
W all designs have typically been lim ited to internal stability, external stability 

and bearing analysis by the site civil engineer or the wall design engineer.  

Additionally, the overall stability of the site is the responsibility of the owner 

and should be addressed by the owner, by contracting with a geotechnical 

engineering firm .  The geotechnical engineering firm  should provide a full 

global analysis of the entire site including the effects of the segmental 

retaining walls.   

As the design roles become more defined it has become more customary for 

an Internal Compound Stability (ICS) analysis to be performed.  ICS 

calculations determ ine the factors of safety for potential slip surfaces which 

pass through the unreinforced retained soil, the reinforced soil mass and the 

wall facing within the wall design envelope.   

Internal compound stability calculations are lim ited to a wall design envelope 

above the base material and back no further than 2 (H) or He + L, whichever is greater.  This evaluation zone models the slip surface 

through the wall facing.  The slip surface slices the affected grid layers and shears or bulges the SRW  facing units.  The designers 

perform ing ICS calculations can now model the entire wall design envelope in one comprehensive calculation. These calculations 

include the effects of the infill and 

reta ined so il strength, the 

individual grid layer strengths and 

spacing and the shear and 

connection strength the SRW  

facing brings to the system.   

The distinctions between an ICS 

analysis and a g lobal stability 

analysis form a clear line of design 

responsibility.  A site civil or wall 

designer should review the ICS 

above the base m ateria l and 

through the wall facing within the 

design envelop for each w all 

designed on a site.  For the larger site stability design, the owner through their geotechnical engineer should be responsible for the 

global stability of the entire site including the soils below the base material of all walls and structures designed on the project site. 

D esign M ethodology  

The Sim plified Bishop M ethod of Slices (see References) is one of the m ost com m on analysis m ethods used in global stability 

m odeling of reinforced slopes.  In this m ethod the volum e, or w eight, of the soil above a slip surface is divided into vertical 

w edges.  The w eight of soil is used to calculate the forw ard slid ing forces as w ell as the slid ing resistance due to the frictional 

interaction w ith the soil along the slip surface.  In the ICS calculations w e use the sam e process of evaluating the soil interaction, 

but additionally, the ICS analysis com bines the resisting forces developed by geogrid layers intersecting the slip arc and the 

contribution from  the SRW  facing.  Current slope stability m odeling either ignores the facing or tries to m im ic it by exaggerating 

a thin sem i-vertical soil layer.  Internal com pound stability calculations analyze both the facing shear capacity and the facing 

connection capacities to form ulate a reasonable facing contribution to the resistance side of the equation.  By com bining these 

m ultiple slid ing and resisting forces along the slip surface, a safety factor equation is form ed by a ratio of resisting forces to the 

slid ing forces.  The end result determ ines if there is an equilibrium  of forces along a particular slip surface.
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The follow ing equation calculates the Factor of Safety of Internal Com pound Stability. 

S afety Factor of IC S  

             =  (p Fr +  p Facing + p Fgr) / (p Fs +  p Fdyn) 

 

W here:          p Fr                =  sum  of soil resisting forces                                                                                                                      

                     p Facing          =  sum  of facing contribution           

                     p Fgr               =  sum  of geogrid contribution 

                     p Fs                 =  sum  of slid ing force 

========================p Fdyn            =  sum  of slid ing forces due to seism ic loading 

 

S oil S lid ing  and  R esisting  Forces 

As m entioned earlier, the S im plified B ishop M ethod 

of S lices is used to determ ine first the w eight of the 

soil above the slip  surface and then the slid ing and 

resisting forces due to that soil w eight along the slip  

surface.  F igure 3 show s a typical section through 

the evaluation zone for ICS calculations.  The 

vertical slices in the soil above the slip  arc represent 

the  ind iv idua l p o rtions  o f so il ana lyzed  us ing 

B ishops theory.  W e w ill determ ine the w eights and 

forces relative to one soil slice or w edge as an 

exam ple.  For a com plete S im plified B ishop M ethod 

of S lices the designer w ould  fo llow  the sam e 

calculations for each individual soil w edge and at 

the end, sum  them  all together.  

In Bishop modeling the soil wedges can be calculated 

as individual parts due mainly to Bishop's assumption 

that the vertical frictional forces between soil wedges 

are neglected, meaning that for design purposes there 

is no interaction between individual soil wedges.  

