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ENCE 3610
Soil
Mechanics

Lecture 14
Retaining Walls

Lateral Earth Pressure Theory




Retaining Walls

Elevation changes are an
unavoidable part of site
development

They can result either
from changes in the land
elevation or a land/water
boundary

They are dealt with in one
of two ways:

Earth slopes
(unreinforced and
reinforced)

Retaining Walls

Retaining Walls

Necessary in situations
where gradual transitions
either take up too much
space or are impractical
for other reasons

Retaining walls are
analysed for both
resistance to overturning
and structural integrity

Two categories of retaining
walls

Gravity Walls
(Masonry, Stone,
Gabion, etc.)

In-Situ Walls (Sheet
Piling, cast in-situ, etc.)



Lateral Earth Pressure Coefticient and
Conditions of Lateral Earth Pressure

Lateral Earth Pressure Coefficient K
K = lateral earth pressure coefficient

o, = horizontal effective stress
o, = vertical effective stress

Ratio of resultant horizontal stress to applied
vertical stress

Similar to Poisson’s Ratio for elastic materials
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Relationship Between Vertical and
Horizontal Stresses in Retaining Walls

SOIL | -

Yy, moist or Y, sat
KI

z, Y, moist or Y, sat

F Z i
SOIL 2
Z3 7, sat
K,
i
b o
SOIL 3
“ 75 sat

PROFILE AND PROPERTIES
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Conditions of Lateral Earth Pressure
Coefticient

At-Rest Condition Active Condition

Condition where wall Condition where wall
movement is zero or moves away from the
“minimal,” or not really a backfill

wall

The lower state of

|deal condition of wall, lateral earth pressure
but seldom achieved in

/ reality / Passive.(?ondition
_~~  Condition where wall

S %“‘!*imm o moves toward the
e = " | :ipo backfill
PRy ey rape PR The higher state of
: : lateral earth pressure
(a) (b) (©) (d)

Figure 2-19. Stress states on a soil element subjected only to body stresses: (a) In-situ
geostatic effective vertical and horizontal stresses, (b) Insertion of hypothetical
infinitely rigid, infinitely thin frictionless wall and remowval of soil to left of wall, (¢)
Active condition of wall movement away from retained soil, (d) Passive condition of

wall movement into retained soil.



Effect of Wall Movement

| ateral earth pressure
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At Rest Lateral Earth Pressure

Coetticient K_

® Although we are
discussing wall
pressures, there are

also lateral pressures

In the soil mass as
well

® The at-rest condition
primarily describes
conditions with a
semi-infinite (self-
confining) soil mass
and a level surface

* Jaky’'s Equation

K_=1-sing

" Modified for

Overconsolidated Soils

K_=1-sing OCR*"®
In Spite of theoretical
weaknesses, Jaky’s
equation is as good an
estimate of the
coefficient of lateral
earth pressure as we
have



Elastic Theory and At-Rest Earth

Pressure Conditions

32.3 Elastic material

A possible approach to the behavior of soils is to consider it as an elastic material. In such a material the stresses and strains satisfy Hooke’s

law. In a situation in which there can be no lateral deformation, the stresses must satisfy the condition

1
_—— —F[U” — v(oyy + 022)] =0,

1

Eyy = *E[O—yy - V(U,‘.',‘: + U:J.‘;J;” = []

[13)

if the z-direction is vertical. In a medium of large horizontal extent it can be expected that o,, = o,,,. Then

1%

zx — Eyy = 0 : Opr = Oyy — 1 U Ozz,

m

or
1/

T

If Poisson’s ratio varies between (0 and 0.5, the value of K varies from 0 to 1.

K

Valid only 1f so1l 1s acting elastically.

