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A-1 Introduction
The information within this appendix is provided for additional reference, and includes 
some additional details and some advanced topics. These sections are excerpted out of 
the 2011 Trenching and Shoring Manual. These sections were removed to streamline 
the manual contents to the most relevant information that is commonly used in the 
review of excavation plans. These sections provide mainly alternative approaches for 
analysis comparison of various approaches. All these are good for edification but not 
essential for the review task at hand. As such, no updates to the latest referenced 
guidance are provided. This is purely archival information. If the reader is to utilize any 
of these approaches, then it is incumbent upon the reader to find and utilize the latest 
references noted within this appendix. 

A-2 Log-Spiral Passive Earth Pressure
As mentioned in previous sections, Rankine’s theory should not be used to calculate the 
passive earth pressure forces for a shoring system because it does not account for wall 
friction, and it assumes a linear failure plane. While Coulomb's theory to determine the 
passive earth pressure force accounts for the angle of wall friction (δ), the theory 
assumes a linear failure surface. The result is an error in Coulomb's calculated force 
since the actual sliding surface is curved rather than planar. Coulomb’s theory gives 
increasingly erroneous values of passive earth pressure as the wall friction (δ) 
increases. Therefore, Coulomb’s theory could lead to unsafe shoring system designs 
because the calculated value of passive earth pressure would become higher than the 
soil could generate. Terzaghi (1943) suggested that combining a logarithmic spiral and 
a straight line could represent the failure surface. Morrison and Ebeling (1995) 
suggested a single arc of the logarithmic spiral could realistically represent the failure 
surface. Both methods (Terzaghi 1943 composite failure surface and Morison and 
Ebeling 1995) are implemented in this Trenching and Shoring Manual. 

A-2.01 Composite Failure Surface
The composite failure surface will be examined first. As seen in Figure A-1,the 
logarithmic spiral portion of the failure surface (BD) is governed by the height of the wall 
(AB), the location of the center of the logarithmic spiral arc (O), and the soil’s internal 
friction angle (φ). However, the curved failure surface will be circular (R = Ro) in 
cohesive soil (for total stress analysis, φ = 0). The spiral surface is given as: 

Ro is obtained from triangle OAB. The upper portion of DE is a straight line, which is 
tangent to the curve BD at point D. DE makes an angle α1 with the horizontal as given 
in Equation 4-3-21 of Chapter 4, Earth Pressure Theory and Application.   

𝐑𝐑 = 𝐑𝐑𝐨𝐨𝐞𝐞𝛉𝛉𝛉𝛉𝛉𝛉𝛉𝛉 𝛟𝛟 (A-2-1) 
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Figure A-1. Geometry of the developing mobilized failure plane (Shamsabadi, et al,. 2005) 

The logarithmic spiral leaves the wall at the takeoff angle (αw) at radius OB and 
intersects the conjugate failure surface wedge CDE. AD lies on a ray of the logarithmic 
spiral zone that must pass through the center of the logarithmic spiral arc. As a result, 
the location of the center of the Log-Spiral curve (O) can be accurately defined based 
on the subtended angle θm. Either moment equilibrium or force equilibrium can be used 
to calculate the passive earth pressure force per unit length of the wall. Several authors 
have calculated passive earth pressure coefficients using log spiral failure surfaces 
(moment method and method of slices), circular failure surfaces and elliptical failure 
surfaces. The shoring engineer has the option to use any of these methods. 

A-2.01A      Force Equilibrium Procedures
The log spiral surface at the bottom of the wall, illustrated in Figure A-1, starts with the 
takeoff angle (αw), which is calculated as follows: 

The angle αw has a positive value when it is above the horizontal and a negative when it 
is below the horizontal. 

(A-2-2) 

(A-2-3) 
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Where δ is the wall interface friction angle that varies from zero to its full value δ 
(where δ = δult) as a function of φ. The coefficient K is the horizontal to vertical stress 
ratio given in Equation A-2-4. 

Where: 

The value of 𝛉𝛉𝐦𝐦 can be obtained from the following relationships: 

Where α1 is the failure angle of slice 1 in Figure A-2. 

