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We have British Standard, BS 8006
code and Federal Highway
Administration code for the design
of reinforced soil retaining
structures

Federal Highway
Administration (FHWA)
method discussed in
the following slides

Will discussing this class a class design methods by means of federal highway

administration whatever they given step by step.

(Refer Slide Time: 00:30)

External Seismic Stability

» The mass of retained soil that is reinforced by horizontal layers of
geo-synthetics can be imagined to act as a monolithic block of
material.

# The sliding wedge lailure mechanism is considered for the external
stability analysis as shown in Fig
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Now, first one is your external seismic stability the mass of retained soil that is reinforced by



horizontal layer it should be considered as a monolithic block; that means, it is as if a one
unit soil plus reinforced materials has one unit the sliding which failure mechanism is

considered for the external stability analysis it look at the figure.

This is your mass of soil mass which has been reinforced by means of geo synthetic layers it
has been considered a one layer, and this ¢ g, and in this ¢ g center of gravity unit weight
means weight of your soil as well as weight of your of course, geo synthetic materials are
counted to uniquelase. So, weight will acted in vertically that is your a b f e; that means, ab f
e. If I considered this mass of soil while reinforced by means of geo synthetics, then there
are there are result, and force which will act at a distance this result, and force will act at
distance of a eccentricity e from the ¢ g, and sliding mass will be considered by means of
external stability, we look at here. This is your origin to layer of the course acted which is
your summation of beta, and delta b delta b is your opposite of fiction of soil mass are the
best with your soil at the top, and earth pressure distribution diagram considered for taking
into consideration of surcharge if this is my surcharge say q is your surcharge. So, these
diagram is your earth pressure, because of your surcharge, and these diagram is your earth

pressure because of soil mass.
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External Seismic Stability
» The composite mass must be stable against sliding failure along the base
of the structure at the foundation/backfill interface, eccentricity failure of
resultant foree (or overturning failure about the toe), and bearing-capacity
farlure of the supporting foundation soils
» Bearing capacity caleulations assume that the base of the reinforced zone
acts as an eccentrically loaded footing with an equivalent footing width
(i.e., Meyerhof approach, FHWA 2001)
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The composite mass must be stable against sliding failure along the base of the structure as |
said along the base, this your base of structure, it will be stable against your sliding failure

base of the structure are the foundation, and backfill interface at the foundation, and backfill



interface, this is your backfill this your foundation.

So, this is your foundation, and backfill interface eccentricity failure of result, and force this
is my result, and force r, and this is eccentricity result, and force; that means, because of
eccentricity it will be acted as your discuss earlier over study failure over the, and the
bearing failure of the supporting foundations soils as well; that means, bearing capacity of
the entire soil mass, because of your supporting foundations this is the supporting foundation
bearing capacity calculations assume that the base of the reinforced zone act as an
eccentrically loaded footing with an equivalent footing width with an equivalent footing
width; that means, we assumptions is on is a as if it is a eccentrically loaded footing this is
eccentrically loaded footing with an equivalent footing width; that means, this your

equivalent footing width.

So, based on that if you are getting a b, then you can find out your bearing capacity
calculations, and this calculation has been made as per the meyerh of approach whatever

given meyerhof approach. So, it is taken is f h w a two thousand and one.
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External Seismic Stability

» The measure of relative stability against the external modes of failure is
defined by the ratio of resisting forces to restraining forees (or moments in
the case of overturning) as in the design of conventional gravity wall
structures

7 A free body diagram of the wall showing different foreces coming onto it
from soil, and due to seismic loading along with their respective points of

applications
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The measure of relative stability against the external modes of failure is defined by the ratio
of resisting force to the resisting forces that that measure of relative stability against the
external mode of failure, this is we are talking about external seismic stability external
modes of failure is defined by the ratio of resisting force to the restraining forces. If you look

at here ratio of resisting forces what are your resisting forces this is your resisting forces and



restraining forces; that means, lateral forces we are resisting forces as in design of
conventional gravity wall structure, then a free body diagram of the wall showing different
forces coming onto onto it from soil, and due to seismic loading along with their respective
points of applications you have to draw a free body diagram. If you see here this diagram has
been drawn, and will have to show difference forces coming or acted on this all mass or the
reinforced earth wall. So, this is your weight; that means, acted at the ¢ g this is your forces p
i ris lateral course it will be acted in the lateral directions also seismic force all the forces at
the respective point of applications, if | draw it here make it into suppose this is your earth

pressure because of a surcharge where is your result, and earth pressure will act.