(32.18)

(32.19)



Example of At Rest Wall Pressure

Given Find
Retaining Wall as P, from At Rest
Shown Conditions

Q -
MOVEMENTS _~ P=6




At Rest Pressure Example

Compute at rest earth pressure coefficient
K_=1-sing

K_=1-sin{30°|=0.5
Compute Effective Wall Force

P v.7K 2
To_FNifif :w:u,mmmﬁ: 12 kips/ft
h 2 2
20
h==—=6_.67"
3

(basic concept same for all theories)



Soil Wedge Action on Retaining Walls

/
/ h

Figure 34.1: Active earth pressure.

Figure 34.2: Passive earth pressure.




Development of Active Earth
Pressure

Range of Values

0.00Ih - 0.003n

Co= at-rest pressure
Og= active pressure




Development of Passive Earth Pressure

Range of Values

0.0Z2h - 0.2h

Oo= at-rest pressure
Cp= passive pressure

,,,,,,

O3=0, O, Oz= O'p



Earth Pressure Theories (not At-
Rest Condition)

~ Expanslon -~ 5% %
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Diagram of Variables for Coulomb and
Rankine Earth Pressure Coefficients

ACTIVE CASE

e The basic variables for the two earth pressure theories are shown below

e Text and reference books vary on the nomenclature, so you should always
have this kind of diagram for whatever theory and source of equations you
use

e This is for this course (from the SFH book)

e For Rankine theory, é = 0 always, it is the main difference between Rankine
and Coulomb theories

PASSIVE CASE

- Wall Movement

Wall Movement

H/3

— T AT T » i .‘ f-' ¥ . . .
l z . j oo ..'hFailurc Surface z ST e S \ .
YA i SRR O /. . \Failure
_— '_ -}.,q, R GV Surface

Active Pressure

Diagram D / . Passive Pressure

.- Diagram, p,=yzK,

H/3




Rankine Earth Pressures from Mohr’s

Circle (Level Backfill)

Shear stress, T

Norma{ stress, @

Mohrs stress circle

f

q

Passive Case

I+ sengd J"+ e .o
7 =05 4 Eﬂ,., tZc/ ;,,;ﬁ (Wall Driving)
G =G 7208 - g0 fT=3in@ | Active Case
?' s{ﬂﬂgﬁ F 5{.*';514 (O b d
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9 =uniform surcharge
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Example of Rankine Active Wall
Pressure

Given Find
Retaining Wall as P, from Active
Shown Conditions

Fy
;/  DRY COHESIONLESS
’ BACKFILL

Yt - ‘20 pCf

MOVEWENTS RANKINE
— /z'me WEDGE
o .. /




Rankine Active Pressure Example

P, yiziK,_120x20°x173

Compute active
earth pressure
coefficient

] PP |
K ,=tan’| 45 _Ez.‘

Compute Effective

Wall Force H.ﬁ:[anzi 459 — 307

2

.
3

= 8 kins/
A ; ; 8 kips/ft



Rankine Passive Pressure Example
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Rankine Passive Pressure Example

Compute passive
earth pressure

2 aeo, @
coefficient K p— [dn |I 45°+ {—SI‘

=J

3 | 30°
Compute Effective K n= fan-| 45+
Wall Force | 2|

>
K 2
V1€ ;: 120 =20 }ﬁ:??kipﬂfﬁ

P,
—=



Summary of Rankine and At Rest
Wall Pressures

72,000 Ibs.
[ateral earlh pressure

I _ P
‘.-JE Los=s ve "f ' "’r-;'
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loteral Ear-fw f“’! 5‘:-0 o gﬂ.
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Yra dp
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Rankine Coefticients with Inclined Backfills
and Vertical Walls

—1
¢) sin(¢ — )

K, = (cos(¢))” cos(B) (Cos(ﬁ) + 2 \/sm( ) — cos(3) + sin(¢) sin(¢p — ﬁ))
cos(/

sin(¢) sin(¢ + 5)

i
K, = (cos(¢))? cos(B) (cos(ﬁ) — 2\/ cos(d) cos(3) + sin(¢) sin(¢ + /ﬁ))

