piles at three
edges may be thought of as their existence at two opposite edges plus their
existence at the third edge. This observation is valid provided that the system
of the mat and the columns is symmetrical. Otherwise, more complicated
response may be expected. Presence of the piles at the third edge tends to
increase the negative moments and reduce the positive moments about the
axis parallel to that edge [Compare figures 4 and 5].

The results shown in Fig. (6) represent the case where piles were located at
two adjacent edges. The graph seems to be some source of combination of
the upper and lower graphs shown in Fig. (3). Again, existence of the piles at
a particular edge tends to increase the negative moments about the axis
parallel to that edge. For the sake of completeness, all results shown in
figures 3 to 6 are summarized in Table (1).

ALTERNATIVE SOLUTIONS PROPOSED BY DESIGNERS

The different solutions to the problem proposed by varies designers are
shown in Fig. (7). These solutions are:

A- Mat-pile system in which the mat is rested on the series of edge piles.

B-Step-back system where the borderline of the mat steps back leaving a
mat-free spacing; refer to Fig. (7-b). For this, the piles are arranged in such
a way that the area around the neighborhood columns has no piles. This




image8.jpeg
Mansoura Engineering Journal, (MEJ), Vol. 26, No. 2, June 2001. C. 49

area is typically small and making it pile-free dose not reduce the efficiency
of the edge piles in stabilizing the soil beneath the neighborhood structure.

C-Cantilever _system in which a small cantilever is arranged at the edge of the
mat to overcome resting on the piles. As shown in Fig. (7), a vertical
clearance (h) is left between the lower surface of the mat and the upper
level of the piles. This clearance is caiculated as the expected long-term
settlement of the mat multiplied by a safety factor. The main draw back of
this system lies in the existence of high edge moments which influence the
response of the mat.

It should be mentioned that, in the step-back and the cantilever systems, the
total contact area of the mat is reduced by factors of the range 2% to 10%
depending on the mat dimensions and the length in which edge piles are
required.

A comparison is made among these proposed systems. For the mat pile
system, two values of edge pile stiffness were considered. That is, Kp=10Ks
and Kp=30Ks. The resuiting bending moments in all cases are again
normalized to the case of “bare” mat in which no piles existed at all; refer to
Fig. (1-a). Results are shown in Fig. (8). Evidently, very high bending moment
amplification factors are associated with the cantilever system. The mat-pile
system suffers high ampiification factors. However, it is clear that the
ampilification is strongly dependent on the resistance of the piles. The step-
back system shows superior perfoﬁnance interms of mat bending moments.

It should be mentioned that, after examination of different shapes of step-
back, a haunched configuration of the step-back was found to be useful in
assuring gradual transiton of stresses in the mat [refer to Fig. (7-b)].
Moreover, a connecting beam may be used to connect the edge columns
together. Again, a clearance distance (h) should be left between the tops of
the piles and the lower level of the connecting beam.
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CONCLUSIONS

Based on the previous discussion, the following conclusions can be made:

1- The existence of an edge pile system under one or more side of a mat has
a significant influence on the mat bending moments.

2- Presence of an edge pile system under a particular edge tends to increase
the negative bending moments and decrease the positive bending moment
around the axis parallel to that edge.

3- Changes in the mat bending moments depend considerably on the mat
span to depth ratio of the direction perpendicular to the edge where piles
are located.

4- The Step-Back system (presented in the study) showed superior
performance over both the edge pile-mat and the cantilever systems.
However, a haunched configuration should be arranged to assure gradual
transition of stresses in the mat.
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Table (1) Summary of Normalized Bending Moments (M/Mr)

Piles at Edge No. 1

1.79-2.45

1.04 - 1.09

0.98 - 1.00

1.23-1.59

Piles at Edges No. 1,2 and 4

1.80-2.34

0.33-0.60

1.48-2.08

Piles at Edge No. 2 1.15-1.35 1.12-125 0.92 - 1.00 1.41-208
Piles at Edges No. 1 and 3 0.23-0.38 236-4.01 120-1.43 0.93-0.99
Piles at Edges No. 2 and 4 ll 1.17-1.50 1.11-1.28 0.16 - 0.47 1.48-284
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ABSTRACT

Many structures are designed to rest on mat foundations. However, due to construction
difficulties associated with the existence of vulnerable neighborhood structures that may
have shallow foundations, designers rely on using a set of closely spaced piles to stabilize
the soil undemeath the neighborhood structures. In such case the mat may eventually be

constructed over these piles and its behavior may be influenced by their existence.

The behavior of mat foundations supported totally on the soil and partially on an edge
pile system has been investigated. Different soil subgrade reactions are taken into account
so as to simulate soft, medium and hard soils. Moreover, different arrangements of piles
as well as pile source of resistance are taken into ;:onsideration. Common solutions
proposed to the problem b)f the designers are presented and evaluated. Finally,

recommendations for dealing with such difficulties are driven.

