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(ABSTRACT) 

The safety of gravity earth retaining structures is usually evaluated with regard to : (1) 

overturning about the toe, (2) sliding along the base and (3) bearing failure of the foundation. 

Conventional equilibrium methods are utilized in these analyses, which are performed using 

assumed earth loads based on simplified earth pressure theories. Recent finite element studies 

performed on gravity retaining walls founded on rock revealed that the use of conventional 

methods may lead to overly conservative results. The effects of soil-structure interaction result 

in a greater degree of wall stability than conventional approaches would indicate. 

This research examines the behavior of gravity earth retaining structures founded on soil. 

Two methods of analyses were used in these studies : (1) the Following Load method, which 

does net account for soil-structure interaction effects, and (2) the Backfill Placement method, 

which does account for soil-structure interaction effects. A procedure called the “Alpha Method” 

for 2D soil elements was developed for the purpose of improving the post-failure stress-strain 

behavior of the backfill and foundation soils and incorporated in the finite element program 

(SOILSTRUCT) utilized in the analyses. 

A series of analyses demonstrated the effectiveness of the Alpha Method in controlling 

overshoot and providing good estimates of collapse loads on wall-foundation systems. Following 

Load analyses indicated that walls on soil become unstable by bearing capacity rather than



overturning or sliding. These results also provided the basis for modifications to Vesic’s bearing 

capacity theory, which extended the applicability of the theory to the conditions encountered in 

retaining wall problems. The Backfill Placement analyses showed that there are significant 

differences in behavior between walls founded on rock and walls founded on soil. These analyses 

also led to new insight into the factors that affect the shear forces within the backfill and which 

contributes to the stability of the wall.
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CHAPTER 1 

INTRODUCTION 

Procedures for designing gravity earth retaining structures have changed little since the 

1940s and are considered by many engineers to be well established. However, recent studies 

have provided better insight into the behavior of gravity earth retaining structures, and have 

shown that conventional methods can lead to designs that are exceedingly conservative for 

gravity walis that have free-draining backfill and are founded on rock. 

As illustrated in the free body diagram in Figure 1.1, once the magnitudes of the forces 

exerted on a wall by the backfill have been specified, the equations of equilibrium may be 

utilized to determine the magnitudes of the shear and normal forces that act on the base of the 

wall. Possible failure modes (i.e., sliding, overturning and bearing failure) can then be 

investigated. Conventional methods usually assume that the horizontal and vertical planes 

within the backfill are principal planes. Consequently, there is no shear force on the vertical 

plane through the heel of the wall and the only vertical component of the force exerted by the 

backfill on the wall is the weight of any backfill that is above the wall. The magnitude of the 

horizontal earth pressure force, H,,, depends on the value of the lateral earth pressure 

coefficient, A,, used for the design. Depending on the magnitudes of the expected wall 

movements, either an active earth pressure coefficient (Ka), or an at-rest earth pressure 

coefficient (Ko) is used for design. 

In an recent study, Ebeling, et al. (1988) conducted finite element analyses of gravity 

retaining walls founded on rock using the finite element program SOILSTRUCT. A significant 

step in that study was the development of a procedure called the “Alpha Method ” which
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enabled SOILSTRUCT to model accurately the process of progressive separation of the wall base 

from the rock foundation. This is especially important for studying the behavior of heavily 

loaded walls that do not have full contact with the underlying rock foundation. Another 

important aspect of the studies performed by Ebeling, et al. (1988) was to show that there is a 

downward shear force on the vertical plane through the heel of the wall as a consequence of the 

tendency for the backfill to settle more than the wall. These forces, which tend to stabilize the 

wall, are neglected in conventional equilibrium analyses. The existence of these shear forces 

provides an explanation for the fact that a number of gravity retaining Corps of Engineers walls 

showed no signs of instability, although analyses of these walls using conventional equilibrium 

methods indicate that they should be unstable. 

The studies described in this report were performed to investigate the behavior of gravity 

retaining walls founded on soil. The soil was modeled as a nonlinear medium, and analyses were 

performed utilizing the computer program SOILSTRUCT, which was modified for this study. 

A major difference between the behavior of walls on rock and walls on soil is that 

settlements are larger for walls founded on soil, and they have a significant effect on the 

behavior of the wall. Clough and Duncan (1971) performed an analysis of a retaining wall 

founded on medium dense sand, with a loose sand backfill. They found that the settlement of 

the foundation during placement of the backfill affected the movement of the wall. This in turn 

affected the forces exerted by the backfill on the wall. 

This report on these studies is divided into eight chapters. Chapter 2 describes the 

modifications made on the computer program (SOILSTRUCT) to extend the Alpha Method for 

application to two-dimensional elements. This modification reduces overshoot of stresses and 

numerical innacuracies in the analyses. 

Chapter 3 contains a review of a modern bearing capacity theory and discusses its use for 

evaluating the stability of retaining walls on soil.



Chapter 4 contains the results of finite element analyses using the following load method 

for walls founded on soil. 

Chapter 5 contains the results of finite element analyses of gravity retaining walls on soil 

using the backfill placement method. 

Chapter 6 discusses the results of finite element analyses performed on cantilever and 

stepped-face walls on soil. 

Chapter 7 compares the results of finite element analyses with those obtained utilizing 

conventional design procedures. 

Finally, Chapter 8 contains a summary of the study and conclusions.



CHAPTER 2 

ANALYSES OF GRAVITY RETAINING WALLS FOUNDED ON SOIL 

USING THE FOLLOWING LOAD METHOD 

INTRODUCTION 

The objective of the study described in this chapter is to determine how foundation 

properties and wall geometry affect wall movement and wall stability. For this purpose, the 

“following load analysis” method described by Ebeling et al. (1988) was used. In this method, 

the soil backfill is represented by nodal forces applied on the surface of the foundation soil and 

the back of the wall rather than by soil elements. The applied loads are not affected by the 

movements of the wall, and thus do not reflect the effects of soil-structure interaction. Since 

they remain the same no matter what movements take place, the loads are said to “follow” the 

movements of the wall, and are thus described as “following loads.” The advantage of the 

following load approach is that the reduced number of variables influencing the response of the 

wall-foundation system makes it easier to isolate the effects of a change in a single parameter. 

HYPOTHETICAL STRUCTURES AND LOADING CONDITIONS USED IN THE 

FOLLOWING LOAD ANALYSIS 

The first series of analyses performed used the version of SOILSTRUCT as it existed in 

the Fall of 1988. The program had the capability of modeling separation of the wall base from



the foundation and had been used by Ebeling et al. (1988) to study the behavior of gravity 

retaining walls on rock. The first analyses were done for the purpose of determining if the 

analytical techniques used by Ebeling for walls on rock were applicable also to analysis of walls 

on soil foundations. 

The hypothetical wall-foundation system is shown in Fig. 2.1. The ranges of values for 

each of the parameters that describe the geometry and the properties are given in Table 2.1. 

Run FOLIA is referred to as the “Base Case.” The wall geometry for this Base Case is 

shown by the finite element mesh in Fig. 2.2. It contains 18 interface elements, 343 two- 

dimensional elements and 394 nodes. 

The initial stresses in the foundation soil, before construction of the wall or placement of 

backfill, correspond to at-rest conditions. 

The first phase of the analysis involved simulating construction of the gravity retaining 

wall itself. Construction of the wall was modeled using the following procedure, as shown in 

Fig. 2.3: 

(1) With the elements in the wall having been assigned the properties of 

air, pressure was applied to the interface elements along the base of the 

wall to simulate the weight of the wall. 

(2) After the loads simulating the weight of the wall had been applied, the 

properties assigned to the elements in the wall were changed from the 

properties of air to the properties of hardened concrete. 