These are derived from Coulomb wedge theory; for a more thor
ough treatment of this topic, click here

Inclined and level backfill equations are identical when =0
for both this and “Rankine extended” theory


https://vulcanhammer.net/2021/09/28/rankine-and-coulomb-earth-pressure-coefficients/
https://vulcanhammer.net/2021/09/28/rankine-and-coulomb-earth-pressure-coefficients/

Walls With Purely Cohesive

Backfill

Retaining walls should generally have
cohesionless backfill, but in some
cases cohesive backfill is unavoidable
Cohesive soils present the following
weaknesses as backfill:

o Poor drainage

o Creep

o EXxpansiveness
Most lateral earth pressure theory

e Assumptions behind purely cohesive
backfill calculations

o Lower bound plasticity for
behaviour and failure (thus the
2 coefficient shown below)

o Purely cohesive soils have a
lateral earth pressure of unity,
thus the vertical and horizontal
pres§u:?es are the same

. Il
was first developed for purely T 11 [

1 1 —_— - — o ".: = 7 A ||l
cohesionless soils (c = 0) and has ~ T‘x 173 -g
been extended to cohesive soils AN [ Hont” £
afterward AN S %" O
Mixed soils (as seen earlier) are ::fh / \"
much more complex in their analysis o -

I e a a ks LT:.
gy b

/

‘7-20 = 2pg (see nextslide)



Example of Cohesive Soll, Level
Backfill and Uniform Surcharge

e Given
o  Wall similar to those above
o H=20
o y =120 pcf
o Uniform surcharge g = 100
psf
o Purely cohesive soil, c = 500
psf
e Find
o Location of the critical height
below the surface
o Lateral Earth Pressure at
Base of Wall
o Total Resultant Force on Wall
e Solution
0 Hgy = (2¢ - q)/y (from
previous slide)
o H_,=((2)(500)-100)/120 =

7.5’ (by substitution)

o

Solution

There are two components to the
lateral earth pressure:
= Part | is due to the self weight
of the soil (effective stress)
= Part Il is due to the uniform
surcharge
Substitution:
s Partl: g,,=yH-2c = (120)(20)-
(2)(500) = 1400 psf
m  Partll: o,,=q = 100 psf
m Sum=0,=1400+ 100 =
1500 psf
Resultant Force: the earth
pressures create a triangle on the
wall which is H - H_;, high and with a

maximum pressure as shown above

m P=o,(H-H_ )2=(1500)(20-
7.5)/2 = 9375 Ib/ft of wall

m Resultant is located (H - H_,,)/3

from the base, thus (20-7.5)/3
=4.167



* The following must be noted:

— Coulomb passive earth pressure
coefficients tend to be very
unconservative, as discussed 1n
the text. Do not use for high
values of 6

— Verruijt’s formulae are the
same but use different notations
and sign conventions for the
geometry and friction angle

— Values of 6 and ¢ are always
positive. Values off3 and 60 may
be either.

— The height of the wall is the
vertical distance from the top of
the wall to its base, not the
length of the wall (which would
be different if 8 # 0 degrees.

Coulomb Earth Pressure Coefficients

ACTIVE CASE

Wall Movement .
,,-:. _/ .

<. J -'J?»Q}Fai]ure Surface
AR

Aclive Pressurc

H Diagram
H/3
L
2 —
K, = cor(9=0) _ 2
cos*Ocos(@ +5)| 1 + M
cos(@ + &)cos( - B)
PASSIVE CASE
Wall Movement ‘ 7 .
— - A i )
o 7.4 s ~\Failure
N O Surface
H AT Passive Pressure
LV . Diagram, [:lr,#'"rzifir
H/3

K =

] ]
\ g1 |30 +d)sin(d + B)
cos” Bcos(d 5)[1 m{e-aycos(e-ﬁ)]

Figure 10-5. Coulomb coefficients K, and K,, for sloping wall with wall friction and

sloping cohcesionless baekfill (after NAVFAC, 1986b).



