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Abstract: This paper presents an analytical solution for total active force on the retaining wall
backfilled by c- soil considering both horizontal and vertical seismic coefficients. Pseudo-static
force based concept is used for this particular analysis. The effect of tension crack is also taken
into account. The analysis is done in such a way that for the simultaneous action of weight,
cohesion and surcharge a single critical wedge surface is generated. The results are presented in
tabular form. Variation of different parameters like , , c, kh, kv are studied on the variation of
seismic active earth pressure coefficient which are presented in graphical form.    
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Introduction 

Mononobe- Okabe analysis (Okabe 1924;
Mononobe and Matsuo 1929) was the first to modify
Coulomb’s solution (Coulomb, 1776) to evaluate the
seismic active earth pressure on the back of a retaining
wall supporting cohesionless backfill. Using Mononobe –
Okabe analysis, Seed and Whitman (1970) have
provided the solution for dynamic active earth pressure
considering that the retaining wall is backfilled only with
 soil. The Mononobe-Okabe concept was extended for
c- backfill by Saran and Prakash (1968), Das and Puri
(1996), Saran and Gupta (2003), Ghosh and Saran
(2007) and Ghosh et al. (2008). In their analytical
approach, pressure due to weight, surcharge and
cohesion were optimized separately. But in real
situation, for the simultaneous action of weight,
surcharge and cohesion, a single critical wedge surface
will be generated. Shukla et al. (2009) has given a
solution for single critical wedge surface, but without
considering the roughness of the wall and also without
taking into account of the effect of tension crack. Ghosh
(2010) has given a solution for active earth pressure in
which the same coefficient is used for weight and
surcharge but a separate coefficient used for cohesion.
Therefore, in this analysis, an attempt is made to find
out the dynamic active earth pressure in such a way that
a single critical wedge surface is generated for the
simultaneous action of weight, surcharge and cohesion.  

Analysis 

The analysis of retaining wall is made in the
following steps. 

Consider a vertical rigid retaining wall retaining a
levelled backfill of height H, angle of internal friction ,
cohesion c and unit weight . A surcharge load of
intensity q per unit length is assumed to act on the

backfill. At any time during active state of equilibrium, if
 is the wedge angle then Figure 1a shows the forces
acting on the retaining wall – soil wedge system. In the
assumed model (Figure 1b), weight of the backfill soil in
tension crack zone (height H0) is considered to act along
with the weight of the surcharge. Cohesive and adhesive
resistances of the tension crack zone are neglected.  
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Fig.1a  Original Retaining wall – Soil Mass System
 

Fig.1b  Assumed Model for Analysis 
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TECHNICAL NOTE 
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P is the force acting on retaining wall at an angle
 to the normal of the wall and R is the reaction due to
retained soil on the sliding soil whereas W and Q are the
weight due to wedge soil and surcharge respectively. C
is the cohesive force acting on the wedge surface and Ca

is the adhesive force acting on the wall surface.  

Derivation of Formulations during Active State of 
Equilibrium 

Geometrical Parameters and Various Force 
Components 

Depth of the tension crack zone, 
0

2c
H N   (1) 

where 
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So, H1 = H – H0  (3) 

For sliding triangular wedge OMN,  

 1 tanMN H                   (4) 

  2
1

1
tan

2
W H                                            (5) 

    0 1 tanQ q H H                         (6) 

  hW Q k  and    1 vW Q k  are horizontal

and vertical inertia forces due to earthquake where kh

and kv are horizontal and vertical seismic coefficients. 

 1 secOM H      (7) 

C = cH1 sec and Ca = ca H1                              (8) 

 
      1 0 v

1

1

Psin

H 2 q H 1 k tan
cos H

2 cos

cos
cH

cos

 

          





  (12) 

Or, 

  

 

 

1 0

1

2 1

2
sin cos cos cos

cos cos

sin

vH q H k
P x

m
x

H

 

     
 

  

  


   
 
 

 

           (13) 

where, 
   1 0

2
2 1 v

c
m

H q H k 


    
                     

It can be seen from Eqn 13 that for a particular
retaining wall backfill system, all the terms are constant
except θ. So, for different values of θ will produce
different values of P and the optimum value is given by
(dP/dθ) = 0. 

The Eqn (13) can also be written as 
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 And at critical satisfying the condition,
(dP/dθ)=0, Eqn. 14 becomes 
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Where Pae = Total seismic active force on the
back of a retaining wall, 

kae= Coefficient of active earth pressure.     

