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ABSTRACT

This paper investigates numerically, the effeicadouried rock under strip
footing resting on sand. This buried rock can Ipaw of an old footing or rock
that was embedded without any knowledge aboubdation. In this study, the
effect of the buried rock on contact stresses, utidestrip footing is analyzed
using finite element technique. The rock is proplogehave a cross section of
0.5x0.5 m continuously under the strip footing. Hifiect of rock position and
depth is analyzed under the strip footing. The lfimsults showed that the
stresses under the strip footing have increased4®¥, when rock is
encountered under the middle of the footing at fliépt0.5m. Moreover, the
analyses showed that the stresses under footinglbaed when the buried
rock lies away from middle footing reaching to thstability of the footing.
KEYWORDS: Embedded rock, Strip footing, Medium sand

1. INTRODUCTION

In nature, soil parameters such as physical andallid properties generally vary
spatially in both the horizontal and vertical ditens. The distribution of these soil
properties at a site depends on the heterogengitiieosoil matrix, the geological
history of soil formation, and its continuous machtion by nature. A uniform soll
condition is seldom encountered in practical caodg. In most site conditions, soil
properties show a significant variation over sp&eotechnical analyses are generally
based on testing of soil samples extracted throogteholes that are carried out
according to the standards of each constructiomeical techniques such as finite
difference or finite element methods have facditatmodelling of the layered soil
system. The variation of soil properties in theixmntal direction is generally ignored.
This may be due to the fact that the variationhia horizontal direction is not so
significant in many situations, and a greater numbfe boreholes is required to
establish such horizontal variation. It is also ragtical due to economical
considerations. Thus, the results of determiniatialyses are only approximations
which may widely vary from reality. Common causdsdiscrepancy between the
estimated and actual performance of any geotedhsyséem may be summarized as
follows [1]:

1- Variability of the soil properties at a speciite.
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2- Sampling techniques.

3- Laboratory test conditions.

4- Selection of design parameters from limited fighdl laboratory test results.
5- Assumptions used to simplify the problem for ariajtor numerical study.

6- Model error.

7- Construction methods and materials used.

8- Hidden things which are buried in the soil whickslibetween the carried
boreholes.

In the present study, the existence of the hiddémgsé is considered. A block of
continuous buried rock is proposed under a strgifig resting on medium sand. A
numerical study is carried out to show the effdcthe position of the rock under the
strip footing, on the contact stresses and settieme

1.1 Stresses Under Strip Footing

Terzaghi had proposed the first relationship féective stress [2]. He expressed that
the term ‘effective’ means the calculated stresd Was effective in moving soil, or
causing displacements. It represents the avereggsstarried by the soil skeleton. The
addition of a surface surcharge load will incretise total stresses below it. If the
surcharge loading is extensively wide, the increasertical total stress below may be
considered constant with depth and equal to theninate of the surcharge.

1.2 Previous Work

The changes of bearing capacity of a strip foovngstiff ground with voids are
considered [3, 4]. The soft ground tunnel givegsstrconcentration under the strip
footing. Its value depends on the tunnel dimensjbhs

The effect of the eccentricity on the stress urttler strip footing is studied. The
footing is assumed to lose contact when eccentrioitreases, and the failure occurs
on the same side of the eccentricity [6].

Void shape and its location under the strip footarg investigated using finite
element [7]. Results of the study indicated thatifa stability will be affected by the
underground void only when the void is located a&bthe critical depth. The critical
depth is not constant but varies with the shapdeaiing, void orientation, void size,
and soil type.

1.3 Aim of Study

The actual behavior of soil when subjected to ewtieforces is a complex problem
due to its non-homogeneity formation in nature. Wexern theoretical investigations
started with the simplest case of homogeneoustoEiot medium of semi-infinite
extent with strip loading. To consider the stapilaf the structures, investigators
presumed that the center of loading coincides thighcenter of foundation to avoid the
moment at the base [8-10]. This is approximatefsomable when the soil layers are
homogeneous and isotropic in the vertical and bat& directions. But, if there are
drop variations in the soil type and propertieshsas the existence of a buried rock or
residue of an old building under the footing, theesses will not be uniform. This
assumption will be analyzed analytically in thisppa using the PLAXIS 8.2 finite



NUMERICAL STUDY FOR THE BEHAVIOR OF STRIP ... 1613

element program. The existence of the buried rackler the footing will alter

the uniformity of the contact stresses under faptifihe footing will lose in some
parts, its contact with the soil, which generatesne eccentricity. The higher
eccentricity generates a large contact free ardarthe footing [11-13].