In this case the result, and earth pressure will be act at distance of zero point five h from base
of the wall, and this is your pressure distribution diagram similarly earth pressure because of
your soil mass. If look at here this earth pressure result pressure pa it will act as distance of h
by three similarly your seismic forces, it will act as a distance of zero point six a h from the

base.
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External Seismic Stability
Assumed for bearing stability mede @
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Mass for resisting forces
Forces and ear th pressures considered for the external seismic stability
analysis of GRS wall

This is all about a bigger picture, if you look at earlier what | have discussed it is here in a
bigger picture a soil mass as been reinforced which your geo synthetics, and what are the
forces what are the forces external load going to be acted assume in bearing come means
your such as going to act, then soil earth pressure, then is your because of your seismic load

it will act.



Then will find it out result, and were it will act where it will act at the ¢ g or at distance of
eccentricity e, then find it out | minus two e; that means, you have check it is would be less
than equal to b y six, then mass of resisting forces these are mass of resisting forces, then
mass of inertia forces. If you look at here this your mass of inertia forces, then you can find
it out sigma b p i r forces, and earth pressure considered for the external seismic stability

analysis of geo synthetic reinforce earth wall g r s walls has been shown here.
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External Static Stability: Earth Pressure

The active coefficient of earth pressure is calculated for vertical walls (defined as walls with
a face batter of less than 8 degrees) and a horizontal backslope from

K mn” (45

for vertical wall with a surcharge slope from

where [} = surcharge slope angle

The active coefficient of earth pressure is calculated for vertical walls defined as walls with a
face better of less than eight degrees the movement it say it is vertical walls it will defined as
face batter of less than eight degree it this is the face of the wall it should be batter less than
less than eight degree that it should be incline both less than eight degree. So, that has been
defined as a vertical wall. So, and horizontal back slope horizontal back slope means if this
my wall this is my wall. If | say horizontal back slope means this is the horizontal back
slope; that means, if soil retain on these behind the retaining wall this will be horizontal back
slope, if I say in claim back slope, then it will be in these forms; that means, soil retain back
face of your wall it will be incline. So, this is called incline back slope now k a active earth
pressure. So, coefficient that is your transpire forty five degree earth pressure go sent ka
means active that is tens five forty five degree minus five by two for vertical wall with a

surcharge slope.
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That means if a vertical wall with surcharge slope this is my metrical wall with a
surcharge slope these surcharge slope is beta; that means, these surcharge slope what is
value of k a this is your k a value earth pressure active earth pressure coefficient k a if it
is a if it is horizontal back slope; that means, if this kind of horizontal back slope ka will
be tan square forty five degree minus five by two, if it is a in clines surcharge or
surcharge slope or in cline back slope beta; that means, in these case k a is equal to cos
beta into cos beta minus cos square beta cos square phi root over divided by cos beta plus
cos square beta minus cos square phi root over beta is your surcharge slope slope angle is

ixternal Static Stability: Earth Pressure

I'he active coeflicient of earth pressure is calculated for vertical walls (defined as walls with

a face batter of less than 8 degrees) and a horizontal backslope from
: < O
K an” (45 )

for vertical wall with a surcharge slope from

(16)

where [} = surcharge slope angle

your beta is your surcharge slope angle.
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That means, this will be a beta surcharge slope angle Know it has been shown in these
case what is your beta what is your theta, and what is your delta delta is your angle
between a soil, and the wall; that means, your a; that means, your friction angle between
the soil, and wall, and beta is your surcharge angle, and theta is your respect to how
much it will be in clime; that means, ka is equal to, if | take in terms of if wall is

inclined; that means, in this case wall has been incline at an angle theta.

