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Effects of Berm on the Displacement Behavior of
Temporary Earth Retaining Wall During Excavation

Lee, Myoung Han

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Together with the wall stiffness, a berm has the role of determining
the stability of a temporary retaining wall during excavation. Especially

in the case of a deeper excavation, the role of berm is very important.

In this study, the measurement data, obtained from the temporary
retaining wall in the bermed excavation site in urban and the numerical
analysis results, were used to investigate the effects of berm’s volume
(width and slope), excavation depth and ground property on the

maximum horizontal displacement of the temporary retaining wall.

The measurement data indicated that the berm was effectively
restrained to the wall displacement. The wall displacement varied to the
excavation depth and berm’s volume (width and slope). That is, as the
excavation depth increased and the berm volume decreased, the wall

displacement increased.

Xiv



The finite element program (MIDAS GeoXD) was used to estimate the
effect of berm on the displacement of the wall in detail. As a result of
numerical analysis, it was found that the berm is effectively restrained
to the wall displacement, which is the same result as the measurement
data. The maximum wall displacement increased as the slope increased
(steeper) and as the berm width decreased. In the case of the same
berm condition, the wall displacement restrained as the ground property
was better. As the excavation depth increased, to get the same effect

of berm, the volume of berm needed to be increased.

A regression equation of wall displacement, with 93% of determination
coefficient (R*<0.938), was constructed using the measurement data. An
another regression equation with 70% of determination coefficient
(R?=0.700) was also ‘constructed using the numerical analysis results
considering berm’s ~volume (width and slope), soil property and

excavation depth.

A function of berm was evaluated using three methods; intersection
point method, moment method, and friction angle method. The
intersection point method took the wvirtual resistance location as the
intersection between berm base and wall. This method overestimated the
function of berm when the excavation depth increased. The moment
method took the virtual resistance location as the first point of zero
moment below the excavation base. It underestimated the function of
berm when the excavation depth increased. The friction angle method
took the virtual resistance location as the Lohemeyer’s method.
Compared to other two methods, this method reasonably well-estimated

the function of berm.

In addition, based on the results of intersection point method and

friction angle method, new equations, which can estimate the berm

XV



width required to maintain the wall-stability during excavation, were
proposed. These equations are so simple and can be used in practice
easily.

A function of berm was also evaluated by comparison between the
passive displacement of the berm and the maximum wall displacement.
Both displacements were calculated using FEM program. If the passive
displacement of the berm is larger than the wall displacement, the berm

has no function of resistance of the wall.

In addition, to decide the berm function, a decision diagram was
proposed as functions of berm width, berm slope, and excavation depth.
This diagram was drawn based on the comprehensive analysis of
numerical analysis data. The regime was divided into three regimes as
two boundary lines, upper line with berm slope 1:05 and lower line with
berm slope 1:1.0. The berm function presented good in the bottom

regime, intermediate in the middle regime, and bad in the top regime.

KEYWORDS: Berm, Excavation, Temporary retaining wall, Maximum

lateral displacement, Berm function, Regression equation
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Fig. 2.1 Test procedure of strut supported retaining wall in soil tank
test (Yang and Park, 1998)
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Fig. 2.2 Variation of lateral displacement after installation of 3rd level

strut depending on berm volume (Yang and Park, 1998)
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Youssef (2003)= ATAA AW BA Faisfy Az
3l7] 93 e E o] &% RIEX AFS AN AHEE E
71& 250mm x 1200mm x 600mmE A ¥ty Exwie] AAHERS =
23 Hast AF F e AVt AREH HAe= 1omm 55%
(Im=2.8125E-10m/m)o.2 Zo]= 595mme|t}. E#+= No.l6H A& F3
3Fal No.200W A ®Hoh 2+ /‘]%%% AAsAT. HAe W= 2714
o8 479 toldAlAE Tl A FA8sAtt (Fig. 2.3). 4%
o )‘\31-71--54 woko] AH Eo] Q= A L,] AAS) Zolo WE BHA e W
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Fig. 2.3 Configuration of geometry of bermed excavation (Youssef, 2003)

Z=H A3} (Table 2.1) 292 ZAAZL gurdds: o
= Ao WUl &Ko E PSS & & AT =3 2y
t&zto]l 7t
7} iiﬂr“ /\‘?}94 TEZL AdTS
OE]‘T‘})\E}‘

o

2 4o
o
-
B

SIS

2) vl

m{o

= a2 w7t %

= Hiale W7t #AadE Zoe=Z Yeiyth AT U

Table 2.1 Laboratory model test results (Youssef, 2003)

Displacement (cm)
h, / H m Internal friction Internal friction
angle (32°) angle (36°)
0.2 1:2 0.14 0.12
0.2 1:3 0.11 0.08
0.2 14 0.11 0.08
03 1.2 0.09 0.08
03 1:3 0.08 0.06
03 14 0.07 0.06
04 1.2 0.04 0.05
04 1:3 0.04 0.05
04 14 0.04 0.04
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v}
o2
o
A
&

ze] AXE g Fool WA FxEANA AT a3
5 BI19E AN A7 %ol 3T (Clough and Denby, 1977;
Potts et al., 1992).

2.2.1 AEAGAA AT &

Clough and Denby (1977)+ -3t A% 2719 HEA =2F
A 7HE ARFOE o] & AW FHNE AFI I} AHAE {8
e B AHHIATE Tl AR FkL LA I Bk

Aetr] 28l 270 BAY SAATE AREEHASH FREA Aol SA
A= vz 2 Ixss Aow Uehdrh (Fig 2.4, Fig. 2.5). Fig. 2.4%=

St. Louis &#o]ar, Fig. 2.5% San Francisco &#o|t},
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Fig. 2.4 Computed and observed wall and soil movement at St. Louis
(1ft=0.305m) (Clough and Denby, 1977)
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Fig. 2.5 Computed and observed wall and soil movements at San
Francisco (Clough and Denby, 1977)
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Fig. 2.6 Dimensionless settlement versus percentage passive wedge
remaining; 30ft excavation, s, =500+ 0.30,, £, =600s,(Clough and Denby,
1977)
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Fig. 2.7 Dimensionless settlement versus percentage passive wedge
remaining; 50ft excavation, s, =1000—0.30,, £ =600s,(Clough and
Denby, 1977)
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Fig. 2.8 Effect of berm on displacement and bending moment of

retaining wall (Potts et al., 1992)
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Yang and Park (1997)2 f3teAaxz2asflor Aol 7o wE &
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Eol& °F 3m o]l AT ES WHIIAZ|HA AT A Zv]d wE
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Fig. 2.9 Effect of berm on lateral displacement, bending moment, and

shear stress (Yang and Park, 1997)
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s FeAe e UAY Fig 210, FHES B
ANAR 29 A717h FoHgel Wk wAle] +HH
Fo ngov, AdEe] A9AY Wl Fgo] Fa
7 geds BeAel ave] EAE Ayt ofele 2o vehy
o+ (Fig. 2.1D).
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(a) (b)
Fig. 2.10 Maximum lateral displacement of wall in sand (a) excavation

step 8 and (b) excavation step 9 (Yang and Park, 1997)
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Fig. 2.11 Maximum lateral displacement of wall in clay (a) excavation

step 8 and (b) excavation step 9 (Yang and Park, 1997)
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Fig. 2.12 Deflection factors versus berm to wall height ratio with
different top berm width (Youssef, 2003)
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2.3 AAAH

