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The following is a sample design problem illustrating the design procedure described in

Chapter 4. The hypothetical design case involves construction of a 2400-mm-tall (8-ft-tall)
rockery with level back slope and toe slopes. A standard AASHTO vehicle surcharge is assumed
to act behind the rockery. In order to simplify the analysis for the example problem, a temporary
concrete traffic barrier (K-rail) was used instead of a guardrail. In addition, the following

assumptions were made:

e The project geotechnical investigation has determined the rockery will retain medium

dense clayey sand with a friction angle (¢) of 33° and no long-term cohesion.

e For short-term conditions, undrained cohesion will allow excavation of the rockery back

cut at an inclination of 8 V:1H.

e Passive pressure will be neglected at the toe of the rockery.

e Friction between the base rock and soil subgrade can be computed using the equation

p = tan¢g. Ultimate friction can be used because passive pressure is neglected.

L4 FSOT:2.O, FSSL: 1.5, and FSBc:2.5.

e Inter-rock sliding will be satisfied through the plans and specifications, which will

require the outermost bearing point to be within 150 mm (6 in) of the rockery face.

e The rockery face batter is 4V:1H.

e The site is located in Seismic Performance Category (SPC) C with an Acceleration

Coefficient (A) of 0.25.

The design geometry and computation of the required base width and factors of safety follow:
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K—Flail—\
M
f \ AASHTO
/ ; Traffic Surcharge
Retained Soll:
T, = 20.6 kN/m’
H = 2400 mm ¢ = 33°
c=0
Other Parameters:
8 AASHTO SPCC,A=0.25
1

e

Figure 81. Graphic. Assumed Geometry for Example Problem—2400 mm (8 ft) rockery

retaining medium dense clayey sand and subjected to a vehicle surcharge.

Parameters:
H=2.7m (total) B =0 (levelbackslope)
H, =2.4m (exposed) o=2¢=22°
D=0.3m o =tan '(£)=82.9°
¢ =33° w=90°—c=7.13°
7, = 20655 4= tan g = 0.649
Vi, = 23.5%

Assume B = 1.2 m for initial analyses.

Lateral Earth Pressure Coefficient:
cos* (y + )

sin(@+9)-sin(g— )
cos(o —y)- cos(—y/— ﬁ)

K,=

cos’ () cos(d —y)- {1 + ‘/

K,=0217
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Surcharge: Total Horizontal Force:
q, = 7,(0.6m)= 12_36m—k7‘27 Fy=F, 4 +F,=Ly.K H" cos (5 —1//)+ gk H
F, =23.0%

O‘6mf<—+——¢>0‘6m

Wall Weight:
Vo =23.54
W, =1(0.6m)(2.4m)(23.54) =16.942 @] 2.4m
W, = (0.6m)(2.4m)(23.52) =338 2
W, = (0.3m)(1.2m)(23.5 ) = 8.46 v
" © 0.3m

> W, =59.24

Frictional Resistance:
FH = M'(W+FA,V): H(Z\Nl +%VSKAH2 sin(d _W)J

F =411%

Factor of Safety against External Sliding:

FS, =—%=18 OK

Factor of Safety against External Overturning:

M, =1y K H COS(‘S _W{%j + qSKAH[%]
M, =2394n
3 . H
M, = ZW/;XI +1yv K H 51n(5—y/)£3 -tan(y/) +BJ
ZWixi = (16.950(0.4m) +(33.849(0.9m) +(8.465)(0.6m) = 42.3 4>

M, =478km - Fsof=ﬁf:2_o OK

=
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Factor of Safety against Individual Rock Overturning:

H-H =12m X, =02m
W, =2(03m)(1 '2111)(23'5%) = 4.23“?N x, =0.6m
W, :(0.6m)(1.2[11)(23.54‘;—1‘31):16.9“;N <=0.15m

Moiint = %ySKA (H _H!)Z COS(é‘_W{H ;H!] + qSKA(H —H'{g]

M

o_int

— 3,Ig ke

. H-H
r_int = ZW;_mp (.X' - x')+ % J/SKA (H _H!)z Sln(5 o W)(T : tan(W) +B']

M 1
Mriint:860k7m
Mr int
FSOT_int =Mo _ =27 OK
0.3m—= 0.6m

% @ HH’$18m

~ =— B'=0.9m

Factor of Safety against Bearing Capacity:
B M, -M,
e=—-—
2 WH+ly K, Hsin(6—y)
e=0.310