Therefore, the value of θm, can be obtained both from the geometry of the composite 
failure surface and/or from the state of the stresses of a soil element at the bottom of 
the wall. The geometry of the failure surface presented in Figure A-1 can be established 
using Equations A-2-2, A-2-3, and A-2-9. It should be noted that the direction of the 
takeoff angle (αw) is a function of the wall-soil interface friction angle (δ), the angle of 
internal friction (φ), the cohesion (c) of the soil, and the wall height (H). Once the 
geometry of the failure plane is established then the failure mass can be divided into 
slices as shown in Figure A-2. Earth pressure Pph is then calculated by summation of 
forces in the vertical and horizontal direction for all slices using Equation A-2-10. 

𝐊𝐊 = (𝐀𝐀𝐀𝐀 + 𝐀𝐀𝐀𝐀)/𝐀𝐀𝐀𝐀 (A-2-4) 

𝐀𝐀𝐀𝐀 = 𝐀𝐀 + 𝐬𝐬𝐬𝐬𝛉𝛉𝐀𝐀 𝛟𝛟 +
𝐂𝐂
𝛔𝛔𝐳𝐳
𝐬𝐬𝐬𝐬𝛉𝛉 (𝐀𝐀𝛟𝛟) (A-2-5) 

(A-2-6) 

𝐀𝐀𝐀𝐀 = 𝐜𝐜𝐨𝐨𝐬𝐬𝐀𝐀 𝛟𝛟 + 𝟒𝟒𝛉𝛉𝛉𝛉𝛉𝛉𝐀𝐀 𝛅𝛅 (A-2-7) 

𝛔𝛔𝐳𝐳 = 𝛄𝛄𝛄𝛄  (A-2-8) 

𝛉𝛉𝐦𝐦 = 𝛂𝛂𝐀𝐀 − 𝛂𝛂𝐰𝐰  (A-2-9) 
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Figure A-2. Geometry of the Failure Surface and Associated Interslice Forces 

Where: 

By dividing the resisting wall force Ph by 0.5γH2, one obtains the horizontal passive 
pressure coefficient (Kph) which is expressed as: 

𝐏𝐏𝐡𝐡 =
∑  𝛉𝛉
𝐬𝐬=𝐀𝐀  𝐝𝐝𝐝𝐝

[𝐀𝐀 − 𝛉𝛉𝛉𝛉𝛉𝛉𝛅𝛅 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂𝐰𝐰 + 𝛟𝛟)] (A-2-10) 

𝐝𝐝𝐝𝐝 =
𝐖𝐖𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 + 𝛟𝛟) + (𝐂𝐂)(𝐋𝐋)[𝐬𝐬𝐬𝐬𝛉𝛉 𝛂𝛂 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 + 𝛟𝛟) + 𝐜𝐜𝐨𝐨𝐬𝐬 𝛂𝛂]

𝐀𝐀 − 𝛉𝛉𝛉𝛉𝛉𝛉𝛅𝛅 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 + 𝛟𝛟) (A-2-11) 

𝐊𝐊𝐩𝐩𝐡𝐡 = 𝐩𝐩𝐡𝐡

𝛄𝛄𝛄𝛄𝐀𝐀
𝟐𝟐𝐏𝐏

(A-2-12) 
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A-2.01B      Moment Equilibrium Procedures 
The passive earth pressure Pp can be determined by summing moments (rather than 
forces as described above) about the center of the log spiral point O considering those 
forces acting on the free body associated with the weight and cohesion respectively. 
This is a two-step process, which is solved by method of superposition. Considering the 
weight of the free body diagram shown in Figure A-3, Pp can be determined as follows: 
 

 

 
Figure A-3. Geometry of the Failure Surface due to Weight 

 

 
Figure A-4. Geometry of the Failure Surface Due to Cohesion 

𝐄𝐄
 


 (A-2-13) 
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Considering the cohesion part of the backfill only as shown in Figure A-3 the passive 
earth pressure due to cohesion (EC) can be determined by the summation of moments 
about the center of log spiral point O as follows: 

 
Where: 

 

For the cohesive soil where the soil friction is equal to zero: 

 

WABDF =  Weight of log spiral section and the surcharge weight. 
HR =  Height of left side of Rankine section. 
PR =  Horizontal force component of Rankine section DFE. 
PC =  Horizontal force component of Rankine section DFE due to cohesion. 
EW =  Total lateral earth pressure due to weight. 
EC =  Total lateral earth pressure due to cohesion. 
MC =  Moment due to cohesion due to log spiral section. 
 