Application of Equilibrium Conditions and Evaluation 
of Active Force 

Applying the force equilibrium conditions H = 0,
V = 0 
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Substituting the values of W and Q as per Eqn 5

and 6 respectively and considering 
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and c = ca, we get, 

Results 

The coefficients for seismic active earth pressure
are obtained optimizing k with respect to .  To optimize
k, a computer program using “c” programming was
developed that would find the wedge angle  at which
corresponding coefficient of active earth pressure kae is
also calculated.  The results obtained from the analysis
are presented in tabular form in Table 1 for the following
variation of parameters.  

kh = 0, 0.1 and 0.2 

kv = 0, kh/2 and kh 

 = 20°, 30° and 40° 

 = -/2, 0, /2 and  

m= 0,0.1 and 0.2 
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Discussion on Results 

The variation of seismic active earth pressure
coefficient (kae) with variation of different parameters ,
, m, kh and kv are discussed in the following sections. 

Effect of  on Seismic Active Earth Pressure 
Coefficient  

Figure 2 shows the variation of seismic active
earth pressure coefficient (kae) with kh for different value
of  at m=0.1,  =/2, kv = kh/2. From the study, it is
seen that for a particular value of , kae increases with
increase in kh whereas, for a particular value of kh, kae

decreases with increase in . Due to increase in kh,
disturbance in the soil increases and due to decrease
in , internal resistance of the soil decreases. Due to
these reasons, kae increases with increase in kh and
decrease in . 

kh, kv  
m = 0 m = 0.1 m = 0.2 

=-/2 =0 =/2 = =-/2 =0 =/2 = =-/2 =0 =/2 = 

kh=0, 
kv=0 

20 0.578 0.49 0.447 0.427 0.326 0.286 0.263 0.252 0.097 0.086 0.08 0.077 

30 0.416 0.333 0.302 0.293 0.197 0.164 0.15 0.149 0 0 0 0 

40 0.286 0.218 0.199 0.21 0.101 0.081 0.075 0.08 -0.062 -0.05 -0.048 -0.05 

kh=0.1, 
kv=0 

20 0.649 0.569 0.532 0.52 0.418 0.374 0.35 0.341 0.199 0.18 0.169 0.164 

30 0.48 0.397 0.368 0.372 0.276 0.235 0.22 0.222 0.088 0.076 0.072 0.073 

40 0.339 0.268 0.253 0.275 0.169 0.138 0.132 0.143 0.014 0.011 0.011 0.012 

kh=0.2, 
kv=0 

20 0.738 0.672 0.648 0.653 0.524 0.48 0.46 0.458 0.314 0.288 0.275 0.272 

30 0.553 0.473 0.452 0.474 0.364 0.318 0.304 0.315 0.184 0.163 0.156 0.161 

40 0.401 0.329 0.319 0.359 0.243 0.204 0.2 0.224 0.095 0.082 0.08 0.09 

kh=0.1, 
kv=0.05 

20 0.677 0.593 0.553 0.54 0.445 0.393 0.371 0.362 0.225 0.203 0.191 0.185 

30 0.5 0.413 0.383 0.386 0.295 0.251 0.234 0.237 0.106 0.092 0.086 0.087 

40 0.353 0.279 0.262 0.285 0.181 0.148 0.141 0.153 0.025 0.021 0.02 0.022 

kh=0.2, 
kv=0.1 

20 0.792 0.715 0.685 0.686 0.567 0.524 0.5 0.496 0.363 0.332 0.316 0.312 

30 0.592 0.504 0.479 0.496 0.4 0.347 0.331 0.341 0.219 0.192 0.183 0.188 

40 0.428 0.348 0.336 0.376 0.266 0.223 0.217 0.242 0.117 0.1 0.097 0.108 

kh=0.1, 
kv=0.1 

20 0.706 0.617 0.575 0.561 0.472 0.421 0.394 0.383 0.252 0.226 0.212 0.207 

30 0.521 0.429 0.397 0.401 0.315 0.267 0.249 0.251 0.125 0.107 0.101 0.102 

40 0.367 0.289 0.272 0.295 0.195 0.159 0.151 0.163 0.037 0.031 0.03 0.032 

kh=0.2, 
kv=0.2 

20 0.847 0.761 0.725 0.722 0.627 0.569 0.541 0.535 0.413 0.377 0.358 0.352 

30 0.632 0.535 0.506 0.522 0.437 0.378 0.358 0.368 0.253 0.221 0.211 0.216 

40 0.455 0.369 0.354 0.394 0.291 0.242 0.234 0.26 0.139 0.118 0.115 0.127 
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kh
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Table 1 Values of Seismic Active Earth Pressure Coefficients (kae) 

