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8 Backfill slope (FA&H ZAb

c Cohesion (2+=)

E, Young’s modulus (*13 Al 5)

€ha Active strain (F5H3E)

hp Passive strain (+&H3E)

A Any displacement (2] 9))

A, Active displacement (F~5H%])

A, Passive displacement (=% <))

A, Mobilized active displacement (5= )

A Mobilized passive displacement (%= 9])

A, Displacement at the bottom of the wall (HA] stc <)
A, Displacement at the top of the wall (8] 2 ¥9)
A Mobilized passive displacement for design (A 5= ¥
AlA, Passive displacement ratio for design (2A $=F=¥H9H])
5,06 Wall friction angle (3 ®n}zkz})

5, Mobilized wall friction angle (%3] =& ¥wlzz}

v Unit weight of soil (F2] @153

H Height of the wall (8A¢] o))
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pc

pq
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pp’ Up» Uhp
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Active earth pressure coefficient (F5E4A <)

Passive earth pressure coefficient (=% E4A5)

Passive earth pressure coefficient of soil weight

(Fo] dFHFl 9T FEEAAT

Passive earth pressure coefficient of cohesion

Hz2HEH (o)l o3 FFEUAT)

Passive earth pressure coefficient of vertical

surcharge loading (92 Atz (g)el o3 F5ELAT)
At rest earth pressure (3= ESH

Active earth pressure (F5ESH

Passive earth pressure (5 E%D)

Mobilized active earth pressure (F5ZE%D)

Mobilized passive earth pressure (FE5ZE)

Active force (T ES &)

Passive force (=5 ES =)

Mobilized passive force (FEZES &)

Internal friction angle (W4-v}zz})

Mobilized internal friction angle (%3] 5= W Fulzz}h)
Caquot and Kerisel’s reduction factor

Reduction coefficient for Rankine (Rankine=<t ZHaA <)

Angle of failure planes for horizontal (3} 7 Ap
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Assesment of Mobilized Passive Earth Pressure Depending

on Displacement

Kim, Tae O

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Computation of passive earth pressure is an important factor in
anchor blocks that resist lateral earth pressure and in support blocks
of retaining wall with raker. In practice, due to ease of use, it is
common to compute the limiting state earth pressure using the theory
of Coulomb and Rankine, which assumes the failure plane of the active

and passive earth pressures as straight lines.

However, according to foreign researchers, the passive failure plane
generated by friction between the wall surface and the soil forms a
complex failure plane: curve near the wall and a flat plane near the

ground surface.

The active failure plane assumed by the theory of Coulomb, which
considers the wall friction, shows a minor difference from the actual

curved active plane, yet the computed passive failure plane shows a
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great difference from the actual curved passive failure plane. In the
end, the theory of Coulomb results in an overestimation of passive
earth pressure, and the difference increases as the internal friction

angle increases.

The magnitude of the earth pressure exerted on the wall is closely
related to the displacement of the wall, and the limit displacement
where passive earth pressure is generated is larger compared to where
the active earth pressure is generated. Since the limit displacement
where the passive earth pressure occurs is at a displacement level
exceeding the stability of the wall, it is essential to calculate the
passive earth pressure that occurs at the allowable displacement range

in order to apply the passive earth pressure to the design.

This paper compares and analyzes the passive earth pressure
coefficient of the passive earth pressure theory using a logarithmic
spiral instead of the passive earth pressure theory by Coulomb and
Rankine that assumes a straight failure plane. Various displacement
ranges within the passive limit displacement range were calculated by
using the semi—empirical method that can calculate the passive earth
pressure exerted at the displacement level considering the complex
failure plane. The computed results went through numerical analysis to
judge the reliability of the semi-empirical method was judged and

present the displacement ranges applicable in practice.

Passive earth pressure calculated using the semi-empirical method
was compared to the numerical analysis. As a result of the numerical
analysis, the passive earth pressure calculated wusing the
semi—empirical method by applying the displacement level within the
passive limit displacement range determined in this paper is judged to

be proper.
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When passive displacement occurs in the noncohesive sand ground
above the ground water level, the passive earth pressure calculated
according to the semi-empirical method is shown according to the
magnitude of the internal friction angle. The reduction coefficient is
shown so that it can be conveniently applied in practice and in the
Rankine limit passive earth pressure. Also, The passive earth pressure

relational expression due to displacement is proposed.
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Fig. 1.1 Relationship of earth pressure and displacement
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Fig. 2.1 Rankine‘s earth pressure theory (Lee, 2016)

(a) Soil element of infinite slope (b) Soil element

Fig. 2.2 Soil element in ground (Lee, 2016)
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(a) Backfill with sloping wall (b) Soil element

(c) Mohr circle

Fig. 2.3 Rankine's passive earth pressure in backfill with sloping wall
(Lee, 2016)
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c=0 (Baek, 2007)
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Fig. 2.5 Coulomb’s earth pressure theory (Lee, 2016)
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Fig. 2.6 Real failure surface and failure surface assumed by Coulomb’s earth

pressure theory (Chang, 2006)
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TENSS FatuA =¥ttt 28y B9 AEs 1Hdte o' oEx% 3t
@ AN o RE RS F glo] AFolA H &SV gA g

Caquot and Kerisel(1948)¢] o2 AA IyHe] 7MA 7 d 53tataH
o] ESHAIFE ExE UEo] dA oA ZleAE0] B A 8E & A
=2 39tk o] =X NAVFAC DM7.2(US. Navy, 1982)¢] =250 glt}. o
Kerisel and Absi(1990)= F& % FEE{ATIEE LA oH, o] 5
34 HE agste] AAd dAsE FEEQ /e ES TS
o] Eo A Wo] AFRH I Yr}t. Table. 2.1 thEAC FAR wtaH e 714
ATFAE UEd Zew BF IAHAR RAHS tjgil(og spiraDo = 7F

st ok

(e rlo o

A<

Table 2.1 Assumptions about the curved failure surface

Investigator Assumption on BCD (Fig. 2.6(b)
Caquot and Kerisel(1948) Arc of log spiral
TerzaZizﬁzl(}l’zﬁzl%?) Arc of log spiral

Janbu(1957) Arc of log spiral
Shields and Tolunay(1973) Arc of log spiral
Kerisel and Absi(1990) Arc of log spiral
Duncan and Mokwa(2001) Arc of log spiral
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2.3.1 iFUAl(og spirao] &4 93 FEEY

Fig. 2.7¢ 23 aa Ao ZHARE tgFtdoz 7HAsle] S5EQGS A4
= WHolth Fig. 272 v re] shi-of Astk97 A=
ABHel st HeEl= Aol tg Aoz Fo| A=
T AT

ol
1r

et 1o

s=c+otan¢ (2.12)

[«

HA wjH S 5,
g]al BDE+= A4 g o =z =A% BDS AF DEE F4#HH o
7% ADE+= Rankine®] & 3o glorne d2d DFdl= ey
2 ¢ow o] AW = Rankine 5 EY P/t 382 833 Eq. (2.13)
o2 yehd ¢ Ao HAddadRe] 429 ADE= Rankine zone, =41%
ABD+ Prandtl zonee 2 E-tHDuncan and Mokwa, 2001).

E Rzt GE 9 Y Aole] Rl @Y 0

P, = %7 (DF)? tan® (45° + %) +2¢(DF)tan (45° + g) 2.13)

EA ABDFO| 2&3l= 2 A5 W, DFH| 2}83l= Rankine®] 5 E

b Py, 4 BDW A8 AR I ¢, F3 WY AB Aolo] ¥

sk 134 L, [P, o A8
U glomz 7 YL WER P8 g F Yo FUS FaE 1 gol 7F

E¢ 99Y P, 7t "ok
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g da3dSs Fshr] 9 A4S Eq. 21493 2tk
r=rye ftang (2.14)

Fig. 27914 thual =412 DollA Hway™ DEF Hst2z il 9
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33 3 45°—% 71&ol 2 AD Vel ook drt. Eq. (2.14)9
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A} g WRobRZtels] WEd tEUa=A B %
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Fig. 2.7 Diagram illustrating assumptions on which theory of passive earth

pressure against rough contact faces is based
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Curve for ¢c=0
woy \FD

(a) Forces entering into computation of component due to weight of soil,
neglecting cohesion

H/2

(b) Forces entering into computation of component due to friction and

cohesion, neglecting weight of soil
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gs™ c-ds-sind
(c) Diagram illustrating computation of moment due to cohesion

Fig. 2.8 Log spiral method for determining passive earth pressure

(Py), & DR 12 900] sHow Agdth 24 BD oA e
3 AL dso] Dol® AAE dUAe @ miasE s TE &
2Tk Fig. 280004 o] dsol 2 gats HAHL codsolth. c-ds® WA r o

o

SR G W BHL c-ds-cospOliL ds = C’g olmz H 0 3 P
cos
c-ds®] EWEE Eq. 218)Z veRd 4
dM_=r-c-ds - cos¢ =r-c-r'd0 -cos¢g = c-r’ -df (2.18)
. o5 c-r .

a8al Dol Agste FHFAHY 0,0 i EREE Eq. 2193 24,

0, 0, 6,
Md:/ dMC:/ cori-dd = / corg-e?ftne. gy olm
0 0 0

C 2o (2.19)
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a8eg 0 e Avs ¥ (A, o ZHE H¥xd we Eq 2208

[P1]U'l1 =M, +[Pd1]1['ls_ G-l ol A

! (Mg1+[Pd1][1'l3_C'l4) (2.20)

:Z a

(P91 2 Fig. 28@lX =2 wtey H[C ], 91 G o EAEH [P,
o} [P, TLE Mo E BD E ol &8st R AF golmn=
G2 o] HollA ZFE TAYAIE dEe] Ik F [P], #e 49 7HEd
AFAA & 5 Ax FHd P = H C & A 18T FEEY &

P oA Hxrt He #HoeE UL AD'A 99 & HE A
U = P ool AR ARG 7P 2FH® A 07F 20 yddd Adste F
P2 FEEd Y po FHY GO dHolnh g Zekd A2, A3, - Tt
FatAEe] g [P, , [P, & F39E , C & Avds EYAE
ad F 3la o] BERA P ol Havt He O FEEY €8 P, 7F A0

(~

Eq. 2.16)¢ Eq. C2002HE M2 FolAe F5ESS P =[P, +[P],
7b H9 F3Z:Ee] fle AR E [P],=00] HEE WYY FollA <]
$ES %8 P Eq (2.2Do] ®th.

P 2 ’YHQ K p(log spiral) (221)

ANA, Koy gry © DFHA AHRE 188 S FEQAS
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Fig. 2.9 Variation of A, obtained from Terzaghi and Peck’s method(vertical

back face of wall(3=90°) and horizontal granular backfill) (Das, 1987)

Table 2.2&5 FFEYS F3t= Al 7}A o] &<l Rankine, Coulomb 181l
Log spirac] 2o tsle] Duncan and Mokwa(2001)7} #A|AIg o]H 3} IAE &
oFste YeRA Zo|th. Table 2.290 A= tisuAl(og spiraD® & Al 7FA ¥4
OS2 Urdded A HA 7 A -2 tiuAldog spiraDe] £l &g 4
TESATY Iy JHgZE AHEStE 2o ® o]zl Caquot and Kerisel(1948)
of 93 NAVFAC DM 7.2(US. Navy, 19829 <=%" A3} Kerisel and
Absi(1990)9] E4AIFREE ©]&3te Aot o] =xe £ A @t =
Aelvt A& 2gke] H2eS nEstA] Fshthe Aotk & WA digy
A(log spiraDo] &< 2 &3t IubA <l ®HL Terzaghi(1943), Terzaghi and
Peck(1996)0] ANAIZF W o= oF HoA At AT o] H g Alda)r]
Ho=w ARgE T3t S 43T AR =¥o] dasith Al HA X

W
=} =
EXH o Z Duncan and Mokwa(2001)= th=uA(log spiral)o] &2 7|Hlo 2

T

rr
I
.
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Abgste] 273 PYCAPS 723t
H A3 A PO o] TR gAWEe WA F3,
TE}TOE FAE ATEoR FE AGHAUT

Eolo Q3 =
Wi =3 183 2Hg

Table 2.2 Advantages and limitations of passive earth pressure theories
(Duncan and Mokwa, 2001)

Theory Advantages Limitations
It is assumed that § =4, where
¢ =Inclination of ground surface;
Rankine Simplest method applies only to simple conditions
(planar ground surface, uniform
surcharge, homogeneous soil)
Applicable for any value of wall
friction 0 < § < ¢ easy to apply
through charts, tables, or ] ,
E Passive pressures are too high for
formulas; can account for more values of 6 > 0.46: Complex
Coulomb complex conditions (irregular = )-4¢; comp
. conditions require graphical
ground surface, nonuniform
. analyses
surcharge, nomhomogeneous Soil
conditions) through graphical
analyses
Applicable only to simple
Charts & | Accurate for any value of ¢ ; conditions; does not accommodate
tables easy to apply cohesive component of shear
strength
Accurate for any value of § ; can
Graphical | accommodate cohesive as Requires complex graphical
Log solution | well as frictional sail strength; is analyses
spiral applicable to complex conditions.
Computer program such as PYCAP
A te fi alue of d
Cotrate Tor any v. ue ob ¢ can is needed; PYCAP is only
. accommodate cohesive as . . iy
Numerical . . applicable to simple conditions
. well as frictional strength; with .
solution , . (level ground, vertical wall,
Ovesen's correction, accounts for .
uniform surcharge, and
3D effects .
homogeneous soil)
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2.3.2 Caquot and Kerisel