If this wall has been incline at an angle theta also soil has been inclined at an angle beta
also there is a coefficient of friction or between the soil as well as wall that is your delta,
then it can find it out k a in this form sins square theta plus phi prime means phi effective
divided by sins square theta, and sin theta minus delta into one plus sin phi prime plus
delta into sin phi prime minus beta divided by sin theta minus delta into s i h theta plus
beta root over whole into square gamma prime is your effective unit weight that is your,
and phi prime is your effective angle of internal friction delta is your angle of wall
friction; that means, angle between wall, and the soil this is called angle of wall friction
all angles are positive as it is shown; that means, if is inclined like these. That means it
will be a positive if is inclined like this, this is also a positive, and if it inclined the

direction has been shown in these directions this is from to as a positive angle.
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External Static Stability
Mt porndel Backsiope W 1ol Tk; Sarcharge
« CTTIIITITIND S5

Assumad {or wraning iecceniricy)

VTTTTTS sty & st restenwce
- _, -

wiwe ¢ A« Renstont of writcel foroms W, vo)

+ Ecoowricsy
¢ TreIh wowp

Now, a simple reinforce of soil mass if it take it if considered it this is your reinforced wall,
and this reinforce soil mass, and b is equal to how much your force it will be act gamma r
into h into | h is equal to height | is equal to up to this, and this is your earth pressure
distribution diagram this is become surcharge this is earth pressure because a soil, and how
much is result, and force it will at what distance this will a h by three, this will be a h by two.
So, f one for the these case it will be f one is equal to in this case f one is equal to half

gamma h h square into k a f two is equal to q h sigma prime f two is these case.
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External Static Stability

Sliding Stability

Check the preliminary sizing with respect to sliding at the base layer, which is the most
critical depth as follows
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So, sliding stability; that means, check the preliminary sizing of sizing with respect to sliding
at the base of the layer which is most critical depth as follows factor of safety again sliding
with anally right f s, and below subscript is your sliding it is receive of summation of
horizontal resisting forces; that means, p r horizontal resisting forces by horizontal driving
forces horizontal resisting forces by horizontal driving forces, and it should be greater that
equal to one point five, if your sliding if factor of safety less than one point five, then it is
said to be on stable; that means, these factor of safety minimum factor of safety per stability
of sliding it should be greater than one point five.

(Refer Slide Time: 13:59)
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External Seismic Stability
During an earthquake loading, a GRS wall is subjected 1o a dynamic theust at the
wick of the remnforced zone and to ineral forces wathn the reinforeed n addinon o
static forces. The external sessmue stability of the wall can be analyzed by the Bllowing
l‘I'NI‘I'I’l 1% lri-nv‘ul in FHWA (2001
o The peak honzontal acceleration coefficent at the centre of the remforced

zone (k, ) i1s cakulated from the given value of peak honzontal ground

Then come back to during an earth quake loading this geo synthetic reinforce wall is
subjected to a dynamic thrust at the back of the reinforced zone, and to inertial forces within
the reinforced in addition to static forces; that means, there will be a in addition to static
forces there will be another forces that is a inertial forces that has been considered for
seismic the external seismic stability of wall can be analyzed by the following procedure as
given by federal highway in two thousand one the peak horizontal acceleration coefficient at
the centre of the reinforced zone; that means, peak horizontal acceleration coefficient it has
been termed as small k subscript of h is calculated from the given value of peak horizontal
ground acceleration coefficient a maximum k h has been calculated from your a maximum

as soon below.
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External Seismic Stability

AP, = 05yH*(K, -K,) 8.2
where ¥ unt \n-wll! of reinforced backfill, /f = height of GRS wall, A’
18 the static active earth pressue coc fficient and KJ 1s the seismic actve earth

pressure coefhicient given by

So, k h is equal to 1.45 minus a maximum into a maximum the additional dynamic earth
pressure can be calculated from the following equation, this is your calculation of k h the
additional dynamic earth pressure can be calculate; that means, your delta p delta p into a e
earthquake forces a e is a earthquake forces delta p additional earth pressure, because of a
earthquake force, this is your zero point five gamma h square into k a e minus k a where
gamma is equal to... If unit weight of reinforced backfill h is equal to height of g r s wall k a
is the static active pressure coefficient as we are discussed earlier k a e is the seismic active
earth pressure coefficient, this is addition tub k a e is seismic active earth pressure

coefficient.
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External Seismic Stability
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w=tan"'(k,), 6, = angle of slope with vertical (= 0°), § = interface friction
ingle between the remloreed and retained baekfill 0" for horizontal backfill