Because the behavior of the soil elements in the foundation was stress dependent, the 

loads simulating the weight of the wall were applied in small increments to model the nonlinear 

behavior as closely as possible, and to avoid abrupt changes in soil modulus from one load 

increment to the next. Five increments of load were used to simulate construction of the wall.
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Table 2.1 - Parameter Values used in the Following Load Analyses 

Constant Parameters Variable Parameters 

Geometric Geometric 

- B/B = Ratio of width of top of wall to - D = Depth of foundation soil 

width of base of wall = 0.5 - H = Height of wall 

Material - B = Base width of wall 

-h Height of toe fill 
- }= Unit weight of backillfoe fill = 135 pcf 

-K_= Normal stiffness of wall-base interface Material 
n elements = 5.18x 10° pef - Kg = Shear stiffness of wall-base interface elements 

- §= Friction angle of wall-base interface elements - Js= Poisson's Ratio of foundation soil 
= 35 degrees - D = Relative density of foundation soil 

- V= Unit weight of concrete = 150 pcf 

  
  

- E,= Modulus of elasticity of concrete Others 

= 4.3x10° pef - K= Earth pressure coefficient for horizontal 

- ¥= Poisson's ratio of concrete = 0.20 loads on wall 

* 

Run No. K, (pcf) JVs Kh Dn Hm Bit D, hy (A) Comments 

FOLIA 21x10 035 037 30 30 18 75 0 Base Case 
FOLIB (29x10) 0.35 0.37 30 30 18 75 0 Low Ks 
FOLIC (39x10) 0.35 037 30 30 18 75 0 High Ks 
FOL2A 21x10 0.35 (0.302) 30 30 18 75 oO Low Kj, 
FOL2B 21x10" 0.35 (050 30 30 18 #75 0 High K, 
FOLSA  =2.1x10° (0.32) (0.37 30 30 18 #75 60 Low J, 
FOL3B 21x10° (0.40) 0.37 30 30 18 75 O High Ds 
FOL4A 21x10? 035 0.37 30 30 18 (50 O Loose Sand 
FOL4B 21x10" 0.35 0.37 30 30 18 (25 O Medium Dense Sand 
FOL4C 21x10 035 0.37 30 30 18 (100) 0 Very Dense Sand 
FOLSA 21x10° 035 O37 # (15 30 18 7 oO Thin Foundation 
FOLSB 21x10" 035 037 (60) 30 18 75 0 Thick Foundation 
FOL6GA 21x10° 035 037 30 (15) 18 75 O BH = 1.2 
FOL6B 21x10° 035 037 30 (36) 18 75 0 B/H = 0.5 
FOL6C 21x10" 0.35 0.37 30 = (45) 18 #75 O BH = 0.4 
FOL7A 21x10. 035 0.37 30 30 (12 75 oO B/H = 0.4 
FOL7B) «21x10 0.350.387 30 30 (15) 75 O BH = 0.5 
FOL7C 21x10° 0.35 0.37 30 30 (21) #75 O BH = 0.7 
FOL8A 21x10? 035 0.37 30 30 18 «675 ~=«(9) With Toe Fill 
FOL9A 21x10" 0.35 0.37 30 30 18 75 0 Actual placement of conc FE 

Note : Values in () indicate a parameter value other than the base case value 
* 

D, = Relative Density - See table below for properties used 

Hyperbolic parameters (from Duncan,Mabry, Wong & Byme report) 

Relative Density (%) K n b Ky % eh Re 

100 600 04 42° 033 140 0.7 
75 450 04 39° 037 135 0.7 
50 300 04 36 041 #130 0.7 
25 200 04 33 046 125 0.7
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The increments correspond to ia in es 1 and ; of the total weight of the wall. 

el
 

To model placement of backfill behind the wall, nodal forces were applied to the back of 

the wall and the surface of the soil behind the wall, as shown in Fig. 2.4. Each successive layer 

of backfill was represented by applying another set of forces to the back of the wall and the 

surface of the soil. 

PROBLEMS WITH SOIL ELEMENT FAILURE AND RECOVERY 

Nonlinear finite element analyses of the type described in this report are performed in 

stages. During each stage of these analyses, each element in the finite element mesh is assigned 

stress-strain properties consistent with the stresses in the element. Elements that fail are 

assigned small values of modulus consistent with their inability to carry more load. 

Overshoot 

One of the basic considerations in nonlinear finite element analyses of stresses and 

movements in earth masses is that the calculated stresses should not exceed the strengths of the 

materials. Although this can be viewed as a fundamental requirement, it is not always satisfied. 

Sometimes the changes in stress during a step of an analysis result in stresses that exceed the 

strength, as illustrated in Fig. 2.5. This is called “overshoot.” In some cases the calculated 

stresses exceed the strength by a wide margin, and the results in such cases are unrealistic. 

The strength of a cohesionless soil element depends mainly on the angle of internal 

friction of the material, ®, and on the confining pressure it is subjected to, 73. For a constant 

value of ®, the strength increases with confining pressure. When the confining pressure is 

extremely low or takes on a tensile value, the element has practically no strength. This makes 

the element of little significance in terms of affecting the overall behavior of the system. 

11
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�s�t�r�e�n�g�t�h�.� �I�n� �t�h�e� �f�o�r�m�e�r� �c�a�s�e�,� �o�v�e�r�s�h�o�o�t� �m�a�y� �r�e�s�u�l�t� �e�v�e�n� �i�f� �t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �s�t�r�e�s�s�e�s� �t�h�a�t� 

�a�c�t� �o�n� �a�n� �e�l�e�m�e�n�t� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l�.� �I�n� �s�u�c�h� �c�a�s�e�s�,� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �o�v�e�r�s�h�o�o�t� �h�a�s� �l�i�t�t�l�e� 

�o�r� �n�o� �b�e�a�r�i�n�g� �o�n� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �o�v�e�r�s�h�o�o�t� �i�n� �e�l�e�m�e�n�t�s� �w�i�t�h� �h�i�g�h� 

�s�t�r�e�n�g�t�h�s� �i�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t�,� �b�e�c�a�u�s�e� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �c�a�r�r�y� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� 

�l�o�a�d�.� �T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �c�a�n� �t�h�u�s� �b�e� �v�e�r�y� �s�i�g�n�i�f�i�c�a�n�t�.� 

�F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �m�a�k�i�n�g� �a� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n�  ��s�t�r�o�n�g �� �e�l�e�m�e�n�t�s� �a�n�d�  ��w�e�a�k �� �e�l�e�m�e�n�t�s�,� 

�a� �c�r�i�t�i�c�a�l� �v�a�l�u�e� �o�f� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �,� �0�3�,�,�.�;�,�,� �w�a�s� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s� �:� 

�C�Z�c�r�i�t� �=� �0�.�8�K� �o�F� �y� �(�2�.�1�)� 

�w�h�e�r�e� �K�,� �i�s� �t�h�e� �a�t�-�r�e�s�t� �l�a�t�e�r�a�l� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t� �a�n�d� �o�,� �i�s� �t�h�e� �v�e�r�t�i�c�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �e�l�e�m�e�n�t� �b�y� �i�t�s�e�l�f�,� �w�i�t�h� �n�o� �o�v�e�r�l�y�i�n�g� �e�l�e�m�e�n�t�s� �o�r� �e�x�t�e�r�n�a�l� �l�o�a�d�s� �:� �o�c�,� �i�s� �t�h�e� 

�o�v�e�r�b�u�r�d�e�n� �p�r�e�s�s�u�r�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �a� �d�e�p�t�h� �o�f� �s�o�i�l� �e�q�u�a�l� �t�o� �h�a�l�f� �t�h�e� �v�e�r�t�i�c�a�l� �d�i�m�e�n�s�i�o�n� �o�f� �t�h�e� 

�e�l�e�m�e�n�t�,� �a�n�d� �o�3�.�,�;�,� �i�s� �t�y�p�i�c�a�l�l�y� �l�e�s�s� �t�h�a�n� �4�0� �p�e�r�c�e�n�t� �o�f� �t�h�i�s� �v�a�l�u�e�.� �I�f� �t�h�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �f�o�r� 

�a�n� �e�l�e�m�e�n�t� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �i�t�s� �c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�,� �t�h�e� �s�o�i�l� �e�l�e�m�e�n�t� �w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

 ��s�t�r�o�n�g ��.� �O�t�h�e�r�w�i�s�e�,� �i�t� �w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a�  ��w�e�a�k �� �e�l�e�m�e�n�t�.� �I�n� �q�u�a�n�t�i�f�y�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� 

�o�v�e�r�s�h�o�o�t� �i�n� �a�n� �a�n�a�l�y�s�i�s�,� �o�n�l�y� �t�h�e�  ��s�t�r�o�n�g �� �e�l�e�m�e�n�t�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� 

�T�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�I�n� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� �w�a�l�l�s� �o�n� �r�o�c�k� �p�e�r�f�o�r�m�e�d� �b�y� �E�b�e�l�i�n�g�,� �e�t� �a�l�.� �(�1�9�8�8�)�,� �p�r�o�b�l�e�m�s� �w�e�r�e� 

�e�n�c�o�u�n�t�e�r�e�d� �w�i�t�h� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �b�e�t�w�e�e�n� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l� �a�n�d� �t�h�e� 

�u�n�d�e�r�l�y�i�n�g� �r�o�c�k�.� �E�b�e�l�i�n�g�,� �e�t� �a�l�.� �(�1�9�8�8�)� �d�e�v�e�l�o�p�e�d� �a� �p�r�o�c�e�d�u�r�e� �c�a�l�l�e�d� �t�h�e�  ��a�l�p�h�a� �m�e�t�h�o�d �� �t�o� 

�m�i�n�i�m�i�z�e� �t�h�e� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s�.� �T�h�e� �m�e�t�h�o�d� �w�o�r�k�e�d� �w�e�l�l�,� �a�n�d� �w�a�s� �c�a�p�a�b�l�e� �o�f� 