B AT Y dFe Tt T o7 RN E LTs o]
| oEM Fufo] WA FHHAE %
+ 9o (Ko et al, 1997; Clough and Denby, 1977; Potts et al., 1993;
Liao and Lin, 2009, Ying, 2010; Park and Sho, 2013). 121} At &9&
< AU &2 02 A EekA| Xt WA o A= W] wyH
AH = &A%t (shii et al., 1994; Liao and Lin, 2009; Park and Kim,
2015). 53] FH& AFHETZo] E2AAY Il FH FHEA
& el FFE e A9, dol gua g o3 FEFIHE 7]
tiatr] oAH & AFo Aol 479 7lFo]l AE YA Xshe=
o2 ¢#HA ot (Park and Kim, 2015).

¢33 AAR AHEHE TF Fot=

J{m

A

2.3.1 @A 7HAA A
Fig. 2132 AA FAMA 7 &
717} &Feto]l 7228 A% Fv 9T A4S Aotk (shii et al,

1994).

A FA = a3sint Al dj g Ao 91 skar Aok AWHE Fig. 2.13¢]
A BE ule} Zo] R EHOFRE GL-12m 7HAE Nx| 5 ~ 109 HE
ola, G.L. -19m 7kA&= NA| 10 ~ 304 %9 A, 7l =28, GL.-20m
AHAE N2 5= HAEHD HEVL 5o Qvh. 29 HL oF 90m
x90me] AgPor HIF =2 Zol= GL. -138m ojth. Fo] ¥
soil cement (57 550mm, -SZHA H-450 x 200 x 9 x 14@450) .2
GL.-23m7tA] 459 Aot HEd= 3T A4S AHEsA T
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Fig. 2.13 Geometry of bermed wall with soil profile and excavation
steps with berm (Ishii et al., 1994)
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232 A534 Ak

B AgE d2dd oz Futo] WA ZH-E Slurry Wall (Thick. 800mm)
ola Fdto] AAFHL L HAA [S.P.S(Strut as Permanent System)-
H1o] 98 Top-Down ¥W4-S #H3l= dAoltt (Fig. 2.15, Park and Kim,
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Fig. 2.15 Berm size and soil profile at 15.5m excavation depth (Park
and Kim, 2015)
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Min::0.54

(a) Maximum wall displacement 121.90mm with 5m in berm width

oo i
* v wseee . .

e 85 37747 <CEE
e s o308 & o o g

Min::0. 70845

(b) Maximum wall displacement 85.37mm with 7.5m in berm width

Fig. 2.16 Predicted wall displacement according to berm widths (Park and
Kim, 2015)
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24.1 AUAd A 1%

Table 2.19] AgAF}E o] &3l 4w HEZ]S&7|(1me}t =23 H]
(hy/H) 2 WFopzzte] w2 sdAiguddss vastux sAENS 3
ATk MY =, 2004; AZFF HolF, 2009).

1) SGEAHE3A4

O3 d¥s A 242 Foix Auls (599 JAY p (4, X,,,,X)

S5 yghe d5s) 9ste AgETh BEA P YA
2o FHMpe APHSEHT X Alole] ARBAE T 4 QD=E

Q%’V\‘Oﬂ/ﬂ TEHT yF AHREASFE o] &8 AP
7] wjZolth
(2) 3 A2 44
ANOVA (Z4F24]) 443 AF7H4 HoolA gE 3 AA T stA
: p=0 (Z1&7]7} 0olthell tisle] Table 2.2¢F Zo] F&& (P77t
0.000o.2 717ttt weba] HAWMS] ye AtEold] (Depth ratio), &%
ZAAF Berm slope) @ W Fulzzt (Friction angle) 0. & o] Fo]z 3|72 o
Z FAEY £ 9o ey (Enten)oZ AEI A RS Table 2.39
UeRd vie} Zo] 0.881% YEhY 3AA Y Augo] £2 AoE YEW
=3
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5724 & Table 249 AFE ol §3kel e 2ol Urhith
AN 2tEolrt 252, 5 avte] oyl ¥94E, AR}
FRGFE, YRohAze] S48 AP BT Yt

D, 1.1 = 0-294—0.317a—0.010b—0.003¢ 2 (2.2)

1714 a: Depth ratio
b: Berm slope(1:m, b=m)
c: Friction £

D, i1+ Displacement of wall

Table 2.2 ANOVA®

Model Sum of Squares | df | Mean Square F Sig.

Regression 014 | 3 .005 | 34.679 .OOOa
1 Residual 002 | 14 .000

Total 016 | 17

a. Predictors: (Constant), Friction_angle, Berm_slope, Depth_ratio
b. Dependent Variable: Displacement

Table 2.3 Model Summary®

. Std. Error :
R R Square | Adjusted R Square of the Estimate Durbin-Watson

.939a 881 .856

01151 1.871

a. Predictors: (Constant), Friction_angle, Berm_slope, Depth_ratio
b. Dependent Variable: Displacement
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Table 2.4 Coefficients?

Unstandardized | Standardized Collineari
Coefficients Coefficients . ty
Model t Sig. Tol
B | StdError | Beta olere | v
nce
(Constant) 0.294 .048 6.083 | .000
Depth_ratio | -.317 .033 -.877 -9.528 | .000 | 1.000 | 1.000
1
Berm_slope | .-.010 .003 -277 -3.009 | .009 | 1.000 | 1.000
Friction_angle | -.003 .001 -.188 -2.047 | .060 | 1.000 | 1.000

a. Dependent Variable: Displacement

(3) BAAEH 78S
B2 ARE A8 A HEAA Aunse FEUszte] BAE
P ELMECL s Rk

S|
g
e 2o @ 49 7hgo) B

e

A (Multicollinearity Problem)&-#] 7174

~

ZAeA EE VIFE o] &3t A= VIF= 1/2x3H), VIFG,EE 10 o]3h
- A4S BA 74 (Durbin-Watson 7 4)
b AFEZNAR (P-PEH)

Fig. 2.17 3|2~E 13 = ¢} Fig. 2.18 P-PEZF3}H #xto Wwrl Ao A
TEEFAT F st ZFxpe] 7|HEEel ASEE7F A9 24 el
=S 7

2 AFEIVIE S EAATE AR YERTH
(W} EF A EA (Multicollinearity Problem)F-A 7}4

g3 AARA EA(absence of multicollinearity problem)+ 3344 =
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A & (collinearity statistics)oll oJall AAE 5 vt Table 2404 &4k

°] [(variance inflation factor (VIDI&t T 7}A EAHEHE HAF

N
<]

i:o

o&é‘

s
Atk B3, A8 exgol 0.2 (e VIF K HEY Zd bdF3Ad4EA
o] A& gle e HAFETh VIF = 1 < 50|22 o] 7142 A AF
= Aer AEWE 5 Utk