Therefore, the individual soil wedge weight (W ) is 

determ ined simply by multiplying the volume of soil in that wedge by the unit weight 

of the soil.  To determ ine the individual wedge volumes the designer must determ ine 

the exact geometry of the wall section and the slip arc to be evaluated.  This is 

complex geometry that varies for every slip arc so it is a very difficult calculation to 

perform by hand.  Please note that the thinner the wedge slice is the less the loss of 

weight is in the calculations.  That is, the bottom of each wedge is considered a 

straight chord, not an arc, for ease of 

calculations.  The lost soil weight is 

the area below the bottom chord and 

arc, and is neglig ib le w hen the 

wedges are thinner.   

Once the w edge w eight is determ ined the forw ard slid ing force (Fs) is calculated 

by m ultip lying it by the sine of the angle below  the soil w edge (~), w here ~ is 

defined as the angle betw een horizontal and the bottom  chord of each soil 

w edge; ~ is d ifferent for each w edge due the relative location of each w edge 

along the slip  surface.
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Sliding Force:        

Fs           = (W eight W edge) sin (~)  

Compare for a moment two wedges, W 1 = 1000 lb/ft (14.6 kN/m ) and  

W 2 = 100 lb/ft (1.46 kN/m ).  The first (W 1) is near the bottom  of the slip  

arc w here the arc ends near the facing and is re latively flat and therefore 

the ~ angle is re latively sm all, say 10 degrees.  The other (W 2) is near the 

top of the slip  arc w here the arc is steeper and therefore the ~ angle is 

steeper, say 60 degrees.  The sine (~) term  acts as a percentage of 

forw ard m ovem ent, i.e . the flatter the ~ angle the sm aller percentage:   

Fs1        =  (W 1) sin (10 degrees) = 1000 lb/ft (0.174)  

                  17.4%  of (1000 lb/ft) = 174 lb/ft   (2.54 kN/m) 

 

Fs2        =  (W 2) sin (60 degrees) = 100 lb/ft (0.866)   

                  86.6%  of (100 lb/ft) = 86.6 lb/ft   (1.26 kN/m) 

The slid ing resisting force (Fr) is calculated by m ultip lying the w edge w eight by tangent of the internal friction angle of soil, 

w hich is com m only used for the soil frictional interaction coeffic ient.  How ever, B ishop's m ethod then d ivides this term  by a 

geom etric equation called m ~; m ~ is a re lationship betw een the strength of the soil and the relative angle of slip  (~) for each 

w edge and is m ore clearly defined in g lobal stability text books or g lobal stability m odeling program s such as ReSSa. 

S lid ing  R esisting  Force (Fr):  

Fr =  (W eight W edge) tan (Ñ) / m ~   

W here:  

m ~ =   cos (~) +  [sin (~) tan (Ñ)] / FSi 

And FSi is the in itia l safety factor used to start the iteration process. 

Generally, the Sim plified Bishop procedure is m ore accurate than the Ordinary M ethod of Slices, but it does require an iterative, 

trial-and-error solution for the safety factor.  Therefore, the designer needs to approxim ate what the safety factor w ill be for the 

final resulting slip surface.  The closer the initial approxim ation is to the actual safety factor, the less iteration that w ill be required.  

This iteration process is standard for a Bishops calculation and again stresses the point that it is difficult to do hand calculations. 

S urcharg es and  S eism ic Forces  

Surcharge and seism ic forces are calculated very sim ilarly in a Bishops m odel.  

Surcharges, whether live or dead are sim ply added to the weights of the indi-

vidual soil wedges.  It should be noted that in an ICS calculations there is no 

distinction between live and dead load.  By handling it in this m anner the 

wedge weight term  is increased by the relative weight of the surcharge and is 

than carried through the Sliding Force (Fs) and the Sliding Resisting Force (Fr) 

calculations.  The designer should be careful to analyze where the surcharges 

are applied so they add that weight to only the effected soil wedges. 

Therefore, the S lid ing Forces and S lid ing Resisting Force equations are  

redefined as: 

S lid ing Force: Fs = (W eight W edge + W eight Surcharge) sin (~) 

S lid ing Resisting Force: Fr =  (W eight W edge + W eight Surcharge) tan (Ñ) / m ~   

The Seism ic Force (Fdyn) for a particular slip  surface is additive to the S lid ing Force (Fs) and is calculated by m ultip lying Fs 

by the horizontal acceleration coeffic ient (k h ); k h  is defined in C hap ter 5 , S eism ic A nalysis .  