Typical Values
of Wall
Friction

Table 10-1

Wall friction and adhesion for dissimilar materials (after NAVIFAC, 1986b)

Interface Materials Friction Friction
Factor,tan$ | angle, §
degrees
Mass concrete on the following foundation materials:
Clean sound rock 0.70 5
Clean gravel, gravel sand mixtures, coarse sand 0.55 10 0,60 291031
Clean fine to medium sand, silty medium 1o coarse sand, silty or clayey gravel | 0.45 10 0.55 24 w0 29
Clean fine sand, silty or clayey fine 10 medium sand 0.35100.45 1910 24
Fine sandy silt, nonplastic silt 0.30t00.35 17 o 19
Very stiff and hard residual or preconsolidated clay 04010050 | 221026
Medium stiff and stiff clay and silty clay (Masonry on foundation 0.30100.35 1710 19
materials has same friction factor)
Steel sheet piles against the following soils:
Clean gravel, pravel-sand mixtures, well-graded rock fill with spalls 0.40 22
Clean sand, silty sand-gravel mixtures, single size hard rock fill 0.30 17
Silty sand, pravel 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:
Clean pravel, gravel-sand mixture, well-graded rock fill with spalls 0.40 t0 0.50 221026
Clean sand, silty sand-gravel mixture, single size hard rock fill 0.30 10 0.40 1710 22
Silty sand, gravel or sand mixed with silt or clay 0.30 17
Fine sandy silt, nonplastic silt 0.25 14
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 Q.55 29
Masonry on wood (cross grain) 0.50 26
Steel on stee] at sheet pile interlocks 0.30 17
Interface Materials (Cohesion} Adhesion ¢, (kPa)
Very soft cohesive soil (0 - 12 kPa) 0-12
Soft cohesive soil (12 - 24 kPa) 12-24
Medium stiff cohesive soil (24 - 48 kPa) 24 - 36
Stiff cohesive soil (45 - 96 kPa) 36-45
Very stiff cohesive soil (96 - 192 kPa) . 45 - 62




Example of Coulomb Theory

MOVEWENTS  B=6°

WOVEMENTS g6’ 7
| — e
”’
7 )’t = 120 pcf e

N ' . I’ N ™ } e

- Yt‘- 120 pet

v ¢ = 30° . -
v __9=0° ;\ [, L g-0° \\’i ¢ - 30°
| "S- couLous

,
. ”

) . . PASSN.
a 2 ASSNVE

Given Find

Wall as shown
— above




Solution for Coulomb Earth

Pressures
Compute Coulomb Active Compute Coulomb
Pressure Passive Pressure
K, = cos?{30-0) K, = cos? (30+0)

2

51n(30+3)51n(30-6)z
cos (3+0) cos (6 -0)

cos? (0) cos(0+3)[1 +\/ cosz(O)cos(B-O)[l _ \/8111(304»3) 81n(30+6)

cos{(3-0) cos(6-0)

K, = 0.3465 K, = 4.0196
Compute Total Wall Force Compute Total Wall

P, = 0.3465+ = (120 pef)(20r)2  Force .
2 P, = 4.0196 + (120 pcf) (20)>
P, = 8316 Ib/ft of wall

P, =96,470 Ib/ft of wall



Log-Spiral Failure Surface

* A more realistic way to
model soil failure in Sl
— “Actual” Failure Surface
many cases

— - Failure Surface by Coulomb
Analysis

* Requires use of suitable
chart for both active and

(a) Active Case (¢’ = 30°, 6 = 30°)

passive coefficients

* Especially useful to
address weakness in

(b) Passive Case (¢’ = 30°, 6 = 30°)

Coulomb paS SIVC Figure 10-8. Comparison of plane and log-spiral failure surfaces (a) Active case and (b)

Passive case (after Sokolovski, 1954) — Note: Depiction of gravity wall is for illustration

pressure (AASHTO) purpus oly.