�l�i�m�i�t�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�s�h�o�o�t� �t�o� �n�o� �m�o�r�e� �t�h�a�n� �a� �f�e�w� �p�e�r�c�e�n�t� �i�n� �m�o�s�t� �c�a�s�e�s�.� 
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�I�n� �t�h�e� �c�a�s�e� �o�f� �w�a�l�l�s� �f�o�u�n�d�e�d� �o�n� �s�o�i�l�,� �f�a�i�l�u�r�e� �a�n�d� �o�v�e�r�s�h�o�o�t� �c�a�n� �o�c�c�u�r� �i�n� �t�h�e� �s�o�i�l� �b�e�n�e�a�t�h� 

�t�h�e� �w�a�l�l� �a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �w�a�l�l� �a�n�d� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �s�o�i�l�.� �E�x�a�m�p�l�e�s� �a�r�e� 

�s�h�o�w�n� �i�n� �F�i�g�.� �2�.�6�.� �T�h�e� �m�e�s�h� �i�n� �F�i�g�.� �2�.�6�(�a�)� �s�h�o�w� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�n� �t�h�e� �s�o�i�l� �a�f�t�e�r� �t�h�e� �b�u�i�l�d�u�p� 

�o�f� �t�h�e� �w�a�l�l� �w�a�s� �s�i�m�u�l�a�t�e�d�.� �T�h�e� �z�o�n�e�s� �i�n� �w�h�i�c�h� �t�h�e� �s�t�r�e�s�s�e�s� �e�x�c�e�e�d� �t�h�e� �s�t�r�e�n�g�t�h� �h�a�v�e� �b�e�e�n� 

�d�a�r�k�e�n�e�d�.� �T�h�e� �a�m�o�u�n�t�s� �o�f� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e�s�e� �e�l�e�m�e�n�t�s�,� �a�l�l� �o�f� �w�h�i�c�h� �h�a�v�e� �s�u�f�f�i�c�i�e�n�t� �s�t�r�e�n�g�t�h�,� 

�r�a�n�g�e� �f�r�o�m� �1� �p�e�r�c�e�n�t� �t�o� �4�5� �p�e�r�c�e�n�t�.� 

�D�u�r�i�n�g� �s�u�b�s�e�q�u�e�n�t� �s�t�e�p�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�,� �w�h�i�c�h� �i�n�v�o�l�v�e�d� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �f�o�r�c�e�s� �t�o� �s�i�m�u�l�a�t�e� 

�p�l�a�c�e�m�e�n�t� �o�f� �b�a�c�k�f�i�l�l�,� �s�o�m�e� �o�f� �t�h�e� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �r�e�c�o�v�e�r�e�d� �w�h�i�l�e� �o�t�h�e�r�s� �f�a�i�l�e�d�.� �T�h�e� �f�a�i�l�u�r�e� 

�r�e�g�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �a�r�e� �s�h�o�w�n� �s�h�a�d�e�d� �i�n� �t�h�e� �m�e�s�h� �i�n� �F�i�g�.� �2�.�6�(�b�)�.� �A�t� �t�h�i�s� �s�t�a�g�e�,� �a� 

�t�o�t�a�l� �o�f� �s�i�x�t�e�e�n� �s�t�r�o�n�g� �e�l�e�m�e�n�t�s� �f�a�i�l�e�d�,� �a�n�d� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �o�v�e�r�s�h�o�o�t� �f�o�r� �t�h�e�s�e� �e�l�e�m�e�n�t�s� 

�r�a�n�g�e�d� �f�r�o�m� �0�.�3� �p�e�r�c�e�n�t� �t�o� �4�8�0� �p�e�r�c�e�n�t�.� �A� �t�o�t�a�l� �o�f� �f�o�u�r� �w�e�a�k� �e�l�e�m�e�n�t�s� �f�a�i�l�e�d�.� �O�f� �t�h�e�s�e� �f�o�u�r�,� 

�t�h�r�e�e� �f�a�i�l�e�d� �i�n� �t�e�n�s�i�o�n�.� 

�A�f�t�e�r� �t�h�i�s� �f�i�r�s�t� �a�n�a�l�y�s�i�s� �o�f� �a� �w�a�l�l� �o�n� �s�o�i�l� �h�a�d� �b�e�e�n� �p�e�r�f�o�r�m�e�d�,� �i�t� �b�e�c�a�m�e� �c�l�e�a�r� �t�h�a�t� �t�h�e� 

�p�r�o�b�l�e�m�s� �o�f� �l�a�r�g�e� �o�v�e�r�s�h�o�o�t� �i�n� �s�o�i�l� �e�l�e�m�e�n�t�s� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �a�d�d�r�e�s�s�e�d� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� 

�r�e�a�s�o�n�a�b�l�y� �a�c�c�u�r�a�t�e� �a�n�d� �m�e�a�n�i�n�g�f�u�l� �r�e�s�u�l�t�s�.� �A�c�c�o�r�d�i�n�g�l�y�,� �a� �s�t�u�d�y� �w�a�s� �u�n�d�e�r�t�a�k�e�n� �t�o� �d�e�v�e�l�o�p� �a� 

�p�r�o�c�e�d�u�r�e� �f�o�r� �a�p�p�l�y�i�n�g� �t�h�e� �a�l�p�h�a�-�m�e�t�h�o�d� �t�o� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �e�l�e�m�e�n�t�s� �a�s� �w�e�l�l� �a�s� �i�n�t�e�r�f�a�c�e� 

�e�l�e�m�e�n�t�s�,� �f�o�r� �w�h�i�c�h� �i�t� �h�a�d� �b�e�e�n� �o�r�i�g�i�n�a�l�l�y� �d�e�v�e�l�o�p�e�d� �b�y� �E�b�e�l�i�n�g�,� �e�t� �a�l�.� �(�1�9�8�8�)�.� 

�A�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �r�e�v�i�s�i�o�n�s� �w�e�r�e� �m�a�d�e� �t�o� �t�h�e� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �t�o� �a�d�d�r�e�s�s� �t�h�e� �b�e�h�a�v�i�o�r� 

�o�f� �e�l�e�m�e�n�t�s� �t�h�a�t�  ��r�e�c�o�v�e�r �� �f�r�o�m� �a� �f�a�i�l�u�r�e� �s�t�a�t�e� �t�o� �a� �n�o�n�-�f�a�i�l�u�r�e� �s�t�a�t�e�.� 

�R�e�c�o�v�e�r�y� �f�r�o�m� �F�a�i�l�u�r�e� 
� � 

�W�h�e�n� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �a�n� �e�l�e�m�e�n�t� �c�h�a�n�g�e� �s�o� �t�h�a�t� �i�t� �i�s� �n�o� �l�o�n�g�e�r� �i�n� �a� �s�t�a�t�e� �o�f� �f�a�i�l�u�r�e�,� �i�t� �i�s� 

�a�s�s�i�g�n�e�d� �a� �h�i�g�h�e�r� �m�o�d�u�l�u�s� �v�a�l�u�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �i�t�s� �r�e�n�e�w�e�d� �a�b�i�l�i�t�y� �t�o� �c�a�r�r�y� �m�o�r�e� �l�o�a�d�.� �T�h�i�s� 

�t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �l�o�w� �t�o� �h�i�g�h� �m�o�d�u�l�u�s� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �2�.�7�.� �A�t� �s�t�a�g�e� �A�,� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� 

�e�l�e�m�e�n�t� �e�x�c�e�e�d� �i�t�s� �s�t�r�e�n�g�t�h�.� �T�h�i�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�7� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e�  ��s�t�r�e�s�s� �l�e�v�e�l �� �(�S�Z�)�,� 

�w�h�i�c�h� �i�s� �t�h�e� �s�t�r�e�s�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �s�t�r�e�n�g�t�h�,� �e�x�c�e�e�d�s� �u�n�i�t�y�.� �B�e�c�a�u�s�e� �S�Z� �e�x�c�e�e�d�s� �u�n�i�t�y�,� �t�h�e� 
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�B� �(�A�f�t�e�r� �l�o�a�d�i�n�g� �:� �S�L� �<� �1�)� 

�u�r� �o�e� �@�~�-� 

�a�.� �U�n�l�o�a�d�-�r�e�l�o�a�d� �m�o�d�u�l�u�s� 

�E�,� �=� �M�o�d�u�l�u�s� �a�t� �f�a�i�l�u�r�e� 

�A� �(�B�e�f�o�r�e� �l�o�a�d�i�n�g� �:� �S�L� �>� �1�)� 
�E�,� �:� � � � � �>� �S�L� 

�1�.�0� 

�F�i�g�u�r�e� �2�.�7� �-� �M�o�d�e�l�i�n�g� �a� �S�o�i�l� �E�l�e�m�e�n�t ��s� �t�r�a�n�s�i�t�i�o�n� �f�r�o�n� �a� �F�a�i�l�u�r�e� �t�o� �a� 