Caquot and Kerisel(1984)& 71&AE0] dANA HA HEE = Y= E
AT =XE THEo] HrnpEo] A= #A Y thauadlog spiraD S o] &3t
o EQATE 33T NAVFAC DM7.2(US. Navy, 1982)] FZFH Q=
Caquot and Kerisel(1948)2] E-3tslyHol tfst =9 AREHHE 33 2o

D AAR ¥4, A T39I 35

Fig. 2.10@<} #Zo] #HA) wiH-e AALE 7HAH FHAF FHA A5 s
A as 2F Agsle FEEY 49 BEg 2222 AN & Utk
_ 1 2
P= oy B K, (2.22)
A71A, K, = EE4A(Caquot and Kerisel)
Fig. 2.10(b) =3%& ©]&3te] Caquot and Kerisel1948)9] K & T& % Q&

H, olm K §/¢ =19 welmz wef §'/¢ =12 A%t 6/ =1 =3
A 3R Kol Table 236 AAE 6'/¢' 2] vlgo] Be #2ASF RS

td
2

ut
o
ol

o] Folof gt} Caquot and Kerisel(1948)¢] =% & o] &3t FFEUAF(K)
£ T2 faME 'F ¢ AAHSIA §' /¢’ E ALtstal AxkE §/¢’ =2 Table
2.3 #aAlF RS AR Flg 2.10b) EFANA §'/¢ =10 HEEHE a9l
W K& AAsE AT FEEUAT K =R K, 5y T& F
ATH

_ 95 —
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Failure surface

Logarithmic spiral
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Fig. 2.10 Caquot and Kerisel’s solution for x, at sloping back face of wall
and horizontal backfill (after Das, 2014)
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Table 2.3 Caquot and Kerisel’s reduction factor (R’) of K
5/’

0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0
10 0978 | 0962 | 0946 | 0929 | 0912 | 0.898 | 0.881 | 0.864
15 091 | 0934 | 0907 | 0881 | 0854 | 0.830 | 0.803 | 0.775
20 0939 | 0901 | 0862 | 0824 | 0.787 | 0.752 | 0.716 | 0.678
25 0912 | 0860 | 0.808 | 0.759 | 0.711 | 0.666 | 0.620 | 0.574
30 0878 | 0811 | 0.746 | 0686 | 0.627 | 0574 | 0520 | 0.467
35 0836 | 0752 | 0.674 | 0.603 | 0536 | 0475 | 0417 | 0.362
40 0.783 | 0682 | 0592 | 0512 | 0439 | 0375 | 0316 | 0.262
45 0.718 | 0.600 | 0500 | 0414 | 0339 | 0276 | 0.221 | 0.174

¢/

@ BAR A&, ¥ Q) A5

Fig. 2.11@9} o] ) HHEE—S— 2xolm AAEDZ H4e8 AN HA4e
A Aoo] thalH T T Feots £EELS Eq (229 AT 5 i

ol

1
P = 5-7-1{2-1(17 (2.23)

p
A7, K, = & E4A(Caquot and Kerisel)

Fig. 2.11(b) =% % o] &3t §'/¢' =1% Wl Caquot and Kerisel(1948)°] K,
g 78 & Atk "k §/¢ =12 AeE 69 =1 EFAA FHZ K ol
Table 2.30] AAH §'/¢' 2] Bl Lo WE T2AF RS Fote] Fo]of 3o
gt Yo FEEJASFE Tl flste WA g/¢’E AASI Fig
211(b) =xAM ¢'F B/¢'E ol &3t §'/¢ =190 K & AA3ta Table 2.3l

A 8o e FaAs RS Bt AF FEEWAS K =R K, B
At
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Fig. 2.11 Caquot and Kerisel’s solution for x, at vertical back face of wall
and sloping backfill (after Das, 2014)
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2.3.3 Kerisel and Absi

o 2 os}c E%u %—w—g— LheRaI T,

Kerisel and Absi(1990)¢] E¢ATE+ HIA2A FollAl Coulombd] FHAIH F
71Ee 2 HAd Z&dte EYL 6 THF dAHSHA V1ol A Aok 7+
stal WA ZEete ERS AHAE Exolw ARolA 00] il uiEolA
1/3A 3 o §+go] #-8-3kt}. Kerisel and Absi(1990)+= 5+#
TE AAEIRoY B =EdAs AHs 3A &

ol e YLS 7|FOE ko] Kerisel and Absi(1990)7} A|¢kgk i gk

Bl Table 5 HHA wjHE F3H(a=0")°]a FHAF BA= 3
(B=0")olH wiH ZGAjstFa H2Ho] Y= A ENA 10° < ¢ < 40° Abo] 9]
Wi et 2z VA = &9 FEEUATE Aestd Table 2.49F 2o

Fig. 2.12 Sign convention of Kerisel and Absi’s solution for X,
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Table 2.4 Coefficient of Kerisel and Absi’s passive earth pressure
(case of a=0°, 8=0", c=0)

Collection @ kmou

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 4.50 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 2.95 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
30 —
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Fig. 3.1 Rankine®} Coulomb®] FSEHAS 4F4 23} Kerisel and Absi<
FEEMAITEES AHEste] WAl ntRZ (o) W HEZH ()] B(6/p)el WE ¢
¢t K° FadAE Jebd Aotk Fig 31@9 §/¢p=00FHArtEo] e A
P A Al A o]EL BT e FEEUAST e YErdY. Fig

__?_

3.1 6/¢p=0.33% 4% Coulomb3} Kerisel and Absio] FEUAT(K)=

FEEYLS d3o] AFgst= FOZ Rankined FHEEFATE dubzoz
AARG Ao 4 A lom Fig 3.10) ~ (e 6> 008 Hrtzo] )9l A
-2 HHvtEs uetA] ¥a #HHS M08 JHHskE Rankined] +FEE

PAGFK)) el 7 A3 Wdvide nstEA gads Adew spAst
Coulombgkel 7F¢ FA vehgow HAnzs u#stHA Edaads
7} 8= Kerisel and Absie] gto] F3toll B3t}

rr

Fig. 3.2 x=<& #2400 ySF& TFEEUATK )IZ st Wrnpdz

(p)= 207, 25°, 30°, 35° o we} H@AnpRA()3} F5EdAF(K, ) H3t
Jg =5 Jepd Aolth Fig. 3.2901 A4 Kerisel and Absi®] 32 S5 EJAST
HAZY 6/¢p = 0 ~ 7R o|BE §=¢A ZH$2 #7FA T YER}al Rankine
TEEWATE quantES 18skA] fdornz yRuEzi(g)o] I

e} HHupEZy 6> 090 A WEeEEZH(@)0] ARl wetk Al 7HA] o] &

o] z}ol= ZA WA Terzaghi et al.(1996)= 6> ¢/3°] =™ Coulombe] %

FEGASY oAe 343 Fhena sy,

L o lo
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Fig 3.1 Coefficients of Rankine’s, Coulomb’s and Kerisel-Absi’s passive earth

pressure for internal friction angle
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Fig 3.1 Coefficients of Rankine’s, Coulomb’s and Kerisel-Absi’s passive earth

pressure for internal friction angle(continued)
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Fig. 3.2 Coefficients of Rankine’s, Coulomb’s and Kerisel-Absi’s passive earth

pressure for wall friction angle
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Fig. 3.2 Coefficients of Rankine’s, Coulomb’s and Kerisel-Absi’s passive earth

pressure for wall friction angle (continued)
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32 FEEY ¥Y vxu

31doA HlmE Al JHA e FEEQANK)E L] FEEY @Y
(P& Faet HAmEe 2, A4 e FHo2 7Hgsta Rankine,
Coulomb 123 ths=uAd(log spiralo] &ol |3 +5Egt $8<¢ A4srsich
gyl o5t 5 ESFS s AlLEe 9ske] Kerisel and Absie] ESF
|+EE FEetAh At st FAFTF y=180kN/m’A AEE AA %
| AAA H=50m= 7Pgste]l FEEYG §EL AdAT. FEEYGS A
Holl A Ocln AMHoT Zrse Ao FPony FEESG FHL 7 o
29| FEESHAFL O wEsE e Btk A A 3149 FEES

_Q_b‘u

i

A% aH=el 9% A%e mAY Fig 33& Al 714 ol2d] 9@ $5E
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Fig. 3.3 Passive force of Rankine’s, Coulomb’s and log

spiral theory
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Fig 3.3 Passive force of Rankine’s, Coulomb’s and log

spiral theory(continued)
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o A HARAC=0) Fo U FEELAF FEEY FHL )
LG ot M4 @FNA Hste AAE Fe FHYF RREeBA
A A A7t Bk B "M gadel 2L o] gato]

weto] weh AHYL =03 c=10MAs] F SR AL ALHE FF
Eqre Mmste] £EES G 7] WsE AAsigh

dsupo) Bol A Fol B9l FW(), AAEE() 1T AHe()e 42 1

Hote] 5 ENP)E YEIWE Eq. D3 2T

2
_ vH
PP — KP’Y 2 + KPCCH+ qu qH (31)
A7NA, K, Fo] EATH A A7 FEERAS
K, : AZE()l o FEEAAT

K, : A8 3A%3A 9% FEEWAS

3

H : BA e xo]

K. & K, o #A ¢l A (Caquot, 1934) Eq. B.2& 7& & it
_ 1 1
pe tangb Pq COS(S} (32)
A71A, CFo WHREupEzZ, 6o yHAnpEzt

Eq. B.D# Eq. (3.2 n}ero 2 Terzaghi(1943)7} A|¢Het thrpdol 28 &
%A (kinematical) H2Ho = Aksted K, K, K = A|A3F Soubra and
Macuh(2002)8] +ZEAS(Table 3.DE A& WFnpzzie]l W3l ueE

Py pe? pg=
TEEY FEE& A4Stat. HANHe FFola -‘ﬂiH%Ql ZAAE FH ol
o]
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Ue FA Hage aswng Aol By 015 st ZFe BYlon 10MPal)
Hg oz sl EQrS ¢k 22% ~ 3% AXE F7Msle ASE YEST
Table 3.1 Passive earth pressure coefficients K, , K, K,
Internal frictional angle, ¢ (° )
Item 6/¢ B/
20 25 30 35 40
oy 2.75 3.76 5.34 7.95 12.60
K, 0.66 0.0 2.70 3.65 5.10 7.42 11.40
K, 4.59 5.58 6.99 9.05 12.26
5
e 4
Z
< c=10MPa, 5/0=0.66
° . ~/
8 /
£ A
S 2 -
q>) ////
C% 1 %’\
————— c=0, 8/P=0.66
. s NS
15 20 25 30 35 40 45

Internal friction angle, @( °)

Fig. 3.4 Comparison of passive force (£,) by cohesion and

cohesionless soil
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(Active) (At rest) (Passive)
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Fig. 4.1 Lateral earth pressure
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(1) Canadian Foundation Engineering Manual (Canadian Geotechnical Society,
2006)
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Ratio horizontal to vertical stress, K

0.6 |— Active State Passive State =
0.5 K -
04 © -
03 | Loose /1 _J

| K, e = _
0.2 Compact

Dense

on Ll 1 s Voidde 1| 1 1

0.005 0.004 0.003 0.002 0.001 O 0.010 0.020 0.030 0.040 0.050
. Y
Wall rotation, =
Fig. 4.5 Effect of deformation on earth pressures in

cohesionless materials (Canadian Geotechnical Society, 2006)

Table 4.1 Magnitude of wall rotation to reach failure (Canadian Geotechnical
Society, 2006)

. N Rotation, Y/H
Sail 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

where, Y : Amount of horizontal translation or rotational displacement of the wall
top relative to the wall bottom.
H : Height of the wall
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Table 4.2 Angles and coefficients of friction and adhesion between

dissimilar materials (Canadian Geotechnical Society, 2006)

Structgre Ground or backfill materials Interface friction | Friction factor,
Materials angle, ¢ tand
Friction Materials
Clean sound rock 35 0.7
GW, GP 29 to 31 0.55 to 0.60
Coni/[riise’ N GM, GC, SW, P 24 t0 29 0.45 t0 0.55
masonry SM, SC 19 to 24 0.35 to 0.45
ML (non-plastic) 17 to 19 0.30 to 0.35
CL (stiff to hard), residual soils 22 to 26 0.40 to 0.50
Well-graded rock fill 22 0.40
Uniform size rock fill 17 0.30
Steel sheet GW, GP 22 0.40
piles GM, GC, SW, SP 14 0.25
SM, SC 14 0.25
ML (non-plastic) 11 0.20
Well-graded rock fill 22 to 26 0.40 to 0.50
Uniform size rock fill 17 to 22 0.30 to 0.40
ngn_ecisfr GW, GP 2 to 2 0.40 t0 0.50
concrete GM, GC, SW, SP 17 0.30
SM, SC 14 0.25
ML (non-plastic) 14 0.25

Adhesion in cohesive soils

Collection @ kmou

Consistency Undrained shear strength, s, kPa Adhesion (kPa)
Very soft 0to 12 0to 12
soft 12 to 25 12 to 25
Medium stiff 25 to 50 25 to 38
Stiff 50 to 100 38 to 48
Very stiff 100 to 200 48 to 65
— 47 —




(2) NAVFAC Design Manual 7.2 (U.S. Navy, 1986)

HAlo] WelZ BASE A W g Aegel FEA o
T3 RN EGe FAERNA FF EE FEEY Aold] EA
At AR RclAe] Aol AugEe £2e] HAHAL s B
ArEQl AR E Y =gEd =
2716 wheh Aurol A WA E
Aol welel olsl A4 Fig 4
ol wAe AAWIE e
Fo| FEES FAWIL AWHE He Ao

TESPA HHupo] B3 H7] siMe & HAE BRE AT, BF
@f@. 257 i A5 gHankEs 13 g A4 Al Table 4
tHU.S. Navy, 1986).