C.43
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INTRODUCTION

Due to economical reasons associated eit'her with fulfilment of current
building regulations or with geotechnical studies, high rise buildings and even
many low rise ones are designed to have a basement floor. This may force
the designer to use a mat foundation to overcome seepage problems so as to
enhance the usability of the basements. Also, due to another difficulties
associated with the existence of vulnerable neighborhood structures that may
have relatively shallow foundations, the designer relies on using sheet pile
walls or a set of closely spaced piles to stabilize the soil undemeath the
neighborhood structures. in such case the mat may eventually be constructed
over these piles. The existence of these piles might have an adverse effect on
the behavior of the mat itself. This system will be called the “edge pile-mat”
foundation.

The “edge pile-mat’ system is somehow different than the so-called “piled-
mat” foundation in which the existence of the piles is advantageous. The
designer arranges a set of piles underneath the matto work as settlement
reducers. However, the method of analysis of both the piled-mat and the edge
pile-mat foundations may be identical.

The evolution of the concept of the “piled-mat’ was described by Sommer et
al (1991). In interesting studies, Yamashita et al (1991 and 1994) discussed
the performance of two piled-mat foundations constructed near Tokyo City.
Moreover, efforts have been made to develop simple design tools for piled-
mat foundations [Clancy (1996), and Horikoshi (1998)]. Furthermore, Russo
(1998) developed a computer code (NAPRA) to solve such foundation system
taking some nonlinear behaviors into consideration. In this paper, the effect of
existence of edge pile system on the behavior of mat foundations has been
investigated.

STRUCTURAL MODEL

In this study, a ten-story building was considered. Plan dimensions of the
building are 15-m length and 9-m width. Column spacing was taken equal to 5




image4.jpeg
Mansoura Engineering Journal. (MEJ), Vol. 26, No. 2, June 2001. C.45

m in the X-direction and 3 m in the Y-direction. These ranges of column
spacing represent typical column spacing used in many residential and office
buildings in Egypt. :
Fig. (1-a) shows a plan of the “bare” mat (mat with no piles). The figure also
shows column arrangements and spacing. Seven different arrangements of
edge piles were taken into consideration. They are shown in Fig. (1-b) to (1-

e). They are grouped as following:

« Piles at one edge only (Edge No. 1 or Edge No. 2).

o Piles at two opposite edges (Edges No. 1 and 3 or Edges No. 2 and 4).
« Piles at three edges (Edges No. 1, 2, and 3 or Edges No. 1, 2, and 4).

« Piles at two adjacent edges (Edges No. 1 and 2).

METHOD OF ANALYSIS

The finite element analysis procedure used in this study is based on the
theory of thin plates bending with the mat supported by the soil. The mat is
modeled as a two-dimensional elastic body, while the piles and the soil are
modeled by means of interacting linear springs. It is assumed that the
interaction between the mat and the soil or the piles is purely vertical.
Accordingly, only the axial stiffness of the springs is required. The model is
shown in Fig. (2). It is somehow similar to that of Baker (1995).

The mat is modeled as amesh of discrete four nodes rectangular elements
interconnected at nodal points. The equation of bending for thin plates may be
written as follows

DViw(x,y) = X, P)errriesissiinisinasen s ssssssssssnsse destasesssarss bbb snsened {)

where w(xy) is the unknown vertical displacement of the mat nodes, g(x.y) is
the applied loads and D is the bending stiffness of the mat. The parameter D
is function of Young's modulus, E, thickness of mat, ¢, and Poisson’s ratio, v of
the mat.

__EP
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In the finite element approach, equation (1) is written in terms of a finite
number of nodal displacements as follows

KT W ={@) s vevree e S @)

where (K], {w}, and {g} are the stiffness matrix, the vector of unknown nodal
displacements, and the vector of nodal forces or moments acting on the mat,
respectively.

For each of the configurations shown in Fig. (1), three modulus of soil
subgrade reactions (Ks) representing the status of weak, medium, and hard
soils were considered. Moreover, to study the effect that piles length and
source of resistance (friction or end bearing) have on the mat behavior, three
different ratios of pile spring constant {Kp) were used. These are 10, 20, and
30 times the soil modulus of subgrade reaction (Ks).

It should be mentioned that the average cracked moment of inertia of the mat
was taken as 60% of its gross moment of inertia. Such value was reported by
Banavalker (1995) to be satisfactorily accurate in estimation of the flexural
propetties of the mat.

ANALYSIS AND DISCUSSION

The results obtained from the analysis are shown in figures 3,4,5, and 6,
respectively. To facilitate the comparison, all results are normalized to the
resuits of the “bare” mat in which no piles influence the response; Refer to
Fig. (1-a). This might give an insight on how the existence of the piles affects
the response of the mat. In each of the above-mentioned figures, the vertical
axis represents the normalized moments M over Mr. It should be mentioned
that M denotes for the bending moments in the concerned case while Mr
denotes for the corresponding moment in the “bare” mat. The horizontal axis
shows the maximum positive and negative bending moments around the X
and the Y-axes, respectively. The results are shown for three ratios of pile
spring (Kp). it should be noted that, in this paper, positive moments are
defined as moments that cause tension on the top of the mat. Similarly,
negative moments cause tension on the bottom of the mat.