�N�o�n�-�f�a�i�l�u�r�e� �S�t�a�t�e� �i�n� �u�n�r�e�v�i�s�e�d� �S�O�I�L�S�T�R�U�C�T� �P�r�o�g�r�a�m� 
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�e�l�e�m�e�n�t� �h�a�s� �a� �s�m�a�l�l� �m�o�d�u�l�u�s� �v�a�l�u�e�.� �A�t� �s�t�a�g�e� �B�,� �t�h�e� �s�t�r�e�s�s�e�s� �h�a�v�e� �c�h�a�n�g�e�d� �s�u�c�h� �t�h�a�t� �t�h�e� �s�t�r�e�s�s� 

�l�e�v�e�l� �h�a�s� �d�r�o�p�p�e�d� �b�e�l�o�w� �u�n�i�t�y�,� �a�n�d� �t�h�e� �e�l�e�m�e�n�t� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� �b�e� �a�s�s�i�g�n�e�d� �a� �h�i�g�h�e�r� �m�o�d�u�l�u�s� 

�v�a�l�u�e�.� 

�I�f� �t�h�e� �c�h�a�n�g�e� �i�n� �m�o�d�u�l�u�s� �f�r�o�m� �o�n�e� �s�t�e�p� �t�o� �a�n�o�t�h�e�r� �i�s� �v�e�r�y� �l�a�r�g�e�,� �p�r�o�b�l�e�m�s� �d�e�v�e�l�o�p� �i�n� �t�h�e� 

�a�n�a�l�y�s�e�s�.� �E�l�e�m�e�n�t�s� �w�i�t�h� �h�i�g�h� �m�o�d�u�l�u�s� �v�a�l�u�e�s� �t�e�n�d� �t�o� �e�x�p�e�r�i�e�n�c�e� �l�a�r�g�e� �c�h�a�n�g�e�s� �i�n� �s�t�r�e�s�s� �d�u�r�i�n�g� 

�s�u�b�s�e�q�u�e�n�t� �s�t�e�p�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�h�e�n� �n�e�i�g�h�b�o�r�i�n�g� �e�l�e�m�e�n�t�s� �h�a�v�e� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� 

�m�o�d�u�l�u�s� �v�a�l�u�e�s�.� �I�n� �t�h�e� �w�o�r�s�t� �c�a�s�e�,� �a� �c�o�n�d�i�t�i�o�n� �c�a�n� �d�e�v�e�l�o�p� �i�n� �w�h�i�c�h� �a�n� �e�l�e�m�e�n�t� �s�n�a�p�s� �b�a�c�k� �a�n�d� 

�f�o�r�t�h� �b�e�t�w�e�e�n� �f�a�i�l�u�r�e� �a�n�d� �n�o�n�-�f�a�i�l�u�r�e� �s�t�a�t�e�s� �i�n� �s�u�c�c�e�s�s�i�v�e� �s�t�e�p�s�,� �a�s� �i�t� �i�s� �a�s�s�i�g�n�e�d� �a�l�t�e�r�n�a�t�e�l�y� �h�i�g�h� 

�a�n�d� �l�o�w� �m�o�d�u�l�u�s� �v�a�l�u�e�s�.� �T�h�i�s� �p�r�o�b�l�e�m�,� �w�h�i�c�h� �i�s� �r�e�l�a�t�e�d� �t�o� �t�o�o�-�a�b�r�u�p�t� �c�h�a�n�g�e�s� �i�n� �m�o�d�u�l�u�s� 

�v�a�l�u�e�,� �w�a�s� �a�d�d�r�e�s�s�e�d� �b�y� �S�e�e�d� �a�n�d� �D�u�n�c�a�n� �(�1�9�8�3�)�.� �T�h�e�y� �d�e�v�i�s�e�d� �a� �p�r�o�c�e�d�u�r�e� �f�o�r� �c�h�a�n�g�i�n�g� 

�m�o�d�u�l�u�s� �v�a�l�u�e�s� �g�r�a�d�u�a�l�l�y� �a�s� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �e�l�e�m�e�n�t�s� �c�h�a�n�g�e�.� �T�h�e�i�r� �p�r�o�c�e�d�u�r�e� �w�a�s� �d�e�s�i�g�n�e�d� 

�p�r�i�m�a�r�i�l�y� �t�o� �i�m�p�r�o�v�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �s�o�i�l� �e�l�e�m�e�n�t�s� �d�u�r�i�n�g� �u�n�l�o�a�d�-�r�e�l�o�a�d�.� �T�h�i�s� �m�o�d�e�l� �w�a�s� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �S�O�I�L�S�T�R�U�C�T�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� �p�r�o�c�e�d�u�r�e� �b�a�s�e�d� �o�n� �t�h�i�s� �m�o�d�e�l� �w�a�s� 

�d�e�v�e�l�o�p�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �s�o�i�l� �e�l�e�m�e�n�t�s� �t�h�a�t� �r�e�c�o�v�e�r� �f�r�o�m� �f�a�i�l�u�r�e� �d�u�r�i�n�g� �a�n�a�l�y�s�i�s�.� �T�h�e� 

�c�h�a�n�g�e�s� �m�a�d�e� �i�n� �S�O�I�L�S�T�R�U�C�T� �t�o� �a�c�h�i�e�v�e� �t�h�e�s�e� �a�i�m�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s�.� 

�T�H�E� �A�L�P�H�A� �M�E�T�H�O�D� �F�O�R� �C�O�N�T�R�O�L�L�I�N�G� �O�V�E�R�S�H�O�O�T� �I�N� 

�T�W�O�-�D�I�M�E�N�S�I�O�N�A�L� �E�L�E�M�E�N�T�S� 

�T�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �p�r�o�g�r�a�m� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �(�S�O�I�L�S�T�R�U�C�T�)� �e�m�p�l�o�y�s� �h�y�p�e�r�b�o�l�i�c� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �t�o� �m�o�d�e�l� �t�h�e� �n�o�n�l�i�n�e�a�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �o�f� �s�o�i�l�s�.� �A�s� �d�i�s�c�u�s�s�e�d� �p�r�e�v�i�o�u�s�l�y�,� 

�n�o�n�l�i�n�e�a�r� �b�e�h�a�v�i�o�r� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�d� �b�y� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �a�n�a�l�y�s�e�s� �i�n� �a� �s�e�r�i�e�s� �o�f� �i�n�c�r�e�m�e�n�t�s�,� �o�r� 

 ��s�t�e�p�s ��.� �W�i�t�h�i�n� �e�a�c�h� �s�t�e�p� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �t�h�e� �m�a�t�e�r�i�a�l�s� �w�e�r�e� �t�r�e�a�t�e�d� �a�s� �i�f� �t�h�e�i�r� �b�e�h�a�v�i�o�r� �w�e�r�e� 

�l�i�n�e�a�r�.� �T�h�e� �m�o�d�u�l�u�s� �v�a�l�u�e�s� �a�s�s�i�g�n�e�d� �t�o� �e�a�c�h� �e�l�e�m�e�n�t� �w�e�r�e� �a�d�j�u�s�t�e�d� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e�i�r� 
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�s�t�r�e�s�s�e�s� �t�o� �s�i�m�u�l�a�t�e� �n�o�n�l�i�n�e�a�r� �b�e�h�a�v�i�o�r�.� 

�T�h�e� �w�a�y� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �a�n� �e�l�e�m�e�n�t� �m�i�g�h�t� �c�h�a�n�g�e� �d�u�r�i�n�g� �o�n�e� �s�t�e�p� �o�f� �a�n� �a�n�a�l�y�s�i�s� �i�s� �s�h�o�w�n� 

�i�n� �F�i�g�.� �2�.�8�.� �F�i�g�.� �2�.�8�(�a�)� �s�h�o�w�s� �t�h�e� �s�t�a�t�e� �o�f� �s�t�r�e�s�s� �a�t� �t�h�e� �c�e�n�t�e�r� �o�f� �a�n� �e�l�e�m�e�n�t� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �M�o�h�r ��s� �c�i�r�c�l�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �a� �l�o�a�d� �s�t�e�p�.� �F�i�g�.� �2�.�8�(�b�)� �s�h�o�w�s� �t�h�e� �s�t�a�t�e� �o�f� �s�t�r�e�s�s� 

�a�n�d� �t�h�e� �M�o�h�r ��s� �c�i�r�c�l�e� �f�o�r� �t�h�e� �s�a�m�e� �e�l�e�m�e�n�t� �a�f�t�e�r� �a� �l�o�a�d� �s�t�e�p� �t�h�a�t� �b�r�o�u�g�h�t� �a�b�o�u�t� �t�h�e� �c�h�a�n�g�e�s� �i�n� 

�s�t�r�e�s�s� �A�o�,�,� �A�c�,� �a�n�d� �A�r�,�,�.� �F�i�g�.� �2�.�8�(�b�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �a�f�t�e�r� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �s�t�r�e�s�s� 

�i�n�c�r�e�m�e�n�t�s�,� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �s�t�r�e�s�s�e�s� �m�a�y� �r�e�s�u�l�t� �i�n� �a�n� �u�n�a�c�c�e�p�t�a�b�l�e� �s�t�a�t�e� �o�f� �s�t�r�e�s�s�.� 