2. FINITE ELEMENT ANALYSIS
2.1. Proposed Finite Element Modeling

A series of two-dimensional finite element analy@eSA) on a constitutive model
strip footing is performed. The analysis was cdrr@mut using the finite element
program PLAXIS 8.2 software package. PLAXIS enablesrs to handle a broad range
of geotechnical problems such as deep excavationsels, and earth structures such
as retaining walls and slopes. The sand layer is phesent analytical study was
assumed to be dry, so there was no need to inteogrgund water condition in the
analyses. The geometry of the footing was a stgtifig with widthB = 2.0 m and
thicknesst, of 0.3 m. The soil under the strip footing wasdimen dense sand.

A variety of soil models is built in the computerde of PLAXIS program software;
however it was decided to use the non-linear Mob@nb criteria to model the sand
for its simplicity, practical importance and theadability of the needed parameters.
The interaction between the buried rock block aoill was modelled by means of
interface elements. The parameters used for nuaheaitalysis are summarized in
Tables 1 and 2. The geometry of a typical finienant model verified for the analysis
is shown in Figure (1). The left and right sides tbké constitutive model are
constrained in horizontal direction, while the batt side is constrained in both the
horizontal and vertical directions.

Tablel: Boundary conditions of soil and buried rock

Property Sand Rock

Dry unit weight (kN/m) 15 20
T E kN 1 #4100 | 3.488*10 |
""""""""""""" n | o3 T 02 ]
"""""""""" ctkNm®y | oaxr | 20 ]
"""""""""" p(Degreey | 3 | @ 4 ]
"""""""""" y(Degree) | 3 1 12 ]
" Soilmodel | Mohr-Coulomb |~ Mohr-Coulomi
""""""""""" Ruetw | 09 | 08 |

Table 2: Concretefooting properties

Property Strip footing
EA 1.046*10 kN/m
El 7.848*10 kNm?/m
t 0.3m
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Fig. 1: The geometry of the strip footing over medidense sand

Having examined different finite element meshesieaium mesh was introduced to
decrease the effect of mesh dependency on the ftetment modelling of cases that
the rock is close to strip footing. Also, the ifitme conditions between the footing and
the soil are taken into consideration. The gendrdeformed mesh and the boundary
conditions are shown in Figure (2).

0,00 2,00 4.00 6.00 8.00 10,00 12,00 1400 1600 18,00 20,00 22,00

Vertical effective stresses (sig"yy)
Extreme sig™-yy -157.46 kN/m2

DX50 ‘ 26 ‘ 03/24/12 ‘ Koxhiyoki Kabuto, Japan

Fig. 2: The deformed mesh when the rock lies abDB@m & X=0 m
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3. RESULTS AND DISCUSSIONS

The concrete rock is assumed to have a cross secti®.5 x 0.5 m extended
continuously under the strip footing. The distancksock from the footing centerline
X of 0.0, B/4 and B/2 are studied. The depth Dhef rock is studied at D = 0.5, 1.0,
1.5 and 2.0 m below the strip footing. The resaittscalculated, analyzed and plotted.

3.1. Stresses under Strip Footing

Figures 3 to 6 represent the stress distributiodeurstrip footing. All figures
represent the variation of stresses under the fetofing in the existence of extended
rock of 0.5x0.5 m. In Figures 3 through 6, rocls le¢ depth D equal to 0.5, 1.0, 1.5 and
2m. Every studied case has a buried rock 0.5x0extended below footing at X = 0.0,
B/4 and B/2. Observing these figures, we can satesthess under footing increases by
40% when the rock lies directly under the middletiiog at depth D =0.5 m. These
contact stresses, increased by 20% when rockiliestilly under the middle of footing
but at depth D =1.0 m. When depth of rock D incesathe contact stress decreases till
D=B. Also, when the buried rock is encountered afagn the middle of the footing,
the distribution of stresses under footing will et uniform. The rock in these cases
acts as a rigid support which concentrates théacbstresses above it. When X= B/2,
the footing will be unstable, till D= 0.75 B. Figu(7) shows the variation of contact
stress with depth, D= 0.5, 1.0, 1.5 and 2.0 m,aeibyely.