_,‘Irq_y
B RN e
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': H Sand 7' ?
i a
R e
[} o
i <
X
5]
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a
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®
s
Ay :
; U USUNYSUS /A g
i o R < 05 Ko K,
' Pp 5
i P 2 0.41—
H 'l Lg KA—@ E A
L/: _H% = Loose sand — - o= =
S 0.2
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- W
o1l 1o by by | |
0.06 0.04 0.02 0 0.002 0.004

Wall rotation, Y/H

Fig. 4.6 Effect of wall movement on wall pressure (U.S. Navy, 1986)
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Table 4.3 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

Table 4.4 Ultimate friction factor and adhesion for dissimilar materials
(U.S. Navy, 1986)

. Friction Interface friction
Interface materials
factor, tand angle, ¢
Mass concrete on the following foundation materials
Clean sound rock 0.70 35
Clean gravel, gravel-sand mixtures, coarse sand 0.55 to 0.60 29 to 31

Clean fine to medium sand, silty medium to coarse

. 0.45 to 0.55 24 to 29
sand, silty or clayey gravel
Clean fine sand, silty or clayey fine to medium sand | 0.35 to 0.45 19 to 24
Fine sandy silt, nonplastic silt 0.30 to 0.35 17 to 19
Very stiff and hard residual or preconsolidated clay 0.40 to 0.50 22 to 26
Medium stiff and stiff clay and silty clay(Masonry on 0.30 to 0.35 17 to 19

foundation materials has same friction factors.)

Steel sheet piles against the following soils:

Clean gravel, gravel-sand mixtures, well-graded rock

fill with spalls 0.4 22

Clean sand, silty sand-gravel mixture, single size 0.30 17

hard rock fill '

Silty sand, gravel or sand mixed with silt or clay 0.25 14

Fine sandy silt, nonplastic silt 0.20 11
Formed concrete or concrete sheet piling against the following soils:

Qleaq gravel, gravel-sand mixture, well-graded rock 0.40 to 0.50 99 t0 %

fill with spalls

Clean sand,.sﬂty sand-gravel mixture, single size 0.30 o 040 17 t0 22

hard rock fill

Silty sand, gravel or sand mixed with silt or clay 0.30 17

Fine sandy silt, nonplastic silt 0.25 14
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Table 4.4 Ultimate friction factor and adhesion for dissimilar materials
(U.S. Navy, 1986) (continued)

Interface materials Friction Interface friction
factor, tand angle, &

Various structural materials:

Masonry on masonry, igneous and metamorphic rocks:
Dressed soft rock on dressed soft rock 0.70 35
Dressed hard rock on dressed soft rock 0.65 33
Dressed hard rock on dressed hard rock 0.95 29
Masonry on wood (cross grain) 0.50 26
Steel on steel at sheet pile interlocks 0.30 17
Interface Materials (Cohesion) Adhesion c+a, (psf)
Very soft cohesive soil (0 - 250 psf) 0 ~ 250
Soft cohesive sail (250 - 500 psf) 250 ~ 500
Medium stiff cohesive soil (500 - 1000 psf) 500 ~ 750
Stiff cohesive soil (1000 - 2000 psf) 750 ~ 950
Very stiff cohesive soil (2000 - 4000 psf) 950 ~ 1,300

(3) Eurocode 7 (European committee for standardization, 2004)

Table 4.5¢} 4.6 Eurocode 7 (European committee for standardization,
2004), Annex Cell =59 FE4H 2 T =28t HAY IANRAE
YR Zeojth o7ldA s F& 2 FEFHY EU-HAES dAE
of stH, Wele] Arl= ¥ w4, 27 B, Fo dxo wet 24 dn.
Table 4.5} 4.6 K, <19 Z=71SEFHE 7F4stod v, v, wlHA
g aea AW s FEFSEYH FETTEYC] HAdE T3
g o] o, /hst v, /h o AR thEbA Zlolth Table 46014 Zzeke] gk
2 A FEFSESS Auke] g v/hBlo|Th

N

~
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Eurocode 7 (European committee for standardization, 2004)ol 4= Canadian
Foundation Engineering Manual (Canadian Geotechnical Society, 2006)3}
NAVFAC DM7.2 (US. Navy, 1986)¢] 7]<FollAl AAIEA] &2 thekgh #A9 A
TEE thste] WAL FAWMY TIES AL Yot Table 4.5+ F574H
off o] AWML gk Ao R ()= tFLP3H, e °lF, O 4%
3 a8 (De A89AY] Asdd td FAMAE YEb L A

oL

Table 4.5 Ratio v,/h for noncohesive soil (active)

Kind of wall movement v, /h loose soil(%) v,/h dense soil(%)
Va I'—‘r
|
@ | = 0.4 to 0.5 0.1 to 0.2
%
.
—
|
() Va = 0.2 0.05 to 0.1

—
!
© S 0.8 to 1.0 0.2 to 0.5
|
|
Va
i'_T
|
@ Va b+ = 04 to 05 0.1 to 0.2
|
|
.

where, v, : the wall motion to mobilize active earth pressure
h : the height of the wall
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Table 4.6 3dE M2 FAHEHAZ ()= 3t 4, D)= ol 1
J

gl (O AFagsdd tigk s ey
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Table 4.6 Ratio v,/h and v/h for noncohesive soil (passive)

v, / h v, / h
(v/h for 0.50,, ) (v/h for 0.50,, )
Mode of wall movement %) %)
loose soil dense soil
Ve A
@ | - 7 (15 to 51D to
{ 25 (4.0) 10 (2.0)
l \
I
5 0.9 to 3 (0.5 to
7 <
® "1 10 (1.5) 6 (1.0)
! A
—
I
1.0 0.
© {.: 6 (1.0) to 5 (0.5 to
| 15 (1.5 6 (1.3)
Lo
Vp —_—
where, o : the wall motion to mobilize active earth pressure
v, : the wall displacement to mobilize passive earth pressure
h : the height of the wall
o, : fully mobilized passive earth pressure
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Fig. 472 &3 ZAYES IdFAUAFAEAE Aol g /H=Fad -4
PEFHolth Fig. 4704 D& FZAYES YSAFANAE ZIAYEE Z=
of =g3str] 7kA] WM Eo] W Za, 22U AHEC i dSAFAAS
@9} =3 AHEE AFZAAR @2 A= =5ty 74A AR -
& W97t 2asitt. & FAYEY BS AR AEE AR oA 2
A= dgo] Fol A= I E 93 Mds A EAVF HA For=Z A s
o] AErREE Abgste FERE A AAE FIARE ZAVE HA &
A97F tREEolth. AR A A5 FEE AMESHA HW HAEHE=
Hgo] IA 7| wEo AubALE A%k EAZF TASA Hh o= s
AP ol Eoll o M 7¥rE T e AREAA = A Eo] Bl
& Holth. 53] FFESSGS 48T A9 FEYC] Y] 93 A= v
¢ A Z=o HdE AAEAC B FFAE S FHsGHgE AubAL et #H
H M EATE DA HEE FEEGS 1 24 MHAE HEAAE ¥
el AZIE 1t AFsA HIsteloF @tk g3 Fe/A WA
AR Fste] W] MAAE uste slo] vz st
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5
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Fig. 4.7 Relationship of stress and strain for material
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414 EQolA wrupite] a3}
AAZ A= A HAZE WS o Hua fAAEEF AoldM e =4

doz Qg dado] WA, Fig. 4.82 A EAe] Wl wE & 27
Hnpge] 2SS dedtete] el Aotk FEAdEe] A= #HATE
AHo g o]Fdo wel FH7= d o= A s HY HAA=EF3
HE Alo]o] ATHo=m Qlsie] Wi stFdTHE S LAY, F5H 9o
A B A ZHEske stFHTE S FEAH Y () HntRolgta g
o FEdHAAE HAHARZ QAT v FY dFo =2 st v F)
7l RS doA ¥ AAdHGEE ZA8AIA HA oluE T
Elol Aol (el HHwpolg} gt ojuf AwH o Zv|e= FI Hwwnpzbzt
of wiz} etz tiLambe and Whitman, 1979).

o]’Fe] W7tUZoNA do= WA FEFe F= YFHstFT 24Tt F&de
ZAolty. WA AR & 5ol A&t WHHAU AAR dAE ZAH

HAA N FA NFH FAEHo| stgFor ALst= Afoltt o] B¢ H
A= FA3t5e AWstr] 213 Hantdg s Bd3str] st &FF Fo dist
of ofgf& o & o]Fefof stEE wwnpzo] ko] WA Hoh

Wall movement 7 Active wedge

Al /

\

Passive wedge H

/]

Fig. 4.8 Wall friction on soil wedge (direction of positive wall friction)
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Fig. 4.9 Effect of wall friction on failure
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ZH0)S WFEupEZH(p)e] 1/2014 2/3 ML J= ASE 7FAS ok s Hd
Aoz F FAHX7F A7]|EZ Coulomb WS o] 83 FEELS] Altd=
YHobadzZH(g)el 1/2€ 9= #HHntEZH) @S AHESA &=E st Ut

(Canadian Geotechnical Society, 2006).

(Z

Zt=o] AA ZIEA 0 AAR HAnpEzte] ghe AAN HAAoH,
o8 HAA A o #ES AEE F JAT AAAE FH ¥ FF o
of ojsll WmmtEzte] Fro] dFS e 2
aEsoF T} A E S0 FEFolA Hol olfFow olFds A
He dAE AAEH Holy g W HHo s HHankE(6
oA A& Far) Aok FHW.A (US. Department of Transportation, 2006)¢]
AMe Ao FAAEY 2 Aes e =3 Fo= AARE HY A& d=
S0l AEAEZY A7z AT Hel tsixe A HntEA40)E 0

o= 7HHste Ae Adsta ok

o

N
o
oot

42 4] MM FEES YN

Subba Rao et al.(2004)2 739 Ale] FF oA HAL AAido] obd Hekaad
o =% 7bgsta, AAHAY Al A ATFERE wWE o WHedAY FFE
& BAZ AAEATE B HolA = Subba Rao et al.(2004)0] A A3 Wk & =
A dgd W&s 73t} olst ¥ =iddl4+= Subba Rao et al.(2004)7}
A orel W34S “Subba Raoz]” o2 F3H3IITh
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Fig. 4.10 Different modes of wall movement : (a) translation; (b) rotation
about the top(RT); (c) rotation about the bottom(RB)
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Table 4.7 Value of A, reported by various authors

Author Mode of displacement Type of sand in %100
, Translation Dense 5
Terzaghit1943) Rotation about the bottom Dense > 10
Tranlation Medium Dense 8.6
Narain, Saran and D e o4
Nandakumaran Rotation about the top Medium Dense 6.6
(1969) pense 3.3
Rotation about the bottom Medum Dense %9
Dense 74
Bjaarmmebif(ellg?m Rotation about the bottom ]];Zizz 122:;726
Translation 18
Fang et al.(1994) Rotation about the top Loose 20
Rotation about the bottom >20
Ishihara(1995)
(Extraced from Translation Medium Dense 14
Zhang et al., 1998)

Table 4.8 Normal component of passive earth pressure coefficients for

vertical wall supporting backfill having horizontal top surface

5/6 Internal frictional angle, ¢ (° )
10 15 20 25 30 35 40 45
0.00 1.42 1.70 2.04 2.45 3.00 3.70 4.50 5.80
0.33 1.51 1.87 2.38 3.07 3.94 5.29 7.40 10.63
0.50 1.54 1.95 2.51 3.32 4.44 6.20 9.02 13.86
0.66 1.58 2.02 2.68 3.54 4.98 7.34 10.72 17.32
1.00 1.63 2.12 2.99 3.99 5.63 8.60 13.79 | 24.75
— 58 —