Differences between Coulomb and Log-
Spiral Passive Earth Pressure Coefficients
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Log-Spiral Passive Pressure Charts

REDUCTION FACTOR (R) OF K . REDUCTION FACTOR (R) OF K,
FOR VARIOUS RATIOS OF - b/¢ pLN a5 FOR VARIOUS RATIOS OF - /¢
o/¢ [-0.7]-0.6]-0.5 -0.;]-0.3 -0.2{-0.1[0.0 . ; ‘ B~5/® 0.7]-0.6]-0.5]-0.4]-0.3]-0.2]-0.1]0.0 / Failure
10 | 978|962| 946| 929] 912|.898| 881|863 - Failure P,=KyH 10 1978].962|.946|.929|.912|. 898/ 881]. 564 ~. Surface
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Figure 10-9, Passive coefficients for sloping wall with wall friction and horizontal

backfill (Caquot and Kerisel, 1948; NAVFAC, 1986b). Figure 10-10: Passive coefficients for vertical wall with wall friction and sloping backfill

(Caquot and Kerisel, 1948; NAVFAC, 1986b).



Groundwater Effects

p.=K.[vh, +y'z,]

y
Pv™ YuZ
z
z
H
P, =112 K,y 2* P,
v
(No water P,
f level)
"
S Z o N STS N7
Impervious r.=K,vz

Figure 10-12. Computation of lateral pressures for static groundwater case.

@ Steps to properly
compute horizontal
stresses including
groundwater effects:

@® Compute total vertical stress

@® Compute effective vertical
stress by removing
groundwater effect through
submerged unit weight; plot

on P, diagram
@® Compute effective
horizontal stress by

multiplying effective vertical
stress by K

@ Compute total horizontal
stress by directly adding
effect of groundwater unit
weight to effective horizontal
stress



Groundwater Example

Example 10-1: For the wall configuration shown below, construct the lateral pressure

diagram. Assume the face of the wall to be smooth (& = 0, c,, = 0). Hydrostatic Pressure, u =K, u,
z, ft | zy,ft Uy = Zy Yo, pST Lateral water pressures, u psf
0 0 0 [
< B=10° 0 -0
=T 18 |12 12 ft (62.4 pcf) = 748.8 psf 1.0(748.8 psf) = 748.8 psf
T_ b =30°
=115 pcf
6 ft v rer TablE -
G‘Lo\ép-dﬂa_—— — - B =10°
p—"" —— 'T_ d) - 300
Y= 115 pCf ble
¢=30° ° y Groud WA
' | X | \258.1 psf
12 ft ysul = 120 pCf
6=30° |
12 ft Yo = 120 pof : .
I
= |
L e 1
Solution: 516.6 psf 748.8 psf
Use the Coulomb method (Figure 10-5) for ¢ =30°, 3 =10°, 6 =0, and § = 0: (@) ®)
ST (a) Lateral effective earth pressure diagram and (b) Lateral water pressure diagram.
I

The pressures at various depths can then be calculated as shown in a tabular format as
follows. Based on the values in the table, the lateral pressure diagrams due to earth and
water can be constructed as shown below. The total lateral pressure diagram is the sum of
the two lateral pressure diagrams shown in the figure accompanying this example.

Effective Lateral Earth Pressures, p',

z, ft Po, psf Pa- Ka po, psf
0 |0 0
(115 pcf) (6 ft) =690.0 psf 0.374(690.0 psf) = 258.1 psf
18 | 690 psf +(120 pcf-62.4 pef)(12 ft) = 1381.2 psf | 0.374(1381.2 psf) = 516.6 psf