�A� �M�o�h�r ��s� �c�i�r�c�l�e� �o�f� �s�t�r�e�s�s� �a�b�o�v�e� �t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �o�v�e�r�s�h�o�o�t�,� �a�s� �d�i�s�c�u�s�s�e�d� 

�p�r�e�v�i�o�u�s�l�y� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� 

�T�h�e� �i�d�e�a�l� �s�i�t�u�a�t�i�o�n� �w�o�u�l�d� �b�e� �t�h�a�t� �t�h�e� �l�o�a�d� �a�p�p�l�i�e�d� �d�u�r�i�n�g� �a� �l�o�a�d� �s�t�e�p� �w�a�s� �j�u�s�t� �l�a�r�g�e� 

�e�n�o�u�g�h� �t�o� �b�r�i�n�g� �t�h�e� �m�o�s�t� �s�e�v�e�r�e�l�y� �s�t�r�e�s�s�e�d� �e�l�e�m�e�n�t� �t�o� �f�a�i�l�u�r�e�.� �T�h�i�s� �s�i�t�u�a�t�i�o�n� �w�o�u�l�d� �c�o�r�r�e�s�p�o�n�d� 

�t�o� �a� �M�o�h�r ��s� �c�i�r�c�l�e� �w�h�i�c�h� �w�a�s� �t�a�n�g�e�n�t� �t�o� �t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�.� �A�s� �d�i�s�c�u�s�s�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� 

�p�u�r�p�o�s�e� �o�f� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �i�s� �t�o� �a�c�h�i�e�v�e� �r�e�s�u�l�t�s� �c�l�o�s�e�r� �t�o� �t�h�e� �i�d�e�a�l� �s�i�t�u�a�t�i�o�n�,� �w�h�e�r�e� �n�o� �e�l�e�m�e�n�t� 

�i�s� �o�v�e�r�s�t�r�e�s�s�e�d�.� �T�h�e� �b�a�s�i�c� �i�d�e�a� �b�e�h�i�n�d� �t�h�e� �m�e�t�h�o�d� �i�s� �t�o� �r�e�d�u�c�e� �t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �l�o�a�d�s� 

�a�p�p�l�i�e�d� �i�n� �a�n�y� �s�t�e�p� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �s�o� �t�h�a�t� �n�o� �s�o�i�l� �e�l�e�m�e�n�t� �i�n�c�u�r�s� �a� �s�t�r�e�s�s� �l�e�v�e�l� �g�r�e�a�t�e�r� �t�h�a�n� 

�u�n�i�t�y�.� 

�F�i�g�.� �2�.�9�(�a�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �s�a�m�e� �s�i�t�u�a�t�i�o�n� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�8�(�b�)�,� �i�n� �w�h�i�c�h� �t�h�e� �s�t�r�e�s�s� 

�i�n�c�r�e�m�e�n�t�s� �d�u�r�i�n�g� �a� �l�o�a�d� �s�t�e�p� �r�e�s�u�l�t� �i�n� �o�v�e�r�s�h�o�o�t� �i�n� �a� �s�o�i�l� �e�l�e�m�e�n�t�.� �F�i�g�.� �2�.�9�(�b�)� �s�h�o�w�s� �a� �M�o�h�r ��s� 

�c�i�r�c�l�e� �w�h�i�c�h� �h�a�s� �b�e�e�n� �r�e�d�u�c�e�d� �i�n� �s�i�z�e� �s�o� �t�h�a�t� �i�t� �i�s� �t�a�n�g�e�n�t� �t�o� �t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�.� �T�h�i�s� �r�e�d�u�c�t�i�o�n� 

�c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �a�l�l� �t�h�e� �s�t�r�e�s�s� �c�h�a�n�g�e� �c�o�m�p�o�n�e�n�t�s� �(�A�c�,�,� 

�A�c�,� �a�n�d� �A�r�,�,�,�)� �b�y� �a� �f�a�c�t�o�r� �a� �(�h�e�n�c�e� �t�h�e� �n�a�m�e�  ��a�l�p�h�a �� �m�e�t�h�o�d�)�.� �R�e�d�u�c�i�n�g� �t�h�e� �s�t�r�e�s�s�e�s� �b�y� �t�h�i�s� 

�f�a�c�t�o�r� �i�n� �a�l�l� �t�h�e� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �m�e�s�h� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �l�o�a�d� �b�y� �t�h�e� �s�a�m�e� 

�f�a�c�t�o�r�,� �s�i�n�c�e� �t�h�e� �s�y�s�t�e�m� �b�e�h�a�v�e�s� �l�i�n�e�a�r�l�y� �d�u�r�i�n�g� �e�a�c�h� �s�t�e�p� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�.� 

�A� �s�i�t�u�a�t�i�o�n� �m�a�y� �a�r�i�s�e� �w�h�e�r�e� �s�e�v�e�r�a�l� �e�l�e�m�e�n�t�s� �f�a�i�l�,� �w�i�t�h� �e�a�c�h� �o�n�e� �r�e�q�u�i�r�i�n�g� �a� �d�i�f�f�e�r�e�n�t� 

�v�a�l�u�e� �o�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �f�a�c�t�o�r� �a�l�p�h�a�.� �W�h�e�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n� �o�c�c�u�r�s�,� �t�h�e� �m�o�s�t� �s�e�v�e�r�e�l�y� �s�t�r�e�s�s�e�d� 
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�C�o�m�p�o�n�e�n�t� �I�n�c�r�e�a�s�e�s� �i�n� �a� �S�o�i�l� �E�l�e�m�e�n�t� 

�F�i�g�u�r�e� �2�.�9� �-� �F�a�c�t�o�r�i�n�g� �t�h�e� �L�o�a�d� �t�o� �E�l�i�m�i�n�a�t�e� �O�v�e�r�s�h�o�o�t� 
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�e�l�e�m�e�n�t� �w�i�l�l� �r�e�q�u�i�r�e� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e� �o�f� �a�l�p�h�a�.� �U�s�i�n�g� �t�h�i�s� �a�l�p�h�a� �v�a�l�u�e� �t�o� �r�e�d�u�c�e� �t�h�e� �l�o�a�d� �w�i�l�l� 

�e�n�s�u�r�e� �t�h�a�t� �f�a�i�l�u�r�e� �t�a�k�e�s� �p�l�a�c�e� �i�n� �t�h�e� �w�o�r�s�t� �s�t�r�e�s�s�e�d� �e�l�e�m�e�n�t� �o�n�l�y� �a�n�d� �n�o�w�h�e�r�e� �e�l�s�e� �i�n� �t�h�e� �m�e�s�h�.� 

�T�h�i�s� �w�o�r�s�t� �s�t�r�e�s�s�e�d� �e�l�e�m�e�n�t� �i�s� �t�h�e�n� �a�s�s�i�g�n�e�d� �p�r�o�p�e�r�t�i�e�s� �t�h�a�t� �r�e�d�u�c�e� �i�t�s� �a�b�i�l�i�t�y� �t�o� �c�a�r�r�y� �m�o�r�e� �l�o�a�d�.� 

�A�f�t�e�r� �t�h�i�s� �c�h�a�n�g�e� �i�n� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �m�o�s�t� �s�e�v�e�r�e�l�y� �s�t�r�e�s�s�e�d� �e�l�e�m�e�n�t�,� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�o�r�t�i�o�n� 

�o�f� �t�h�e� �l�o�a�d� �f�o�r� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �l�o�a�d� �s�t�e�p� �i�s� �a�p�p�l�i�e�d�.� �T�h�i�s� �p�r�o�c�e�s�s� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� �l�o�a�d� �i�n� �o�r�d�e�r� �t�o� 

�a�l�l�o�w� �o�n�l�y� �o�n�e� �e�l�e�m�e�n�t� �t�o� �f�a�i�l� �a�t� �a� �t�i�m�e� �i�s� �r�e�p�e�a�t�e�d� �u�n�t�i�l� �t�h�e� �e�n�t�i�r�e� �l�o�a�d� �f�o�r� �t�h�e� �l�o�a�d� �s�t�e�p� �h�a�s� 

�b�e�e�n� �a�p�p�l�i�e�d�.� 

�I�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� �a�s�s�i�g�n�i�n�g� �p�r�o�p�e�r�t�i�e�s� �t�o� �a� �f�a�i�l�e�d� �e�l�e�m�e�n�t�,� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� 

�a�v�o�i�d�i�n�g� �t�o�o� �a�b�r�u�p�t� �c�h�a�n�g�e�s� �i�n� �m�o�d�u�l�u�s� �v�a�l�u�e�.� �W�h�e�n� �a�n� �e�l�e�m�e�n�t� �f�i�r�s�t� �i�n�c�u�r�s� �a� �s�t�r�e�s�s� �l�e�v�e�l� �t�h�a�t� 