Collection @ kmou




422 HRFH HIY At

Subba Rao et al.2004)9] WA @A AMES HA Y ARt ot d 7}
A 7FY Stell A ARJFEATE AR ol FREAE
HAdFsEge]l dFdATE ola 4 DI FIHRDEENA stte] ®
9 A7 FETAES A Ol =29 B EHE HReRAE ¢, 0l A&
Tl A o] WMeE 0ol ol A= WRutEZ ¢ gho] AR LI HERE g
ANM ¢, =002 tFANM ¢, <, A, <Al AA FUAYIHRBEE
A HEWe AT FEIANUS A O =FEr|dsE EIHE vh2LE ¢,
ola attellA W= 0ol FHolAE gftol HUE LI FHEE nigolA
¢, =001 M ¢ < ¢, A, <Al wpAHo g WIHE= finpEz}
(6,09 7kt A #3=E HHuk@z(5 )0l S71ete old 46, /6, =974
gtths Zolth o3 Ze E /1A A g S HiE o R H#A AFRE

el A Y] deHoA B HE Bt Tote AL ted 2o

=2 HA| o]F REA AEE FFEEYS Tole AAHoE WA WA
S AR BAEI As A= zo #AQC] A
(D Narain et al.(1969), James and Bransby(1970) —12]3. Fang et al.(1994)2]
APAHRE SAHE & oo FEEUGCE Ve A=A Fig
411914 58 A/A S ¢,/ @Ol A BAAE Ao AoALA(A)
>=
[e)

BSHE v,y A4S BEH] AEHE g, 2 T
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Fig. 4.11 ~ Fig. 4.13 Narain et al.(1969), James and Bransby(1970) —1&]ar
Fang et al.(1994) S| 33 AdWAIY ZAFdoltt Fig. 4.11 ~ Fig. 4132 °|&,
AT A ART) 282 stFaAS ARB)Y Al 7HA WA AFEE st
B A A A3 W w2 EYEE AFRE ALLSIY z, y=29 TA
2 Ui JgzZelth e Heol F& HY el Adese & 5 Ak Al Tt
A WA AFRE et Folx Flg 411 ~ Fig. 4.13¢] =9 BA AL
o] &3t QoW oA FEZEUYS 7 F Atk o] BAE ALtel o &
7] HsiAe FEEL Az TR He IATsHEN A e 1A Brlst
ool &t B AFA=Cl o) AAE AR TR} PR Sl ©E
SESH TAEY A o k2 Table 4.7 A =Ho Ut

14 Translation mode

12 ¢ ® Data from Fang et al. for ®=30.9°
’\Q 10 L O Data from Narrain et al. for ®=38.5°
E A Data from Narrain et al. for $=42.0°
J 8 r
2 6t y=(1/x°9)
S
Y4
)

2 |

Q A
O L 1 L I L I L 1 L *?
0 0.2 0.4 0.6 0.8 1

X = AlA,

Fig. 4.11 Relationship between mobilized friction angle and displacement for

translation mode
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14 L RT mode
| %
12, + ® Data from Fang et al. for ®=30.9°
e 10 _ O Data from Narrain et al. for $=38.5°
3 L A Data from Narrain et al. for $=42.0°
2 8t °
2. 8 y=(1/x09)
= L
T 4
2
0
0 0.2 0.4 0.6 0.8 1

¥ 2 AlA,

Fig. 4.12 Relationship between mobilized friction angle and displacement for

rotation about the top (RT) mode

14 | RE mode
18 & m Data from Fang et al. for $=30.9°
“ O Data from Narrain et al. for ®=38.5°
210 ¢ A Data from Narrain et al. for ®=42.0°
T' @ Data from james and Branshy for $=35.0°
g 8 % Data from james and Branshy for =49.0°
s 6l
BC
S
o4 r
1
>
gt L
U 1
0 0.2 0.4 0.6 0.8 1

X =1-4/4,

Fig. 4.13 Relationship between mobilized friction angle and displacement for
rotation about the bottom (RB) mode
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2 HA 4D IHRT) REdA 9 FFEY AH3E

FAHA o] D AGuAHIARDE ¢ Fig. 4.10(b)oll ebd A3} o)
stdol Mo FHWLE Aol a=A4A,/A2 FHE A/A, =alz/D)%t Ze]
uvebd 4 Qlth o] #AI9 Fig. 4129 UEhd 2% z=A/A 2R yF9
y=1¢,/0)/(A/A)A 22a Zzel] vebd AA dFAIe] BA
y=(1/2"°)& 01834 A =o] W2 A /A #HE ALY 5 Atk

Q) ¥A FFnAIHARB) REoA Y FEES AP

A =o] DY st I ARBY A-¢ Fig. 4100l ERd 213} 2o
Aol Ao FHWE Aol B=A,/AF W A/A = (1—2/D)%} 2]
uekd s 9tk o] #AIS Fig. 4139 vehd 259 X=01-4/4,) 43 y=
o v=I[¢,/0)/ 1—A/A)A i Lezel] vephd AA] AFA7R0 #A
2 Y=[1/X)—1]& ol &3td A= A /A FE AL 5 Utk

A 7tA As R tiste] Fig. 4.11 ~ Fig. 4139 @A 18 z2E Z83tn
b (log spiraDo] 29 o)a] 4= Kerisel and Absi(1990)9] S5 EA S
Fo #s AMRZ st A 7 AR met R EHE EYES 7
AT

@ YeEAANH) FEELRE 4 o

A A A ABRES thstel FHMA Fol H=10m, }P0HEZ}
0=35", el TAFYF 1= 15.5kN/md, HRekLZ] 6/6=075, A/A, =1
5 AMNY WE Pt A=W FBEY Fehe] Fig 4149 e}
ek ol FRESH A nAY I ARDE A sherso] A wag 5
ol FUsA e ol FREAE A

b QolWSE AHHORE Frhshe E¢R
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>
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BENAE olBRES MEHAY FHUEANA FHIHE o] Padt
Z7kste BEE Btk SHRYIHARDEEAHNE AL A 5

i

Passive earth pressure, py, (kN/m?)
0 200 400 600 800 1000 1200

0 N ' : S
LSS ®=35°, 5/®=0.75
2 \\‘\\ \.\‘ | ‘
\ “\ o e Translation Mode(A/Ap=1.00)
—~ ‘}\ '\\./
g4 0N -
\ AN \.
S =~ | RT Mode(A,/A,=1.00)
o : N . P
o . L N 5
[ ! S N
' N ,
] N N 5
.: Aty N
.' ~ A
8 4 I
h ~
; RB Mode(At/Ap=1.00) T~:~
10 : | 1 N

Fig. 4.14 Distribution of passive earth pressure along the depth for different

modes of wall movement

Al 1A AFREd tia] odE S0 AEE EYREE ALtste Ul 1

232 Fig. 4.149] Rankine¥} Coulomb®] E} APAINE F7}sko]
JEE Fig. 41562 YelYJY. Fig. 4.159] ZdE E}L F3

(A/4A,=1) A=d ©& Eqte] #3Eo|m Subba Raos| oz A4
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Ao Al 7HA AFRE =F Coulombd] FEEQRET ZA Yehyt. o A
= 3.1494 YeRA Coulomb, Rankine 121 theubA(log spiralo] &< ] %
TEEUGATY vludRe} dx|st= Aol

Rankineo] 45 E<tA}e} vlwsle] Subba Raoel ®wHEEZ WHE HA o]
Z(translation) = oAl ZE Az O3] AT = E9te] 3712 Bt 4
GuANARDEENHE ZAHA Zo]o AR Aw AT/ v}
v 22 @e dEinsr At olskiE =

—_L
=}
FUTAAARDEES] B9 WA Folo 4R AL LAY =

1

1
st FEESHSEH O E=2sit et shite W7t Zol Wi EHE= EYE AU
o o] o
Passive earth pressure, p,;, (KN/m?)
0 500 1000 1500 2000
0 T T T T T , T == T T I T T T T
I\ ®=35©, 5/®=0.75, 4/A,=1.0
2 \“\ : N
I \ N, \ --- Translation
= N\ -
\g/ 4 I.I\ - RT L
! :\ NG| RB
S AN \
Q. E \ N
S 6 j N =
i \ N S \</ Coulomb
i N N
H N .
8 = >
5 N
: RNER
10 ,-" \Y\ Rankine \'\

Fig. 4.15 Distribution of passive earth pressure along the depth for different

modes of wall movement with Coulomb’s and Rankine’s theory
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43 94 "X FFES ALt

B Ao|HLt 428 AA T Subba Rao2] e Ag3te] Ax MANM F
HdeERte Adk 2d¢ d 5ol WA e AARANA Ax FESEY
Bzl oAl BHHE FESEY FH(F,)e AA Aste] vm
steth AN EFe Ta] flalAE $4 FEERbe] TAse
AWML A S AAsIAoF st FEESIAY AWM Ao dguL(A)E
ot A/A, =UFFEPTAY IARDY et A/A 9 gho] 0.7, 04, 0.1
S dsty EAGEEE A4rste] Coulombd} Rankined] 4~5E¢3 Hlnl -
bk

2

>
of
3R

A

431 A=A

Subba Rao et al.(2004)e] WHE @2 A S AHESHZ] f18t theupidol&
o= 4Hgd Kerisel and Absi(1990)¢] & =dAl(K,)E &-8&3kaL Table 4.9
of AlAE ARz wet doif(Q)dA TAEHE F5SENU(p,, ) At
SEA T WRErEZH(¢)2 25° , 30°, 35° 9 Al 7}A A= 3tar, HAe A
m T o]&(translation), AR ARTD 18]l sFu I ARBY Al 7HA
ALz & HunpEzH§)e  Canadian foundation engineering manual
(Canadian Geotechnical Society, 2006)o AAIE 1/3)¢ ~ @2)pE Frarsts
6/p=06622 ZFHStAT.  Altel A8H FEESTAY IFARSLAWL )=
Canadian foundation engineering manual (Canadian Geotechnical Society, 2006)
of AAE =3 AFE(Dense cohesionless)e] 0.02H2} =<&3F A E(Loose
cohesionless)e] 0.06Hel| thsle] 271A 2 7FASIAT 7|22 o2 A A o] )
d 71e7s A AAw AHke] FAe FRE(E=0x1o2 7Hgstal A

g Y3
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Table 4.9 Calculation condition

Height of -
the wall, Internal fncflon 0% 56 A A /Ap Mode of
angle, ¢ (°) | (kN/m?) movement
H(m)
250 1.0
. 0.02H 0.7 Translation,
4.0 300 18.0 0.66 0.064 04 RT. RB
35
0.1
Table 4.10= Subba Rao et al.(2004)o] A|<¢tet vbA A HZHe Al 714 A
st A 3] A RB)o o5t

R ol o]F(translation), A H1AHSART) 181l 3
o AAE BAAE PAEA FE AHYF A= T
sta] AlAkg 43 3FS T

o

=)
¢}

~
—
o
o
l"‘l

AXE 28

Table 4.10 Relationship between mobilized friction angle and displacement

Mode of x, y axis Relational equation
movement
. |lz=A/A = (1/2°%), Where, z > 0
Translation ! A Y
y=1¢,/0)/(A]A,)] (refering to Fig. 4.5(a)

, y=(1/2"%), Where, z > 0
Rotation at the bottom, the displacement is A,
about the |z =A/A4, A /A

top | y=16,/8)/(a/4,)] R
®T) A/A, = alz/D)
(refering to Fig. 4.5(b)

. y=[(1/Xx)—1], Where, x>0
Rotation at the top, the displacement is A,
about the | X=(1—-A4/A4,) B=A /A
bottom | Y=[(¢,,/¢)/ (1—A/A,)] !

(referring to Fig. 4.5(c)
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432 o5 RE A4t}
o] F(translation) = =+= Fig. 4.10(@)9] MY ZH o2 Table 4.109
Aed 7_74]*—1% AHESEe] ool A gAY AEd wet FAEHE F
A& 2= 9t) Table 4.99] Ao wet WA o] mo thsl o
= YgHAQ)NA LI EHE FEFEU,, ) Z7E ALTE
Fig. 4.16 ~ Fig. 4.19¢] JeR ok

Fig. 416 ~ Fig. 4.182 HAlo] WMHI(A/A= 1.0 ~ 0.0 w2 H=¥ B
EXE WRvpEze F7)¢d wek gebd ezt Fig 416904 (@@= =<
g AR A gdhe FEEWTAY IARNA A, =0064 4 W e =2

o AHHEC A Este FEETY IAELAJ] A =0020 & # HAo ¥
HI(A/A,= 1.0 ~ 0.D)l wE AEE EQEXE URubEziel A7)d wet
UeRd Zlolth @9k (b) TLfZellA % FAWLA A E 0.06HSH 0.02HZ
TEA AHgstedm #A e wWeuel (A/A)DE 0.1, 04, 0.7, 1.02E FL3H
HEstRonm Axd mE FEEY] 7= BF FdsiA dehdrh =3
BE AN A WRuEz 274 Faglol §/¢5 0660 UFEHA 7HE 5
ouz WFupEzie] 25° oA 35° 7kA ARl wmet HunpEA2 Frlsta
Al #gsts AEE FESELAE ST A2 YENT At A8
@ WiFebEz 250, 30°, 35° 2ol tie] AW s EUL Coulombe
ARAFHTE 74 2A JdEbEAL A/A = 0491 7 9ol Rankine®] FEEY ALt
Aol fFARE ESHEEE Bt Figo 4192 WAS] wefdd wet 3=

SEYS #HP,, e viwstel yekd Aoz WAL o] =79k WjRubEz
o] A7lel wE FEEYS FH(P, )9 7] WHSE 4A dobE 4 9tk Fig
4.16 ~ Fig. 4.189] Ao} o] Aitel A&d WFmpEz 25°, 30°, 35° =
= 7oA Coulombe] +=FEAFH(P) )0l 71 Zlom Aldd Fid4o=
ALE oo 55 W9dnl A/A = 0420 Aol thate] Rankine®] +FEY
FH(P) F FARE #he Bt

p

1_4
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Passive earth pressure, p,, (kN/m?)
0 100 200 300 400 500 600

0 ' ' T ' T i | ' I
' ®=25°, 5/0=0.66 A/,
—1.0
1 = 0.7 []
------ 0.4
—-0.1

Depth, z(m)
[\

Rankine
3
__— Coulomb
4 A
(@) A, =0.06H

Passive Earth Pressure, p,, (kN/m?)
0 100 200 300 400 500 600

0 N s = I g |
®=25°,5/d=0.66 A/AID
—1.0
1 —=0.7 ]
g ------ 0.4
5 —=0.1
g 2
=
@)
)
Rankine
3
\\\ [/ Coulomb
4 \
(b A, =0.02H

Fig. 4.16 Distribution of passive earth pressure along the

depth at ¢=25" (translation mode)
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Passive earth pressure, p,, (KN/m?)
0 100 200 300 400 500 600

O \ j ! I ! I I ) !
®=30°, 5/0=0.66 A/,
—10
1 ——07 [
------ 0.4
— =01

Depth, z(m)
[\

|_— Rankine

| NN Coulomb
I : \
\ \
' \
4 \ \ |

Fig. 4.17 Distribution of passive earth pressure along the
depth at ¢=30" (translation mode)

Passive earth pressure, Dy, (KN/m?)