Development of Lateral Earth Pressure and
Groundwater Effects

Vertical Stress Profiles

C—U=0
Total Pore Effective Active forces on retaining wall per unit wall length (as shown):
\é’frtical \E)Uater \Sl;artical . K = Rankine active earth pressure coefficient (smooth wall,
e A ¢ =0, level backfill) = tan? (45° — ¢/2)
TR 7 Passive forces on retaining wall per unit wall length (similar
1 V4 G =7, xH, 0 G = < H, to the active forces shown):
H = K_ = Rankine passive earth pressure coefficient (smooth wall,
v | T2 U=y, < H) ¢ =0, level backfill) = tan® (45° + ¢/2)
= Sat'tt"atgdht G =y x Hy) + [y, < H)) 0'(= (74 ; ’;"1) + (1< H) Vertical Stress Profiles with Surcharge
unit weig — (v, < H,
6-U=¢
Horizontal Stress Profiles and Forces ,
S = Surch Total Pore Effective
Effective Pore Effective - 2HETASE Verical Water Vertical
Vertical Water Vertical Stress, ¢ Pressure, u Stress, o'
Stress Pressure Stress S 0 S
0 0 0 H | [ \o=s+m><H1) \
H || | \ Py =102 60" K H, AV2 0 o' =S5+ (v xH)
\V4 o =1>xH |o wtl o
= 2L 1P u=-, xH
AR \\\ XT _ 21%—— Yo <
11‘,'2 PW—1I2QJ’WH2 PA2=1!2 (G1I+G2I)KAH2 ’}’2=Sat_urate.d G=S+[('}’1><H1)+ G'=S+[('}"]>'<H1)
v =saturated  G5' = (v X Hy) + (1 x Hp) '\ unit weight (1o < H)] + (<o) = (9, <)
unit weight — (Y, < Ho)

Unbalanced!
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Effects of Earthquake Loading

In seismically active areas, earthquake loading
can be a major cause of catastrophic retaining
wall failure

Most common method of analyzing retaining
walls for earthquake loads is the Mononobe-
Okabe Procedure

Developed in Japan in the 1920's
Tends to be conservative

A “pseudo-static” method, i.e., turns a dynamic
problem into an equivalent static one

Although newer methods are coming into use,
still the “standard”™ method for analyzing
earthquake loads on retaining walls



Assumptions of M-O Method

(a) The wall is free to yield sufficiently to enable full soil strength
Oor active pressure conditions to be mobilized.

(b) The backfill is completely above or completely below the water table,
unless the top surface 1s horizontal, in which case the backfill can be parti-
ally saturated.

(c) The backfill is cohesionless.

(d) The top surface is planar (not irregular or broken).

(e) Any surcharge is uniform and covers the entire surface of the soil
wedge.

() Liquefaction is not a problem.



Active Earth Pressure Coefficient:

—2

_ 2 -1 9 5 = sin(¢ + 6) sin(—¢ + ¢ + )
Kap = (cos(—d+ 1+ 0)) (cos(v)) ~ (cos(0)) ~ (cos(d 4+ 6 + 1)) (1—1— \/_cos((5+9+¢') c:os(—ﬁ—l—@))

Active Earth Pressure Force (Uniform Case, No Water):

1 :
Psp = §KAE’Y (1 — ky) h?

M O Passive Earth Pressure Coefficient:
GOVleng Kpp = (cos(—é + 1 — 0))? (cos(1h)) " (cos(8)) 2 (cos(6 — 8 + 45)) ! (1 4 \/ _JHa(¢-0) elnl == -'3))

-2

cos(d — @ + ) cos(— 3 + 0)

Equations Passive Earth Pressure Force (Uniform Case, No Water)
(ACtive and Ppg = EKPET (1 —k,)h?