Equations A-2-14 and A-2-15 are obtained using the following procedures: 

1. Calculate earth pressure on vertical face of DEF using Rankine’s equation. 

2. Calculate weight of the zone ABDF including the surcharge. 

3. Take the moment about point O. 
 
The total lateral earth pressure due to weight and cohesion is the summation of A-2-13 
and A-2-14. 

 
The passive earth pressure force Pp is obtained by summing EW and EC. However, this 
may not be the unique solution to the problem as only one trial surface is examined. 
The value of passive pressure Pp must be determined for several trial surfaces as 
shown in Figure A-5 until the minimum value of Pp is attained. Note that failure surface 
2 is the critical failure surface. 

𝐄𝐄
 


 (A-2-14) 

 (A-2-15) 

𝐌𝐌𝐂𝐂 = (𝐂𝐂)(𝛉𝛉)(𝐑𝐑𝐀𝐀)𝐌𝐌𝐂𝐂 = (𝐂𝐂)(𝛉𝛉)(𝐑𝐑𝐀𝐀) (A-2-16) 

𝐏𝐏𝐩𝐩 = 𝐝𝐝𝐰𝐰 + 𝐝𝐝𝐜𝐜 (A-2-17) 
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Figure A-5. Moment Method 

A-2.02 Noncomposite Log Spiral Failure Surface 
As shown in Figure A-6, it is assumed that a single arc of the log spiral curve can 
represent the entire failure surface. Note: do not confuse this discussion with the topic 
of global stability, which is alluded to in Chapter 10, Special Conditions, Section 10-5, 
Slope Stability. As described previously, the equations of the force equilibrium and or 
moment equilibrium methods are applied to calculate the passive or active force directly 
without breaking the failure surface into an arc of logarithmic spiral zone and a Rankine 
zone. 

 
Figure A-6. Mobilized Full Log Spiral Failure Surface 
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A-2.02A      Force Equilibrium Method 
The formulation regarding the limit equilibrium method of slices (Shamsabadi, et al., 
2007, 2005) does not change since Rankine’s zone was treated as a single slice. The 
entire mass above the failure surface BD is divided into vertical slices and Equations   
A-2-10 through A-2-12 are used to calculate the magnitude of the earth pressure. 

A-2.02B      Moment Equilibrium Method 
Only slight modifications are done to the moment limit equilibrium equations by 
removing the Rankine components of Equations A-2-13 and A-2-14. From Figure A-6: 

 
The cohesion component from Figure A-7: 

 

 
Figure A-7. Mobilized Full Log Spiral Failure Surface for Cohesion Component 

 
The passive earth pressure coefficients for various methods are listed in the following 
tables for zero slope backfill (β = 0o). For sloping backfill, the value of Kph should be 
determined by the using Figure 4-20, Passive Earth Pressure Coefficient (Caquot and 
Kerisel, 1948) from Chapter 4, Earth Pressure Theory and Application,  and the 
appropriate corresponding Figure A-8 through A-14. 

