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GLOBAL STABILITY
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Thegeneral massmovement of asegmental retaining wall
(SRW) structure and the adjacent soil is called a global
stability failure. Global stability analysis is an important
component in SRW design, particularly when the following
conditionsoccur:

groundwater table is above or within a depth of the wall
height below the SRW,

a3H:1V or steeper slope at the toe of the wall,

a3H:1V or steeper slope above the top of the wall,

for tiered SRWSs,

for seismic design, and
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when thewall isfounded on soft soils, organic soils, peat,
high plastic clay, swelling or shrinking soils (such asleda
clay) or fill sail.
Thedesigner should aso review local coderequirements
applicableto design of soil retention structures.

Figure 1—Deep-Seated Failure
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Figure 2—Compound Failure
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There are two primary modes of global stability failure,
deep-seated and compound. A deep-seated failureis charac-
terized by a failure surface that starts in front of an SRW,
passes bel ow the base of thewall and extends beyond thetail
of the soil reinforcement (seeFigure 1). Compoundfailuresare
typically described by a failure surface that passes through
either the face of the SRW or in front of thewall, through the
reinforced soil zone and continues into the unreinforced/
retained soil (Figure 2).

GLOBAL STABILITY ANALYSIS

Various methods of analysis have been developed to
addressglobal stability, including Janbu, Spencer and Bishop
methods. Bishop'smethodiscommonly usedfor global stability
analysis. Bishop's method utilizes the method of slices and
considerstheforcesactingoneach slice, asshowninFigure3.
Limit equilibrium requirements are applied to the slices
comprising the soil structure, with the factor of safety against
failure being defined as the ratio of the maximum shear
strength possessed by the soil onthetrial failure surface plus
contributions from soil reinforcement ¢ .. t0 the shear
resistance necessary for equilibrium (t, ... FS=t /
t, onitized OF FESiStance/driving.

Limit equilibrium methods of analysis are typically used
to determinethe global stability of the SRW. Limit equilibrium
analysis assumes that the SRW, the retained soil and the
foundation soil will fail by dliding along acritical dlip (failure)
surface driven by theforce of gravity. Thecritical slip surface
is commonly assumed to be a circular arc, logarithmic spiral
arc, curve, single plane or multiple planes to simulate the
possible sliding movement.

In most limit equilibrium analyses, the minimum shear
strength required along apotential failure surface to maintain
stability iscalculated and then compared to the magnitude of
availableshear strength. Thefactor of safety isassumedto be
constant along the entire failure surface. The design factor of
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Figure 3—Representative Slope Slice for Bishop's
Method of Analysis (ref. 3)

safety for global stahility istypically between 1.3 and 1.5 and
isdependent onthecriticality of thestructureand how well the
site conditions are defined. Limit equilibrium global stability
analysis involves an iterative process where many (i.e., 250)
trial failure surfaces are assumed and analyzed in order to
determine the critical failure surface (i.e. minimum factor of
safety). For this reason, slope stability analyses are usually
carried out using computer programs that implement one or
more analysis methods. Many software programs have been
devel oped to perform the global stability of unreinforced soil
structures. There are, however, only a limited number of
programsthat i ncludethestabilizing effectsof thegeosynthetic
reinforcement used to construct the SRW. ReSSA (ref. 1) is
onesuchprogramthat wasdevel opedfor the Federal Highway
Administration.

Theglobal factor of safety of an SRW isafunction of: the
shear strength of the soil, groundwater table location, site
geometry (i.e., slopingtoeor crest, tiered walls) and thelength,
strength and vertical location of the soil reinforcement. The
effectsof each of theseparametersarebriefly discussed bel ow.

The shear strength of the reinforced, retained and
foundation soil all haveanimpact ontheglobal stability. Weak
foundationsoilsincreasethepotential for deep-seated stability
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Figure 4—Typical Section for Figures5 and 6
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Figure 5—Effect of Sloping Toe Angle on
Global Factor of Safety




problems. Low strength reinforced soil will contribute to
compoundstability problemsandlow strengthretai ned soilsmay
contribute to either deep-seated or compound failure modes.

Thelocation of thegroundwater tablewill certainly affect
the SRW's stability. If the groundwater table is high enough
(i.e., at the toe of the wall) the long-term shear strength (i.e.,
effectiveshear strength) of thefoundation soil will bereduced.
Thisreductioninstrengthisdirectly relatedtothebuoyant effect
of thegroundwater. Theeffectiveweight of thesoil isreduced by
approximately 50%, which will result in a reduction in shear
strength along the failure surface in the foundation soil of 50%.