0 100 200 300 400 500 600 700 800
T i T I ) I L I ] T [

®=35°, 5/®=0.66 A/A

Depth, z(m)
Do

Rankinle
><\</ Coulomb

Fig. 4.18 Distribution of passive earth pressure along the

4

depth at ¢=35" (translation mode)
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1800 ‘
: Translation mode |
1500 |
g Coulomby
Z.
& 1200 | A/A,=10
E
%900
S [ s A/A,=0.7
=600 . =
o : A/A,=0.4
g 00 A/A,=0.1
O I L ! ! L 1 ! L ! L ! ! ! L ! ! !
20 25 30 35 40

Internal friction angle ( ©)

Fig. 4.19 Passive force for internal friction angle at translation mode

433 ASAAFIHARDEE A2

FAEA Y A ARDEEE Fig. 41002 AFZHO=Z Fig. 4.20 ~
Fig. 4.22& Aol HN(A/A,= 1.0 ~ 0.Do] @& A= EQEEE Uin}
Zzro]l g7)o) wgt el IR 43289 o)F
of WHRrkEZ Ftel meh HAol gt AR B d
A @A +FE} Coulombe] AAFA7E 71 A Uetstth & Wi
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Passive earth pressure, p,, (kKN/m?)
0 100 200 300 400 500 600

O I T I T I T I
— [o) -
=259, 5/=0.66 o,
—10
1 ——07 [
------ 0.4
—-01

Depth, z(m)
[\

Coulomb

N

| — Rankine

4

Fig. 4.20 Distribution of passive earth pressure along the
depth at ¢=25° (RT mode)

Passive earth pressure, p,, (KN/m?)
0 100 200 300 400 500 600

0 = . ===y o
®=30°, 5/d=0.66 A,
—1.0
1 —=0.7 [
------ 0.4
-~ 01

Depth, z(m)
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)iRankine

Fig. 4.21 Distribution of passive earth pressure along the
depth at ¢=30" (RT mode)
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Passive Earth Pressure, p,;, (KN/m?)

0 100 200 300 400 500 600 700 800
0 : — I | x
®=35°,5/P=0.66 A/Ap
—1.0
1 ——0.7 [
"E\ ------ 0.4
N ----01
s 2
o)
8 ><Rankine
3 Coulomb
4 \

Fig. 4.22 Distribution of passive earth pressure along the
depth at ¢=35° (RT mode)

1800
| [ RT mode |
2 1500
z - Coulomb \>/
< 1200
é L
¥ I
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5 ' A/B,=1.0
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00 . o |
.GZ) 6 . Rankine \////’/, A/A=0.7
é 300 | S ey A/A,=0.4
i [ mT T T A/A,=0.1
O I ) I : : L L L

Internal friction angle ( ©)

Fig. 4.23 Passive force for internal friction angle at RT mode
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434 SR ARBREE ALA

Z3HA el stug3 ARBEEE Fig. 41009 AszHoz Yow g
A BA e ERH = FEESY ANEAE Fig 4.24 ~ Fig. 4.27°] YehiAT
Fig. 4.24 ~ Fig. 4.26 Ao WLn(A/A,= 1.0 ~ 0.Dell @& A=Y EHE
LE WEuERZe Z7]e] el vehd gz 2E W93l ok
Rankine o9 FSEJAGHAMNEDES 2A Yepston o yyrpdz 2
71¢} BAGlel BE I ZellA A/A= 0190 A AEE EQEZE A F
Aol 747

Fig. 4.279] gz = ALE EE Z$-ol4 Coulombd} Rankine] 17
EQE o8l o3 FEEY FHol A AFHAUL A/A 1.0 A=
Rankine 24t Hlwste] 60% A= +F FFES (P, )e] AxtH A

Passive earth pressure, Dy, (KN/m?)

0 100 200 300 400
O N\ T T ' T T
b =250, 5/0=0.66
B\ 2%
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Fig. 4.24 Distribution of passive earth pressure along the
depth at ¢=25"(RB mode)
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Passive earth pressure, p,, (KN/m?)
0 100 200 300 400 500 600

®=30°, 6/P=0.66

—— 07 [

------ 0.4

—=0.1
>< Rankine

A AN
Fig. 4.25 Distribution of passive earth pressure along the
depth at ¢=30°(RB mode)
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Passive earth pressure, p,, (kN/m?)
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Fig. 4.26 Distribution of passive earth pressure along the
depth at ¢=35"(RB mode)
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Internal friction angle ( ©)

Fig. 4.27 Passive force for internal friction angle at RB mode
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ZAYE Y9I 2 AAEA Fo st ToE TR TS A
e Bt 9s) 04%‘3%4 ez o= A Ak *‘:174]‘5&
2 9] 38HS] 7]FL Table 5.1 YeRSAE A
7HA & T FHol FxRE 3 J&rBHLe] HEd JEe jlon
SZHol A Y A =ZEol(H)e 0.2%E AP ARV|EoE FE H LI

= AFA AAY AlF Al diEFH o M-S ATE F e VES
AA k= Aotk MFA Q] 7S Farste s|&F3HMAE 0.2%H (0.002H) =
123l  Canadian Foundation Engineering Manual (Canadian Geotechnical
Society, 2006)° A1 A A| o}“ 243 ANEES FEES A dAHS 0.001H
of &% AFES] FHFES HAHES 0.004H B el = A= &

oI}, B ool 74]404]; Ag® ¥x o] 40mol 0.002H 7]1F& =43}
318 WM oF 0.008m0.002x4)o]H o] Ft olAFe] Fwelsl WA o] 1
Aste A9e EGAT FHE 39T F S Aot

A

o
|
i
H

e 2 >

Table 5.1 Allowable lateral wall movements

Manual Contents

- For well constructed strutted excavations in dense
sands and till, maximum lateral wall movements are
often less than 0.2% of excavation depth.

KCS 11 10 15 -t = 60cm with concrete slurry wall : 0.002H
(Korea Construction - t = 40cm with concrete slurry wall : 0.0025H
Standards center, 2016) where, H is excavation depth

NAVFAC DM 7.2
(U.S. navy, 1986)
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512 FESFES S A% AW 2H

A4ZZoAM = BEFoA-E 1 FAAEA Y 22 WA RH A7t
A &g e d GAY Jogol] i WA Z&sle TFEEYS
EAstAT. O A3 9AY AR wgt zole eyt Canadian
Foundation Engineering Manual (Canadian Geotechnical Society, 2006)°l #| A ¥
TEHAAL] S of 40%°]3t WA Rankine®] s ESH gholl =23ttt 1
HEE AFA FEFESS A&7 fide e A oujellA
gk Wl FeSESS AAstor k. 187 Sl =

On
Plastic state
6hp iiiiiiiiiiii |
\
|
\
\
\
=120, }
Ohg |
Plastic state J/ }
‘ 7 dha \
|
\ \
Py # # Py
— &, €. O +¢€ €p +e,
Tension Compression

Fig. 5.1 Effect of horizontal displacement on earth pressures (K, <1, ¢=0,)
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Lambe and Whitman(1969)-& o]S AwW3dlr] ¢35t M=d=A19

S

h= =
9. Aue FHo A Fig 529 AR ekl AT o] Fo
BE 84E 30l AFT FHIA THIH F7h EE PadE 45

t=AH o A7 e A%S IFHlLambe and Whitman, 1969). Fig. 5.29] A
A AFolA A¥h o] 84d &t FHSHo FAESHEHARE
A—C) F9 ADAET HUE LI I Y o]y +HEY At gle A
B W) sHeee FEedolgn Ak we AW ) o) Qe £48
9 YA AR A THIEL FUAASEEAR AB) o o3 &
B3y F7bt Qe dHe FRRFIES £F Yol at
+ /\\(\e
g
T a
Stress path for G
R AN
active case \4}/
r i /
LEJ —
-
- C -
() —
I lev /\{\ At rest condition for normally
S ey A N consolidated soil
Il
© \\ _o,to,
AN S 2
o
N
N
\\
AW\ Stress path for
<~ passive case
\\
\\
A N —
f\//' AN
_ /7@ \\ B B;H

Fig. 5.2 Stress paths for active and passive conditions

Fig. 5.3(@)oll A Test 3& FEAH Test 6& FHHEE YEIHE H=4E=A
do2 (At SYHEY 79 % FAMIFES HEL (e THHIE
gk SHHEKE YepAt. o] Alg A3z HE Lambe and Whitman(1969)-2
O FZAE =2st7] sl E -05% Hgre] e FHHPEo| Pty
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@ A=A gde 1/20] TE37] Ysl FHAZ=0] oF 0.5% AT a3y

@ HAFEAGel 2P sl FHUFS oF 2% J=rt Basis AE
2 Ut o A% YRR WSt e el UF glolr mid =)o
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g} AAZIEAA AdE FEERC] TAH=
Abgste] sl FEIAMLANAM L EHH = FESESS 424

= =

2dstL OO A8d HAY A715 HEr
$tt}. Canadian foundation engineering manual (Canadian Geotechnical Society,
2000)8] W&& st HHAnRZH9)L 2¢eE ALt AA FsFH
AlQ, e =83 AHdARE] AFEFHAA 0.004HeF =3k ApdA|uke] &
AFEHAA 0.001He] F 7HAE 2 &8ty 1ol tlsH<e dAFEHA,) )=
0.06H®} 0.02HZ Z-gstar drkA1 #A o) QY ATEr]F<1 0.002H(0.2%H)

£ H&39th 9714 He ZA9A e Folo|t).

Table 5.2 Calculation condition

. . In
Sail type | Height of 'FeIinal Wall
. friction Y . A A,
and rigid wall angle | (N /m?) friction ( ’; P
condition H (m) g /m 5 () m (m)
o (°)
Loose > 0.06H | 0.016(0.004H)
cohesionless 40 gg 180 @3¢ =0.24 | 0.008(0.002H)
Dense > 0.02H | 0.004(0.001H)
cohesionless 40 gg 180 @3¢ =0.08 | 0.008(0.002H)
where, A, : Displacement of critical passive state (0.24m and 0.08m)
A, : Amount of passive displacement (0.016m, 0.008m and 0.004m)
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Passive earth pressure, p,, (kKN/m?)
0 100 200 300 400

| T T T 1
®=25°,56/9=0.66, Apd/Ap=0.06667
[
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(@) A,, = 0.016m (loose cohesionless)

Passive earth pressure, p,, (kKN/m?)
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O T | . I r I T
®=25°,5/0=0.66, A,,/A,=0.05
[
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------ RT

Depth, z(m)
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(b) A,; = 0.004m (dense cohesionless)

Fig. 5.4 Mobilized passive earth pressure for various wall

movements at ¢=25"
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Passive earth pressure, p,, (kN/m?)
0 100 200 300 400 500

| T T
| ©=30°, 5/0=066, 4,,/8,-0.06667

|
— — Translation

N
£
N

\ O,
5 2 \ \“\ 0)6
o, [T\ 2
5 \ \ S
o ) %

(R 2

\ ®
3 Ly

.\ ‘

4 | \ \ X
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(b) A,; = 0.004m (dense cohesionless)

Fig. 5.5 Mobilized passive earth pressure for various wall

movements at ¢=30"
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Passive earth pressure, D, (KN/m?)
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(@) A,,=0.016m (loose cohesionless)
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(b) A,; = 0.004m (dense cohesionless)

Fig. 5.6 Mobilized passive earth pressure for various wall

movements at ¢=235"
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Passive earth pressure, p,, (KN/m?)
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Fig. 5.7 Mobilized passive earth pressure for wall

displacement in translation mode
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Passive Earth Pressure, p,;, (KN/m?)
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Fig. 5.8 Mobilized passive earth pressure for wall

displacement in RT mode

Passive earth pressure, p,, (KN/m?)