𝐄𝐄



 (A-2-18) 

𝐄𝐄



 (A-2-19) 
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Figure A-8. Log Spiral – Forces Method – Full Log Spiral – Trial    
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Figure A-9. Log Spiral – Forces Method – Full Log Spiral – No Trial 
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Figure A-10. Log Spiral – Forces Method – Composite Failure Surface 
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Figure A-11. Log Spiral – Modified Moment Method – Composite Failure Surface 



APPENDIX A, ADDITIONAL THEORY FOR INQUIRING MINDS JULY 2025 
 

CALTRANS ● TRENCHING AND SHORING MANUAL APPENDIX A A - 14 
 

 

 

Figure A-12. Log Spiral – Moment Method – Full Log Spiral Failure Surface 
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Figure A-13. Log Spiral – Moment Method – Composite Failure Surface 
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Figure A-14. Log Spiral (see Figure A-7) 
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Figure A-15 shows the values of Kph computed by the various log spiral and straight- 
line methods described above and shown in Figure 4-3, Comparison of Plane versus 
Curved Failure Surfaces from Chapter 4, Earth Pressure Theory and Application. When 
the wall interface friction (δ) is less than about 1/3 of the backfill soil friction angle (φ), 
the value of Kph does not differ significantly. However, for large values of wall interface 
friction angle (δ), the values of Kph should be determined by the using the log spiral 
methods. Note that the values listed in the following table are for the purposes of 
comparison of the various methods with zero slope backfill (β = 0o). 

 

 

Figure A-15. Kph Based on Straight or Curved Rupture Lines with Zero Slope Backfill (β = 0o) 
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A-3 Culmann’s Graphical Solution for Active 
Earth Pressure 

As presented in Section 4-5.03, of Chapter 4, Earth Pressure Theory and Application, 
Culmann (1866) developed a convenient graphical solution procedure to calculate the 
active earth pressure for retaining walls for irregular backfill and surcharges. Figure 
A-16 shows a failure wedge and a force polygon acting on a single wedge. The forces 
per unit width of the wall to be considered for equilibrium of the wedge are as follows:  

Where: 

c = Soil cohesion value 

Ka = Rankine active earth pressure coefficient 

φ   = Soil friction angle 

γ   = Unit weight of soil 

 
Figure A-16. Single Wedge and Force Polygon 
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1. W = Weight of the wedge including weight of the tension crack zone and the
surcharges with a known direction and magnitude.

2. Ca = Adhesive force along the backfill of the wall with a known direction and
magnitude.

3. C = Cohesive force along the failure surface with a known direction and
magnitude.

4. hcr = Height of the tension crack from Equation 4-4.13.

5. R = Resultant of the shear and normal forces acting on the failure surface DE
with the direction known only.

6. Pa = Active force of wedge with only the direction known.

To determine the maximum active force against a retaining wall, several trial wedges 
must be considered and the force polygons for all the wedges must be drawn to scale. 

For greater precision the analysis would include multiple wedges. At a minimum a 
wedge should address each discontinuity in the retained embankment. It can be broken 
down further still, for example at the edges or changes of surcharges. To determine the 
maximum active force against a retaining wall, several trial wedges must be considered 
and the force polygons for all the wedges must be drawn to scale as shown in Figure 
A-17.

𝐖𝐖 = 𝐀𝐀𝐀𝐀𝐀𝐀𝐝𝐝𝐀𝐀𝐀𝐀area  (𝛄𝛄) + 𝐪𝐪(𝐀𝐀) + 𝐕𝐕 (A-3-1) 

𝐂𝐂𝛉𝛉 = 𝐜𝐜(𝐀𝐀𝐀𝐀) (A-3-2) 

𝐂𝐂 = 𝐜𝐜(𝐀𝐀𝐝𝐝) (A-3-3) 

 (A-3-4) 
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Figure A-17. Culmann Trial Wedges 

The procedure for estimating the maximum active force, Pa, as shown in Figure A-17 
and Figure A-18, is described as follows: 

1. Draw the lines for the tensile crack profile parallel to the backfill profile with height 
equal to hcr. 

2. Draw several trial wedges to intersect the tension crack profile line. 

3. Draw the vectors to represent the weight of wedges per unit width of the wall 
including the surcharges. 

4. Draw adhesion force vector Ca acting along the face of the wall. 

5. Draw cohesion force vector Cn acting along the failure surfaces. 

6. Draw the active force vector Pa. 

7. Draw the resultant force vector R acting on the failure place.  

8. Repeat steps 2 through 7 until all trial wedges are complete. 

9. Draw a smooth curve through these points as shown in Figure A-18. A cubic spline 
function is used in CT-Flex computer program to draw the smooth line between 
point P1 through point Pn+2. 

