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Abstract

The slopes stability is one of the significant subject in civil
engineering. The slopes failure occurs as a result of various forces such as
applied vertical static load , expose to earthquakes or any changes in the
surrounding soil conditions rewrite its structure.

The aim of this study is to detect the effect of static load, dynamic
condition and rainfall on slopes stability. A laboratory model with box in
dimensions of ( 2000 % 1000 x 1450 ) mm was manufactured to achieve
this aim.

Several tests were executed by utilizing the experimental model.
The first test was carried out under condition of static load (test A), three
tests at static and dynamic loading conditions(tests B) and the last three
tests were conducted after the slope was exposed to a rainfall and then
applied static and dynamic loading conditions(tests C). The objective of
these tests are to find the settlement, slip surface form and loading
capacity for unsaturated low plasticity clayey soil slopes under various
loading conditions.

Results indicated that the stress failure for the slope in test (A), is
(408) kPa and led to slope settlement (6) mm. The slip surface for this
test had a rotating shape beginning from the interior edge of the footing
and dropped to a depth equal to 300 mm. A very limited soil suction
variation was obtained.

Applying dynamic loading negatively affected on slope stability
through reduction in failure stress of slope, it decreased for the tests (B)
by ( 6.22 %, 25 % and 31.22 % ) respectively as compared with static
test(A test). The dynamic conditions are vibrations in ( 0.5 Hz, 1.0 Hz
and 2.0 Hz ) for each loading stage and the horizontal displacement for

these tests are (10, 20 and 40 ) mm, respectively. The slope settlement



increases from (4.13) mm to ( 5.17, 5.87 ) mm with the increase in the
horizontal displacement of vibration from (10) mm to (20 and 40) mm,
respectively. A decrease in the total time required for slope failure from
20 hours to ( 16 and 15.78 ) hours with an increase in the horizontal
displacement of vibration. Sliding curves for dynamic tests had a circular
form that began at the inner edge of the strip footing and continued to the
lower end of the slope.

Applying rainfall and dynamic condition negatively affected on the
slope stability through reduction in failure stress of slope, it decreased for
the tests(C) by ( 50 %, 68.75 % and 75 %) respectively comparing to the
static test. The dynamic conditions are vibrations in ( 0.5 Hz, 1.0 Hz and
2.0 Hz ) of each loading step and horizontal displacement for these tests
is (20)mm. Whereas the rainfall was applied at intensity 20 mm/hour at
first test and at (30, 40) mm/hour in the second and third test
respectively. Moreover, the total suction of slope layers decrease by (76
%, 48 % and 9.5%) for the upper, middle and bottom slope layer
respectively at the first rainfall test.So this reduction increased with
increased rainfall intensity.

There is a close convergence between the failure condition
obtained by laboratory tests with the failure condition for numerical
analysis by Geo-Studio software. For static test, the difference in failure
stress was 6 %. While, the load capacity of soil slope was identical in the
other tests. Otherwise, the average variance between the numerical and
experimental slope settlement in all tests was approximately (26 %).

Four parametric studies were executed to show the effect of the
footing width, slope angle, water table level and rainfall intensity on
condition failure of unsaturated low plasticity clayey soil under static
stress and dynamic condition(Real earthquake has PGA = 0.0372 g and

duration= 540 sec). At static condition, the loading capacity and
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settlement reduce about (62) % when the slope angle is increased from
(33.7° to 73.3°). Moreover, for slope angle (45°) applying dynamic
condition caused reduce loading capacity and settlement about (42 and
44.5) % respectively. Furthermore, A design chart was made to obtain
ultimate load capacity of slope within limited range of slope angle and

PGA of earthquake.

Finally, the right side bank of the Darbndekan dam was taken as a
case study. This slope was simulated and then exposed to similar field
conditions that caused failure ( rainfall in 24 mm/day intensity and
earthquake in Mw=7.3, duration= 30 sec and Peak Ground Acceleration
=8.152 g ). The analyses results showed that slope failure occurred when
applied earthquake is applied at the end of rainfall period 20 days. This

result agrees with the site failure conditions.

11



Ll bl 3l ek asiad) dand ) das el (ulu) Adla e il L yila SIS
Chali A e Dl jaaiall 4yl i) o ASaliall p ASLall Jreadll gk jUasY)
sl e % (705 68.75 ¢50) dpmsiy 5 LD (C) lamsadll & il janiall Jid Jos
1,0.5) <o iy ale (20) 48l Aa) 3l )Y o (C)loa sndll A0l ikl ¢

&b Ael/ ale (20) 325y el Aalu Laiy (Sal) Jreatil Ja je e Al e JSI 3508 (25
ol il g S clasadll 8 Nl e dele/ ale (406 30) 3adus J5Y) Landl)
%(9.5 5 48 ¢79) Ay Lyl (s dlga) (aliail I Y pandll G el bl
& A yaall 5l 300 ) e (=LY 138 2135 gl e o) s e gl (Llall il
Jelaill g Loy il il gadl) 8 Jdl) Gag ke (e ColE aa g 281 Cilia gadl)
& %(6) s%e (58 a5 (SLl pasdll 8 ((Geo-slope) I el aladinly (sassl)
L gia OIS s AY) dga (0 ilasadll 46 b dilie iliil) ilS (s & Jad Jas
Y (26) s> eroadl s Aladll il b G 3 A

