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D, =1m, »'=16.8kN/m®, ¢'=32", ¢'=15kPa, k, =0.25, k, =0
V =055m/s, A=0.3 g=9.81m/s’

dys = C'Nsd, +7'DiNygd, +%7/’BNyde, Static conditions

due =C'Ned, +7'DNged, +%y'BNyEdy, Earthquake conditions

NP tanz(%vt%], Nes =(Ngs —1)cot ('), N,g =2(Nys +1)tan(g'),

d, =1 d,=1+0.4K, d, =1+2tanp(1-sing) K,
Df
E velic T
5 D tang =—1—, SEq(m):0.174A—{K“} tan a
tan™t| —- 1 v g
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4 rtan| Z
N ntan[:p] tan 7[ ﬂ —e [6} tan2 Z +£ =23.1768 .@
as — 4 2 4 12

Nis =(Ngs —1)cot(9)=35.4908, N ¢ =2(N, +1)tan(p')=30.2147,

0.4 0.276162
d, =1+0.4K =1+~ d, =1+ 2tanp(1-sinp)’ K =1+ <220 § =1
B p(l-sing) B '
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= =0469, N, =10.8716
Nqs
N
ang=—to 02 _go5 £ =0.259, N . =7.8259
1-k, 1-0 N, ’
Nee =0.4392, N =15.5875
N
Acceleration Ratios of Seismic to Static
Intensity Bearing-Capacity Factors
K
f=—
tan 1 - k‘u NqEJ'INq-j N-‘.Ej.i\?.'.s 4 I:..E.'II-J!.Hii::..j'
0 1.00 1.00 1.00
0.0807 0.78 0.65 0.77
0.176 0.60 0.40 0.57
0.268 0.44 0.23 0.41
0.364 0.31 0.11 0.27
0.466 0.19 0.04 0.14
0.577 0.06 0.00 0.00

e =C'Ned, +7'DNcd, +%7’BNyEdy, Earthquake conditions

0.276162 0.4
Gup = 182.6420(1 +~——7——) +233.8120(1 + ) + 65.7378B = 350
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vefke T
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D
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Static safety factor, F'S

23,5 e p5 Jes 5l |, tan o, =1.084 Olei oo k; =02, @'=32° s Cawd Ho b piren g

vk T
SEq(m):O.174A—g{Kh} tana,. =0.174

0.55 [0.2
0.3

-4
—————| —| 1.084=0.0981474m =9.81mm
0.3x9.81 }

tana,,

k, $'=20° ¢'=25° ¢ =30° ¢ =35

0.05 1.10 1.24 1.39 1.57
0.10 0.97 1.13 1.26 1.44
0.15 0.82 1.00 1.15 1.32
0.20 0.71 0.87 1.02 1.18
0.25 0.56 0.74 0.92 1.06
0.30 0.61 0.77 0.94
0.35 047 0.66 0.84
0.40 0.32 0.55 0.73
0.45 0.42 0.63
0.50 0.27 0.50
0.55 0.44
0.60 0.32
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S A ¢ k, =021, k, =01
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Seed and Whitman 3, 5 oS (g0 axy

(a5 oolazul (1969)
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(oS solawl
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ang_ K _ 021

Qu\..ul) )lﬁo
(W o
Ty ol 0.229rad
cos’(¢—0- )
AE ™ > =0.571946
2 sin(¢+5)sin(¢g—0—i)
cos(8)cos®(B)cos(5+6+ )| 1+ c0s(5+6+ )0 (i~ )
P, :%sz(l—kv) K. =104.527kN/m
(¢ J>
K, cos’(¢— )

> =0.354088 @
2 sin(¢+5)sin(g—i)
cos(0)cos” (B)eos(6+ )| 1+ o5+ 5)cos i~ 5)
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P, :%sz(l)KA = 71.902kN/m
o _ 033HP, +(0.6xH)AP, _0.33x4.75x71.902+(0.6x4.75)(104.527 ~71.902) .
= P - 104.527 ’
(¢ J>
q_ 0.42x H x P, +(0.48x H) AP, _ 2_084m
I:)AE
e J=
£ Sl >

_cos(5+p)-sin(5+p)tan(g,)
Cl = () ~1.08928
W

SF = —————— =2.8089,
S 7HIK,xCl

e o 43

Wguzxo gl L) el

2 0.25
W{&J 0062675

A, xd(mm)

Kk 0.062675
ang=_n_ _ 0 = 0.0695rad = 3.9836 ‘
1k 101 @

\

2 p— —
Kpe = e (¢ 0 ﬂ) > = 0.4054

cos(@)cos®(B)cos(5+6+ ,6')[1+ \/02:((519515;)%3_(?:2) J

1 .2
Pae = 7H (1—K, ) K ¢ = 74.0898KN/m
_cos(5+p)-sin(5+p)tan(4,)
ek fan(g)tn(e)] o
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SF= W, —2.157
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E?’Hz(l_kv)KAEXC E
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P, =0.9914k, y,h’ = 0.9914x 0.21x9.81x (3)’ =18.3814kN/m

Sailiwl g 6l 03y bl pis Cmxi g9 (g5luly ow )y 2 5l Mathematica o5 I isw (gdiges

400—11—09.nb * - Wolfram Mathematica 12.3
File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

Design of Gravity Retaining Walls Based on Limited Displacement, Richards and Elms (1979)

