Juagal) daala
dwrigl) dul<

C)A&LAQM’&AQ&QB'M\ UMYHJJJAS

e Jalad Auial) 4,
g pis Al

S aall mlla dana e

!
Juasall dnala b Luusigl) LS Gulaa
(Aol Liloa) Aiaal) Auatigh asle 3 ualal) Sulged i clalliia (e 328

&

il
e Lal) 3N
Gaad) Jlall ae Jiaa ) gisall

22021 - 1443



dadad)

il o Jeall degal) saY) (e Alile cliida (g A5l Al b Al )
o il Bl il i 3dS by of gl duxigll 8 daludl Jslal
& bl g uall Bauliall B3Y1 i paeileie Gl Aagaee Lasi Zull ol
Asgnn dal ) g sl 3l Al il ladall o a8

Stisal) (glally aapall cdabindl) Amdandl el @l Auln o) Gl Caxg
dahl) L5l e ik GGy (W) e @il i) dndll Ll e ok e
oY) it Al cliadall o3a (358l Aygludia ol Llally i Lia Janssll ddlaia)
zalin A3l (FEM) saasdll usbiall diplay Jdaill o Tacies cAabide Ulgs
Aadall elaw aity At i) e laae bl cilad L (Plaxis 3D Foundation)
ofilll Al 4 HB=0.5, 1,2, 3,4 . (B) (bl (e (e dansi€ (H) Llal)
Jae gl ddide o8 330 &5 QIS H/B=0.25, 0.5, 1, 1.5 <ok SO Al b Ll
b A e Sz i=0, 5, 10, 15 and 20 degree el cas ausll cililal)
Jad RS GulaY) dalue o Blall ae (@ills aopall cdabiinaal) (uluY) (<&
dselly (Ultimate Bearing Capacity) sadll Jaaill LG iy (gylaill Jaall
<l (Footing of Tilting) (sluY! Ally (150 kPa) Jdesll xie (Settlement)
.(Failure Mechanism) (&4l 450K

Clidal) e Y] Sladall Alay Genl) @ole 8 153 Rale 8)sem il ekl
Ay Gelad) Al o Gl Al Jesd o g Bl cliday dae 2585 0 ) (AL
Gand) o 3 ellal) Aadall s 5algs Auill Jan o Aol e itadall Alls i L Jdl
oli (2B) g (H) Ll aglall class 50L3 o) Gum (H=2B) eland) ie ale (S8 il
Al (Kaa  Jond) dadall il

Y] ikl ae A3lhe sl Jead Blls gl o) i Al Gk s )
N (0°) o ladall Jae gl 5L Glealil) ot cialy ) cllall Adall dase olons e
Sl e gilally aall (dlaiaal) Gulul) A & %8.1 5 11.8 ¢16.3 (20°)
o ) GYYs Ged) Al 8 50l dllia Gy e Slmd L(H=0.5B) el e
O] Al oli (H=0.5B) cladl 2ixd A@y) ladal) ae 33lke ALl clidal) Al
5(20°) Juall die (6.4°) Slaias (505 apall Gl Ale) caly ) ¢ € K
SVl 3L ae +(5°) daall die (4.1°) Lhaer Judsied) elad) Al Ly (59)



O +(2-6°) s (15°) daall die aopall (Wl Alla 8 ()6 Al ) la (H=B)
gl e Vs Ll Jaad e Bale J<50 55 Y ADED Gand daglaall daws il
land aal @l B Guudl CYW auas bl el Jib g5 e Jadll g
calaall ) Qi) g5 e (H22B) o) elawd) 5245 aas «(H<2B)

Lgaell Jang Al Jaat 2L Sla3 45l cpn Gk EDB (e L Saall Bl Jilas
bl Jre ity Al Jeaty laatill dawd 25 DA Lol Llal) 25l elow 33l
Ol A el apall ulu) ae Ajlae Jaiasal) (eluSU Llal) Adal) dlaw 524 aa
&8s (H=1.5B) eledl vie (15°) duall Ala 3 (22.9%) wilS glad daws LS
Jeliadl) Grule) ALY Aad ST o) L (9AY) Clakall dae Ll gleal cus ae )liie
L e gl Je (3.4°) 5 (2.7°)0ae (20°) Aulill clahll dae e (gl
o -(H/B=0.25) claudl Lo wie &lld (3.2°) ey (15°) Caal) die oyl (uld
.(punching shear failure) 8l (aall Jid 55 e o8 DA Guuld) 3 Jidl) g3
A Olads D e LSl Al IS iide (e A3sSa) L) Alls b Aele 5ypea
Lol Alaly lilal) e bls) o Aaals 3D @l oS