�i�n�d�i�c�a�t�e�s� �f�a�i�l�u�r�e�,� �i�t�s� �m�o�d�u�l�u�s� �i�s� �r�e�d�u�c�e�d� �t�o� �o�n�e�-�t�e�n�t�h� �i�t�s� �v�a�l�u�e� �b�e�f�o�r�e� �f�a�i�l�u�r�e�.� �T�h�i�s� �p�r�o�c�e�s�s� �o�f� 

�r�e�d�u�c�i�n�g� �t�h�e� �m�o�d�u�l�u�s� �i�s� �r�e�p�e�a�t�e�d� �i�n� �s�u�b�s�e�q�u�e�n�t� �l�o�a�d�i�n�g�s� �f�o�r� �a�s� �l�o�n�g� �a�s� �t�h�e� �e�l�e�m�e�n�t�s� �i�s� �i�n� �a� �s�t�a�t�e� 

�o�f� �f�a�i�l�u�r�e�.� �I�n� �o�r�d�e�r� �f�o�r� �t�h�e� �m�o�d�u�l�u�s� �v�a�l�u�e� �n�o�t� �t�o� �b�e�c�o�m�e� �u�n�r�e�a�l�i�s�t�i�c�a�l�l�y� �s�m�a�l�l�,� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�r� 

�c�a�n� �s�p�e�c�i�f�y� �a� �l�o�w�e�r� �l�i�m�i�t� �f�o�r� �t�h�e� �m�o�d�u�l�u�s� �t�o� �b�e� �a�s�s�i�g�n�e�d� �t�o� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s�.� �W�h�e�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� 

�c�o�n�t�i�n�u�o�u�s� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �v�a�l�u�e� �o�f� �m�o�d�u�l�u�s� �f�o�r� �a� �f�a�i�l�e�d� �e�l�e�m�e�n�t� �r�e�s�u�l�t�s� �i�n� �a� �v�a�l�u�e� �s�m�a�l�l�e�r� �t�h�a�n� 

�t�h�e� �l�o�w�e�r� �l�i�m�i�t�,� �i�t�s� �v�a�l�u�e� �i�s� �k�e�p�t� �a�t� �t�h�e� �l�o�w�e�r� �l�i�m�i�t�.� �I�t� �i�s� �a�l�s�o� �a�t� �t�h�i�s� �s�t�a�g�e� �t�h�a�t� �t�h�e� �e�l�e�m�e�n�t� �i�s� 

�a�s�s�i�g�n�e�d� �a� �f�a�i�l�u�r�e� �v�a�l�u�e� �o�f� �P�o�i�s�s�o�n ��s� �r�a�t�i�o�.� �T�h�e� �e�l�e�m�e�n�t� �r�e�t�a�i�n�s� �t�h�e�s�e� �p�r�o�p�e�r�t�y� �v�a�l�u�e�s� �f�o�r� �a�s� �l�o�n�g� 

�a�s� �i�t� �d�o�e�s� �n�o�t� �r�e�c�o�v�e�r� �f�r�o�m� �f�a�i�l�u�r�e�.� 

�W�h�i�l�e� �t�h�i�s� �p�r�o�c�e�d�u�r�e� �a�l�l�o�w�s� �a� �g�r�a�d�u�a�l� �t�r�a�n�s�i�t�i�o�n� �t�o� �f�a�i�l�u�r�e�,� �i�t� �d�o�e�s� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �r�e�m�o�v�e� 

�t�h�e� �l�o�a�d� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �a� �f�a�i�l�e�d� �e�l�e�m�e�n�t�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �a�r�e� �s�t�i�l�l� �a�b�l�e� �t�o� 

�c�a�r�r�y� �s�o�m�e� �a�d�d�i�t�i�o�n�a�l� �l�o�a�d�,� �m�a�k�i�n�g� �i�t� �p�o�s�s�i�b�l�e� �f�o�r� �t�h�e�m� �t�o� �e�x�c�e�e�d� �a� �s�t�r�e�s�s� �l�e�v�e�l� �o�f� �u�n�i�t�y� �b�y� �s�o�m�e� 

�a�m�o�u�n�t�,� �w�h�i�c�h� �i�s� �u�s�u�a�l�l�y� �s�m�a�l�l�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �s�t�e�p�s� �i�n� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �a�r�e� �a�s� �f�o�l�l�o�w�s� �:� �1�.�)� �I�f� �o�v�e�r�s�h�o�o�t� �o�c�c�u�r�s� �i�n� �a�n�y� 

�s�o�i�l� �e�l�e�m�e�n�t�,� �r�e�d�u�c�e� �t�h�e� �s�t�r�e�s�s�e�s� �t�o� �e�l�i�m�i�n�a�t�e� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e� �m�o�s�t� �s�e�v�e�r�e�l�y� �s�t�r�e�s�s�e�d� �e�l�e�m�e�n�t�,� �2�.�)� 

�A�s�s�i�g�n� �p�o�s�t�-�f�a�i�l�u�r�e� �p�r�o�p�e�r�t�i�e�s� �t�o� �t�h�i�s� �e�l�e�m�e�n�t�,� �a�n�d� �3�.�)� �A�p�p�l�y� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�o�a�d� 

�a�n�d� �c�o�n�t�i�n�u�e� �t�h�e� �a�n�a�l�y�s�i�s�.� 
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�A� �R�O�U�T�I�N�E� �F�O�R� �M�O�D�E�L�I�N�G� �R�E�C�O�V�E�R�Y� �F�R�O�M� �A� �F�A�I�L�U�R�E� �S�T�A�T�E� 

�S�e�e�d� �a�n�d� �D�u�n�c�a�n� �(�1�9�8�3�)� �f�o�r�m�u�l�a�t�e�d� �a� �r�o�u�t�i�n�e� �t�h�a�t� �r�e�d�u�c�e�s� �c�o�m�p�u�t�a�t�i�o�n�a�l� �i�n�s�t�a�b�i�l�i�t�y� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�o�o�-�a�b�r�u�p�t� �c�h�a�n�g�e�s� �i�n� �m�o�d�u�l�u�s� �v�a�l�u�e� �d�u�r�i�n�g� �u�n�l�o�a�d�i�n�g� �a�n�d� �r�e�l�o�a�d�i�n�g�.� �T�h�i�s� 

�r�o�u�t�i�n�e� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �I�n� �t�h�e� �1�9�8�3� �m�o�d�e�l� 

�d�e�v�i�s�e�d� �b�y� �S�e�e�d� �a�n�d� �D�u�n�c�a�n�,� �a� �p�a�r�a�m�e�t�e�r� �c�a�l�l�e�d� �t�h�e�  ��s�t�r�e�s�s� �s�t�a�t�e �� �(�S�S�)� �w�a�s� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s� �:� 

�o�
h�m

� �f�i
�m

�s�
 

� � 

�a�t�m� 
�s�s� �=� �s�i� �(� �p�)� �(�2�.�2�)� 

�w�h�e�r�e� �S�L�I� �i�s� �t�h�e� �s�t�r�e�s�s� �l�e�v�e�l� �d�e�f�i�n�e�d� �p�r�e�v�i�o�u�s�l�y�.� �I�n� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �v�a�l�u�e� �o�s� �S�S�,� �S�L� 

�c�a�n�n�o�t� �e�x�c�e�e�d� �u�n�i�t�y�.� 

�D�u�r�i�n�g� �i�t�s� �l�o�a�d�i�n�g� �h�i�s�t�o�r�y�,� �e�a�c�h� �s�o�i�]� �e�l�e�m�e�n�t� �e�x�p�e�r�i�e�n�c�e�s� �a� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �i�t�s� �s�t�r�e�s�s� 

�s�t�a�t�e� �(�S�S�,� �a�>� �p�a�s�t� �)�.� �T�h�i�s� �m�a�x�i�m�u�m� �v�a�l�u�e� �d�e�f�i�n�e�s� �t�h�e� �e�l�e�m�e�n�t ��s�  ��c�r�i�t�i�c�a�l� �s�t�r�e�s�s� �l�e�v�e�l �� �(�S�L�.�.�.�)� �)� 

�t�h�r�o�u�g�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �:� 

�S�S� �m�a�z� �p�a�s�t� �(�2� �3�)� 
�c�r�i�t�  �� �o�5� �1� 

�(�p�2�}� 

�S�L� 
� � 
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�m�o�d�e�l�.� �C�o�n�s�i�d�e�r� �a�n� �e�l�e�m�e�n�t� �t�h�a�t� �h�a�s� �a� �s�t�r�e�s�s� �l�e�v�e�l� �i�n�d�i�c�a�t�e�d� �b�y� �p�o�i�n�t� �A� �o�n� �F�i�g�.� �2�.�1�0�.� �F�o�r� 
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�h�o�w� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�t�r�e�s�s� �l�e�v�e�l� �c�o�m�p�a�r�e�s� �w�i�t�h� �t�h�e� �v�a�l�u�e� �o�f� �S�L�.�,�;�,�.� �A�s� �s�h�o�w�n� �o�n� �F�i�g�.� 