2

Pa,S SiV e) The equations are subject to the same limitations as apply to Coulomb’s Equations. Definitions (use

the diagrams on the next slide):

e 7 =unit weight of soil

k, =vertical acceleration, g’s

ky, =horizontal acceleration, g’s

h = height of wall

¢ =internal friction angle of soil

1) = arctan(%) =seismic inertia angle

e (O =inclination of wall angle from the vertical

e d=wall friction angle

e 3 =inclination of backfill behind wall



Slip plane

h
Nomenclature for v- e o s,
v |
* |
M-0O Equations N
W(1-k,)
a. Mononobe-Okabe (active) wedge
Note: M-O passive
equations assume planar ;
Slip plane

surfaces, thus are subject to
same limitations as Coulomb
method. Book charts for
passive pressures based on
log-spiral failure surface, &
should use these instead of
equations

b. Passive wedge

Figure 3-34. Driving and resisting seismic wedges, no saturation



Simplified M-O Equations

(3) sSimplifying Conditions. For the usual case where k_ b , and 8
are taken to be zero, the equations reduce to:

K _ c052 (¢ = ¥) 5 [3-48]
o Z,i,l_'_\lgincbsin(cb-‘{’-ﬁ)
npe cos B cos Y
L 4 -"
. cos_ 1¢ - [3-49]
PE 2 vl1 \jsin ¢ sin (¢ - ¥ + B)
SOn 7 cos B cos V¥
where
.
b o = tan [kh)
and
P &« 1mR W
AE AE

2
Pe = LHBE M



Observations on the M-O

Equations

(4) Observaticns. General observations from using Mononobe-0Okabe
analysis are as follows:

(a) As the seismic inertia angle WY increases, the values of KAE and

KPE approach each other and, for a vertical backfill face (8 = 0), beccme

equal when ¥ = ¢

(b} The locations of PAE and PPE are not given by the Mononobe-Okabe

analysis. Seed and Whitman (1970) suggest that the dynamic component APAE
be placed at the upper one-third point, APAE being the difference between

PAE and the total active force from Coulomb’s active wedge withcut the earth-

quake. The general wedge earthguake analysis described in paragraph 3-26c
places the dynamic component APAE at the upper one-third point also, but

computes APAE as being the difference between PAE and the total active
-
o ap = 4
< IO? T T < [ /J/ I T
o . o Kp= 0.5
5 sol } &1 - E 0L/ .
=
= . = 0.4
s L Lt "
E b s .. B oz 3= ¢/2
< S = =
3) ——e 3 0. — Bk
= oaeE - 8=B=0 @ Lo F =1
= = $= 35°
Z ¢ = 35° &
= 0 L[ 1 | = Ll
-0.2-0.] 0 0. 0.2 0.3 - 5 0 5° 10° I5° 20°
VERTICAL SEISMIC COEFFICIENT k, SLOPE ANGLE B
2. Influence of vertical seismic coefficient b. Influence of backfill slope angle on magnification factor

on magnification factor

Figure 3-35. Influence of kV and ﬂ on magnification factor
(after Applied Technology Council 1981)

force from the Mononobe-Okabe wedge. The latter method for computing APAE i

which uses the same wedge for computing the static and dynamic components of

PAE . is preferred.

(¢) Another limitation of the Mononobe-Okabe equation is that the con-
tents of the radical in the equation must be positive for a real solution to
be possible, and for this it is necessary that ¢ = ¥ + B for the driving
wedges and ¢ 2 ¥ - B for the resisting wedges. This condition could also be
thought of as specifying a limit to the horizontal acceleration coefficient
that could be sustained by any structure in a given soil. The limiting condi-
tion for the driving wedge is:

kh < (1 - kv) tan (¢ - B) [3-50]

and for the resisting wedge:
kh < (1 - kv) tan (¢ + B) [3-51]

(d) Figure 3-35a (Applied Technology Council 1981) shows the effect on

the magnification factor FT (equal to KAE/KA) on changes in the vertical

acceleration coefficient kv' Positive values of kv have a significant
effect for wvalues of kv greater than 0.2. The effect is greater than

10 percent above and to the right of the dashed line. For values of k of
g h
0.2 or less, kv can be neglected for all practical purposes.

(e) KAE and FT are also sensitive to variations in backfill slope,

particularly for higher values of horizontal acceleration. This effect is
shown in Figure 3-35b.



Questions
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