Fdyn = (Fs) (k h) or for all w edges:   p Fdyn = p Fs (k h )  
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G eog rid  C ontrib ution (Fgr): 

It w ould stand to reason that if a layer of 

geogrid is passed though by a slip  arc, that 

the geogrid strength w ould increase the 

safety factor or stability of that slip  sur-

face.  Therefore the relative geogrid inter-

action (Fgr) w ill be d irectly added to the 

resisting side of the equilibrium  equation.  

The grid interaction in th is calculation is 

d irectly effected by the geogrid spacing.  If 

grid  layers are c loser together there is a 

h ig her like lihood  o f g rid  layers  b e ing 

passed through by the slip  surface, thus 

provid ing more geogrid interaction.  The 

greater the grid spacing the greater possibil-

ity of the slip surface falling between grid 

layers and thus not increasing the slip sur-

faces stability. 

The horizontal resistance forces due to geogrid layers that intersect the slip  arc are determ ined by the lesser of e ither the 

pullout of soil strength or the long term  allow able load strength (LTADS) of the geogrid.  Both are defined in the Internal 

Stability section of Chapter 2.  The pullout of soil is calculated by determ ining the em bedm ent length (Le) on either side of the 

slip  surface and com bining it w ith the confin ing pressure, or norm al load, from  the soil above. 

The designer should consider that there are tw o sides of the slip  arc 

to consider w hen calculating the geogrid contribution.  If the slip  arc 

breaks free from  the soil resistance along the slip  surface, it w ill 

engage the affected geogrid layers.  The grid layers can fail in  three 

w ays.  F irst the grid can be pulled out from  the soil on the retained 

side of the slip  surface.  Second, the geogrid layer can be pulled out 

from  the soil on the slid ing side of the slip  surface.  But on this side, 

the designer m ust take into account that the end of the grid is con-

nected to the facing.  Therefore the total pullout strength on the 

slid ing w edge side is the connection strength p lus the pullout of soil.  

This is a very unlikely w ay for the grid to fail because this com bina-

tion w ill m ost alw ays be greater than the rupture strength of the grid 

(lim ited to the LTADS).  Third, the grid can rupture if the pullout of 

soil strengths exceeds the LTADS of any affected layer. 

Calculations show  that it is m ost likely that if a slip  occurs som e  

layers w ill pullout from  the retained side and at the sam e tim e som e  

layers w ill rupture. 

The designer should analysis each layer of effected geogrid for the 

three failure m odes to determ ine the lesser for each layer, and then the 

sum  of these lesser am ounts becom es the p Fgr value. 
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W all Facing  C ontrib ution (Facing): 

One elem ent of the ICS calculations is the inclusion of facial stability to add 

to the slid ing resistance.  The stability of the w all facing has typically been 

ignored in g lobal m odeling due to the com plexity of m odeling a segm ental 

retain ing w all into a slope stability com puter program .   

W all facing stability is provided by the interlocking shear betw een block and 

by the connection capacity betw een block and geogrid.  Both are d irectly 

re lated to the spacing of the geogrid layers and the am ount of norm al load 

above the area in question.   The closer together the reinforcem ent layers 

are, the m ore stable the facing becom es in both shear and connection 

strength.  The m axim um  spacing betw een grid layers that can be found w ith-

in the industry is around 32 in. (812 m m ).  How ever, past experience has 

show n that retaining w alls that have geogrid layers spaced too far apart do 

not y ie ld the best design for a w all.  Problem s associated w ith excess settle-

m ent, deflection and bulg ing m ay be experienced.  A llan B lock recom m ends 

a geogrid spacing of 16 in. (406 m m ) or less.  C loser spacing of low er 

strength reinforcem ent is a m ore effic ient w ay of d istributing the loads 

throughout the m ass, w hich creates a m ore coherent structure.  

P lease note that the designer m ust evaluate both the stability provided by 

the geogrid connection and the shear strength of the b lock units, but can 

on ly  use  the  lesser o f the  tw o  in  the  IC S  sa fe ty  fac to r eq uation .  

Understanding that these tw o stabiliz ing forces are interconnected is a ben-

efit to the designer of re inforced segm ental retain ing w alls.  