ABSTRACT

The study of the behavior of the soil consisting of inclined layers is one
of the important issues to reach the exact solutions in geotechnical
engineering. The study of how the soil layers is arranged and their effect on
the behavior of the soil in the past is non-existent. Due to many reasons
including the lack of an appropriate tool to express it mathematically, hence,
it was assumed that the soil layers are horizontal to reach the solution easily.

The present study aims to investigate the behavior of shallow

foundations (rectangular, square and circular) based on two layers of clay
soil (the upper is stronger than the lower) and three layers of clay soil (the
middle ones are weak and the upper and lower are equal in strength). These
layers are inclined with different inclination angle. The finite element
method (FEM) using Plaxis 3D Foundation was adopted in the analysis.
Many parameters study was considered in the study such as the thickness
values of the upper layer (H) taken as a percentage to the width of the
foundation (B) that H/B = 0.5, 1, 2, 3, and 4 in the case of the two layers,
while in the case of the three layers H/B = 0.25, 0.5, 1, and 1.5. Also,
different values of the angles of inclination of the soil layers under the
foundation were taken as i=0, 5, 10, 15 and 20 degrees. In addition, the
increase in the cohesive strength of the lower layer, which was expressed by
the strength ratio, which represents the ratio of the cohesion of the lower
layer to the cohesion of the upper layer (SR=C2/C1). In the case of the two
layers of soil, the values of the strength ratio that were studied (SR =1, 4, 8)
and in the case of the three layers (SR = 0.5). The effect of the shape of the
foundation (rectangular, square and circular) was also studied, while
maintaining the equivalent area of the foundation. The effect of these
parameters on the ultimate bearing capacity, settlement at load (150 kPa),
tilting of the footing, and failure mechanism have been examined.
In general, the results showed a difference in the behavior of the foundations
in the case of the horizontal layers from the inclined layers. The presence of
an inclined in the soil layers affects the bearing capacity of the soil, the tilt
of the footing, and the failure mechanism. In the case of the two layers of
soil, the bearing capacity of the soil decreases with the increase in the
thickness of the upper layer (H). The critical depth is (H=2B), after which
the effect of the lower layer does not considered.

In the case of the inclined layers compared to the horizontal layers, for
thickness (H = 0.5B), the tilt of the footings increased significantly, where
the tilt of the square and circular footings is (6.4°) at the inclination of soil
layer (20°) and (5°), while the tilt of the rectangular footing is (4.1°) at



inclination soil layer of (5°). With the increase in thickness to (H = B), the
largest tilt in the case of the square footing is (2.6°) at the inclination angle
of (15°). Increasing the strength ratio does not significantly affect the
bearing capacity and settlement of the soil. The type of failure is appeared as
general shear failure in all cases for the three footings to the limit of
thickness (H<2B), and with the increase of thickness to (H>2B) the type of
failure changed to local shear type.

In the analysis of soil consisting of three layers, it was found that the
bearing capacity of the soil increases and the settlement decreases with the
increase in the thickness of the top layer (H) of the three footings. The
reduction in soil bearing increases of the inclined layers with the increase in
the thickness of the upper layer in case of the rectangular footing compared
to the square and circular footings. Whereas, the largest decrease was
(22.9%) in the case of inclined soil layer (15°) at thickness (H = 1.5B),
which is close to the decrease in the other inclined layers. The largest value
for the tilting of the rectangular and circular footings are (2.7°) and (3.4°),
respectively at the inclined soil layers of (20°), while for the square footing
at the inclination layer (15°) it is by (3.2°) at the thickness ratio (H/B = 0.25).
The type of failure in the three footing is punching shear failure. In general,
in the case of soil consisting of two layers as well as soil consisting of three
layers, there was no clear relationship between the angles of inclination of
the layers and the tilt of the footing.
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