�2�.�1�0�,� �t�h�e�r�e� �i�s� �a� �l�i�n�e�a�r� �v�a�r�i�a�t�i�o�n� �i�n� �m�o�d�u�l�u�s� �b�e�t�w�e�e�n� �S�L� �=� �0�.�7�5�+�S�L�,�,�;�,� �a�n�d� �S�L� �=� �S�L�,�,�;�,� �w�h�i�c�h� 

�p�r�o�v�i�d�e�s� �a� �g�r�a�d�u�a�l� �t�r�a�n�s�i�t�i�o�n� �i�n� �m�o�d�u�l�u�s� �v�a�l�u�e� �b�e�t�w�e�e�n� �p�r�i�m�a�r�y� �l�o�a�d�i�n�g� �a�n�d� �u�n�l�o�a�d�i�n�g�-� 

�r�e�l�o�a�d�i�n�g� �s�t�a�t�e�s�.� �T�h�e� �f�i�g�u�r�e� �a�l�s�o� �i�l�l�u�s�t�r�a�t�e�s� �h�o�w� �t�h�e� �E� �v�s�.� �S�L� �b�e�h�a�v�i�o�r� �o�f� �a�n� �e�l�e�m�e�n�t� �m�a�y� �f�o�l�l�o�w� 

�t�h�i�s� �l�i�n�e�a�r� �p�a�t�h� �w�h�e�n� �t�h�e� �e�l�e�m�e�n�t� �i�s� �u�n�l�o�a�d�e�d�.� �I�n� �t�h�i�s� �e�x�a�m�p�l�e�,� �t�h�e� �e�l�e�m�e�n�t ��s� �s�t�r�e�s�s� �l�e�v�e�l� �i�s� 

�r�e�d�u�c�e�d� �t�o� �t�h�e� �s�t�a�t�e� �i�n�d�i�c�a�t�e�d� �b�y� �p�o�i�n�t� �B�,� �w�h�i�c�h� �i�s� �a� �v�a�l�u�e� �o�f� �s�t�r�e�s�s� �l�e�v�e�l� �l�e�s�s� �t�h�a�n� �S�L�,�,�.�;�,�.� 

�A�n�o�t�h�e�r� �s�o�u�r�c�e� �o�f� �c�o�m�p�u�t�a�t�i�o�n�a�l� �i�n�s�t�a�b�i�l�i�t�y� �i�s� �t�h�e� �t�o�o�-�a�b�r�u�p�t� �c�h�a�n�g�e� �i�n� �m�o�d�u�l�u�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �o�f� �a� �s�o�i�l� �e�l�e�m�e�n�t� �f�r�o�m� �a� �f�a�i�l�u�r�e� �t�o� �a� �n�o�n�-�f�a�i�l�u�r�e� �s�t�a�t�e�.� �S�e�e�d� �a�n�d� 

�D�u�n�c�a�n ��s� �m�o�d�e�l� �i�s� �a�b�l�e� �t�o� �p�r�o�v�i�d�e� �a� �g�r�a�d�u�a�l� �t�r�a�n�s�i�t�i�o�n� �o�f� �m�o�d�u�l�u�s� �i�n� �m�o�s�t�,� �b�u�t� �n�o�t� �a�l�l� �c�a�s�e�s� 

�t�h�a�t� �f�i�t� �t�h�i�s� �c�a�t�e�g�o�r�y�.� �A�n� �e�x�a�m�p�l�e� �o�f� �a� �s�i�t�u�a�t�i�o�n� �f�o�r� �w�h�i�c�h� �t�h�i�s� �m�o�d�e�l� �d�o�e�s� �n�o�t� �s�u�f�f�i�c�e� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �2�.�1�1�(�a�)�.� �C�o�n�s�i�d�e�r� �a�n� �e�l�e�m�e�n�t� �t�h�a�t� �h�a�s� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �a� �f�a�i�l�u�r�e� �s�t�a�t�e�.� �T�h�i�s� 

�r�e�c�o�v�e�r�y� �w�o�u�l�d� �b�e� �i�n�d�i�c�a�t�e�d� �b�y� �a� �c�u�r�r�e�n�t� �v�a�l�u�e� �o�f� �S�Z� �l�e�s�s� �t�h�a�n� �u�n�i�t�y�.� �A�s� �p�r�e�v�i�o�u�s�l�y� �e�x�p�l�a�i�n�e�d�,� 

�i�n�t�e�r�p�o�l�a�t�i�o�n� �f�o�r� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �m�o�d�u�l�u�s� �w�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t� �i�f� �t�h�e� �v�a�l�u�e� �o�f� �S�Z� �i�s� �b�e�t�w�e�e�n� 

�I�f� �t�h�e� �v�a�l�u�e� �o�f� �S�Z� �0�.�7�5�+�S�L�.�,�;�,� �a�n�d� �S�L� �f�o�r� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �e�l�e�m�e�n�t� �h�a�p�p�e�n�s� �t�o� �b�e� �g�r�e�a�t�e�r� �c�r�i�t �� �c�r�i�t� 

�t�h�a�n� �u�n�i�t�y�,� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �p�o�s�s�i�b�i�l�i�t�i�e�s� �e�x�i�s�t�.� �A�t� �b�e�s�t�,� �S�L�,�,�;�,� �w�o�u�l�d� �b�e� �o�n�l�y� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� 

�t�h�a�n� �u�n�i�t�y�,� �i�n� �w�h�i�c�h� �c�a�s�e� �0�.�7�5�+�S�L�,�,�;�,� �w�o�u�l�d� �b�e� �o�n�l�y� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�7�5�.� �A�t� �w�o�r�s�t�,� �S�L�.�,�;�,� 

�w�o�u�l�d� �b�e� �l�a�r�g�e�r� �t�h�a�n� �t�o� �1�.�3�3�,� �i�n� �w�h�i�c�h� �c�a�s�e� �0�.�7�5�*�S�L�,�,�;�,� �w�o�u�l�d� �b�e� �l�a�r�g�e�r� �t�h�a�n� �u�n�i�t�y�.� 

�I�n�t�e�r�p�o�l�a�t�i�n�g� �f�o�r� �a� �m�o�d�u�l�u�s� �v�a�l�u�e� �u�s�i�n�g� �v�a�l�u�e�s� �o�f� �0�.�7�5�+�#�S�L�,�,�;�,� �a�n�d� �S�L�,�,�;�,� �g�r�e�a�t�e�r� �t�h�a�n� �u�n�i�t�y� �i�s� 

�i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �u�n�i�t�y� �h�a�s� �b�e�e�n� �s�e�t� �f�o�r� �S�Z� �i�n� �t�h�e� 

�c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�s� �t�h�e� �s�t�r�e�s�s� �s�t�a�t�e� �(�S�S�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �e�f�f�e�c�t� �o�f� �i�n�t�e�r�p�o�l�a�t�i�n�g� 

�t�o� �p�r�o�v�i�d�e� �a� �g�r�a�d�u�a�l� �t�r�a�n�s�i�t�i�o�n� �i�n� �m�o�d�u�l�u�s� �v�a�l�u�e� �w�o�u�l�d� �b�e� �l�e�s�s� �p�r�o�n�o�u�n�c�e�d� �a�s� �t�h�e� �v�a�l�u�e� �o�f� 

�0�.�7�5�+�S�L�_�,�;�,� �g�e�t�s� �c�l�o�s�e�r� �t�o� �u�n�i�t�y�.� �I�n� �t�h�e� �w�o�r�s�t� �c�a�s�e�,� �S�L� �w�o�u�l�d� �n�o�t� �e�v�e�n� �b�e� �b�e�t�w�e�e�n� �0�.�7�5�+�*�S�L�,�,�;�,� �c�r�a� 

�a�n�d� �S�L�,�,�.�;�,� �a�n�d� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �p�r�o�c�e�s�s� �w�o�u�l�d� �n�o�t� �b�e� �c�a�r�r�i�e�d� �o�u�t� �a�t� �a�l�l�.� 

�T�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �p�r�o�c�e�s�s� �w�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t� �i�n� �s�u�c�h� �c�a�s�e�s�,� �a� �v�a�l�u�e� �o�f� 

�0�.�9�9�9� �i�s� �a�s�s�i�g�n�e�d� �t�o� �S�L�.�,�;�,� �w�h�e�n�e�v�e�r� �i�t� �a�t�t�a�i�n�s� �a� �v�a�l�u�e� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �u�n�i�t�y�.� �A�s� �s�h�o�w�n� �c�r�s� 
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�o�n� �F�i�g�.� �2�.�1�1�(�b�)�,� �S�Z� �s�h�o�u�l�d� �b�e� �a�t� �l�e�a�s�t� �e�q�u�a�l� �t�o� �0�.�7�5� �i�n� �o�r�d�e�r� �f�o�r� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �t�o� �b�e� �c�a�r�r�i�e�d� 

�o�u�t�.� 

�T�h�i�s� �f�a�i�l�u�r�e�-�t�o� �r�e�c�o�v�e�r�y� �m�o�d�e�]� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �S�O�I�L�S�T�R�U�C�T� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �S�e�e�d� 

