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Fig. 3. Results of standard proctor test
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Unit Weight (kN/m®) 16

Modulus of Elasticity (kN/m?) 45000
Cohesion (kPa) 0.0
Friction Angle (°) 38
Dilatation Angle (°) 5
Poisson Ratio (-) 0.3

Table 1. Physical characteristics of sand
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Fig. 1. Test box & Piezometer table
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ol e 53 4l ds YA 51 o ol S8 0 IS

*
g
3 %
A v L

Fig. 6. First model failure after 380 minutes

sl das 3 isa) mhace 5 el glasls Ve

s 8 ® 8 & S
T T T T T T
e

Elevation (cm)

—
=3
n

o
T

=)

=)

50 100 160
Distance (cm)
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Error Time Vertical
displacement
380 minutes 9cm Experimental
. Model
0.5% 3780 minutes ]
(for experimental 881 m 2D Numerical
model should be ' Analysis

divided to 10)
Table 2. Maximum vertical displacement in numerical and
experimental models for first slope
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Table 3. Vertical displacement in numerical and experimental
models for second slope

@ analy B, df.xw..;; Oy 586 8L (gl s canlsl s
53 LS Yo b i 51l ol (S s Ol
ol @L:} S as s S b s s Olgsa gode sla Jdos
Ol o I8 plaar s Lol eddesls 0L (V) K5 58
WU plralr Lol LIS 55 St O ks S S50
%ijﬂmgﬁﬁao)u@.@\;yd@\)
Sldd s $ln Ad el 1S (B el s
sla Jds 55 4y 00 B Y0 51 byl ) (SSawl 4yl
20Tl A Cl ot w3 S s ane Olge 4 5340
Ol e JSo ol 4 am g b ossd e sdalin (V0) IS5
bl il Olaj ul 5o @B plralr Ol i a5 3L 5o
ol st alaily (sl 0l 538 s ciloie s SISkl
FoS @B plralr iy Sasl 4l i ax oy
A Sz B S il ol e a0) 3 g el g
i S B glralr Ol SR8lS 53 Sl a5
b AT 5 e slagsladis o a3 (G
4l 50 8L Gl A el a3 YV 5 Y0 s sl
@ ogade Gl fdos o3 4 s YA B Y 5l e opl ol
IS8 53 0TSl ool gl a8 s a8 8 5 o ks Ol s
S 2l OlF eSS ppl o s gl e edalie (V1)
adaly hls @SB el L Ol LIS 53 ol sl Sl s
Cpb il ek asly s a a e il e

A sl iy 5 (6 el

20

Sous Sl fudoei ¢
G 5o e Sl S SaSw gade Lo
e slal coolal Jlosi 4 a5 L sy ol 3) eSO
o il e lie ol 0 plowit ([20] ool 0 1 )0
el o LI (P 5 Y) Jalr s AR LT 5 s
o S YYAG 5 0Ll YVE Slus b 8 8 i sl g5 s
sl o ool mlas 1S I s s 5 cl es
Jsl ladds 53 Sday 53 35dee lirl Jdosd (g 5 S
DL (W 51 Y) (sla S5 53 il a0l i 5l ps> 5

ol ol 03l

YVAL Sl g @38 bl 5o plralr Ol ss (ous Qe Y s
Jsl Jde (gl ad s

] LUCH LT OO U 12000, 14900

€00
0]

20

——

Vertical dispiacements (Uy)
Extreme Uy 881 m

Fig. 12. Numerical analysis of vertical displacement after
3780 minutes for first model
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Abstract

Time-dependent behavior in soils causes mechanical, chemical, and geo-mechanical changes. This
behavior in soils consider as a major challenge in geotechnical engineering, and yet need more
attentions. The impact of time on geo-materials and their behavior such as rock and soils are
undeniable. Based on researches previously performed on this issue, the importance of time-
dependent behavior emerged. Creep (strain deformation under constant stress level), stress relaxation
(stress deformation under constant strain level), and loading pace are among time-dependent special
features, which are seen in laboratory models. Creep divided in three categories: primary creep, in
which rate of deformation reduced with time. This creep starts immediately after loading procedure.
Secondary creep in which rate of deformation is constant. Finally, tertiary creep in which rate of
deformation increased and at last material failed. In this research, the effect of time on the stability of
the saturated sand has been investigated by building a small-scale experimental model and using finite
element numerical method. Preparation of the sand slope was using sand downfall and the saturation
process of the experimental models are carried out artificially with a flow rate of 1 liter per minute.
Due to the friction angle of the sand, two physical models were created with slope angle of 35 degrees
and 37 degrees. The results of physical modeling showed that for the first model, the maximum
horizontal and vertical displacements are 10.5 and 9 cm, respectively. For the second model, these
values are 10.5 and 7 cm, in order. At the end of this research, statistical analyzes have been used to
provide relationships for predicting vertical settlement in saturated sand slopes. Using numerical
models with dimension analysis rules (make the dimensions 100 times in numerical models), in first
model in order to reach 8.81 meter displacements, 3780 minutes of raining needed. While in second
model, for reaching 7.20 meter displacement, 2280 minutes needed. Results indicate that by
increasing cohesion, vertical displacement decrease. As friction angle increase, vertical displacement
also decreases. While by increasing slope angle, vertical displacement increase. The main outcome
of this research pointed out, was the effects of cohesion in reducing vertical displacements which are
more significant than that of friction angle.

Key Words: Time-dependent behavior; Sand slope; Numerical method; Slope stability; Statistical analysis.
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