(th A7148 2474 (Durbin-Watson 734)

Durbin-Watsone] EAx D)7} 187124 3I|HAEAM 23 =3}
(residuals)ell A7] @A BAAF (r)= tha 2o ¢35t

D=2(1—r) 21 (2.3

= 0.06452 A A7 |ABBA 7} &S HoFr}

i

Dependent Variable: Y

4= Mean =-4 72E-16
Std. Dev. =0.907
N=18

Frequency
9
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1

\
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Fig. 2.17 Histogram of regression standardized residual
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Dependent Variable: Y
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Table 2.5 Wall characteristics effected by volume of berm

Volume of berm (m3/m)
0 48 7.2 10 | 129 | 16.7 | 18.7 | 22.2

Item

Maximum area ratio
to lateral displacement
Maximum lateral 1| 08 |[0715| 07 | 069 |0695| 07
displacement ratio

Maximum bending
moment ratio

:‘;'fiz'm“m shear force |y | 931 037 | 0385 | 039 | 04 | 041 | 0415

1 0.83 | 0.782 | 0.74 | 0.72 0.7 0.7 | 0.698

0.698

1 0.824 | 09 | 0928 | 096 | 091 | 0.937 | 0.944

1.2

Maximum area ratio to lateral

displacement

o8

Paximum lateral displace ment

ratio

o6 [
PMaximum bending moment

ratio

o4 = Maximum shear force ratio

0z r

o 4.8 7.2 10 1z.9 16.7 18.7 zz.2

VOLUME OF BERM [(M3/M)

Fig. 2.20 Wall characteristics effected by volume of berm
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Table 2.6 Maximum wall displacement affect according to berm volume

ratio, excavation step and soil type

Volume of Sand (cm) Clay (cm)

berm (m*/m) Step 8 Step 9 Step 8 Step 9
0 0.99 1.06 1945 2290
1 0.98 1.05 1914 2254
2 0.98 1.03 1883 2221
3 0.98 1.01 1855 2187
4 0.97 1.00 1824 2150
5 0.97 1.00 1810 2128
6 0.97 0.99 1790 2114
7 0.97 0.99 1777 2090
8 0.96 0.99 1767 2078
9 0.96 0.99 1757 2065
10 0.96 0.99 1752 2060
1 0.96 0.99 1744 2049
12 0.96 0.99 1722 2037
13 0.96 0.99 1727 2028
14 0.96 0.99 1724 2020
15 0.96 0.98 1717 2014
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Table 2.7 Displacement and moment according to wall excavation step

Step Displacement Moment
Step 6 47 33
Step 5 36 28
Step 2 34 27
48 34
E 42 \ 31 "g
E
_?f_:t 38 o =
[m]
30 25
Step 6 Step 5 Step 2

Fig. 2.22 Displacement and bending moment of wall according to

excavation step
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Table 3.1 Summary of sampling survey results

Soil classification

Boring No.| Soil layer |Depth (m) (USCS) N value
Fill 0.0~3.5 Silty sand 7/30~17/30
i
3.5~46 sandy gravel 32/30
1 Weathered soil | 4.6~8.0 Silty sand 50/13~50/11
Weathered rock | 8.0~17.0 Silty sand 50/8~50/4
Fill 0.0~3.8 Silty sand 16/30~50/7
2 Weathered soil 3.8~10.5 Silty sand 32/30~50/17
Weathered rock | 10.5~15.0 Silty sand 50/8~50/7
Fill 0.0~4.2 Silty sand 6/30~7/30
Sedimentary 4.2~55 sandy gravel 50/6
3 Weathered soil 5.5~8.0 Silty sand 50/24~50/14
Weathered rock | 8.0~15.0 Silty sand 50/8~50/4
Table 3.2 Distribution depth of each soil layer (unit : m)
Soil layer . . Weathered Weathered Total
Boring No. RV§edmaen soil rock depth
1 4.6 - 34 9.0 17.0
2 3.8 - 6.7 4.5 15.0
3 4.2 13 25 7.0 15.0

- . nonexistence
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2 E=IIJANE

B AgS KS F 23189 FAoll <3k Split Barrel Sampler % F-tjj %H]
£ AR&ste] AAeklal, AlEAd= Table 333 ZH.

Table 3.3 Results of standard penetration test

Soil layer - . Weathered | Weathered
. Fill Sedimentary .
Boring No. soil rock
1 7/30~32/30 - 50/13~50/11 50/8~50/4
2 16/30~50/7 - 32/30~50/17 | 50/8~50/7
3 6/30~7/30 50/6 50/24~50/14 | 50/8~50/4
- : nonexistence
Q) FHAsIAA
of N2 Agstaa = HE=7HA Sondes HUT F TFAAA oA
Sonde ¢]F-o F&d IFFHEE BAFA7I, ol LAyt o W9

= 3y
& 2aslel Ms-59 oL WAALY BHALE Q2T

A @A} Table 3.4¢} o] F3ES] MIAFE 671 ~ 1105 MPa A

T2 Ve, gAASFE 755 ~ 120.3 MPa A =2 Uyt 35499
7% WA FE 1755 ~ 235.3 MPa, &A= 2932 ~ 303.9MPa A=
L
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Table 3.4 Results of borehole test

Boring No. Depth Deformation Elastic 2ot L Test
(GL,-m) | modulus (MPa) | modulus (MPa) method

5.0 67.1 75.5 Weathered soil PMT

' 11.0 203.0 2937 Weathered rock| PMT

5.0 96.3 107.2 Weathered soil PMT

? 12.0 175.5 2932 Weathered rock| PMT

7.0 110.5 120.3 Weathered soil PMT

’ 135 2353 303.9 Weathered rock| PMT

(@) SHAHGAR

M@= Table 3.5¢F #Zo] F3tES] H3H 2 2648 ~ 26.77kPa A==

Vb, W R2upEzke 2920 ~ 31.49° Ax® vehgth F3i¢te] AS
e 2892 ~ 31.84 kPa, yFvEZe 31.70 ~ 33.10° A== UEbR

Table 3.5 Results of borehole shear test

Boring | Depth | Cohesion | Internal friction Soil layer Test
No. (GL,-m) (kPa) angle ( °) method
1 6.0 26.57 3149 Weathered soll BST