For the static case, the location of the resultant of the soil pressure acting on
the reinforced block as shown in Fig, 81 is taken as [ /3. To consider
carthquake effects, 50 pecent of additional dynamic earth pressure (05 AP )

component is assumed to actat 0.6 H from the bottom of wall

>

So, you can calculate k a e as given by federal highway of united states of america in two
thousand one that is your square square five minus theta w minus psi divided by the whole
term were psi is equal to time inverse of k h theta w is equal to angle of slope with vertical
angle of slope with vertical it generally if it is purely vertical; that means, it is theta is equal
to zero degree, and delta is equal to interface friction angle between the reinforced, and
retained the backfill; that means, zero for horizontal backfill for the static case the location
of the resultant of the soil pressure acting on the reinforced block as shown is it is generally
taken as h by three if you come back to static case it is generally taken as static case this is
an earth pressure distribution diagram, it is generally taken as h by three total hide by three is
your at that height is your horizontal, it considered your earth to considered your earthquake
effects fifty percent of additional dynamic earth pressure fifty percent of additional dynamic
earth pressure; that means, zero point five delta p e component is assumed to act as zero
point six h from the bottom of the wall; that means, it is define that to considered the
earthquake effect fifty percent of additional dynamic earth pressure; that means, zero point
five delta pea p a e component is assumed to act a r a zero point six h at height of zero point
six h from the bottom of wall if i take it back to slight.

Before this what we have discussed you see this is the earth pressure distribution diagram for
your considering a dynamic effect it is your fifty percent of delta p a e, and it will act at a

distance from the base, this is your zero point six h h is a total height of the wall.
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External Seismic Stability

e ‘The effective inertia force (P ) 1s a honzontal load acting at the center of

gravity of the effective mass (W, . as shown mn Fig. 8.1) and can be written as
Py = kW o =k, (yH x 0.5H) 8.4
e External stabihty computations are made consdering that the honzontal
inernal force /'J ets simultaneously with 50 percent ol the dynamu
horizontal thrust (0.5AP,) in addition to swtic forces

The effective inertia force; that means, p i r i r is effective inertia force p is a force is a
horizontal load acting at the centre of gravity p i r is horizontal load it will act at the cg of
centre of the gravity of the effective mass of w a g i e, and can be return as you can find it
out pirisequal to k h w capital w a g i e; that means, a k h into gamma h into zero point
five h external stability computations are made considering that the horizontal inertial force
p i r act simultaneously remember here, it is returns act simultaneously with fifty percent of
the dynamic horizontal thrust; that means, is your zero point five delta p a e in addition to
static forces it will act simultaneously first one, and second one is on fifty percent of the
dynamic horizontal thrust; that means, zero point five delta p a e in addition in addition to

your static force whatever the static force is there in addition to that it will act.
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External Seismic Stability
Assumed for bearing stability mode @
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Mase for rosisting forces
Forces and earth pressures considered for the external seismic stability
analysis of GRS wall,

Now, if you considered these forces, and earth pressure of the same, this part is your for
static this is your earth pressure distribution diagram as | said for your surcharge; that means,
load acted soil mass. This is your earth pressure distribution diagram because of soil as well
as reinforce mint materials, and these part is your addition dynamic force because of addition
dynamic forces earth pressure distribution diagram, and it will act at a distance zero point six

h from the base of the wall.
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Sliding Failure

Limit state function for sliding failure mode
For the stabulity against shding fadure along the base of GRS wal, sum of the

honzontal resisting forces (S F) should be more than sum of the hornzontal drving
s 't !

forces z,la The factor of safety agan st shdmg faillure 1s gven by,

SF S Viand, + kel ,
A A e 8.5
Y F, Py+(P,+P+05AP,)
where, 3" V' is the normal force at the base (= Wy ), k = 2/3, P, is the static active

carth pressure (= 0.5y H'K ), P, 1s the seismic active earth pressure due to surcharge
loading (= gHK ), 6, = interface fiction angle between wall base and foundation soil
expressed in terms of ¢,, ¢, = [nenon angle of the soil below the base slab of the

retaining wall, ¢ = surcharge load acting on the backfill soil as shown in Fig, 8.1and L
= length of the peosyntheti reinforceme nt

Then limit state function of function for sliding failure mode for the stability against sliding



failure along the base of g r s wall sum of the horizontal resisting forces, generally it is retain
f r ris capital f subscript of r r is your resistance forces should be more that some of the
horizontal driving course d is driving course. That means, resistant force should be more
than your driving course the factor of safety against sliding failure. Considering a dynamic

forces into picture f s sliding is equal to f r summation of f r by f d.