E 2’§= 200 NO GOOD: USE B=1.4m
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Wall Weight for B=1.4m: 0.6m —«ﬁ 0.8m ﬁ
W, =16.9% {
W, = (0.8m)(2.4m)(23.5 %) = 45,11 -

2.4
W, =(0.3m)(1.4m)(23.5) = 9,874 )
STW, =71.9% @ J
©) 0.3m
_ 16903+0.8)+45.1(03+1.2)+9.87(0.15) _
= 719 =122m FHM 4 *

Factor of Safety against External Overturning:

M,=1y.K H* cos(é' —yf{gjj+ qSKAH[I;j

M, =2394n
. 5 . H
M, =2W;xi +3 7K 7 sin(o —y) g-tan(w)+B

> Wiz, = (16950 4m) +(45.12)(1.0m) +(9.87)(0.7m) = 58,8 £m

M
M, =65182 - FS;=-r=27 OK

o}

Factor of Safety against Bearing Capacity for B=1.4m:

B M,-M, 2

= 1 1 -

2 Wiy K sin(0—y) g =V HirK M sn ‘/’).[Hﬁej

e=0.158 B B
B & =91.1kPa

\e\sg=.233 OK
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Q= Ne +0. SKSB"NA + qu From AASHTO Section 4.4.7.1
Assume, ¢=0  B"=B-2¢ 44 Ni»=3519  ¥rom AASHTO Table 4.4.7.1A
qNg=0 (neglected)
herefore, @ =0.5(206)1.4—2(0.158)3519)
guir=39%Pa

therefore,  FS. . = Fuat =43 OK

max

Seismic Earth Pressure Coefficient:

k,=054=0.125
k, =0
¢ =tan™ iy =7.13
1-F,
2
o cos (¢p—F+y)

AE T

sin(g+0)-sin(g—0—pF) |
cos(d —w+0)-cos(B+y)

cos(8)-cos” (=) -cos(d —y + 6)- {1 + \/

K, =0.295

Seismic Surcharge Pressure:

F, Z%Q/SKAHz =16.294
Fy :%(l_Kv AE?/SHz =2215%

AFAE :Fz'uz _E :5-86%
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Factor of Safety against Seismic Overturning:
M, g =M, +AF,, cos@ —y)-0.6H +k Wy
o kN-
M, =4405"

M, =M, +AF,, sm@ -y)[(0.6H )tany + B]
M, =675%n

—ro1s
MO,S

FS

or,s = OK

Factor of Safety against Seismic Sliding:
Fys=F g+ +AF, cos(0—y)+kV

F,s=317%
ﬁsﬂs=f£i=L3 OK
FH,S

Factor of Safety against Seismic Bearing Capacity:

p :E— Mr,s_MO,S
52 W4Fsin@—y)

=0.397

Y

FSy. =14 -39
qﬂ]ﬂX

= ;z(W+FA,,, +AF,, sin(6—v/))

Iys
Fyy =504

qmax,S

B B
=150kPa

_ W +F,, sin(é'—t//).(l+6esj

qmax,S

Check seismic stability using the alternate approach by Richards and Elms:

Recompute ky, and Kag

0 2A 9 0.25
k,=A |
A, A

Assume A =0.05B=007m=2.751n
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Estimate Ay, Ay :
Ao =A=0.25¢
Vg =122l =30, 57
a,=2.12
oy, =1.65

Calculate EPA and EPV:

EPA=A"/25=0212g
EPYV =V"/2.52 =201~

6=tan"’ 7 =474
1-%,

Calculate the Spectral Ordinates:
4 =a,-a,,=053g

V' =ty Vo =503

Calculate Aa and Av:

A =EPA/g=0212
A =EPV/762 =0.264

therefore, k, =0.083

B cos’ (p—O0+y)

AE —

COS(Q)-COSZ(—I//)-COS((S—W+9).|:1+\/ sin(¢+0)-sin(p—6 - 5)

K, =0.266

Factor of Safety against Wall Movement:
—1 2 _ kN
E4E - E(l _kv )KAEVSH - 20'()?

_ €os(@ —y)+tang-sin(o —y)
~ (I-k,)(tang—tan &)

IE

W, =Fg-Cp=400%

Feq

=E=1.80 OK

req

S

seismic

cos(d —yw+6)-cos(f+y)

=2.00

Therefore, since FSqismic > 1.1, there is at least a 90% probability that the observed movement

following a design earthquake with the estimated level of shaking will be less than 70 mm
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(2.75 in). Because the factor of safety is actually much greater than 1.1, the probability that the

observed movement will not exceeded 70 mm (2.75 in) is likely greater than 95%.
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