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It is reported that factors affecting the behavior of reinforced earth retaining walls built on soft ground are not
only basic physical properties but also the increase of load by the reinforced earth retaining walls, consolidation
period, pore water pressure, etc. This study analyzed the behavior of reinforced earth retaining walls and soft
ground using SAGE CRISP, a ground analysis program. First, we examined the effect of the replacement method,
which was to prevent the excessive displacement of reinforced earth retaining walls, in improving the behavior of
the walls. Second, we compared and analyzed how the behavior of ground is affected by the vertical interval of
stiffeners on the back of reinforced earth retaining walls after the application of the replacement method. Lastly, we
proposed the optimal replacement width and depth in the application of the replacement method. The results of this
study proved that the replacement method is considerably effective in improving the behavior of reinforced earth
retaining walls. In addition, the vertical interval of stiffeners on the back of reinforced earth retaining walls
appeared effective in improving the horizontal displacement of the top of retaining walls but not much effective in
improving the vertical displacement of the back of retaining walls. In addition, improvement in horizontal-vertical
displacement resulting from the increase in replacement width was not significant and this suggests that the
increase of replacement width is not necessary. With regard to an adequate replacement depth, we proposed the
ratio of replacement depth to the height of retaining walls(D/H) according to the ratio of the thickness of the soft
layer to the height of retaining walls(H/T).

Key words : Soft ground, Reinforced earth retaining walls, Replacement method, Horizontal displacement, Verti-
cal displacement, Shear strain
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Table 1. A standard of vertical settlement.
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Condition

Allowable residual settlement(cm)

After pavement unevenness of the road surface
Raising of box culvert executing
Facilities for drainage

10.0
30.0
15.0~30.0
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Table 2. A standard of stability valuation as hight of reinforced earth retaining walls.

Item A standard of valuation H=2m H=4m H=6m H=8m Condition
Horizontal o . Under
displacement Under 2% of Hight Under 4 cm  Under 8 cm Under 12 cm Under 16 cm construction

Under
o )
Settlement Under 3% of Hight Under 6 cm  Under 12 cm Under 18 cm Under 24 ¢cm construction
Shear strain Under 5% of Hight Under 5% Under 5%  Under 5%  Under 5% Under
? construction
Progressive After
Settlement Under 3cm Under 3cm  Under 3em  Under 3¢m  Under 3 cm construction
Progressive After
liding Under 2cm Under 2¢cm  Under 2cm  Under 3 cm  Under 3 cm construction
Shear strain Under 5% of Hight Under 5% Under 5% Under 5% Under 5% ?(f:fsrtruction
Table 3. Physical and mechanical properties of soft ground.
Thickness Unit weight  Cohesion  Initial Coefficient of Compression  Swelling Initial yield load
(m) (KN/m?) (kPa) void(e,)  consolidation(cm?/sec) index(C,) index(C,) (kPa)
10 17.44 14.70 1.34 0.01 0.43 0.06 102.90
Table 4. Parameters of Mohr-Coulomb model.
Layer Moduls of elasticity Poisson's ratio Cohesion Friction angle Unit weight
Y (kPa) @) (Pa) © (N/m’)
Banking materials 30,000 0.3 3.00 25 18.13
Back fill 30,000 03 3.00 25 18.13
Replacement 300,000 0.3 50.00 30 18.13
Rigid foundation 300,000 0.3 50.00 30 18.13
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Table 5. Parameters of Modified Cam-Clay and Beam and Bar models.

G ¥

Models A k e, M (kPa) (KN/m®)

(rn/sxec)

K E, A I
(m/sec) Y (kPa) (m?) (m*)

0.187 0.025 1.006 130 0 17.44
Beam - - - - - -

Cam-Clay

Bar - - - - - -

8.54<10% 85410 030 - - -

- 0.15 200107 02 6.67x107
- 0.50 1.50%10%7.0x107* -

A: Gradient of Normally Consolidated Region, &: Gradient of Over Consolidated Region, e, Critical State Void Ratio, M:Gra-
dient of Critical State line, :Unit Weight, G:Shear Moduls, k,:Coefficient of Permeability of Horizontality, k,:Coefficient of Per-
meability of Verticality, v:Poisson's Ratio, E,:Moduls of Elasticity, A:Area, I:Geometrical Moment of Intertia
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Fig. 1. SAGE CRISP model showing geological section and reinforced earth retaining wall.
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Fig. 2. SAGE CRISP model showing boundary condition and ground water level.

siqeAZE BAESH] SEH HES FA A
A SHTES 10297, WL/178 tisiME 20
AR iMe TR Fig. 32 2L Fg9 1}
Ehdl ZAolch, wA Akl HAE X3 5 HES
3L o2 AAAASE AAIE] A8 B
€ SmECIE AlFdhe BYY A4S HaFY 9y,