A sloping toe at the bottom of an SRW reduces the
resistingforcesindeep-seated global stability analysis. Asthe
resistingforcedecreases, theglobal factor of saf ety decreases.
Figure4illustratesthe design casefor aparametric analysisof
top and toe slope effects. Figure 5 showsthe changein factor
of safety for deep-seated failure asafunction of the toe slope
angle for a 10-ft (3.05-m) high wall with a horizontal crest
slopefounded on afoundation soil with afriction angle of 30°.

A slopeabovethetop of thewall al so decreasesthe SRW
global stability. Figure 6 showsthe changein factor of safety
for the same wall used in Figure 5, with the exception that the
toeis level and the crest slope varies. For this example, the
changeinthetoeslope hasamoredrastic effect than achange
in the slope above the top of the wall.

The soil reinforcement spacing, length and strength will
al effect the SRW's global stability. Generally speaking,
increasi ngthespaci ng betweenreinforcementlayersincreases
the potential for compound failures. Shortening the length of
thereinforcementwill increasethepotential for bothcompound
and deep-seated failure. Changesinthedesign strength of the
reinforcement often has the smallest

J. Inthisexample, the reinforcement length for both wallsis 12
ft (3.66 m), which is 0.6 times the combined height of both
walls. For this particular example, constructing a tiered wall
versusasinglewall 20 ft (6.10 m) high (i.e., J = 0) reducesthe
global factor of safety from 1.3 to 1.2.

CONCLUSIONS

Global stability of an SRW is an important design
consideration whenever aslope occurs at thetoe or crest of a
wall or whentiered SRWsare used. When the global factor of
safety of an SRW isbel ow thedesignrequirement, thestability
may be increased by increasing the reinforcement length or
strength, by decreasingthespacebetweenreinforcementlayers
or by increasing the foundation soil strength (using ground
improvement techniques). When aslope occursat thetoe of a
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Figure 6—Effect of Sope Above Top of Wall on

Global Factor of Safety

impact on global stability.
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Tiered SRWs

The NCMA Design Manual for
Segmental Retaining Walls(ref.2) gives
specificguidelinesfor tiered SRWswith
respect tothe spacing betweentiersand
theeffect of theupper wall ontheinternal

H exposed height

and external stability of the lower wall
(see Figure 7). When the setback of the

upper wall (i.e., J) is greater than the
height of the lower wall (i.e., H,), the
internal design of the lower wall is not
affected by the upper wall. However, H
thisisnottruefor global stability. NCMA,
therefore, recommendsthat global stability
be checked for all tiered walls.

Figure 8 showsthe variation in the
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global factor of safety for two 10-ft
(3.05-m) hightieredwallswith horizontal
crest slopesasafunction of the setback
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Figure 7—Tiered SRW
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Figure 8—Effect of Tiered SRW Setback on Global
Factor of Safety

wall, changing the geometry of the wall slope may also
increase stability. For example, placing the SRW at the bottom
of the slope and having a slope above the wall instead may
increase the stability to an acceptable level.

Global stability analysis is a complicated analytical
procedure. However, computer softwareisavail ablethat greatly
reduces the difficulty and time required to perform global
stability analysis. Global stability considerationsduring SRW
designareimportantinassessingtheoverall wall performance.
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NOTATIONS:

width of slice, ft (m)

factor of safety

height of lower wall for tiered SRWs, ft (m)
exposed height of upper wall for tiered SRWs,
ft (m)

setback between SRW tiers, ft (m)

length of geosynthetic soil reinforcement, ft (m)
total normal force, N = N' + ul, Ib (N)
effective normal force, Ib (N)

soil surcharge, Ib/ft (N/m)

ratio of horizontal offset to vertical rise be-
tween tiers of slope

pore water pressure acting on base of slice
equal to g,z,

force due to pore water pressure, b (N)
total weight of soil in slice, plus surcharge if
present, Ib (N)

length of influence zone for upper tier, ft (m)
depth below the water surface, ft (m)
orientation of the critical Coulomb failure
surface

soil slope above top of wall, degrees

soil unit weight, pcf (kKN/m?)

toe angle, degrees

friction angle of soil, degrees

themaximum shear strength possessed by the soil
onthetrial failure surface pluscontributionsfrom
soil reinforcement, 1b/ft (N/m)

the shear resistance necessary for equilibrium, Ib/
ft (N/m)
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