3.2 Average and Maximum Stress under the Strip Footing

Figure (8) shows the average and maximum conteedssts under the middle of the
strip footing in existence of the buried rock. dtalear that rock existence increases
both the average and maximum contact stresseswBem rock lies away from the
middle of the footing, the stress will be concetatdaover the rock position, and will be
decreased in the opposite side. This will alter uhéormity of the contact stresses
under the strip footing till X= B/4. When X incress above B/4, the footing
approaches instability conditions.

It is noticeable that, the presence of the rock astan additional support under the
footing. This support alters the uniform stressadeun the footing as mentioned before.
The stresses at the right side of the footing @se than the stresses at the left side of
the footing. This is due to the fact that the rbekaves like a rigid support under the
footing. This action is similar to the action stediiby Zoynul abedin, [13], through his
investigation on eccentrically loaded strip footifge found that due to the load
eccentricity, the footing started to lose contaghwhe soil. He also found that the
higher eccentricity generates large contact fresa amder the footing. Always the
stress under footing center, has the greatest vallren the rock lies at X = 0.0 m
from the center.
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Fig. 3: Contact stresses under footing when roek 3= 0.5 m
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Fig. 4: Contact stresses under footing when roek 3=1.0 m
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Fig. 5: Contact stresses under footing when roeit 3=1.5 m
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Fig. 6: Contact stresses under footing when roek 3=2.0 m
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3.3. Vertical Stress Distribution Under the Middle of the Footing
Section

Figures 9 through 13 show, the vertical stressridigion under middle of the
footing section in case of rock existence, withOXG;B/4 and B/2 with different
depths. It is found that, the vertical stressekighly increased when X= 0.0. The
vertical stress at the middle of the footing, dasesl with distance X increasing. When
X= B/2 and rock depth D=0.5m till 1.5m, the stailbf the strip footing is changed to
instability conditions, especially when X=B/2. Alsshen the rock depth D is equal to
or greater than B, the vertical stress distribuimmot affected very much with rock
existence.
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Fig.9: Vertical stress distribution when rock lesdepth D=0.5 m
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Fig.10: Vertical stress distribution when rock lasdepth D=1.0 m
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3.4 Effect of the Buried Rock on Footing Settlement

Figures 14 and 15 show the settlement of the &iopng at the middle and also at
the two ends. Figure 14 shows a decrease in settlewhen rock lies under the middle
of the footing. Also, from Figure 15, the settlernahthe two footing ends, is different.
It is noticed that when rock lies directly undee flooting center, the two footing ends
settle equally. On the other hand, when the roek ht X=B/4 with different rock
depth, the settlement is differential i.e. the tetds are not equally settled. This
settlement increases under one side of the foaimd) decreases on the other side
where buried rock exists.
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Fig. 14: Footing settlement when rock lies at défe (D),and X=0
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Fig. 15: Footing settlement with different rock tiegp and X= B/4
4. CONCLUSIONS

A series of numerical model analyses has beeredaoiit to evaluate the effect of a
buried rock presence under a strip footing on thess concentration and settlement.
The results of the numerical analyses have shoamttte presence of the rock under
the strip footing, affects the stress distributiowler the footing.

The maximum stress increases, at the middle ofoiieng especially when the rock
lies under the middle of the footing by 40%. Wltlea rock is located under the right
side of the footing, the stresses increase morettialeft most side of the footing. The
rock works as a movable support which alters thformity of the stress distribution
under the footing.

The stresses vary also according to the closerfei®eaock to the footing. The
settlement is smaller in the presence of the emdmbddck than the normal case
without rock. The buried rock improves the foundatbehavior when it lies under the
middle of the footing, and causes turbulence fer fhoting contact stresses when it
lies away from the middle.
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