10. Draw dashed line TT’ through the left end of force vectors Pa, as shown in Figure 
A-18. 
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11. Draw a parallel line to line TT’ that is tangent to the above curve to measure 
maximum active earth pressure length as shown in Figure A-18. 

12. Draw a line parallel to the force vectors Pa that begins at TT’ and ends at the 
intersection point of the tangent line to the curved line above. This is the 
maximum active pressure force vector Pa,max. 

 
The maximum active pressure shown in Figure A-17 and Figure A-18 is obtained as: 

 
 

 

Figure A-18. Culmann Graphical Solution to Scale 

𝐏𝐏𝒂𝒂  =  (length of 𝐋𝐋) 𝐱𝐱 (load scale 𝛌𝛌) (A-3-5) 



APPENDIX A, ADDITIONAL THEORY FOR INQUIRING MINDS JULY 2025 
 

CALTRANS ● TRENCHING AND SHORING MANUAL APPENDIX A A - 22 
 

The following sections of this appendix contain six example problems. These example 
problems can be described as follows: 

1. Example A-1 has a gravity retaining wall, with both adhesion and cohesion 
forces. The solution is found using the Culmann Graphical Solution (Trial Wedge 
Method). 

2. Example A-2 has the same gravity retaining wall that is shown in Example A-1.  
The solution is found using the Caltrans Trenching and Shoring Check Program 
to obtain the Critical Active Wedge. 

3. Example A-3 has a cantilever retaining wall that is the cantilever retaining wall in 
the 2023 American Railway Engineering and Maintenance-of-Way Association 
(AREMA) Manual for Railway Engineering (Page 8-5-20, Figure C-8-5-4). This 
example has no adhesion component. The solution is found using the Culmann 
Graphical Solution (Trial Wedge Method). 

4. Example A-4 has the same cantilever retaining wall that is shown in Example     
A-3. The solution is found using the Caltrans Trenching and Shoring Check 
Program to obtain the Critical Active Wedge. 

5. Example A-5 has a gravity retaining wall that is shown in the 2023 AREMA 
Manual for Railway Engineering (Page 8-5-21, Figure C-8-5-5). This example 
has no adhesion component. The solution is found using the Culmann Graphical 
Solution (Trial Wedge Method). 

6. Example A-6 has the same gravity retaining wall that is shown in Example A-5. 
The solution is found using the Caltrans Trenching and Shoring Check Program 
to obtain the Critical Active Wedge. 
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A-3.01 Example A-1: Culmann Graphical Method 
Calculate the maximum active earth pressure using the Culmann graphical method for a 
gravity retaining wall given in Figure A-19 using the following backfill properties.  (Note 
that this is not a cantilever retaining wall).  Also, please note that in these examples, the 
units of kips are sometimes displayed as k, as in Figure A-20 and Equation A-3-8. 

 
 

 

Figure A-19. Retaining Wall with Irregular Backfill by Culmann Method 
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Figure A-20. Culmann Trial Wedge Method to Scale and Graphical Method Results 

Solution: 
As shown in Figure A-20, several trial wedges are drawn. The weight of each of these 
wedges, the adhesive force at the wall interface and cohesive force along the failure 
surface are computed as is shown below. 
 
The active earth pressure due to soil-wall interaction is constant for all wedges and is 
calculated as shown below. 
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Determine wall angle: 

 

 

 
Where La is the length of the active wedge along the backwall and Ca is the active earth 
pressure due to wall-backfill adhesion properties. 
 
The force polygon for all the wedges and maximum active force using scaling factors 
are shown in Figure A-21. The maximum earth pressure is about 8.5 kips/ft. 