 

Facing  S tab ility  from  G eog rid  C onnections  

In  the internal com pound stability analysis, w hen the slip  arc travels through 

the w all face at a grid  layer w e can safely assum e that the full connection 

capacity is available to resist the slid ing.  How ever, the grid layers at the face 

that are above and below  the slip  arc w ill a lso provide som e resistance and 

increase stability.  Using a m axim um  influence d istance of 32 in. (812 m m ) 

from  the slip  arc, a percentage of the grid connection is used in calculating 

the contribution from  block to grid  connections w hen evaluating facial stabil-

ity.  Here are a few  exam ples show ing d ifferent spacing and slip  arc locations. 

In  C ase A  the slip  arc is d irectly above a layer of geogrid and there are tw o 

layers that fall w ith in the influence zone of 32 in. (812 m m ) on either side of 

the slip  arc. Looking at how  the percentages are d istributed, 75%  of Grid 2A 

and 25%  of Grid 3A connection strength capacities can be in the analysis of 

the w all facing.  Assum ing a full 8  in. (200 m m ) tall unit. 

C ase B  has three course spacing betw een grids and the slip  arc intersecting 

the w all face at a geogrid layer.  Therefore 100%  of Grid 3A and 25%  of Grids 

2A and 4A connection strength capacities can be included. 

C ase C  illustrates the boundary layers.  The slip  arc is tow ards the bottom  of 

the w all, w hich m eans the bottom  portion of the influence zone actually 

includes the bottom  of the w all.  G rid connection strength capacities are eas-

ily identified at 25%  of Grid 3A and 75%  of Grids 1A and 2A.  How ever, 

because the slip  arc is located tow ards the bottom  of the w all w e can also 

include 50%  of the frictional slid ing resistance betw een the A llan B lock unit 

and the gravel base.   
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Facing  S tab ility  from  B lock S hear S treng th  

Shear interaction between units is easily calculated by understanding that the 

greater the norm al load above a particular joint, the greater the block-to-block 

shear strength becom es. The tested shear strength equation com es from  each 

SRW  m anufacture in the form  of an ASTM  D6916 test (also known as SRW -2 and 

is included in the appendices), which determ ines the block-grid-block shear resis-

tance and block-block shear resistance relative to the norm al load above that joint. 

The first th ing a designer should do is determ ine if the slip  surface in question 

passes through the facing at a geogrid layer.  If it does the assum ption is m ade 

that the facing is 100%  stable due to the connection strength w ith the geogrid 

and thus the designer can consider adding the tested b lock-grid-block shear 

strength of that jo int in the analysis of the w all facing.   

If the slip surface passes through the facing between grid layers a rotational 

m om ent develops between grid layers, w ith the lower grid layer form ing a pivot 

point for the potential wall facing bulge.  Sum m ing the m om ents about this pivot 

point the designer can determ ine if the norm al load at that joint is substantial 

enough to resist the upward rotational effect caused by the sliding forces.  If there 

is sufficient norm al load to resist the rotational effect the block w ill not uplift and 

the designer can consider adding the full block-block shear strength into the slid-

ing resistance.  However, if the norm al load is overcom e by the rotational uplift, the 

wall facing w ill pivot forward and the shear strength of the block cannot be added 

to the resistance.  

U ltim ately, th is forw ard rotation w ill engage the geogrid connection strength 

from  the grid layer above w hich w ill act to restrain the facing.  If the w all contin-

ues to rotate, m ore uplift w ill occur and a forw ard bulge w ill form  betw een lay-

ers and eventually a localized w all fa ilure w ill occur.    

C ontrib ution from  the W all Face  

As m entioned earlier, the designer cannot take both the facing stability from  the 

geogrid connection and block shear w hen totaling up the resisting force.  Only 

one w ill need to fail before instability of the w all face occurs.  Therefore, the one 

w ith the least resisting force is the controlling face contribution and is used in 

the ICS safety factor calculation.  The basis of this approach relies on a sim ple 

theory that as reinforcem ent layers are placed closer together, the facing 

becom es m ore rigid.  The m ore rigid the facing is m ade by the connection con-

tribution, the m ore likely that the shear strength at the evaluated course w ill 

control.  Likew ise, as the geogrid spacing is increased, the connection contri-

bution is lessened thus causing the connection contribution to control.  