Jee A el Gl Game LA JledaY Lagas il 2 a6l a)
Ll el aaid Jad) Al e eV Jhaa sadig dud gal) slaadl o guia ¢ janiall
JI33) ASaaball (g phall g ASLull Jlea¥) 5ils cons daiiall e o 45 salll dakal 5l 4y 1)
Jeanll Gl (G (40 540 430 50305 0.0378g W e calic Jimad dras lliag s
W 33.3°%) Oe abe dusl ) 3y die 94 (62) Aty poaiall Jddl) Jea (sl (SL)
4 yai e % (45) Aomsis (45°) G5l 3o il asiall Qs s (bl (s 3 (73.3°
il Qi) Jas e Jseanl Epapana 28ke slagd o5 eclld any Asalipall g plall Y
IO padaall Gl Ans 5 Jaall A 51 5 (0 2330 (520 asa

oaniall Jilad a8 G il Al oS Gl ja ad V) Gl A &5 o) s

(24) 52 el Jalud) aliy cusud Al Aliall G lall Jila gyl ) auam

At dry 400(30) Aesan iag) odie e (M, =7.3) 4dad JI31s as/ale

& JOUN ) A e vie Jad Jasidl) o Qs il < edal ((8.152g)  (oelanll

Jadll Gyl ae sl dagill 38 Of Lle cag (20) AW JUaeY) Laglis 3 53 A
Agasal)

.-



dadAll

G dadll daay Al dangll 8 dagall Jileall aal il pasiall ) S ey
b ot A ALY Jlaal) (Y Jie 8l (e dilina ¢ Y dain il jaaial)
Juaa) il e (guaill I Cand) 138 Congy Al iy (e il A Amaaal) iy LAl
A 73 gad a3 1Al paniall A ) Ein) e lae¥) g ASaailall Ci g phall sl
g sl gl s aadiil ole (2000%1000%1450) edbad o)A alasinly
Cy yal Cla sl B 5 8Ll Jaeadll oy yla cias (A) JsY) panidll g al ila sad
323 (C) 3! AN il gadll iy el Lai (B) £aSalinall 5 RSl Jpaaill (g yha cins
o2 olya) a3 ASuliall Caghlly LSl Jlal) & el Al asadl e
Ay ) i e asidd sl des s Y V) e JSG dasagdl alagY Cla padll
S il Jeay (A) Sl (andl) 8 Zaliaal Jaeatl) Cag oyl s A3 pall) daka) )
o2 Cupdt JSuly 1S (408) (A 4iad o Lalual) dleal) dad ¢ i) ey Jdl) Als
Al (e Tan U yila OIS (sl 13gd (B 31 mdans 3331 ale (6) o_laie T sags <ilalga)
Dse 3 Al dea e mhandl Jind ale (300) Gee ey oyl (S Al
23 25) Al ol dad ) Ll pae dea) dhas zhsadll umad (e oLl 5 ke
Aga) patsdl (Mgl o il sl ddadl pasiall clida b JSuly SIS (21
(204 -0) (o g2 el Slga¥) 3345 vie JSUL $1S (23 ) 25) e Llall ddall 8 (aal
(13 514) &) Caall alea) (il ety Jadll Gy of ) @y aay i 5 ISl (S
SUS (306 -0) Go gosendl el B2 die Ml (as gl il b JSUL LS

Sl sy of ) elld ay iy s JSUL

o sl G e Lle s Aol Caglall Jalus o ) i) sy
% (31.22 525,6.22 ) dasy (B) o gandll A Lelaa AL (alisi) DA (e Al
sl e 58 (25 1,0.5) 22 Y ) ) o ASaanlall Gyl o) sl e
Sl I Al (B) cliasad cdin oSLall Jreadll Jal je (e Als je JSU
o2 il iy Ml e ale (405 20610 ) Lalie gl )l dal 3l (<l
Ay s die ale (5.87, 5.15) A ale (4.13) o osiall Jasa 30l ) Cilia sadl)
(o paaiall Jdl o 53U gl (il LS ¢ ala (40 €20) ) ple (10) e 28V ) 5i0Y)
S gadll 03] BY 33V s 3351 65 AT g 00 Aelis (16 ¢15.75) Y A=l (20)



Jua gall daala
il 4ls

it dagdiall e il @) jasdal) 4 ) St Jalad
dalide i g ol Aialiid Jlaaf

Jal daaa Gpa (gl
QAMD\JJSSJ&AJJH

O] dadia g dg il Siilia [ Auiaal) dwdigl)

il il

Qllad JaANAe )} Jagow 2]
TR AIWOR- Sy WY

22020 21441