 

Figure A-21. Culmann Graphical Solution Using Force Polygon  

 
(A-3-6) 

𝐋𝐋𝛉𝛉 =
(𝐀𝐀𝟏𝟏 − 𝟔𝟔.𝐀𝐀)
𝐜𝐜𝐨𝐨𝐬𝐬 (𝐀𝐀𝟓𝟓.𝟓𝟓𝐀𝐀)

= 𝐀𝐀𝐀𝐀.𝐀𝐀𝟒𝟒 𝐟𝐟𝛉𝛉 (A-3-7) 

𝐂𝐂𝛉𝛉 = 𝐜𝐜𝛉𝛉𝐋𝐋𝛉𝛉 = (𝟎𝟎.𝐀𝐀)(𝐀𝐀𝐀𝐀.𝐀𝐀𝟒𝟒) = 𝐀𝐀.𝟒𝟒𝐀𝐀 𝐤𝐤/𝐟𝐟𝛉𝛉 (A-3-8) 
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A-3.02 Example A-2: Critical Active Wedge Method 
Repeat Example A-1 Culmann Graphical Method, (gravity retaining wall) using trial 
critical active wedge method. Figure A-22 illustrates the most critical failure surface 
developed using the Caltrans Trenching and Shoring Check Program. 

  

Figure A-22. Critical Active Wedge 

Use Equation A-3-9 (from Section 4-5.01, Active Trial Wedge Method) to calculate the 
active earth pressure. 

 

𝐏𝐏𝛉𝛉 =
𝐖𝐖[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)] − 𝐂𝐂𝐎𝐎𝐋𝐋𝐜𝐜[𝐬𝐬𝐬𝐬𝛉𝛉 𝛂𝛂 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟) + 𝐜𝐜𝐨𝐨𝐬𝐬 𝛂𝛂] − 𝐂𝐂𝛉𝛉𝐋𝐋𝛉𝛉[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)𝐜𝐜𝐨𝐨𝐬𝐬 (−𝛚𝛚) + 𝐬𝐬𝐬𝐬

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛅𝛅+ 𝛚𝛚)𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 (𝛅𝛅 + 𝛚𝛚)
𝐬𝐬 𝛚𝛚] 

(A-3-9) 
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Caltrans Trenching and Shoring Check Program is used to calculate the failure plane 
angle (α) and the length of the critical failure surface (Lc). 

 
Calculate the weight contribution from the weight of the wedge and the weight of the 
surcharge (WT): 
 

 
Calculate adhesion (ADH) component. 

 

 
Calculate cohesion (COH) component. 

 
Substitute WT, COH, and ADH into Equation A-3-10. 

 
In Example A-1, the calculated value was 8.5 kips/ft. This value of 8.46 kips/ft is slightly 
different than the value of 8.5 kips/ft due to the graphical nature of the calculation. 
  

𝐏𝐏𝛉𝛉 =
𝐖𝐖𝐖𝐖− 𝐂𝐂𝐎𝐎𝛄𝛄 − 𝐀𝐀𝐀𝐀𝛄𝛄

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛅𝛅 + 𝛚𝛚)𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 (𝛅𝛅 + 𝛚𝛚)
 (A-3-10) 

WT = W[tan(α − ϕ)] = (31.40)[tan(54.64 − 30)] = 14.40 k/ft 

(A-3-11) 

La =
(18 − 6.3)
cos (15.52)

= 12.14 ft. (A-3-12) 

ADH = CaLa[tan (α − ϕ)cos (−ω) + sin (−ω)]
 = (0.2)(12.14)[tan(54.64 − 30) cos(−15.52) + sin(−15.52)] = 0.422 k/ft 

(A-3-13) 

COH = COLc[sinα tan (α − ϕ) + cos α]
 = (0.2)(25.39)[sin(54.64) tan(54.64 − 30) + cos(54.64)] = 4.837 k/ft 

(A-3-14) 

Pa =
14.40 − 4.84 − .422

[1 + tan (20 + 15.52)tan (54.64 − 30)]cos (20 + 15.52)
= 8.46 k/ft 

(A-3-15) 
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A-3.03 Example A-3 (2023 AREMA Manual Page 8-5-20) 
The following example is taken from the 2023 AREMA Manual for Railway Engineering 
(Page 8-5-20; note that the 2023 manual references 2002 throughout). This is a 
cantilever retaining wall. In the AREMA Manual, this retaining wall is called a retaining 
wall with a heel. The vertical surcharge pressure is 500 psf and acts over a width of 14 
feet; there is no adhesion component in this example.  
 