Author: Ali Asgari,
University of Mazandaran - Faculty of Engineering & Technology - Department of Civil Engineering
Pasdaran Street, 47415, P.O.Box: 416,
Babalsar, Iran
Email Address : a.asgari@umz.ac.ir
Date of last modification: Feb 17, 2022

Calculation sheet written in Mathematica, version 8.0.4.0 ((c) Copyright 1988-2011, Wolfram Research, Inc.)
n286]= Clear["Global %"];

Input Data:

n3o4]= ¢ = 34 x Pi/ 180;
¢, = 3@ « Pi / 180;
k¢ = @.5;

S =Ko *xo;
i=5%Pi/180;
B =10+ Pi/ 180;

¥ =18;

H=4.75;
kn = ©.21;
k, =@.1;
A, = 0.15;
A, = ©.15;

d=25(+mm«) ;
hw = 3 («m«);
Wstatic = 2205

Based on zero displacement condition under static condition:

Cos[¢ - B]>

- —\2
Cos[B]2Cos[6+f] (1+ Sin[¢+5] Sin[é-i] ]
V Cos [6+5] Cos[i-5]

ou[301= ©.354088

nEo1= Ka =

nEoz= Pp= (1/2) ¥ * Ky *H 2

Out{302]= 71.902

ehaws all dinite (¥ criantific farm intanar mart |V nth dinit mnro ﬁ |:|

HEOouLEDCEC =G

| 35
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2
e/ c. h(m) | q.(kg/cm?)
0.19 1 0 --
0.2 0.99 15 25
0.21 0.98 3 33
0.215 0.97 4.5 42
0.22 0.96 6 54
0.23 0.95 7.5 61
0.24 0.94 9 74
0.255 0.90 10.5 83
0.26 0.85 12 90
(Wl Jo>
sably §f dwlo Gilizio Gloclyd Luwgio oib yt S (yats
h
T0g =0.65xC (%} a_.
il oo a3 51 (U e Sle (LB A5 Oles
h(m) Co A/ | 7h(kN/m?) Ty (KN/M?)
0 1 0.19 0 0
15 0.99 0.2 25.2 3.24324
3 0.98 0.21 54.075 7.233613
4.5 0.97 0.215 82.95 11.24449
6 0.96 0.22 111.825 15.35134
75 0.95 0.23 140.7 19.98292
9 0.94 0.24 169.575 24.86648
105 090 | 0.255 198.45 29.60378
12 0.85 0.26 227.325 32.65524
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Percent of fines.

Lower bound of (7, /o, )sie1q
for which liquefaction is

soce 1 abal, SWS L gl (oo g yoee S9i Gialesl b als b

::\5)51 Cawds |) (N ’)oJ...‘f.a C)La‘ SPT

F N’ likely (M =7.5)
: RN
<5 5 0.055 9; =Cy0., Cy =978 |—, =0
10 0.115 %
15 0.170 3 . )
20 0.220 LS, S 4 59, Joir 9 00l Lol SPT sue 4y azgi L
25 0.295 o
30 0.500 O 0aiiS1Kly) (i A Lo G55 (g, (log; auejo g A3l
10 5 0.098 el 00 0351 15 Jgaz ;0 a5 0.5 i olige SeS Ly ge
10 0.160
15 0.225 =Y y'h,
20 0.295 o = 2.ih
25 0.500
35 5 0.130
10 0.185
15 0.260
20 0.400
29500 mala 25 Jouz S9boe (2lKg) cge &5 (b AL it polie dle sl
1 ’ 2
h(m) c B () (kg /om?) o (kN h () | o g (kg fen) (5D | T (ki)
D
0 1 0.19 -- 0 0 - - 0 0
15 0.99 0.2 24 25.2 25.2 1.948 | 48.70557 | 12.17639 | 0.188293 | 4.744984 | 3.24324
3 0.98 0.21 32 39.36 54.075 1.559 | 51.44288 | 12.86072 | 0.197189 | 7.761359 | 7.233613
4.5 0.97 | 0.215 40 53.52 82.95 1.337 | 56.14746 | 14.03686 | 0.212479 | 11.37188 | 11.24449
6 0.96 0.22 52 67.68 111.825 1.189 | 64.19518 | 16.0488 | 0.239683 | 16.22175 | 15.35134
7.5 0.95 0.23 60 81.84 140.7 1.081 | 65.94561 | 16.4864 | 0.24581 | 20.11709 | 19.98292
9 0.94 0.24 12 96 169.575 0.998 | 73.86436 | 18.46609 | 0.273525 | 26.2584 | 24.86648
10.5 0.90 | 0:255 80 110.16 198.45 0.932 | 77.34015 | 19.33504 | 0.285691 | 31.47172 | 29.60378
12 0.85 0.26 88 124.32 227.325 0.877 | 78.9425 | 19.73562 | 0.291299 | 36.21429 | 32.65524

@D @D @D @ @) G @)

h(m) | (%)) 7,y (KN/M?) Jla>|
c.d‘)fi‘s)
0 - 3l
15 4.744984 3.24324 3yl
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3 7.761359 7.233613 35l
4.5 11.37188 11.24449 55l
6 16.22175 15.35134 35l
7.5 20.11709 19.98292 55l
9 26.2584 24.86648 35l
105 | 31.47172 29.60378 55l
12 36.21429 32.65524 35l
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