0 50 100 150 200
O T T T T I T
®=25°, 5/d=0.66, RB mode
Bpa/Bp

1 —0.05 [
@ ——0.1
<N N ] 0.06667
s 2
Q,
O
()

----0.0333 |
N #
>
/),4//.)
Q

@ ¢=25°

Collection @ kmou



Passive earth pressure, p,, (KN/m?)
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Fig. 5.9 Mobilized passive earth pressure for wall

displacement in RB mode
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Yol zzke]l wW3le] uwlgl Subba Raod o2 Atd FHEZEY THS
Rankine® Coulomb®] AW GH =4 =53t vlasidd.
reo ek A FEFHA4,,) 0.016me}k 0.004msl F 7%l
5100 YEpHRATE Table 532 AA F&3HSdod g F5FESG AL
€ AY3 Ao = Fig 510014 AA FFFHA,)7F 2 A5= HanE
Zhs 13 FEEY dEdelx EFStn HHuniEZs 1#EA ge
Rankine®] gHATEES i of ARk 7h7te] A2 Ao g2 HI7IEHAT. A
AHE Al 7R AFERE F StHIAIHARBEENA EIEHE FESES F
H(p,, )0l 7V 2Al B7EE Ao Table 5.32] Rankine¥} Coulomb®] =<t 3
AMLA(A) FEES T8-S vERA Aotk

n

|

Table 5.3 Calculation results for mobilized passive force in various wall

movement mode

Amount of Wall Mobilized passive force, P, (kK/m)
displacement, A, | movement $=25° 6=30° $=35"
Translation 215.86 230.98 253.44

0.016m
( Ay / A,=0. 0667) RT 204.07 216.12 230.96
Loose cohesionless RB 148,69 149,61 150.56
0.004m Translation 208.08 220.90 236.45
(A, /A 0.05) RT 197.54 208.23 219.35
Dense cohesionless RB 147.26 148.22 148.91
Rankine 354.80 432.00 531.38
Coulomb 584.08 871.59 1,415.67
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(b) A,; = 0.004m (dense cohesionless)

Fig. 5.10 Mobilized passive force for various internal

friction angle and wall movements
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0.008m(0.002H)*| thate] A4bst k. Table 54904 AA %
AwbA el A5 &9l 0.002H0.008m)e! AS- Auke] 2 Fxe} jiu}
Z7zto)| ma} B = FEEY dH9 AVle olFREdAE 13% ~ 22%8 %=
zle] & Holn AAduAIARDEENAE 13% ~ 22%d % =FolE Holi 3}
VAN HARBEEANAE 3% ~ A EZ AL =ol7} gle AS=E ALES]
t}. Fig. 5.11% Table 5.33% Table 5.4< 34 Yebd 1z =Zolt} (a)9 o] 5=

oA FEES T FAEA)7E =2 AL

=

rﬂ

oA+ Rankine?] dAIFTFES tH] HU 64% T+ BRI (b stda
A 2 = (RB) A= Rankinee] E<SF tiv] Ao 43% £ HPorm (09 stgt
IABERBEEANANE WHupztzbe] A#gle] A9 sdg 3o AT

Table 5.4 Calculation results for mobilized passive force in wall displacement

of 0.002H
Amount of Wall Mobilized passive force, P, (kK/m)
displacement, A, LT . . .
mode $p=25 ¢=30 $»=35
0.008m Translation 198.43 209.38 220.32
(4,4/4,0.0333) RT 189,51 198.60 20771
Loose cohesionless
(Ap=0.24m) RB 146.36 146.82 147.27
0.008m Translation 228.53 254.74 281.09
(Apd/ 4,0 D RT 214.64 231.85 252.14
Dense cohesionless
(AP=0.O8m) RB 151.03 152.42 153.77
Rankine 354.80 432.00 531.38
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Fig. 5.11 Mobilized passive earth pressure for various

internal friction angle
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yRndzte] #A5E Rankines] @AMSIAE SEES B =RolAq 2§
B AA FEZWLNA 0] % FESES Foly

]_
. I olfE WRubEZel Ftgel wek ANE FEEEY TP, ) F

al
How #HomE Fig. 511 ~ Fig. 515 A Wiupzz Z7d wet 55
S FHU(RY Aol 2 Ao vhehdth

Table 5.5 Passive force ratio (R)

A Amount of Passive force ratio
Wall P displacement | A /A R (%)
movement (m) RN .
pa (L $=25" | $=30" | $=35"
0.08 0.004(0.001H) 0.05 59 51 44
0.02H) | 0.008(0.002H) | 0.1 64 59 53
Translation
0.24 0.008(0.002H) | 0.0333 56 48 41
(0.06H) | 0.016(0.004H) | 0.0667 61 53 48
0.08 0.004(0.001H) 0.05 56 48 41
- 0.028) | 0.0080.002H) | 0.1 60 54 47
0.24 0.008(0.002H) | 0.0333 53 46 39
(0.06H) | 0.016(0.004H) | 0.0667 58 50 43
0.08 0.004(0.001H) 0.05 42 34 28
o 0.028) | 0.0080.002) | 0.1 43 35 29
0.24 0.008(0.002H) | 0.0333 41 34 28
(0.06H) | 0.016(0.004H) | 0.0667 42 35 28
where, 0.001H : Wall displacement at active state in dense cohesionless soil
0.004H : Wall displacement at active state in loose cohesionless soil
0.002H : Allowable wall displacement(0.2%H)
A, + Amount of passive displacement (0.016m, 0.004m and 0.008m)
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Fig. 5.12 Passive force ratio (R) for various wall movements
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Fig. 5.13 Passive force ratio (®) for translation mode
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Fig. 5.15 Passive force ratio () for RB mode
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6.2 X314 A8

6.2.1 Plaxis 2D
B w=Rolq FAs M6l AHgd £ZESolE Plaxis 2Do|th o £ZES o]
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&) =

Q4|4 =g g8 o]t} Plaxis 2DoA= 1
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Linear elastic =49, AQk-gE-HEP AT 7]
@<=3k ¥k mElQl Mohr-Coulomb =&, ®Boh A
2L 2 T 9] Autrdl Hardening soil
24, HAPES AT oEZHQ AYEZ AFES BAste dl o]&st= Soft soil
creep 2 Fo] Ik B =wolAE FA A ol Linear elastic =9 A3t
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X
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6.2.2 3|H =g
(1) Linear elastic =¥

Hooke9] SHIXE ®rAd o
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(2) Mohr-Coulomb =4

dutr oz ASHE APt diAgd Mohr-Coulomb Edol= WA
E,, ZokFH] v, AAY ¢, WHEEZG ¢, AR TolHYHAZL ¢e] 57 4 HE
geu|E7E 23ET o] RES ARt Aol HAQd dA8F Aol A
£5o] 1o} 7h3k A4ko] 7bs3skth. Mohr-Coulombe] 7]&-28 Fig. 6.1 A A]
Hol oem g2 Coulombe] mpEzba HHozw s, §8HE
Mohr¥ ¢ 2 yepdtiEmdal et al., 2015).

Fig. 6.1 The Mohr-Coulomb failure criterion (Emdal et al., 2015)

(3) Hardening soil =4

Hardening soil E9-& Plaxisol| A AFgEH 1 A+ 17 A¥tEd=z Az 2
A ¥k AFE BEARE] 98] AtEAo A= JRge] o MgEHo &
AukE R o]g53 k. ¥ Hardening soil =9-&  Schanz(1998)3}
Vermeer et al.(1999)¢ <&l A 7ld= Tk Hardening soil &2 7d3}7t 2719
24 dEH AZE & - a4 ZEZ A HA dEUS ‘cone’ ola LI H
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£ v Mohr-Coulomb7] &l wEth st & 93 sh5& 7kt ‘cone
A8l RSt w3 e npEe] FUkstRE AP S A7IA FekNordal,
2017). &+ WiAle) W& ‘cap’ 2R EE= ——r“ﬁO]EP I A APFE-eH
poll oA A= ‘cap’ oo dtFolA FS A HYShE FHolH
p'ol Z7}EHE ‘cap’ o] E9dTh plo] Z7}EbE Auke] AFo] Walo
‘cap’ o] WASAA AH(HoZ LAAZAMY o] LAY IFTH(Nordal, 2017).
Hardening soil =&-& 7]®2 2zl wetn g7} & 23tH Mohr-Coulomb3} w»}zk
TR ARE o, WHEPEZ ¢, tolHP A o] Al 7HA] ARG = sEi)
B2 SHEAHE UERIT o] Yo Eo A FAerHE =dske] At
% 2 AstsS Ao Plaxise 3719 =HE 24 SrEd =
d %N IR s s = 2 A g Eoed% AHERITE A&
AstA o] -y A Yoln Z7|HEAF E tA vAHPEE AT
E& A3t E 2 Eq (6.D vERY itk(Vermeer et al., 1999).

(6.1

FEq0] 50%=2 AsiAH Fig. 6.20] e A tk(Vermeer et al., 1999).

Astel Aste A WIASF E, & 71F WIASF B A AEEH
Eq. (6.2%=zsd E= Ast e AsA 71E 5 P thgste 7E
W& ASFE Eq. (6.2 2th

(6.2)
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Astet Aste] A2E st vAdY g8 mdstEti(Vermeer et al,
1999). A&t} Alstol| A Eopgo] vl p, & W gholw T2 0.1~0.2 Helol 9l
o Askset &4 ®Fo] AL AsA] B e shFo] whEo] -t (Nordal,
2017). ¥ EE thREe AL EFYE= Plaxise 7B 3ELIog AAHAT
AFALEGelA ZAHLE Eq. 639 ELE FARAH, o] At 4LADY

A Akl v A Aholtt. E,, = oo &3

S

Eoed = E’V‘Gf

oed

o, +a\"
pref-i—a
Mohr-Coulomb 223 & Hardening soil 2d& £ Z7ld & 749
Z71e 1Esta Qo™ Fig. 6.3& Hardening soil ZdolAe] Hok7sw
‘cone’ # ‘cap’ FEHES YERHI Ut

Deviatoric stress
| 6, -0,

Asymptote

__————Failure line

TR —

L

Axial strain— €

Fig. 6.2 Hyperbolic stress-strain relation in primary loading for a standard

drained triaxial test (Bentley systems, 2018)
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\O shear
NS .
L OO . hardening
T S\OK\?\@\&@ 7 surfaces

TSN Cap yield
ST \)/\/\K’ surfaces
~-77  Elastic T\
Z= region Voo

\ \ \ —

Fig. 6.3 Shear hardening and cap yield surfaces in the Hardening soil model
(Vermeer et al., 1999)

@ & TxE 4358

Plaxise] T8 7|5 3 7IAE EYH A=
TAE YetdE Aol Ab&ste &9 FRU T72E AR getxe FF
EQte Ay FHAlg WA dAsteE fHe] g IS
Zo] gltH(Bentley systems, 2018). &3 wlX7MA 2 F3 7+2E
Fo2 Y oA AFES Uehdth FA4AY =Edoly ndy RIS

zae dod Aoz AEL BASY] st muol ATEHT Ak
~] A

RS
rx

tané
Rmte'r - tan¢ (64)

o471, s WAIEH ol 2 n}E, g Fo| ulFviRzelt,
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6.3 $x314 =4

Bode 43804 38 YeisldlA BANE FESEGS AdelA A
sq Awne FUA A gate] WA ol hE EGBAE Plaxis 2D =
239e Agshel A3 Mgi BAsth ANl AgHE HERAS

284 X(Table 4.9)9F FY38HA st a4 3l

A

ol

st
Fig. 6.4 YeRJ AT} Plax1s.°4 mesh
option®l|= Coarse, Medium, Fine, Very find®] mesh Z7]1& ZAT 4 AU+ 7|
ol em Duncan and Mokwa(200D)el] <]3tH 3StF-H oA Coarse
mesh+= Very find mesh& A8k A¥e} vlwste] 9% zkel7hvkil Medium,
Fine, Very find meshE A}&3% ZAI= ol fASHT Eusidon
Shamsabadi(2006)+= PlaxisE A|Wr&-Sto| Al ALE-st+=H Medium meshE 2 -&3}
v AL AFsitta Ao B =woAe ALY BEE A
P& S F U= Medium meshE /\P%é‘}oﬂ A e AT A=
np2-2 Plaxisoll A Al&-3t= <l

Henkdg vt Az
AL F - 5 xEFErA s yIdFugder ALsta #HA L AFS olF
), A3 HRBEY Al 7= AT B A ol

FY3 -A frAst 7198 WY AAHOoE HME TSRS A AHE-
= 49 A& Linear elastic 2®&-& AH&3ta  AHE2 Mohr-Coulomb}
Hardenmg soil 2d T 71X E AL&35le Zhzbe] A Lo Uty vlwsle] AE

7}
oA 2870l F& Mohr-Coulomb &S F8 o] AREsIom mdAd
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Fig. 6.4 Analysis modelling in plaxis