Fig. 2  Variation of kae with kh for different values  
of  (m=0.1, =/2, kv=kh/2) 
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Effect of m on Seismic Active Earth Pressure 
Coefficient 

Figure 3 shows the variation of kae with kh for
different value of m at  =20°,  =/2, kv=kh/2. From
the plot, it is seen that kae decreases with increase in m.
Increase in m means increase in cohesion. 

Comparison of Results from Present Study 
with Shukla et al. (2009) 

Figure 6 shows the variation of seismic active
earth pressure with kh obtained from the present study
and the results obtained from Shukla et al. (2009).
From the comparative study, it is seen that seismic
active earth pressure as calculated from present
methodology are of lesser magnitude in comparison to
Shukla et al. (2009). The reason may be due to the fact
that Shukla et al. (2009) do not consider the tension
crack zone in the backfill side. 

Effect of  on Seismic Active Earth Pressure 
Coefficient 

Figure 4 shows the variation of kae with kh for
different value of  at  =30°, m=0.1, kv=kh/2. From the
plot, it is seen that initially for change in  from –/2 to
0, kae decreases with increase in . No significant
change is noticed in kae due to further increase in .   

Conclusion 

A methodology developed for the determination
of seismic active earth pressure on the back of a
retaining wall supporting c- backfill in such a way that
for the simultaneous action of weight, surcharge and
cohesion, a single critical wedge angle will develop. The
results are presented in tabular form and for
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Effect of Kv/Kh Ratio on Seismic Active Earth 
Pressure Coefficient 

Figure 5 shows the variation of kae with kh for
different ratio of kv/kh. From the plot, it is seen that kae

increases with increase in kv/kh ratio. Higher value of
kv/kh ratio means more disturbances in the backfill
material which results increase in kae.  
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Fig. 3  Variation of kae with kh for different values  
of m (=20, =/2, kv=kh/2) 

 

Fig. 4  Variation of kae with kh for different values 
of  (=30, m=0.1, kv=kh/2) 

 

Fig.5  Variation of kae with kh for different values 
of kv (=30, m=0.1, =/2) 

 

Fig.6  Comparison of Seismic Active Earth Pressure  
obtained from Present Study with Earlier Analytical Work 

(H=6.0m, =18 kN/m2, c=6.0kN/m2, kh=0.2, kv=0.1) 
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 intermediate portion, a linear interpolation is suggested.
The general conclusions of the present study are
summarized as follows: 

> The present study provides an analytical 
expression for the total active force on the back 
of a retaining wall supporting c- backfill 
considering both horizontal and vertical seismic 
coefficients based on Coulomb’s sliding wedge 
mechanism of total force equilibrium. 

> For a particular retaining wall backfill system, the 
coefficient of active force increases with increase 
in the value of seismic coefficients indicating 
higher value of active force and more 
participation of backfill soil at active state during 
seismic condition. 

> The magnitude of active force coefficient 
decreases with increase in the magnitude of c 
and  of the backfill and for a particular 
combination, it may be negative. At negative 
values of active force coefficients, we can say 
that there should not be any force acting on the 
retaining wall during active state. 

> This generalized solution is more realistic as 
compared to the other analysis as here we are 
getting only single wedge angle for the 
simultaneous action of weight, surcharge and 
cohesion, which simulates the practical situation. 
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Notations 

c, ca  cohesion and adhesion of the backfill material 

,  Angle of internal friction of soil and angle of
wall friction 

kh, kv  horizontal and vertical seismic coefficient
imposed in the backfill material 

  unit weight of the backfill material 

P seismic force at the back of retaining wall at
any time of earthquake during active state of
equilibrium 

Pae seismic active force (optimum) at the back of a
retaining wall  

kae seismic active force coefficient at the back of a
retaining wall  

θ inclination of the wedge surface with vertical 

q intensity of surcharge loading acting over the
top of the backfill 

References 

Coulomb, C. A. (1776): ‘Essai sur une application des 
regles des maximis et minimis a quelque problems 
de statique relatifs a 1’architecture, Memoires 
d’Academie Roy. Pres. Diverssavants.7, 343-382 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiItalic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