Calculate the maximum active earth pressure using the Culmann graphical method 
for a retaining wall with a heel (earth pressure at line AB) given in Figure A-23 (AREMA 
page 8-5-12).  
 
 

 
Figure A-23. Retaining Wall by Culmann Method (AREMA Manual page 8-5-20) 

 

As shown in Figure A-24 several trial wedges are drawn. The weight of each of these 
wedges, the adhesive force at the wall interface and cohesive force along the failure 
surface are computed as is shown below. 
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Figure A-24. Culmann Trial Wedge and Trial Wedge Method Results 
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The force polygon for all the wedges and maximum active force using scaling factors 
are shown in Figure A-25. The maximum earth pressure is about 11.35 kips/ft. In the 
2023 AREMA Manual for Railway Engineering, the value was calculated as 11.1 kips/ft.  
This value of 11.35 kips/ft is slightly different than the value of 11.1 kips/ft due to the 
graphical nature of the calculation.  
 

 

Figure A-25. Culmann Graphical Solution Using Force Polygon 
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A-3.04 Example A-4 (2023 AREMA Manual  Page 8-5-20) 
The following example is taken from the 2023 AREMA Manual for Railway Engineering   
 
Repeat Example A-3, a cantilever retaining wall (AREMA Manual, page 8-5-20), using 
the critical active wedge method. Figure A-26 illustrates the most critical failure 
surface developed using the Caltrans Trenching & Shoring Check Program. 

 

  

Figure A-26. Critical Active Wedge Method 

Equation A-3-16,  without the adhesion component, is used to calculate the active earth 
pressure (Pa). Caltrans Trenching & Shoring Check Program is used to calculate the 
failure plane angle (α) and the length of the critical failure surface (Lc). 
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or 

 

Calculate the weight contribution from the weight of the wedge and the weight of the 
surcharge (WT): 

 
Calculate cohesion (COH) component. 

 
Substitute WT and COH into Equation A-3-17. 

 
In Example A-3 (Culmann Graphical Method), the calculated value was 11.35 kips/ft, 
which is very close to this value of 11.32 kips/ft (Trial Wedge Method). 

  

𝐏𝐏𝛉𝛉 =
𝐖𝐖[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]− 𝐂𝐂𝐎𝐎𝐋𝐋𝛉𝛉[𝐬𝐬𝐬𝐬𝛉𝛉𝛂𝛂  𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟) + 𝐜𝐜𝐨𝐨𝐬𝐬 𝛂𝛂]

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉𝛅𝛅 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 𝛅𝛅
 (A-3-16) 

𝐏𝐏𝛉𝛉 =
𝐖𝐖𝐖𝐖 − 𝐂𝐂𝐎𝐎𝛄𝛄

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 𝛅𝛅 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 𝛅𝛅
 (A-3-17) 

WT = W[tan(α − ϕ)] = (38.31)[tan(55.09 − 30)] = 17.92 k/ft (A-3-18) 

COH = COLc[sinα tan (α − ϕ) + cos α]
 = (0.2)(29.55)[tan(55.09 − 30) sin(55.09) + cos(55.09)] = 5.65 k/ft 

(A-3-19) 

Pa =
(17.92 − 5.65)

[1 + tan (14)tan (55.09 − 30)]cos (14)
= 11.32 k/ft  (A-3-20) 
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A-3.05 Example A-5 (2023 AREMA Manual Page 8-5-21) 
Calculate the maximum active earth pressure using the Culmann graphical method for a 
gravity retaining wall given in Figure A-27 using the backfill properties as shown; this 
example has no adhesion component. Note that this is not a cantilever retaining wall; 
the AREMA Manual refers to it as a retaining wall without a heel.  A snapshot of page  
8-5-21 is provided in Figure A-29.  
 