6.3.2 A EANAs

2 AT FA N AEHE AATE A FA R g A AU
3 A5 AFESt= Aol ofjyrm =R 42404 A AE Subba Raodle] AEHE E
o AL Aol v - £43H7] YA E FASIA T FEFE VA= FUT
1Q1 A¥kA o] AAo] ¢ 2,
(¢), BHuEZHHS AT FAH A FFOE ALHER FA3A 483
3 Zo}FHl(v)= Table 6.19] E& AAH e Faste] AFolx F=2 A
|5 WA A&eAT. 53] FXMAAAS ste-H WA F IF
< v MFAFE )Y 28-S 9st] Subba Rao2lo] A4F Adgte] &4
ste AFE Hole MIATE dulsid s B3l AAsIAT dulsiA W
6.3.34 0l AstA JEFHATE B Aol A EH Mohr-coulomb =42
AFE ) e = A-RESY 4§ 17.0 ~ 40.0 MPao|¥ =g ALFE 9
63.0 ~ 160.0 MPaZ EA =AU WA o] siMAe] FdFS VAA F=
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Table 6.1 Typical ranges for elastic parameters of various materials

Material Young’s modules, £, (MPa) Poisson’s ratio, v
(soil type) Bowles(1997) Das(2011) Hunt(2006) Das(2011)
Loose sand 10.00 ~ 25.00 | 10.35 ~ 24.15 0.20 ~ 0.35 0.20 ~ 0.40

Medium dense - 17.25 ~ 27.60 - 0.25 ~ 0.40
sand
Dense sand 50.00 ~ 81.00 | 34.50 ~ 55.20 0.30 ~ 0.40 0.30 ~ 0.45
Sand and grable |- 5 oy 90000 | 69.00~ 172,50 - 0.15 ~ 0.35
(loose ~ dense)
Concrete - - 0.15 ~ 0.25 -
Table 6.2 Input parameters for modeling
Liner elastic | Mohr-coulomb | Hardening soil
[tem
model model model
Material Wall Soil Soil
Unit weight, v (kN/m?) 23.4 18.0 18.0
Internal friction angle, ¢ ( °) 25, 30, 35 25, 30, 35 30
Cohesion, ¢ (MPa) - 0.0 0.0
Young’s modules, £, (MPa) 30,000 17.0~40.0 )
Loose / Dense cohesionless ' / 63.0~160.0
ref
Secant modules, £’ .(MPa) _ . 190 / 68.0
Loose [/ Dense cohesionless
ref
Tangent modules, E”“f (MPa) ) ) 190 / 68.0
Loose / Dense cohesionless
: : ref
Un/reloading stiffness, E.,u,,,, (MPa) B B 380 / 136.0
Loose / Dense cohesionless
Dilatancy angle, ¢ ( °) - 0.0 0.0
Poisson’s ratio, v 0.2 0.3 0.3
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6.3.3 st3-H9 ATl a3t Jn|sA

A5 A ARG A FEZW(A )E AH3H] Subba Raos o2 Altel

= Avg s S A o
& AAo] ¢4 sttt AAE WIASFE AHEste] APy gAALG ] A
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g
S
re
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aHs7) skl FAS M E MM H e AHste] HAE IA

ANZIEA On AEHe dFe ste-He FHdoR st Y

EoAs A golo FAFAA TAHE ME 7IFoR -1
U A4S ARDEENAE AA Hatde] M 31014 3] H(RB)
oM HA Hdde WeE A8 ss-we THARE BYSAT

(D) AZAso] 23

9,1',

X
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do

o |

FAMAES AT HIAT A sF-HH e FEIAH. A AR
ox A" AA FESHA, )M TAHE FEES FHe FAHA
dob @A BExb-we] I azel| I8 A e MIA(E) @ st
ANAZIH WrEx oz siMe FHSAT. FANNAT 4 HPA T gl sl

wn

g
3= E%L-‘?ifl =41 % Subba Rao%| A4t A3} kol 7 S st E-H
# FAol dgste HIATE B FAH H&sts HIATE AN
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Table 6.4 A &]3FAth
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1 pd—O 004m e Calculation
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Lateral displacement of wall, A, (m)
Fig. 6.5 Load-displacement curve due to young’s modulus at
$=30°

(2) Mohr-Coulomb3 Hardening soil =&

Mohr-Coulomb 22 = ZAA3 HIAF(E, )E ©]-&3te] Hardening soil =3

o A&sE Al 7R BFAAFA FAsE AR (EL), Lo=RE FA(E,,,
AstE FR(ENS ARste] Avtmdd wE 3F5-He BAFHAE WEnt
A7k 30° 9l ASo] wale s|Aste] Fig. 6.601 Tz Uenich
Hardening soil =22 H|AHY 9 &9 o&ZF AdtASS |8 +

Atrd g Az Agke A BAstE BAF A AsS F Uerd
Aol oyt AR S faiAe AuAd e B3 AT 4
gstth Ty ARl AR RR] tigk AEASAIE TS AAlS

ARte) ZFAATE BASA A= ZF’S% Gz o] A ¢k

oed

(e}
o] 1= Hardening soil RS H&3t= A A 71A ZAAASFE 7148t A

83k 2ol Yura o)k,
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TE 7HAst siAg AAE Fig 6.6 UERAT A A7 A H G EH
TS E4S Mohr-Coulomb =@ o] Hardening soil =23} vl sle] o 10%°]4)
o] WA A Uepgoy B =iolA A gt SAWMASE olx9
b W9 oA YEtye sts-wHe dASAde dEl= Mohr-Coulomb =4
Hardening soil 29 % 7}A 2% A9 A% A% S BRYuh I EE B =
o= AE&2<Q SHolA Mohr-Coulomb =¥-& ARgste] FX|efAS 3
skt

Fig. 6.6 WFrtzzt 30° ¢ Ao tig 2102 F & A<¢E Subba Rao
Mo Akd Ltk AdES] HAWe 0.016mer = A ES] HA WS
0.004mol] T3k AxtE}ol FFF-H 9 & Mohr-Coulomb =3}

T
)
y

Hardening soil =€ o] Z WA 5 kol e X445 YA Aot
800 :
®=30°
700
600 i @MW'\WWW
S RS- RN A
500 /o4 ot

400

200 ——Mohr-Coulomb [

- - -Hardening soil
100 S Son
A,4=0.004m e (Calculation

o [l T T
0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24

Lateral displacement of wall, A, (m)

Passive force, P, (kN/m)

300 /
l  A,4=0016m

Fig. 6.6 Comparison of analysis model at ¢=30"
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6.4 $X 3] A2} Subba Rao2]e] vwEA

6.3.3°14 s drsiy ARE wEge= WyepEZ 25°, 30°, 35° <
2=

7d-¢oll thste] Subba Rao2jo.z A4tE AA FEFHAAQ )M I H=
FEEY FEP, T 589 WAFAE maste] $ANML 9 HA
HEAFE))E A 2AsAH. Al 74 HA AFREd st 2449 A
FA(E, )¢t Mohr-Coulomb =®-& o] &3t #2314 F3h3 AF}E & A
of YeRi A
6.4.1 Subba Rao%] Al4Hd o] wE WA T 2A
Table 6.32 Al 7}A BAASEE et |4 cases WEIA Aoz 7+ A
sREd met A jo) YRRzt thate] 77t L3 AMdESH 22H A
AES] Ao thet i & FaPsted F 18 cased] AAAAE B =& 5
stk ZF Aol tig s d3= Fig 6.7 ~ Fig. 6.99 sta-¥He FAo Uy
R A
Table 6.3 Analysis case for various wall movements
Wall .Irlltemal Amount of wall displacement Analysis
movement | friction angle A m Aql4, case
mode ¢ (°) v

0.016 (Loose cohesionless) 0.0667 3 case
Translation 25, 30, 35

0.004 (Dense cohesionless) 0.05 3 case

0.016 (Loose cohesionless) 0.0667 3 case
RT 25, 30, 35

0.004 (Dense cohesionless) 0.05 3 case

0.016 (Loose cohesionless) 0.0667 3 case

RB 25, 30, 35
0.004 (Dense cohesionless) 0.05 3 case
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Fig. 6.7(a)& WA o]sREZolA WFmpzzy 25° ¢ 7= Subba Rao4| 9]
HAMS 0.016mdoose cohesionless soi)oll Al Al4tE FFFHESFH AA|5t= s
T-HY FAY FASY 28 HIASF(E, )= 17.0 MPac]ar HAE S 0.004m
(dense cohesionless soiDoll A A4t FESESI dX|ste sts-He AAS
Aol Fx84 AHE AIASE )E 63.0 MPaz UEeElgY. Fd3 Wyo=
Fig. 6.7(0)¢] ¥A o]FEToA WHuzzr 30° 91 -+ HAAS 0.016mel 4]
FA4 Ae HIAFE )= 18.0 MPaolx HAAY 0.004mollA A HE
A= 68.0 MPao] At} Fig. 6.7(0)¢] WA o] FEToA WFulzz; 35° 1 7
- HAHS 0.016melA A& MPASTE= 21.0 MPaolil HA WML 0.004mel| A
HYAF= 75.0MPaclt). 53 oz AAduHIARDEES} stk A 3]
ARBEE st FAH S FPhst & HIAF(E HE T3tk Fig.
6.8 HA GG AHIHRDEES] Aiolal Fig 6.9+ HA stard 3] - RB)
BroAe] Adoltt. 7+ WA AR wet SN AAHE HIASF
£ Table 6.4°) YeER AT

Fig. 6.7 WA ol srE9] 3|2z Witz zte wE s5-He] HA=
AL YER (@ ~ (A Bﬂﬂﬁ]r( ARe) 2GS wet 7] 49 7=
7] ol Ay 3 o]|F 9 FEEYS AY 22 FOoE FHIE AYFS B
A, WA uuyl;agxq(m)gg,] A8 A¥ Fig. 6.82] (a) ~ (02 A
T Yol FEFENS FHste ¢S Bt WA st dRBE
=o] =8 4A7 Fig. 6994 W3 =

A=A Rke] =™ A =)ol we} z27]
Aol 71e7] Aol AW gl & =43 AHES =3k AHES dAFE
Et2 ¢ 10% A=9 zol& HEA(T Table 6.4904 HA o] sEE e} il
AIHRDEE thety 2Ad APFA s WHrbEdZo] S7igel weh 71
ste A¥e BIou st ARBEEANAE W wtEzre] 7o) et
WA F7F st ARE S’&EP ©]& Subba Raod] o2 A4t U Fuhzzt
o A7 WM& FEFELRS @olle Aol7t A9 gloy FAs oA W
npEzy S7rR ANke] FETE F7EEO] ANke] AFAJo]l EojSofoFtt Subba
Rao4 o} Al4kgkst A2 x71 vlzaj#17] fjzoz 48,

i_,
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XA A7< Fig. 6.7 ~ Fig. 6.99] at5-H9 LA F7o|T FHEH=
WAGHDIE 24del oldel JoudiMe] FEZERS AHsnA 3
£ 2 wre BN ;Eshs REo] ofUnR S Autel dF-u9
A4 Yelde 94 e B =RdAE =92 e Zo=E i

Table 6.4 Determined young’s modulus (£,)
Wall Amount of wall Internal friction angle, ¢ (°)
movement displacement
mode Apd (m) 25 30 35
. 0.016 17.0 MPa 18.0 MPa 21.0 MPa
Translation
0.004 63.0 MPa 68.0 MPa 75.0 MPa
RT 0.016 28.0 MPa 29.0 MPa 31.0 MPa
0.004 100.0 MPa 105.0 MPa 109.0 MPa
RB 0.016 40.0 MPa 38.0 MPa 37.0 MPa
0.004 160.0 MPa 150.0 MPa 145.0 MPa
800 ‘
| ®=25°
700
2 i
= 600
< i
= 500 p—
D-«Q L - [ = =~ = = = P== A= R A s a e
w00 [ -
8 _/ ,
£ 300 -
o o — A_4=0.016m
= e
% 200 I - - E=17Mpa
&l 100 ” ——E=63MPa
L Apd=0.0|04m e Subba Rao
0 L L L L L I
0.00 0.05 010 015 020 0.25 0.30
Lateral displacement of wall, A (m)
@ ¢=25°
- 116 —

Collection @ kmou



800

700
a I N~ SNAADANAN]
> 600 SplanVan A STl 'l
Z -
g 500 e
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5 200 / ! - --E=18MPa
[a W) 100 ,I Apd=0.004m —_E=68MPa
I e Subba Rao
O L L L L L I
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Lateral displacement of wall, A ; (m)

() ¢=30°
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®=35°
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2 I
Z 800 =l
& | ~~ \N— iy _ - --F--""
A~ 600 R
q_) e
o )/
2400 H-
= | L Dpg=0016m - - -E=21MPa
é 200 S —E=75MPa [
) Apd=0.0|04m e Subba Rao
0 o L 1
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Lateral displacement of wall, A 4 (m)
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Fig. 6.7 Load-displacement curve of FEM and calculation results in translation
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Fig. 6.8 Load-displacement curve of FEM and calculation results in RT mode

800 y
| ®=25°
700
= I
= 600
Z I
= 500
[a ) B _\/\/\/\_/\M
- 400 = = e — =
S i / |PEEEET S
S 300 MSEL
Belvay
g 200 //, - - -E=40MPa
QC:S 100 . \Apd:o'01|6m ——E=160MPa ||
"N A o0004m e Subba Rao
0 L TR I .