120 30.03 3214 Weathered rock BST
5 45 26.48 29.20 Weathered soil BST
11.0 28.92 31.70 Weathered rock BST
3 6.0 26.77 29.64 Weathered soil BST
14.0 31.84 33.10 Weathered rock BST
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Fig. 3.2 Location of measurement gauges
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3.2.2 AZHE 71€A
Aol A= 7]FX = Table 3.63 o] AA3 Y AHE3AY. A=
A A 2RAE T 71E PR o] 1xke)F 231 #e] )
£ A8tk 2HANE T ALY 0.2%, 8 T 0.5%E
221 BE7)1FC R ol ol9 80%S 1z #Er|Eo g2 FLdta Ut =
Sk 793 AEZSVHS V|Fo 2 dmm (ZFHAE 73D, 10mm (Z1EF F
] A5 HETIEoE AAsto AYE é‘PE‘iE‘r. 3t Al (strut) 2]
Jack &% 100tf& 7]+ 2 HEstHom, A= A 38599
70%5 13}, 120%2 23} Bel7|&e aggq
Table 3.6 Measurement control standard
Item 1st 2nd Remarks
near 0.0016H 0.002H 4m? (7 days .
construction|(0.16% of excavation (0.2% of consecutive |ncremen)
. (based on design
area depth) excavation depth) report)
Inclinometer|
0.004H 0.005H 10mm (7 days
the rest consecutive increment)
(0.4% of (0.5% of .
areas : . (based on design
excavation depth) | excavation depth)
report)

Jack's capacity

Load cell(strut) 70 tonf 100 tonf (based on design
report)
upper limit +5 tonf +10 tonf
Load cell (+10%) (+20%)
(anchor) lower limit -5 tonf -10 tonf
(-10%) (-20%)

Strain gauge

less than 70% of
allowable stress of
member

less than 120% of
allowable stress of
member

based on design report

Surface settlement

20mm

25mm

Water level meter

qualitative analysis
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Fig. 3.3 Bermed excavation situation at the site
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Fig. 3.4 Cross-sectional diagram of 5.2m bermed excavation at the site
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Table 3.7 Displacement according to berm width and excavation depth

Excavation depth
Berm width
52 m 74 m 10.2 m
Im 412 mm 540 mm 8.30 mm
2 m 340 mm 4,05 mm 6.91 mm
3m 3.00 mm 5.51 mm
4 m 2.00 mm 412 mm

—#— Excavation depth 5.2

—l— Excavation depth 7.4

3.00 \\ —k— Excavation depth 10.2
200 | 4

100

Displacement {mm)

0.00 L L
1.00 2.00 3.00 4.00

Berm width {m)

Fig. 3.9 Displacement according to berm width and excavation depth
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@ &97189gd3 23zold mE HAAS 72
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atte] 78tgdd 2ol g HAMARY dAE HFAAZE A

o
24} Table 3.8°] yehd Hie} Zo] Fol&E (sig=0.0)°0] #FoloE (o
=0.00Et Zorm= IAAT7E & eroghs AFIHEC V|AHER A
Haoh =g A2 Ay Table 3.99 4} o] 92.8%°1™ 3|+ 2]
< Table 3100 Yebd AFE ol &8t ta3 o] IAE & St

Dyurs = 2:093—0.943a+0.623b

21 @D

o171M a: Berm width

b: Ercavation depth

D115 - Displacement (mm)

Table 3.8 ANOVA®
Model Sum of Squares | df | Mean Square F Sig.
Regression 29.645 | 2 14.822 | 44.972 | .000a
1 Residual 2307 | 7 .330
Total 31952 | 9

a. Predictors: (Constant), Exca_depth, Berm_width

b. Dependent Variable: Displacement
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Table 3.9 Model Summary®

R R Square | Adjusted R Square Std. Error

of the Estimate

Durbin-Watson

.963a 928 907 57410 2.381
a. Predictors: (Constant), Exca_depth, Berm_width
b. Dependent Variable: Displacement
Table 3.10 Coefficients”
Unstandardized | Standardized Collinearity
Coefficients Coefficients .
Model t Sig.
B Std.Error Beta Tolerence VIF
(Constant) 2.093 743 2817 | .026 1.000 1.000
1 Berm_width | -.943 .165 -.580 -5713 | .001 1.000 1.000
Exca_depth 623 .081 .780 7.680 | .000 1.000 1.000

a. Dependent Variable: Displacement

(W 34 712718 5 A=
O AtEE7HY (P-PER)

Fig. 3.10 3] 2=E 183} Fig. 3.11

2 AFEENAGL BEAATFE o2 Ug
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Dependent Variable: Displacement

3= Mean =4 55E-15
Stel. Dev. =0.852
M=10

N
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Fig. 3.10 Histogram of regression standardized residual

Dependent Variable: Displacement
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Fig. 3.11 Normal P-P plot of regression standardized residual
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@ = A EA (Multicollinearity Problem)3-=} 714

O3 8A A (absence of multicollinearity problem)E 3414

% (collinearity statistics)oll <3 HAE 4 Qth. Table 3.1004 &
AF @A @9l [(variance inflation factor (VIF)]& VIF =1 <5 A (&
E230.2 ) O FAL A AL e BHoEr. wEA

e gle
NRe BEAATE oz AR 5 Aok

Qe

i

o

Table3.99l 4 Durbin-Watson®] EAX(D)7} 2.3812A 3 AEA <3t
b2} (residuals)ell 271 ABBAAF(rE 4 2.3)°] 23t r = 0.192A4
A7 4B/ A 7 A ¢eS HeErh

3 A=zt Ao & AN HTEA

AZgk HAAG o@ AMAE Aeleh Table 311 9 Fig. 3125
2t} Fig. 31200 e niel 2ol AZgs A4 9@ we 2 o

A1 Ao & 5 Aok

Table 3.11 Summary of observation and regression results

Excavation depth (m)
vsi'i;t';‘ 5.4 7.2 10.2
Observed Calculated Observed Calculated Observed Calculated
1 412 45142 540 5.6356 8.30 7.5046
2 3.40 3.5712 4.05 4.6926 6.91 6.5616
3 3.00 2.6282 551 5.6186
4 2.00 1.6852 412 4.6756
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Fig. 3.12 Summary of observation and regression results
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Table 3.12 Strut axial force according to excavation depth

Bern width (m)

Step 0 1 2 3

Step 1 28.11 25.57 26.125 26.68
Step 2 49.64 45.03 45.25 4547
Step 3 26.24 23.99 23.085 22.18
Step 4 27.27 21.02 16.835 12.65
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Table 4.1 Weathered soil (SM) parameters used in design and

calculated by back analysis in case of 5.2m bermed excavation

. . . . Elastic
Unit weight, v+ | Cohesion, ¢ | Friction angle,
Item I I 50) modulus, E
kN/m kN/m °
( ) ( ) N/ m?)
Design 19 14.0 30 39,000
Back 19 40 27 30,000
analysis
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Fig. 4.2 Observed data of lateral displacement with different soil

parameters in case of bermed excavation 5.2m
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Table 4.2 Parameters considered in numerical analysis

Parameter Berm depth Berm width Berm slope
1
9 1:1.0
Case 25 3 1:0.5
1:0.2
4
1t level strut Kingpost
[-700x300x13x24 H-300x305x15x15
C.T.C. 2000 C.T.C. 4000
4.0m N 1st level strut
1.0m, 1.0m, 1.0m, 1.0m
&
£
Soil(SM) £ |3 24 2nd level strut
— & = 5.2 m excavation
N 3rd level strut
7.4 m excavation
10.2 m excavation
10. 1™ Hepile +Timber lagging
H-300x305x15x15
Weathered rock C.T.C. 2000