AZo| e M=

Aol BAESH A% AEIT AR
AE3) 98] Table 651 7keo] 7)2A]ule] °4°k21
87129 7399 ARE 8m, AL 4me) A3
£ A% F5ie W ATHES S5 th}%i\:}

r—i‘~

r

HI JIE o ﬂl[ﬂl

Z]%‘f%—% §m=E FYUSHA
SUS oHH 7%! 0.5me} 1.0m, T3] def
gt Mg sl on 3 g WY
Gl Hﬁﬂ zbzte] gHFolo) ois] X&Hols
0.0~4.0m7FA] WSS FHA SI4E FAET

Table 8& X|3hZo) whE R7IEQW ] #Zo) p|x
© FTE AEsY| g Mgy 248 vEid A
o)t} AU 15mT QR L3 BAPES
el ¥o] 2m, 4m, 6m, §molA 2 XFEL
77 S 43 o}ﬁ‘:} FAS- A FkA|HRe
ZA7} 10me) 1, YRuj4E s esks gHow 71y

ofN

o
Y

¥ b y

o

nstruction of the skin

AT

s

(c) Construction of embankment, backfill, strip

(d) After construction

Fig. 3. SAGE CRISP models showing construction process of reinforced earth retaining walls.
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Table 6. A condition of the check of replacement method.

. Width of Depth of A term of . s
Ttem Hight(m) replacement(m) replacement(m) construction(day) Drain condition
Soft ground 2/4/6/8 - - 880 Double
Rigid foundation 2/4/6/8 - - 880 Double
Replacement method 2/4/6/8 8.0 4.0 880 Double
Table 7. A condition of analysis as vertical space of strip
. Width of Depth of Vertical space of A term of . o
High(m) replacement(m) replacement(m) strip(m) construction(day) Drain_condition
0.5 880
0.0/0.5/1.0/1.5/
2/4/6/8 8 2.0/2.5/3.0/4.0 1.0 880 Double
- 880
Table 8. A condition of analysis as width of replacement.
. Thickness of Depth of Width of A term of . .
Hight(m) soft ground(m) replacement(m) replacement(m) construction(day) Drain condition
2 10 2.0 2/3/4/5/6 120
4 10 2.0 4/6/8/10/12 240
Double
6 10 2.0 6/9/12/15/18 360
8 10 2.0 8/12/16/20/24 880
Table 9. A condition of analysis as depth of replacement.
. Thickness of Width of Depth of A term of . s
Hight(m) soft ground(m) replacement(m) replacement(m) construction(day) Drain_ condition
2 10 8 0.5/1.0/1.5/2.0 120
4 10 8 1.0/2.0/3.0/4.0 240
Double
6 10 8 1.5/3.0/4.5/6.0 360
8 10 8 2.0/4.0/6.0/8.0 880
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Table 10. Results obtained from replacement method analysis.
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The upper end horizontal The lower end horizontal

Vertical displacement

Hight(m) e displacement displacement Shea&)s)train
om (Ahy/H)>< 100 (Ahy/H) <100 (Ahy/H) X100
(%) (%) (%)
Standard - - 2.0 - 2.0 - 3.0 5.0
Soft 5.40 2.70 14.50 7.25 15.80 7.90 9.80
2 Rigid 0.21 0.11 0.39 0.20 0.18 0.09 0.15
Replacement  2.40 1.20 6.99 3.50 421 2.11 275
Soft 5.80 1.45 22.50 5.63 25.40 6.35 11.10
4 Rigid 1.80 0.45 1.20 0.30 1.40 0.35 1.10
Replacement  3.80 095 8.22 2.06 6.59 1.65 3.87
Soft 8.40 1.40 30.40 5.07 29.80 497 12.30
6 Rigid 2.30 0.38 1.80 0.30 1.60 0.27 1.50
Replacement  5.40 0.90 10.85 1.81 8.35 1.39 478
Soft 10.80 1.35 38.60 4.83 35.70 4.46 13.60
8 Rigid 290 0.36 2.10 0.26 2.00 0.25 1.80
. Replacement  7.80 0.98 12.45 1.56 9.31 1.16 5.03
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Fig. 7. Displacement according to depth of replacement.
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Table 11. A proposal of replacement depth according to ratio of soft ground thickness.

Displacement & Shear strain

Hight/Thickness soft ground(H/T)

Depth of replacement/Hight(D/H)

<0.25 Lack of stability
) upper end 0.25-0.45 =0.0-0.65 -
Horizontal displacement ratio =0.46 Stability
(Ahy/H) <0.70 Lack of stability
lower end 0.70-0.90 =0.90-1.10
=0.90 =0.90
Vertical diAstlzlacement ratio 0;&?2 0 Lai( o(,)ioftl’glty
(Ah,/F) =0.90 =0.40
<0.10 =0.18
Shear strain 0.20-0.90 =(.18-0.25
=0.90 =025
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