The fo llow ing is an exam ple of evaluating ICS for a g ive set of site and soil con-

ditions.  P lease note that a fu ll g lobal stability review  should be obtained by the 

ow ner.  These types of calculations require hundreds of thousands of itera-

tions, w hile evaluating tens of thousands of slip  arcs. 

Exam ple 6 -1: 

Looking at D iagram  Ex. 6-1 and given the fo llow ing: 

Ä =  78° Ö =  120 lb/ft
3
   (19 kN/m

3
) 

Ñi =  30° Ao = 0.25 

Ñr =  28° 

Geogrid is spaced 2 courses apart and a m inim um  length of 12 ft (3 .66 m ). 

The LTADS for th is exam ple is approxim ately 1,008 lb/ft (14.7 kN/m ).
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Review ing the full ICS analysis, it is determ ined that the m inim um  Factor of Safety for ICS occurs betw een the 2nd and 3rd 

course of b locks. 

The fo llow ing sum m arizes the results for the slip  arc w ith the m inim um  Factor of Safety for ICS:  

================p Fr           =  sum  of soil resisting forces = 18,156 lb/ft  (265 kN/n) 

              p Facing    =  sum  of facing contribution (either geogrid connection or shear) 

                                p Vu         =  sum  of b lock shear =  4,082 lb/ft   (59.6 kN/m ) 

                                p Conn      =  sum  of connection = 4,819 lb/ft   (70.4 kN/m ) 

              p Facing    =  4,082 lb/ft (m inim um  of the shear and connection)  (59.6 kN/m ) 

              p Fgr         =  sum  of geogrid contribution = 2,791 lb/ft   (40.7 kN/m ) 

              p Fs           =  sum  of slid ing force = 17,608 lb/ft   (257 kN/m ) 

              p Fdyn      =  sum  of slid ing forces due to seism ic loading 

                                =  1,585 lb/ft   (23.1 kN/m ) 

Safety Factor of ICS 

=  (p Fr +  p Facing + p Fgr) / (p Fs +  p Fdyn) 

=    (18,156 lb/ft +  4,082 lb/ft +  2,791 lb/ft)    =   1,304 

(17,608 lb/ft +  1,585 lb/ft) 

=    (265 kN/m  + 59.6 kN/m  + 40.7 kN/m )    =   1,304 

(257 kN/m  + 23.1 kN/m ) 

 

S afety Factors and  D esig n A p p roach  

The m inim um  safety factor for Internal Com pound Stability is 1.3 for static conditions and 1.1 for seism ic.  If after com pleting the 

analysis the safety factors are below  these standards, the w all design w ill need to be revised.  P lease note that to provide a 

conservative expanded review  for a geogrid reinforced retaining w all w hen analyzing ICS, cohesion is not considered in the 

m ethodology presented.  M ost global stability com puter program s provide for the engineer to include a value for cohesion, 

w hich w ould dram atically change the final num bers.  Additionally m ost global stability program s have not provided a detailed 

approach to contributions from  the w all facing and therefore the exact results w ill be difficult to duplicate w hen trying to run a 

com parative review  w ith off the shelf GS softw are.  The follow ing provides a few  design options to increase factors of safety 

for Internal Com pound Stability: 

1. Use select backfill:  It has been w ell docum ented that using select soils w ith higher internal strength as backfill in  the infill 

area results in a better w all w ith increased stability and perform ance.  This w ill a lso im prove the internal com pound stability  

as w ell and should be one of the first recom m endations. 

2. Additional geogrid reinforcem ent layers:  Decreasing the spacing betw een the geogrid reinforcem ent w ill force the slip  sur-

face to intersect m ore geogrid layers w hich w ill increase the safety factor.  The w all facing stability w ill a lso im prove and 

w ill have a d irect enhancem ent in the internal com pound stability analysis. 

3 . Lengthen the geogrid reinforcem ent:  Lengthening the geogrid w ill, again, force the slip  surface to intersect m ore layers of 

geogrid and ultim ately force the slip  surface deeper into the evaluation zone.  How ever, th is w ill require additional excava-

tion, and out of the three design options w ill typically cost the m ost. 

4 . Addition of geogrid  in the slope above the w all: For slopes above the w all, adding geogrid reinforcem ent w ithin the slope 

m ay im prove Internal Com pound Stability.  The length and spacing of these grids w ill depend on the site conditions and 

should be done in cooperation w ith the geotechnical engineer of record.
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