Fig. 4.4 Cross-sectional diagram of step-wise bermed excavation at the site
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1:0.2 and berm width 2m with different excavation depths
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Table 4.3. Calculated results of maximum lateral displacement

according to berm width, berm slope, and excavation depth

SN Berm width Exca. depth Berm slope Displacement
(m) (m) (mm)
1 1 52 0.2 411
2 2 52 0.2 298
3 3 52 0.2 295
4 4 52 0.2 2.89
5 1 74 0.2 9.24
6 2 74 0.2 6.92
7 3 74 0.2 5.25
8 4 74 0.2 4.24
9 1 10.2 0.2 11.7
10 2 10.2 0.2 10.7
11 3 10.2 0.2 9.8
12 4 10.2 0.2 9.16
13 1 52 0.5 3.36
14 2 5.2 0.5 298
15 3 52 0.5 2.96
16 4 52 0.5 2.86
17 1 74 0.5 8.28
18 2 74 0.5 6.17
19 3 74 0.5 476
20 4 74 0.5 401
21 1 10.2 0.5 113
22 2 10.2 0.5 104
23 3 10.2 0.5 9.54
24 4 10.2 0.5 8.77
25 1 52 1 2.99
26 2 5.2 1 3
27 3 52 1 294
28 4 52 1 2.86
29 1 74 1 6.34
30 2 74 1 4.8
31 3 74 1 3.98
32 4 74 1 38
33 1 10.2 1 10.5
34 2 10.2 1 9.67
35 3 10.2 1 8.83
36 4 10.2 1 8.19
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Table 4.4 Considered soil properties of weathered soil layer (SM)

Unit weight, . " A Elastic
Cohesion, c | Friction angle,
Case vy T ) modulus, E
EN/m °
@ty | (EN/m)
Lower 19.0 20 24 21,000
strength
strength used 19.0 40 27 30,000
back analysis
strength used 19.0 14.0 30 39,000
design stage
Higher 19.0 24.0 33 48,000
strength
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Table 4.5 Results of maximum lateral displacement according to soil

parameters and excavation depth

SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) ) (mm)
1 1 5.2 0.2 2 24 10.2
2 2 5.2 0.2 2 24 6.74
3 3 5.2 0.2 2 24 5.25
4 4 52 0.2 2 24 4.68
5 1 74 0.2 2 24 17.2
6 2 74 0.2 2 24 13
7 3 74 0.2 2 24 10.3
8 4 74 0.2 2 24 7.88
9 1 10.2 0.2 2 24 17.6
10 2 10.2 0.2 2 24 16.5
11 3 10.2 0.2 2 24 15.8
12 4 10.2 0.2 2 24 15.2
13 1 5.2 0.2 4 27 4.04
14 2 5.2 0.2 4 27 2.96
15 3 52 0.2 4 27 2.93
16 4 5.2 0.2 4 27 2.88
17 1 74 0.2 4 27 9.26
18 2 74 0.2 4 27 6.65
19 3 74 0.2 4 27 5.09
20 4 74 0.2 4 27 416
21 1 10.2 0.2 4 27 114
22 2 10.2 0.2 4 27 10.3
23 3 10.2 0.2 4 27 9.45
24 4 10.2 0.2 4 27 8.72
25 1 5.2 0.2 14 30 261
26 2 5.2 0.2 14 30 249
27 3 5.2 0.2 14 30 2.34
28 4 52 0.2 14 30 2.2
29 1 74 0.2 14 30 416
30 2 7.4 0.2 14 30 3.62
31 3 74 0.2 14 30 3.38
32 4 74 0.2 14 30 3.25
33 1 10.2 0.2 14 30 6.29
34 2 10.2 0.2 14 30 53
35 3 10.2 0.2 14 30 473
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Table 4.5 Results of maximum lateral displacement according to soil

parameters and excavation depth (continued)

SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) ) (mm)
36 4 10.2 0.2 14 30 4.44
37 1 5.2 0.2 24 33 2.07
38 2 52 0.2 24 33 2.01
39 3 5.2 0.2 24 33 1.9
40 4 5.2 0.2 24 33 1.7
41 1 7.4 0.2 24 33 3.31
42 2 7.4 0.2 24 33 3.05
43 3 7.4 0.2 24 33 2.85
44 4 7.4 0.2 24 33 272
45 1 10.2 0.2 24 33 4.72
46 2 10.2 0.2 24 33 4.09
47 3 10.2 0.2 24 33 3.8
48 4 10.2 0.2 24 33 3.67
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Table 4.6 Considered shear strength parameters of weathered soil layer (SM)

Case Cohesion, ¢ (kN/m?) Internal friction angle, ¢ (°)
20 0
30 0
Clayey soil
40 0
50 0
0 23
0 25
Sandy soil
0 27
0 29
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Table 4.7 Effect of cohesion ¢ on the maximum lateral displacement

SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) ¢ (°) (mm)
1 1 5.2 0.2 20 0 213
2 2 5.2 0.2 20 0 159
3 3 5.2 0.2 20 0 12.2
4 4 5.2 0.2 20 0 9.69
5 1 5.2 0.2 30 0 498
6 2 5.2 0.2 30 0 4.59
7 3 5.2 0.2 30 0 4.27
8 4 5.2 0.2 30 0 3.95
9 1 5.2 0.2 40 0 3.36
10 2 5.2 0.2 40 0 3.24
11 3 5.2 0.2 40 0 3.07
12 4 5.2 0.2 40 0 2.85
13 1 5.2 0.2 50 0 331
14 2 5.2 0.2 50 0 321
15 3 5.2 0.2 50 0 3.03
16 4 5.2 0.2 50 0 2.86
17 1 74 0.2 20 0 25.2
18 2 74 0.2 20 0 22.2
19 3 7.4 0.2 20 0 20.2
20 4 74 0.2 20 0 185
21 1 7.4 0.2 30 0 104
22 2 74 0.2 30 0 8.88
23 3 74 0.2 30 0 7.46
24 4 74 0.2 30 0 6.81
25 1 74 0.2 40 0 5.53
26 2 74 0.2 40 0 4.85
27 3 74 0.2 40 0 44
28 4 74 0.2 40 0 419
29 1 74 0.2 50 0 5.09
30 2 74 0.2 50 0 461
31 3 74 0.2 50 0 4.29
32 4 74 0.2 50 0 4.09
33 1 10.2 0.2 20 0 294
34 2 10.2 0.2 20 0 26.6
35 3 10.2 0.2 20 0 24.5
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Table 4.7 Effect of cohesion on the maximum lateral displacement

(continued)
SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) o () (mm)
36 4 10.2 0.2 20 0 221
37 1 10.2 0.2 30 0 14.3
38 2 10.2 0.2 30 0 134
39 3 10.2 0.2 30 0 126
40 4 10.2 0.2 30 0 119
41 1 10.2 0.2 40 0 8.79
42 2 10.2 0.2 40 0 7.72
43 3 10.2 0.2 40 0 6.77
44 4 10.2 0.2 40 0 6.27
45 1 10.2 0.2 50 0 6.89
46 2 10.2 0.2 50 0 6.06
47 3 10.2 0.2 50 0 5.67
48 4 10.2 0.2 50 0 548
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Table 4.8 Effect of friction angle on the maximum lateral displacement

SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) o () (mm)
1 1 5.2 0.2 0 23 15
2 2 5.2 0.2 0 23 10.5
3 3 5.2 0.2 0 23 7.67
4 4 5.2 0.2 0 23 6.05
5 1 5.2 0.2 0 25 10.8
6 2 5.2 0.2 0 25 74
7 3 5.2 0.2 0 25 543
8 4 5.2 0.2 0 25 448
9 1 5.2 0.2 0 27 8.06
10 2 5.2 0.2 0 27 5.44
11 3 5.2 0.2 0 27 3.85
12 4 5.2 0.2 0 27 3.28
13 1 5.2 0.2 0 29 6.24
14 2 5.2 0.2 0 29 415
15 3 5.2 0.2 0 29 3.09
16 4 5.2 0.2 0 29 2.89
17 1 7.4 0.2 0 23 20.8
18 2 74 0.2 0 23 16.8
19 3 74 0.2 0 23 131
20 4 74 0.2 0 23 9.95
21 1 74 0.2 0 25 16.9
22 2 74 0.2 0 25 135
23 3 74 0.2 0 25 10.2
24 4 74 0.2 0 25 7.55
25 1 74 0.2 0 27 143
26 2 74 0.2 0 27 109
27 3 74 0.2 0 27 8
28 4 74 0.2 0 27 5.82
29 1 74 0.2 0 29 114
30 2 74 0.2 0 29 8.87
31 3 74 0.2 0 29 6.34
32 4 74 0.2 0 29 472
33 1 10.2 0.2 0 23 21.05
34 2 10.2 0.2 0 23 19.7
35 3 10.2 0.2 0 23 19.1
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Table 4.8 Effect of friction angle on the maximum lateral displacement

(continued)
SN Berm Exca. Berm | Cohesion | Fric. angle | Displace.
width (m) | depth (m) | slope | ¢ (kN/m?) o () (mm)
36 4 10.2 0.2 0 23 18.6
37 1 10.2 0.2 0 25 174
38 2 10.2 0.2 0 25 16.6
39 3 10.2 0.2 0 25 159
40 4 10.2 0.2 0 25 154
41 1 10.2 0.2 0 27 151
42 2 10.2 0.2 0 27 14.2
43 3 10.2 0.2 0 27 135
44 4 10.2 0.2 0 27 12.9
45 1 10.2 0.2 0 29 134
46 2 10.2 0.2 0 29 124
47 3 10.2 0.2 0 29 116
48 4 10.2 0.2 0 29 11
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Fig. 4.8 Effect of cohesion on the maximum lateral displacement
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43 A3} 1%

131 2% 718547 AWBEAR ) e 54
L =AY A
Table 4.3 ~ Table 4.82] A8Z F33le] 374L =85t

ANOVA (RAHEADEA AL AF7HE HoolA gE 3HAA
Ho : =0 (71717} 0¢]thel tiste] Table 4.99F Zo]
0.0002 7]zt weA AR D, .5 29F, F270
A A2, Y RuEZ o R o] Fojx I o® Uehlon @AY
H(step wise)e. 2 HEZF A} Table 4107 o] R’ 0.7462 e}
S| dHE e oF 7T5%%2 £ Ao = e Table 4119 AFse
ol &3t T &2 3|AA LS At

1o
i
]
=)
3

k]

Doy = 15.722 — 1.180a+ 1.384b— 4.698¢ — 0.362d — 0.443¢ 2 (4.1)

714 a: Berm width
b : Frcavation depth
c: Berm slope
d : Cohesion
e : Friction angle
D, .5+ Displacement
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Table 4.9 ANOVA®

Model Sum of Squares df | Mean Square F Sig.

Regression 4458.370 5 891.674 | 102.049 | .000°
1  Residual 1520.367 | 174 8.738

Total 5978.738 | 179

a. Predictors: (Constant), Fric_angle, Exca_depth, Berm_width, Slope, Cohesion

b.

Dependent Variable: Displacement

Table 4.10 Model Summary(f)

Change Statistics
Mo R R Durbin-
del Square | R Square F df1 | df2 Sig. F | Watson
Change | Change Change
A491(a) 241 241 56.672 1] 178 .000
.542(b) 294 .052 13.145 1177 .000
.587(c) .345 .051 13.630 1]176 .000
.848(d) 718 374 232.085 11175 .000
.864(e) 746 .027 18.759 1] 174 .000 .580

-0 O 0 T 9

Predictors: (Constant), Exca_depth

Predictors: (Constant), Exca_depth, Berm_width
Predictors: (Constant), Exca_depth, Berm_width, Cohesion
Predictors: (Constant), Exca_depth, Berm_width, Cohesion, Fric_angle
Predictors: (Constant), Exca_depth, Berm_width, Cohesion, Fric_angle, Slope

Dependent Variable: Displacementit
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Table 4.11 Coefficients?

Unstanda!rdized Standa@ized Collnearity
Model Coefficients Coefficients t Sig.
B Std.Error Beta Tolerance | VIF

(Constant) 15.722 1.299 12.099 | .000
Berm_width | -1.180 197 -.229 -5.990 | .000 1.000 1.000
Exca_depth 1.384 .108 491 12.855 | .000 1.000 1.000
' Slope -4.698 1.085 -.170 -4.331 | .000 953 1.049
Cohesion -.362 .022 -.948 -16.359 | .000 404 2477
Fric_angle -443 .028 -.940 -15.623 | .000 404 2477

a. Dependent Variable: Displacement

2 IAEY 718713

b AFEEINA

Fig. 410 3|2~E18=
4110 YeERd P-PEFS} yZ=
AR At Eebs Aolrt oy O 2)e JHEES & MSAAFIL
oBE HAFEEIMEES USAAFE A =

et T,

o

Foll. zkate] WI=7F dZo = X 9-x%Qa, Fig
o]

it
2
2y
bt

83



Dependent Variable: Displacement

A0 Mean =8.12E-15
Stdl. Dev. =0.986
N =180

[
T

Frequency
T
™~

0 T T I T
-2 -1 1] 1 2 3 4

Regression Standardized Residual

Fig. 4.10 Histogram of regression standardized residual

Dependent Variable: Displacement

1.0

0.4+

Expected Cum Prob

0.2

0o T T T T
0o [ 04 06 08 1.0

Observed Cum Prob

Fig. 4.11 Normal P-P plot regression standardized residual
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W) =344 &4 (Multicollinearity Problem)&A 714

O3 A EA HA (absence of multicollinearity problem): JF 414
% (collinearity statistics)ell & AAEY 4 At} Table 4.11o4 &
L <[(variance inflation factor (VIF)]&# F 7} SAFE HoF
itk AP, 88 SAgro] 0.2 ( EE= VIF = 247K 5B a8 o

al

FFTHARA AFe Yt e BAZFTh mPA o] SAHL FBEAA
=z 1

T

(th A7148 2474 (Durbin-Watson 734)