If | take f r is equal to summation of b t, and delta b plus k one ¢ I divided by p i r plus pa
plus p g plus delta p zero point five delta p a e summation of b is the normal force at the
base; that means, that is your wa b fe w a b f e, this is your summation of forces that will
acted as the base this is clearly written here, then k one is k one is equal to two third, it will
at two third pa is static earth pressure pa is a static earth pressure pa is a static earth pressure
this is a static earth pressure it will act at the distance of a h by three, and this is zero point
five gamma h s square into ka pq is the seismic act active earth pressure due to surcharge
that is your q h k a e delta b is your interface friction angle between wall base, and
foundation soil expressed inters of five v five v is equal to friction angle of the soil below the
base slab of the retaining wall q is equal to surcharge load acting on the backfill soil as q is
equal to surcharge load acting on the backfill soil this is q surcharge load acting on the
backfill soil.
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Sliding Failure

g - 2L/ H)tand, +2k(c/yHXL/H)
Sk +[k, + 0K, +0.5(K, - K,)]

where, Q j,/ (yH) is the surcharge coefficient and ‘¢’ is the cohesion of foundation

Substituting all the things you can find it out your factor of safety sliding in terms of two

into | by h then delta b, and two k one ¢ by gamma h | by h divided by k h plus ka plus



capital q k a e zero point five k e minus s ka all. So, are q is equal to two g y gamma h is the
surcharge coefficient, and c is the cohesion of foundation soil.

(Refer Slide Time: 23:27)

Overturning/ Eccentricity Failure
Assumed for bearing stability mode §
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Mass for resisting forces
Forces and earth pressures considered for the external seismic stability
o analysis of GRS wall.

Once sliding over next step is over terming or its eccentricity failure this is all about same
figure we are repeating again again, but taking into consideration showing or all the courses

static as well as dynamic forces earth pressure distribution diagram, and result enforced, and
the eccentricity.
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Overturning/ Eccentricity Failure

FHWA (2001) reported that for the stability of GRS wall in terms of eccentricity of
resultant force, the eccentricity should be lesser than one sixth of the base width of the
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moments of resisting forces and disturbing forces about the center line of the wall base
R

as shown in the following equation: V) 08

A
pa

Rxe=kW ., (0.SH)+[ P,x H/3+F,xH/2+50%AP,)0.6H |

Over terming, and eccentricity failure if you look at the f h w h two thousand one reported



that for the stability of g r s wall in terms of eccentricity of resultant force the eccentricity
should be lesser than one sixth of the base width of the wall; that means, is would be per
stable is would be less than your b by six or sometimes it is | by six | is width or b is equal to
width at the base of the wall under static conditions these conditions is under starting
conditions, and it should be less that equal to is your | by four under seismic conditions if
seismic condition has taken into consideration it should be less than I by four eccentricity of
resulting force; that means, e on the base can be calculate it can be calculated by summing
the moments of resisting forces, and disturbing forces about the center line of the wall base;
that means, summing of the forces by taking its summing forces or summing of the
movement of the resisting forces as well as disturbing forces about the center line of the wall

base.

So, you can find it out r into e; that means, r into e the moment will be a clock wise r into e
this is your clock wise, then k h w a g i e into zero point five base; that means, k h w h is
zero point five page in this reason is to lack all this has been some us; that means, clock wise
movement, and anti clock wise movement movement in means movement you can

summation summit of clock wise as well as anti clock wise they equity.
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Overturning/ Eccentricity Failure

Rxe=k W, (0.5H)+[ P, x H 3+ P, x H /2+50%(AP, 0.6 |

where R = resultant of vertical forces can be expressed as

R=W 40 vl 8.9

W s = weight of the reinforced sail block ‘ ABFE yHL ) and After smplification
Eq. (8.9) reduces 10

e Kk, (0.5+[K,(1/3)+0.50K, +03(K, ~K),)]

H 2(L/HY+Q(L/H)