 

 

Figure A-27. Gravity  Retaining Wall with Irregular Backfill by Culmann Method 

 



APPENDIX A, ADDITIONAL THEORY FOR INQUIRING MINDS JULY 2025 
 

CALTRANS ● TRENCHING AND SHORING MANUAL APPENDIX A A - 34 
 

 

Figure A-28. Culmann Trial  Wedge Method and Graphical Method Results 
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Figure A-29. Snapshot of AREMA Manual, Page 8-5-21 
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Figure A-30. Culmann Force Polygon 

 
In the 2023 AREMA Manual for Railway Engineering (Page 8-5-21), the value was 13.5 
kips/ft. This value of 13.9 kips/ft is slightly different due to the graphical nature of the 
calculation. 
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A-3.06 Example A-6 (2023 AREMA Manual Page 8-5-21) 
Repeat Example A-5, using the critical active wedge method. This is the gravity 
retaining wall that is shown on Page 8-5-21 in the 2023 AREMA Manual, and is referred 
to as a retaining wall without a heel. Figure A-31 illustrates the most critical failure 
surface developed using the Caltrans Trenching & Shoring Check Program. 
 

 

Figure A-31. Critical Active Wedge 

 
In general, Equation A-3-21 is used to calculate the active earth pressure. 
 

 

𝐏𝐏𝛉𝛉 =
𝐖𝐖[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)] − 𝐂𝐂𝟎𝟎 𝐋𝐋𝐜𝐜[𝐬𝐬𝐬𝐬𝛉𝛉𝛂𝛂 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟) + 𝐜𝐜𝐨𝐨𝐬𝐬 𝛂𝛂] − 𝐂𝐂𝛉𝛉𝐋𝐋𝛉𝛉[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)𝐜𝐜𝐨𝐨𝐬𝐬 (−𝛚𝛚) + 𝐬𝐬𝐬𝐬𝛉𝛉 𝛚𝛚]

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛅𝛅+ 𝛚𝛚)𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 −𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 (𝛅𝛅 + 𝛚𝛚)
 

(A-3-21) 
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Caltrans Trenching and Shoring Check Program is used to calculate the failure plane 
angle (α) and the length of the critical failure surface (Lc). Without the adhesion 
component, the calculation is simplified as illustrated below.  

 
or 

 

Calculate the weight contribution from the weight of the wedge and the weight of the 
surcharge (WT): 

 
Calculate cohesion (COH) component. 

 
Substitute WT and COH into Equation A-3-23. 

 
 

In the 2023 AREMA Manual for Railway Engineering (Page 8-5-21), the value was 13.5 
kips/ft. This value of 13.70 kips/ft is slightly different due to the graphical nature of the 
calculation.  
 

𝐏𝐏𝛉𝛉 =
𝐖𝐖[𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]− 𝐂𝐂𝐎𝐎𝐋𝐋𝐜𝐜[𝐬𝐬𝐬𝐬𝛉𝛉𝛂𝛂 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟) + 𝐜𝐜𝐨𝐨𝐬𝐬 𝛂𝛂]

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛅𝛅+ 𝛚𝛚)𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 (𝛅𝛅 + 𝛚𝛚)
 (A-3-22) 

𝐏𝐏𝛉𝛉 =
𝐖𝐖𝐖𝐖− 𝐂𝐂𝐎𝐎𝛄𝛄

[𝐀𝐀 + 𝛉𝛉𝛉𝛉𝛉𝛉 (𝛅𝛅 + 𝛚𝛚)𝛉𝛉𝛉𝛉𝛉𝛉 (𝛂𝛂 − 𝛟𝛟)]𝐜𝐜𝐨𝐨𝐬𝐬 (𝛅𝛅 + 𝛚𝛚)
 (A-3-23) 

WT = W[tan(α − ϕ)] = (43.65)[tan(55.18 − 30)] = 20.51 k/ft (A-3-24) 

COH = COLc[sinα tan (α − ϕ) + cos α]
 = 0.2(29.52)[tan(55.18 − 30) sin(55.18) + cos(55.18)] = 5.65 k/ft 

(A-3-25) 

P =
(20.51 − 5.65)

[1 + tan (20 + 15.91)tan (55.18 − 30)]cos (20 + 15.91)
= 13.70 k/ft 

(A-3-26) 
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