Durbin-Watson®] Z#X(D)7} Table 4.1014 0.5802A] 3 HEA <
Sk ZkA} (residuals)ell A7) F&IBAA (= O 2 2.3 &35t r =
0.7124 A714TFA 7 = A2 Yelgt)

d

S UEANAFAE ESAT Aol oF 75%F =31 paired
AARAH s A2t 32 o3 S FoFFE S%olA LT
= Ao Z YEy 3L S BFAATE oz A3t

(3) Paired t HA

FA A AT} FRHAAE o &3 3] AA A T Fhe] dAARE
paired t A4S 3+ A3} Table 4.12 2 Table 4.13¢] Yeld AAYH “<
A s B Ao o3 HAWMAE 2o e AFIHE (A)o] o
F 5% (a=0.05¢p=0.996)o Al o2 F Fhe Z IAFTES HoFE
H, A3 A4 o3 HAMAAE 2o (a3 374l
gk B Aol Aol= 4 (zero) °olth)

Lo
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Table 4.12 Paired samples correlations

N Correlation Sig.

Pair 1  Numerical & Regression 180 .864 .000

Table 4.13 Paired samples test

Paired Differences

95% Confidence Sig.
Std. Std. Interval of the t df | (2-taile
Mean | Deviati | Error Difference d)
on Mean
Lower | Upper
Pair 1
Numerical - 001167 | 2914591 | 217241 | -427516 | 429849 | .005 | 179 .996
Regression

432 $ANH G HAN] @ Askgt ALEY

AAEA ] R FAH AT SN AAE o] §F 374 T
AAAE A3k Table 4145 ©]-83to Fig. 4.129} o] AxXE=2 1}
ERRIth MAS] W97 % st glomE £Xs4 A o 3m
olshel i B 40 )@ gho] (olm Fojm s, £AsNA ghol o
10 mm7bA & 8920 o3 ol A, T ol eIt FXAAN gl =
A vrebsteh
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Table 4.14 Calculation results of numerical and regression equation

Bgrm Exca. Berm Cohesion Fric. Displace. (mm)
SN width | depth slope 5 angle

(m) (m) pe | c (kN/m) é () Numer. | Reg.
1 1 5.2 0.2 20 0 21.3 13.56
2 2 52 0.2 20 0 15.9 12.38
3 3 52 0.2 20 0 12.2 11.20
4 4 5.2 0.2 20 0 9.69 10.02
5 1 52 0.2 30 0 498 9.94
6 2 52 0.2 30 0 4.59 8.76
7 3 52 0.2 30 0 427 7.58
8 4 5.2 0.2 30 0 3.95 6.40
9 1 5.2 0.2 40 0 3.36 6.32
10 2 52 0.2 40 0 3.24 5.14
11 3 52 0.2 40 0 3.07 3.96
12 4 52 0.2 40 0 2.85 2.78
13 1 5.2 0.2 50 0 331 2.70
14 2 52 0.2 50 0 321 152
15 3 5.2 0.2 50 0 3.03 0.34
16 4 52 0.2 50 0 2.86 -0.84
17 1 74 0.2 20 0 25.2 16.60
18 2 7.4 0.2 20 0 22.2 1542
19 3 7.4 0.2 20 0 20.2 14.24
20 4 7.4 0.2 20 0 185 13.06
21 1 74 0.2 30 0 104 12.98
22 2 7.4 0.2 30 0 8.88 11.80
23 3 7.4 0.2 30 0 7.46 10.62
24 4 7.4 0.2 30 0 6.81 9.44
25 1 74 0.2 40 0 553 9.36
26 2 7.4 0.2 40 0 4.85 8.18
27 3 7.4 0.2 40 0 44 7.00
28 4 74 0.2 40 0 419 5.82
29 1 74 0.2 50 0 5.09 574
30 2 7.4 0.2 50 0 461 4.56
31 3 7.4 0.2 50 0 4.29 3.38
32 4 74 0.2 50 0 4.09 2.20
33 1 10.2 0.2 20 0 294 20.48
34 2 10.2 0.2 20 0 26.6 19.30
35 3 10.2 0.2 20 0 24.5 18.12
36 4 10.2 0.2 20 0 221 16.94
37 1 10.2 0.2 30 0 14.3 16.86
38 2 10.2 0.2 30 0 134 15.68
39 3 10.2 0.2 30 0 12.6 14.50
40 4 10.2 0.2 30 0 119 13.32
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Table 4.14 Calculation results of numerical and regression equation (continued)
Bgrm Exca. Berm Cohesion Fric. Displace. (mm)

SN width | depth slope 5 angle
(m) (m) pe | c (kN/m) é () Numer. | Reg.
41 1 10.2 0.2 40 0 8.79 13.24
42 2 10.2 0.2 40 0 7.72 12.06
43 3 10.2 0.2 40 0 6.77 10.88
44 4 10.2 0.2 40 0 6.27 9.70
45 1 10.2 0.2 50 0 6.89 9.62
46 2 10.2 0.2 50 0 6.06 8.44
47 3 10.2 0.2 50 0 5.67 7.26
48 4 10.2 0.2 50 0 5.48 6.08
49 1 5.2 0.2 0 23 15 10.61
50 2 5.2 0.2 0 23 10.5 9.43
51 3 5.2 0.2 0 23 7.67 8.25
52 4 5.2 0.2 0 23 6.05 7.07
53 1 5.2 0.2 0 25 10.8 9.72
54 2 5.2 0.2 0 25 74 8.54
55 3 5.2 0.2 0 25 543 7.36
56 4 5.2 0.2 0 25 448 6.18
57 1 5.2 0.2 0 27 8.06 8.84
58 2 5.2 0.2 0 27 5.44 7.66
59 3 5.2 0.2 0 27 3.85 6.48
60 4 5.2 0.2 0 27 3.28 5.30
61 1 5.2 0.2 0 29 6.24 7.95
62 2 5.2 0.2 0 29 415 6.77
63 3 5.2 0.2 0 29 3.09 5.59
64 4 5.2 0.2 0 29 2.89 441
65 1 74 0.2 0 23 20.8 13.66
66 2 74 0.2 0 23 16.8 1248
67 3 74 0.2 0 23 13.1 11.30
68 4 74 0.2 0 23 9.95 10.12
69 1 74 0.2 0 25 16.9 12.77
70 2 74 0.2 0 25 135 11.59
71 3 74 0.2 0 25 10.2 1041
72 4 74 0.2 0 25 7.55 9.23
73 1 74 0.2 0 27 14.3 11.88
74 2 74 0.2 0 27 10.9 10.70
75 3 74 0.2 0 27 8 9.52
76 4 74 0.2 0 27 5.82 8.34
77 1 74 0.2 0 29 114 11.00
78 2 74 0.2 0 29 8.87 9.82
79 3 74 0.2 0 29 6.34 8.64
80 4 74 0.2 0 29 472 7.46
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Table 4.14 Calculation results of numerical and regression equation (continued)