0.00 0.05 0.10 0.15 0.20  0.25 0.30
Lateral displacement of wall, A , (m)

@ ¢=25°

- 119 —

Collection @ kmou



800 |
®=30°

700

600
500 Vet
400 // L _ - - -
300 A
| /
[ -
/

Passive force, P, (kN/m)

200 - - E=38MPa ||
100 7,'“{ Apg=0016m —E-150MPa ||
l/ Apg=0.004m e Subba Rao
0 . ? . hy ™ " ! I

0.00 005 010 015 020 025 0.30

Lateral displacement of wall, A 4 (m)

() ¢=30°
1000 |
900 || ®=35°
”é 800
Z 700 | AN
] i N\ e, g
g 600 /_// —L---
A I I
- 500 / s
g ot/
:c:) 400 / =
v 300 —
@ 200 [ ol ---E=37MPa ||
L g Apd=0-01‘6m —E=145MPa
100 17 A .=0.004m e Subba Rao ||
0 pd™ ™ | . . T !

0.00 005 010 015 020 025 0.30
Lateral displacement of wall, A 4 (m)

© ¢=35°

Fig. 6.9 Load-displacement curve of FEM and calculation results in RB mode
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Fig. 6.10 Comparison of passive pressure by FEM and

calculation at ¢=25" (translation mode)

- 122 -

Collection @ kmou



Passive earth pressure, p,, (KN/m?)

0 100 200 300 400 500
0 . | v
_\\ =300, A,4=0.016m
\
1 \
E
N
£ 2 N\
o \ Ranki
] \ // ankine
\
3 \
\ — —Subba Rao
| —FEM
4 B & [
(@) A,,=0.016m (loose cohesionless)
Passive earth pressure, p,, (kN/m?)
0 100 200 300 400 500
0 , v !
>\\ ®=30°, A,4=0.004m
\
1 \
E
N
. \
s 2 \
) \
A \ — Rankine
\
\
3 \
i \ — —Subba Rao
—FEM
4 B [

(b) A,,=0.004m (dense cohesionless)

Fig. 6.11 Comparison of passive pressure by FEM and

calculation at ¢ =30 " (translation mode)
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Fig. 6.12 Comparison of passive pressure by FEM and

calculation at ¢ = 35" (translation mode)

- 124 -

Collection @ kmou



Passive earth pressure, p,, (kKN/m?)

0 100 200 300 400 500
0 ; ' I ' I '

Translation mode, Ay /Ap=1.0

\ ®=25°

— [ o=30°
N
3 | \ \§

Fig. 6.13 Critical passive earth pressure for depth by FEM (translation mode)

—

Depth, z(m)
[\

®=35°

2 YA 323 AFIARDEE=

THE=oA uFupzdzte] wel Yeld Fig. 6.14 ~ Fig.
6.162] (A= AA F5=wW 0.016mdoose cohesionless)?l A -$-o]x (b)= AA

T5=¥9 0.004m(dense cohesionless)? 7%= Subba Rao2]-> A FHe EQF

£ 022 sto a2 A5E AL AMH R Frtdth FA A A ESt
EXE ARxoAA of 2.0m AE7MA = EStol A A&stA] gdohrt 2.0m st
NH FA3 FUste BEXE BT ol vAdTe ¥Wele 1ol s
ANARE Bt ER WA FAS V|FoE AR EYREVL 343 2eA
+ A0 E F vk FANAETG A= et HA A&ste EYEEE
ARG HRDESNA L= AL EQEXe FHE Fang et
al.(1994)9] Hadug3dRnsoix WML EEI #3 myAgAaset o
A|sk= Aottt Subba Rao2} o] A4 X]si4 A= Rankineo] HAIWH 9%

dT £3%5 Bt} Fig 6.17S x84 43

Bl 5 ESE vl oF 40% ~ 60%%
o m2@ ADES B FARNFE FEEGEEES e Aol

Collection @ kmou



Passive earth pressure, D, (KN/m?)
0 100 200 300 400 500
. , . , .

®=25°, A,4=0.016m

Depth, z(m)
Do

\
- \ \/ Rankine
3 \

\ — —Subba Rao
—FEM

4 \ \

(@) A,,=0.016m (loose cohesionless)

Passive earth pressure, p,, (kN/m?)
0 100 200 300 400 500
. . : : , :
=25 °, A,4=0.004m

Depth, z(m)
Do

- \/ Rankine
3 \

\ — —Subba Rao
\ —FEM
4 > \

(b) A,,=0.004m (dense cohesionless)

Fig. 6.14 Comparison of passive pressure by FEM and
calculation at ¢=25°(RT mode)
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Fig. 6.15 Comparison of passive pressure by FEM and
calculation at ¢=30"(RT mode)
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Fig. 6.16 Comparison of passive pressure by FEM and
calculation at ¢=235"(RT mode)
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Fig. 6.17 Critical passive earth pressure for depth by FEM (RT mode)
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Fig. 6.18 Comparison of passive pressure by FEM and
calculation at ¢ =25 (RB mode)

- 130 —

Collection @ kmou



Passive earth pressure, p,, (kKN/m?)
0 100 200 300 400 500
. : . , .

®=30°, A,4=0.016m

Depth, z(m)
Do

TN \/ Rankine
\
3 )
\ — —Subba Rao
j ‘\ —FEM

4 \ l
(@) A,,=0.016m (loose cohesionless)
Passive earth pressure, p,, (kN/m?)
0 100 200 300 400 500
0 i I ' T T
=30°, A,4=0.004m
1

Depth, z(m)
Do

\ \/ Rankine
\
3 \
\ — —Subba Rao
j ‘\ —FEM

A \ |

(b) A,,=0.004m (dense cohesionless)

Fig. 6.19 Comparison of passive pressure by FEM and
calculation at ¢=230° (RB mode)
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(f) Dense cohesionless, ¢=35"

(c) Loose cohesionless, ¢=35"

Fig. 6.21 Incremental strains for critical passive displacement at translation

mode
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(a) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢ =25

(b) Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢=30"

(e) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=235"

Fig. 6.22 Total displacement for critical passive displacement at translation

mode
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(© A,,=0.016m, ¢=30° (@ A,,=0.004m, ¢=30°

(e) A,,=0.016m, ¢=35" (f) A,,=0.004m, ¢=35"

Fig. 6.23 Incremental strains for A ,=0.016m and A ,=0.004m at translation

mode
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(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=235"

Fig. 6.24 Incremental strains for critical passive displacement at RT mode
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(@) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢=25"

(b) Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢=30"

(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=35"

Fig. 6.25 Total displacement for critical passive displacement at RT mode
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(@ A,,=0.016m, ¢=25" (b) A,,=0.004m, ¢=25"

(© A,,=0.016m, ¢=30" @ A,,=0.004m, ¢=30°

() A,,=0.016m, ¢=35" (f) A,,=0.004m, ¢=35"

Fig. 6.26 Incremental strains for A ,=0.016m and A ,=0.004m at RT mode
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(@) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢=25"

(b) Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢=30"

(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=35"

Fig. 6.27 Incremental strains for critical passive displacement at RB mode
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(a) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢ =25

(b) Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢=30"

(b) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=235"

Fig. 6.28 Total displacement for critical passive displacement at RB mode
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(d) Dense cohesionless, ¢=25"

(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=235"

Fig. 6.29 Deformed mesh for critical passive displacement at translation mode
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(a) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢=25°

(b Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢=30"

(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=35"

Fig. 6.30 Deformed mesh for critical passive displacement at RT mode
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(a) Loose cohesionless, ¢=25" (d) Dense cohesionless, ¢=25"

(b Loose cohesionless, ¢=30" (e) Dense cohesionless, ¢ =30

(c) Loose cohesionless, ¢=35" (f) Dense cohesionless, ¢=

Fig. 6.31 Deformed mesh for critical passive displacement at RB mode
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6.5.2 Rankine®] +5E¢ 74 ¥4

Rankine®] TES 4 WS AFoM HAsA AHE JhestE=
Rankine®| 3AlFEESS 722 YERo] Hodth A4 +8SR(A4,)=
0.002HE 71=o.2 i JAlsEHAA)E =T ARk =3 Ahte =
TR A FESHEAN(A,, /A) 017 0.0330 H-5-oA Rankinee] A
FEEY nluste] ZaAS(R)R TSI Table 655 HA) AFRE
of thated W RupEZe] wE Rankined FEEY HAAF(RIE HERA 2]
o AANE Z2AFRIE A

4>A

ste Aoz Awe =AY Awol weh £EZ WA 0.002HY 7ol 2
Aee FEFEY A7E AEsH A4E g . sEagIHARBEE
o AgE Aute] U BAo] A FEZWS(A ) 0.002HY W A
o) FUYF FAEE BAT T olfE UrriRzte FrEleE RHHE S
F=Egre] 2717k vSsly] wRolth
Table 6.5 Reduction coefficient (%2,) of Rankine’s passive force
Wall Internal Reduction coefficient (%, )
friction angle | Loose cohesionless soil | Dense cohesionless soil
movement o
¢, (°) A, lA,=0.033 AylA, =01
25 0.55 0.64
Translation 30 0.47 0.60
35 0.42 0.52
Rotation about 25 0.53 0.60
the top 30 0.45 0.55
(RT) 35 0.39 0.47
Rotation about 25 0.40
the bottom 30 0.33
(RB) 35 0.27
Where, A, : 0.002H (H=4.0m)
A, + 0.06H (Loose cohesionless soil), 0.02H (Dense cohesionless soil)
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5.3 FEZHLu EQ A U

<
__I_E

FZuelner B¢t BAA PP WERuRZEe] Zrlo] wet AE AA
FHANA,)NN BAHE FESENPL,)S FBUAS BHte] 4A
1 9]

HLAR(A,, /AN FEZSENP, ) FAE WRupEZe A7) wet

pm

-
o
=
kI

wAA o2 Aestth. Table 6.6 Wietzdz 2 HA 534
ARA, /A DAA EFHE F5ZESHP,, )S Subba Rao o2 A4 At
oty Wale] AFro wetr A4tE Table 6.6 AFg3te] UjFupzazte u}
8 AA #5334, /4,9 FE5ZE}P, )0 BAAS ALt

pm

Table 6.6 Mobilized passive force for mobilized passive displacement ratio

Wall Passive Internal friction angle, ¢ (°)
movement displacement 20 ‘ 25 ‘ 30 ‘ 35 ‘ 40
mode ratio (4,,/A,) Mobilized passive force, P, (KN/m)

(0.1000 211.68 | 22853 | 254.74 | 281.09 | 313.78
0.0333 187.63 | 198.43 | 209.38 | 220.32 | 232.42
Translation 0.0500 195.26 | 208.08 | 220.90 | 236.45 | 256.32
0.0715 20318 | 217.87 | 234.86 | 257.90 | 280.94
0.0240 182.16 | 191.66 | 20117 | 210.67 | 220.18
(0.1000 20051 | 214.64 | 231.85 | 252.14 | 274.36
Rotation about 0.0333 180.41 | 189.51 | 198.60 | 207.71 | 216.94
the top 0.0500 186.84 | 19754 | 208.23 | 219.35 | 233.06
RT) 0.0715 193.29 | 205.76 | 218.35 | 234.20 | 252.06
0.0240 17585 | 183.89 | 19191 | 199.89 | 207.87
0.1000 149.87 | 151.03 | 152.42 | 153.77 | 155.22
Rotation about 0.0333 14588 | 146.36 | 146.82 | 147.27 | 147.74
the bottom 0.0500 146.82 | 14751 | 14822 | 14891 | 149.61
(RB) 0.0715 148.00 | 149.03 | 150.02 | 151.03 | 152.02
0.0240 14534 | 14570 | 146.02 | 146.38 | 146.70
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Table 6.72 ARg3ste W4 D9 PE 3 D =43x30° —540 =750,
P=30°+160=190°] "t} T Z<S Eq. (6.Do A& HFHo=z YR
npEZba Agke] AT wEt o] FESHANA BHHE FESEY
P =750<0.044+190 =220 kN/m& 7& & Utk

Table 6.7 Parameter D and P

Parameter D Parameter P
Wall movement mode
fD dD fP dP
Translation (TR) 43 -540 1 160
Rotation about the top (RT) 28 -280 1 150
Rotation about the bottom (RB) 2.7 4.0 0 144
350 ‘ |
I 0/®=0.66, Translation
~ ¢=40°
£ I /
Z 300 | =
= / ®=35°
Q_:l
g 250 | // ,/// =30
U -
S / // ®=25"
0 I / //; ®©=20°
2 200 ; ;
[a ¥ I ——
I ppm=D(Apd/Ap)+P
1570 N AP N N R 1

0 0.02 0.04 0.06 0.08 0.1 0.12
ApalA,

(a) Translation mode
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§ 300
2
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D_‘Cl
$ 250 //, ©=35°
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E /// ®=30
2 200 /é;/ P=25
g ;//——- ®=20
Pom =D (4pq/A,) + P
o L b T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12
Ald,
(b) Rotation about the top (RT) mode
160 [ [
5/®=0.66, RB
E ®=40°
= 155 ~
Z
2 ®=35
g /% ®=30
= // ®=25°
g 150 ////? ®=20
% 145
[a W
Pom =D (4pq/4,) + P
wo b bl T T T
0 0.02 0.04 0.06 0.08 0.1 0.12

Al

(c) Rotation about the bottom (RB) mode

Fig. 6.36 Relationship of mobilized passive displacement ratio and mobilized
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(b) Rotation about the top (RT) mode
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(c) Rotation about the bottom (RB) mode

Fig. 6.37 Parameter D and P for internal friction angle
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