You can find it out in terms of r is equal to result, and vertical forces, and in terms of e by h
he will get it in terms of e by h e is equal to eccentricity divided by a total height of wall in

term of k h k a k a e into divided by all thisterm g 1 h I and h.
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Bearing capacity failure
Beanng capacity refe s to the ability of the foundation saill to support the weg ht
ot GRS wall placed upon it Meverhot distabution assumes that eccentnc loadn g results
v umform redwmbution of pressure over a rediced area at the base of the wall as
shown in Fig. 8.1 Thss area s detned by a width equal to the wall width less twice the
eccentacty (L-2e). The factor of safety against bearing capacity falure can be
estumated as the rato of ulumate beanng capaaty (g ) of a shallow loundaton below the
base slab ot GRS wall and vertical stress at the base ( @) calculated with Meverhot type
distobution (Fig, 8.1) and 15 shown below
R

Then one this movement, and eccentricity part is over next step of next check is your bearing
capacity failure bearing capacity refers to the other ability of foundation soil to support the
weight of your g r s wall placed of of a need; that means, foundation soil to support is
whatever the wall constructed about the foundation soil meyerhof generally meyerhof
distribution assume that eccentric loading results in a uniform redistribution of pressure over
a reduced area at the base of the wall these area is defined by width equal to your wall width

less this eccentricity; that means, | minus two e.

Here once there is an eccentricity this area will be reduced; that means, once there is a
eccentricity what will happen there will be tension of the base of the wall; that means, one
the reject tension in the base of the wall there is gap between in your reinforcing material,
and foundation soil as per the meyerhof distribution you have to remove that eccentricity,
and the enter width will be | will be redistributed it will be has | minus two e. So, that is why
it will be I minus two e the factor of safety against bearing capacity failure can be estimated
as the ratio of ultimate bearing capacity that is your q u of a shallow foundation below the b

s e slab of g r s wall, and vertical stress at the base; that means, sigma b calculated with.

The factor safety against bearing capacity failure can be estimated as the ratio of ultimate
bearing capacity shallow foundation below the b s e slab of g r s wall, and vertical stress at

the base; that means, sigma b calculated with meyerhof type of a a distribution.
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Bearing capacity failure
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If | calculated the factor safety bearing capacity failure; that means, q u ultimate bearing
capacity by sigma b g u is your as per meyerhof calculation a a; that means, ¢, and ¢ plus
zero point five gamma b | minus two e to n gamma n ¢, and n gamma is bearing capacity
factors, and sigma b is your total vertical forces divided by | minus two e. So, gamma b is
your unit wait of foundation soil as b is base b is unit weight of foundation soil n ¢, and n
gamma are bearing capacity factors a g given by das, and nineteen ninety nine normalizing
sigma g u sigma b gamma h, we can get g u by gamma y h is equal to ¢ by gamma h n c plus
zero point five gamma b by gamma | by h minus two e by h n gamma, and from their you

can find it out sigma b in terms of gamma h will get it.
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Internal Stability: Inextensible Reinforcement
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(o) Inextensible Reinforceaments

The next step is your internal stability; that means, is your in extensible reinforcement if wall
face battered if wall face is battered none; that means, on offset of zero point three h one is
still required if it is battered; that means, and offset of zero point three h one still required,
and the upper portion of the zone of maximum stress should be parallel to the wall face
person of the zone of maximum stress should be parallel to your wall face; that means, it
should be the zone of maximum stress or potential failure it should be parallel to your wall
face, and h one based on that h one should be calculated was h plus tan beta into zero point
three h by one minus zero point three into den beta.
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Internal Stability: Extensible Reinforcement

Zone of meximum stress
or potential Tailure surface

R.ust.._nt]
Zone |

Soil Reinforcement

For vertical walls,
¥s 45 .5.

(b) Extensible Reinforcements




So, this is your zone of maximum stress of potential failure surface, if | take it here this is
my zone of maximum stress of potential failure surface with an angle s i e si e is equal to
forty five degree plus five by two, and as | have already discussed earlier this is your active

zone, and this is your.
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Internal Stability: Earth Pressure
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®Ooes not Include polymer strip reinforcement
K=K (1-2/z)+(Kz2z)forz<2,=6m
K=K forz>z,
15 the depth measured from the upper level of the mechanical height H

And this is your resistant zone will discuss about the internal stability of different earth

pressure, tomorrow | will discuss all this teaching thanks.