Bgrm Exca. Berm Cohesion Fric. Displace. (mm)
SN width | depth | 5 angle

(m) (m) slope | ¢ (kN/m”) ¢ (°) Numer. | Reg.
81 1 10.2 0.2 0 23 21.05 17.53
82 2 10.2 0.2 0 23 19.7 16.35
83 3 10.2 0.2 0 23 191 15.17
84 4 10.2 0.2 0 23 18.6 13.99
85 1 10.2 0.2 0 25 174 16.64
86 2 10.2 0.2 0 25 16.6 15.46
87 3 10.2 0.2 0 25 15.9 14.28
88 4 10.2 0.2 0 25 154 13.10
89 1 10.2 0.2 0 27 151 1576
90 2 10.2 0.2 0 27 14.2 14.58
91 3 10.2 0.2 0 27 135 13.40
92 4 10.2 0.2 0 27 129 12.22
93 1 10.2 0.2 0 29 134 14.87
94 2 10.2 0.2 0 29 124 13.69
95 3 10.2 0.2 0 29 11.6 1251
96 4 10.2 0.2 0 29 11 11.33
97 1 52 0.2 2 24 10.2 9.44
98 2 52 0.2 2 24 6.74 8.26
99 3 52 0.2 2 24 5.25 7.08
100 4 52 0.2 2 24 468 5.90
101 1 74 0.2 2 24 17.2 12.49
102 2 74 0.2 2 24 13 1131
103 3 74 0.2 2 24 10.3 10.13
104 4 7.4 0.2 2 24 7.88 8.95
105 1 10.2 0.2 2 24 17.6 16.36
106 2 10.2 0.2 2 24 16.5 15.18
107 3 10.2 0.2 2 24 15.8 14.00
108 4 10.2 0.2 2 24 152 12.82
109 1 52 0.2 4 27 4.04 7.39
110 2 52 0.2 4 27 2.96 6.21
111 3 52 0.2 4 27 293 5.03
112 4 52 0.2 4 27 2.88 3.85
113 1 7.4 0.2 4 27 9.26 10.44
114 2 74 0.2 4 27 6.65 9.26
115 3 74 0.2 4 27 5.09 8.08
116 4 7.4 0.2 4 27 416 6.90
117 1 10.2 0.2 4 27 114 1431
118 2 10.2 0.2 4 27 10.3 13.13
119 3 10.2 0.2 4 27 945 11.95
120 4 10.2 0.2 4 27 8.72 10.77
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Table 4.14 Calculation results of numerical and regression equation (continued)

Bgrm Exca. Berm Cohesion Fric. Displace. (mm)
SN width | depth | 5 angle

(m) (m) slope | ¢ (kN/m”) ¢ (°) Numer. | Reg.
121 1 52 0.2 14 30 2.61 244
122 2 52 0.2 14 30 249 1.26
123 3 52 0.2 14 30 2.34 0.08
124 4 52 0.2 14 30 22 -1.10
125 1 7.4 0.2 14 30 416 5.49
126 2 74 0.2 14 30 3.62 431
127 3 74 0.2 14 30 3.38 313
128 4 7.4 0.2 14 30 3.25 195
129 1 10.2 0.2 14 30 6.29 9.36
130 2 10.2 0.2 14 30 53 8.18
131 3 10.2 0.2 14 30 473 7.00
132 4 10.2 0.2 14 30 444 5.82
133 1 52 0.2 24 33 2.07 -2.51
134 2 52 0.2 24 33 201 -3.69
135 3 5.2 0.2 24 33 19 -4.87
136 4 5.2 0.2 24 33 17 -6.05
137 1 7.4 0.2 24 33 331 0.54
138 2 74 0.2 24 33 3.05 -0.64
139 3 74 0.2 24 33 2.85 -1.82
140 4 74 0.2 24 33 2.72 -3.00
141 1 10.2 0.2 24 33 472 441
142 2 10.2 0.2 24 33 4.09 3.23
143 3 10.2 0.2 24 33 38 2.05
144 4 10.2 0.2 24 33 3.67 0.87
145 1 52 0.2 4 27 411 7.39
146 2 52 0.2 4 27 298 6.21
147 3 52 0.2 4 27 295 5.03
148 4 52 0.2 4 27 2.89 3.85
149 1 7.4 0.2 4 27 9.24 10.44
150 2 74 0.2 4 27 6.92 9.26
151 3 74 0.2 4 27 5.25 8.08
152 4 74 0.2 4 27 424 6.90
153 1 10.2 0.2 4 27 11.7 1431
154 2 10.2 0.2 4 27 10.7 13.13
155 3 10.2 0.2 4 27 9.8 11.95
156 4 10.2 0.2 4 27 9.16 10.77
157 1 52 0.5 4 27 3.36 5.98
158 2 52 0.5 4 27 298 4.80
159 3 52 0.5 4 27 2.96 3.62
160 4 5.2 0.5 4 27 2.86 244
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Table 4.14 Calculation results of numerical and regression equation (continued)
Bgrm Exca. Berm Cohesion Fric. Displace. (mm)

SN width | depth | 5 angle
(m) (m) slope | ¢ (kN/m”) ¢ (°) Numer. | Reg.
161 1 74 0.5 4 27 8.28 9.03
162 2 74 0.5 4 27 6.17 7.85
163 3 74 0.5 4 27 476 6.67
164 4 74 0.5 4 27 4.01 5.49
165 1 10.2 0.5 4 27 11.3 12.90
166 2 10.2 0.5 4 27 104 11.72
167 3 10.2 0.5 4 27 9.54 10.54
168 4 10.2 0.5 4 27 8.77 9.36
169 1 5.2 1 4 27 2.99 3.63
170 2 5.2 1 4 27 3 245
171 3 5.2 1 4 27 2.94 1.27
172 4 5.2 1 4 27 2.86 0.09
173 1 74 1 4 27 6.34 6.68
174 2 74 1 4 27 48 5.50
175 3 7.4 1 4 27 3.98 432
176 4 74 1 4 27 3.8 3.14
177 1 10.2 1 4 27 10.5 10.55
178 2 102 il 4 27 9.67 9.37
179 3 10.2 1 4 27 8.83 8.19
180 4 10.2 1 4 27 8.19 7.01
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Fig. 4.13 Displacement results of observed, numerical and regression
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Fig. 5.6 Function of berm based on the lateral forces (Yang and Park,
1998)
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Table 5.2 Determination of berm function considering excavation depth,

berm width, and berm slope

Excavation depth Berm width Berm slops (s) Function
Y p
1.05 < S Intermediate
H=5.2m 2m 0|4t
© 110 < S Good
1.05 < S Intermediate
H=7.4m 3m 0|4t
© 110 < S Good
1.05 < S Intermediate
H=10.2m 4m O|At
© 110 < S Good
10.2
Bad ,\06 \,\Q
74 ¢ \'?}e
\0‘6@
52 4
Good
-
1 2 3 4

Berm width (m)

Fig. 5.15 Berm function decision diagram considering excavation

depth, berm width, and berm slope
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