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Proposal of Mobilized Passive Earth Pressure to Allowable Wall
Displacement and Movement Types in Sandy Soil

& 9 3 Yoon, Young-Ho 4 ¥ 3 Kim, Tae-Hyung
7 g 2 Kim, Tae-O © oA Woo, Min-seok
Abstract

The evaluation of passive earth pressure plays a crucial role in the design of earth-retaining structures such as retaining
walls and temporary earth-retaining walls to withstand horizontal earth pressure. In the earth pressure theory, active
and passive earth pressures represent the earth pressures at the limit state, where the wall displacement reaches the
maximum allowed displacement. In the design of earth-retaining structures, the passive earth pressure is considered as
the resisting force. In this context, the limit displacement at which passive earth pressure occurs is significantly greater
than that associated with the active earth pressure. Therefore, it is irrational to apply this displacement directly to the
calculation of passive earth pressure. Instead, it is necessary to consider the mobilized passive earth pressure exerted
at the allowable horizontal displacement to evaluate the structural stability. This study proposes an allowable wall
displacement, denoted as 0.002 H (where H represents the excavation depth), based on a literature review that focuses
on sandy soils. To calculate the mobilized passive earth pressure from the wall displacement, a semi-empirical equation
is proposed. By analyzing the obtained data on mobilized passive earth pressure, a reduction factor applicable to Rankine’s

passive earth pressure is proposed for practical application in sandy soils under different wall movement types.
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Fig. 1. Real failure surface and failure surface assumed by Coulomb’s earth pressure theory
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Table 2. Coefficient of Kerisel and Absi’s passive earth pressure (case of a=0°, 8=0°, c¢=0) (Kerisel and Absi, 1990)

5/ Internal frictional angle, ¢ (°)
10 15 20 25 30 35 40 45
0.00 1.42 1.70 2.05 2.45 3.00 3.70 450 5.80
0.33 1.51 1.88 2.40 3.10 4.00 5.40 7.60 11.00
0.50 1.55 1.97 2.55 3.40 4.60 6.50 9.50 15.00
0.66 1.59 2.05 2.75 3.70 5.30 8.00 12.00 20.00
1.00 1.66 2.20 3.10 4.40 6.50 10.50 18.00 35.00
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Table 3. Magnitude of wall rotation to reach failure (Canadian
Geotechnical Society, 2006)

Rotation, Y/H
Soil type and condition - -
Active Passive
Dense cohesionless 0.001 0.02
Loose cohesionless 0.004 0.06
Stiff cohesive 0.010 0.02
Soft cohesive 0.020 0.04

Y : Amount of horizontal translation or rotational displacement of the
wall top relative to the wall bottom
H : Height of the wall

(Compression)
Plastic state

Passive stgte
earth pres%ure

|
|
1

4 +4

p
| (displacement)

[ [
Active state
displacement

|
Passive state
displacement

Fig. 3. Effect of lateral displacement on earth pressures (&, <1, ¢=0)
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Table 4, Magnitude of wall rotation to reach failure (U.S. Navy,

1986)
Roation, Y/H
Soil type and condition - :
Active Passive

Dense cohesionless 0.0005 0.02
Loose cohesionless 0.002 0.06
Stiff cohesive 0.01 0.02

soft cohesive 0.02 0.04

where, Y = Horizontal displacement, H = Height of the wall
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Table 5. Relationship between mobilized friction angle and displacement

Mode of wall movement x, y axis Relational equation (refer to Fig. 5)
Translation (TR) e =A4/4, 120, L
ranslation 0 /
y=10,/0)/(A/4))] Yy z™), ere,
o= (106 )
x=A4/4, y=(1/2"%), Where, z >0

Rotation about the top (RT)

y=1(6,/6)/(4/4)]

at the bottom, the displacement is 4,
a=A4/4,, AlA =az/D)

X=01-24/4))
Rotation about the bottom (RB) !

Y=1(¢,/¢)/ (1=4/A))]

Y=[(1/X)—1], Where, X>0
at the top, the displacement is A4,
B=A4./4, A/A =p5(0-2/D)

where, ¢ : Internal frictional angle, ¢,, : Mobilized frictional angle
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Manual Contents
NAVFAC DM 7.2 — For well constructed strutted excavations in dense sands and till, maximum lateral wall
(U.S. navy, 1986) movements are often less than 0.2% of excavation depth.
— > i .
KCS 1110 15 t = 60cm w!th concrete slurry wall : 0.002H
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(Korea Construction Standards center, 2016) . )
where, H is excavation depth

Table 7. Calculation condition

Soil type and Height of rigid wall | Internal friction angle v Wall AR Ay
condition H (m) é () (kN/m®) friction ¢ () (m) (m)
Dense cohesionless 4.0 25, 30, 35 18.0 (2/3)¢ 0.02H = 0.08 | 0.002H = 0.008

where, A : Displacement of critical passive state (0.08m)

A

pd *

: Amount of passive displacement (0.008m)
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Fig. 5. Mobilized passive earth pressure for wall displacement

Table 8. Input parameters for modeling
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Table 9. Reduction coefficient (&, ) of Rankine’s passive force

Wall movement Internal fricti?n angle Reduction coefficient (R, )

¢, () Cohesionless soil, 4, /A = 0.1
25 0.64
Translation 30 0.59
35 0.53
25 0.60
Rotation about the top (RT) 30 0.54
35 0.47
25 0.43
Rotation about the bottom (RB) 30 0.35
35 0.29

Where, 4, 1 0.002H (H=4.0m),

HI39A M7=

14 E=XLESsEl=Ed

A, 1 0.02H (Dense cohesionless soil)
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