�a�n�d� �D�u�n�c�a�n� �(�1�9�8�3�)� �m�o�d�e�l� �f�o�r� �u�n�l�o�a�d�-�r�e�l�o�a�d�.� �A�n�a�l�y�s�e�s� �h�a�v�e� �s�h�o�w�n�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �s�i�t�u�a�t�i�o�n�s� 

�w�h�e�r�e�i�n� �t�h�e� �c�r�i�t�i�c�a�l� �s�t�r�e�s�s� �l�e�v�e�l� �(�S�L�.�,�;�,�)� �o�f� �a�n� �e�l�e�m�e�n�t� �a�t�t�a�i�n�s� �a� �v�a�l�u�e� �g�r�e�a�t�e�r� �t�h�a�n� �u�n�i�t�y� �a�r�e� �n�o�t� 

�v�e�r�y� �c�o�m�m�o�n�.� 

�A�N�A�L�Y�S�E�S� �O�F� �C�L�A�S�S�I�C�A�L� �R�A�N�K�I�N�E� �E�A�R�T�H� �P�R�E�S�S�U�R�E� �P�R�O�B�L�E�M�S� 

�C�l�a�s�s�i�c�a�l� �R�a�n�k�i�n�e� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �p�r�o�b�l�e�m�s� �w�e�r�e� �c�h�o�s�e�n� �t�o� �c�h�e�c�k� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� 

�r�e�v�i�s�i�o�n�s� �m�a�d�e� �t�o� �S�O�I�L�S�T�R�U�C�T�.� �T�h�e�s�e� �p�r�o�b�l�e�m�s� �w�e�r�e� �c�h�o�s�e�n� �a�s� �t�e�s�t� �c�a�s�e�s� �p�r�i�m�a�r�i�l�y� �b�e�c�a�u�s�e� 

�t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �s�o�l�u�t�i�o�n�s� �a�r�e� �k�n�o�w�n�.� �R�u�n�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �a�n�d� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n�s� 

�o�f� �t�h�e� �p�r�o�g�r�a�m�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�l�a�s�s�i�c�a�l� �s�o�l�u�t�i�o�n�s�.� 

�T�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�s�h� �f�o�r� �t�h�e� �a�n�a�l�y�s�e�s�,� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�2�,� �h�a�s� �p�r�o�v�i�s�i�o�n�s� �f�o�r� �a� �s�o�i�l� 

�b�a�c�k�f�i�l�l�,� �a� �c�o�n�c�r�e�t�e� �w�a�l�l� �t�h�a�t� �c�a�n� �t�r�a�n�s�l�a�t�e� �a�n�d� �r�o�t�a�t�e�,� �a�n�d� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �b�e�t�w�e�e�n� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �a�n�d� �t�h�e� �e�l�e�m�e�n�t�s� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �b�a�c�k�f�i�l�l�.� �T�o� �i�n�s�u�r�e� �t�h�a�t� �n�o� �s�h�e�a�r� �w�a�s� 

�t�r�a�n�s�m�i�t�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �w�a�l�l� �a�n�d� �s�o�i�l�,� �s�t�i�f�f� �b�a�r� �e�l�e�m�e�n�t�s� �w�e�r�e� �u�s�e�d� �t�o� �t�r�a�n�s�f�e�r� �t�h�e� �l�o�a�d�s� �f�r�o�m� �t�h�e� 

�w�a�l�l� �t�o� �t�h�e� �s�o�i�l�.� �T�h�e� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �b�a�c�k�f�i�l�l� �w�e�r�e� �a�s�s�i�g�n�e�d� �v�e�r�y� �l�o�w� 

�s�t�i�f�f�n�e�s�s� �v�a�l�u�e�s� �t�o� �s�i�m�u�l�a�t�e� �a� �f�r�i�c�t�i�o�n�l�e�s�s� �i�n�t�e�r�f�a�c�e�.� �T�h�e� �i�n�i�t�i�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �w�e�r�e� �t�a�k�e�n� �a�s� 

�t�h�o�s�e� �d�e�f�i�n�e�d� �b�y� �t�h�e� �a�t�-�r�e�s�t� �c�o�n�d�i�t�i�o�n�,� �w�i�t�h� �t�h�e� �a�t�-�r�e�s�t� �l�a�t�e�r�a�l� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t� �e�q�u�a�l� �t�o� �0�.�3�7�.� 

�T�h�e� �b�a�c�k�f�i�l�l� �s�o�i�l� �w�a�s� �c�o�h�e�s�i�o�n�l�e�s�s�,� �w�i�t�h� �a� �f�r�i�c�t�i�o�n� �a�n�g�l�e� �e�q�u�a�l� �t�o� �3�9� �d�e�g�r�e�e�s�.� 

�P�r�i�o�r� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �a�n�y� �l�o�a�d�,� �t�h�e� �a�t�-�r�e�s�t� �h�o�r�i�z�o�n�t�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �m�a�s�s� �h�a�v�e� �a� 

�r�e�s�u�l�t�a�n�t� �h�o�r�i�z�o�n�t�a�l� �f�o�r�c�e� �P�,� �g�i�v�e�n� �b�y� 
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�P�i� �=�4� �1�h�?� �K�,� �(�2�.�4�)� 

�w�h�e�r�e� �,� �i�s� �t�h�e� �b�a�c�k�f�i�l�l� �u�n�i�t� �w�e�i�g�h�t�,� �4� �i�s� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �b�a�c�k�f�i�l�l� �a�n�d� �K�,� �i�s� �t�h�e� �a�t�-�r�e�s�t� �l�a�t�e�r�a�l� 

�e�a�r�t�h� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t�.� �T�h�e� �w�a�l�l� �i�s� �t�h�e�n� �l�o�a�d�e�d� �b�y� �a� �h�o�r�i�z�o�n�t�a�l� �f�o�r�c�e� �A�P� �a�t� �i�t�s� �l�o�w�e�r� �t�h�i�r�d� 

�p�o�i�n�t� �l�o�a�d�i�n�g� �t�h�e� �w�a�l�l� �t�o� �t�h�e� �l�e�f�t� �(�t�h�e� �a�c�t�i�v�e� �c�a�s�e�)� �o�r� �t�o� �t�h�e� �r�i�g�h�t� �(�t�h�e� �p�a�s�s�i�v�e� �c�a�s�e�)�.� 

�W�h�e�n� �A�P� �i�s� �d�i�r�e�c�t�e�d� �t�o� �t�h�e� �l�e�f�t�,� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�,� �t�h�e� �r�e�s�u�l�t�a�n�t� �o�f� �t�h�e� �h�o�r�i�z�o�n�t�a�l� 

�a�t�-�r�e�s�t� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �m�a�s�s� �i�s� �r�e�d�u�c�e�d�.� �A� �c�o�n�t�i�n�u�o�u�s� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e�s�e� �s�t�r�e�s�s�e�s� �w�i�l�l� 

�e�v�e�n�t�u�a�l�l�y� �b�r�i�n�g� �t�h�e� �s�o�i�l� �t�o� �t�h�e� �m�i�n�i�m�u�m� �a�c�t�i�v�e� �R�a�n�k�i�n�e� �s�t�a�t�e�.� �L�e�t�t�i�n�g� �A�P�,� �b�e� �t�h�e� �v�a�l�u�e� �o�f� 

�A�P� �a�t� �w�h�i�c�h� �t�h�i�s� �a�c�t�i�v�e� �R�a�n�k�i�n�e� �s�t�a�t�e� �i�s� �r�e�a�c�h�e�d�,� �a�n�d� �l�e�t�t�i�n�g� �P�,� �b�e� �e�q�u�a�l� �t�o� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� 

�m�i�n�i�m�u�m� �a�c�t�i�v�e� �R�a�n�k�i�n�e� �f�o�r�c�e� �f�o�r� �t�h�e� �s�o�i�l� �m�a�s�s�,� �t�h�e�n� 

�P�,� �=� �P�,�-� �A�P� �3�,� �(�2�.�5�)� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �v�a�l�u�e� �o�f� �t�h�e� �a�p�p�l�i�e�d� �f�o�r�c�e� �a�t� �w�h�i�c�h� �a�c�t�i�v�e� �f�a�i�l�u�r�e� �w�i�l�l� �o�c�c�u�r� �i�s� �g�i�v�e�n� �b�y� 

�A�P� �y�g�=�P�,�-� �P�a� �(�2�.�6�)� 

�F�o�r� �t�h�e� �p�a�s�s�i�v�e� �R�a�n�k�i�n�e� �p�r�o�b�l�e�m�,� �t�h�e� �f�o�r�c�e� �A�P� �i�s� �d�i�r�e�c�t�e�d� �t�o� �t�h�e� �r�i�g�h�t�,� �t�o�w�a�r�d�s� �t�h�e� �b�a�c�k�f�i�l�l�.� 

�A�s �� �A�P� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �r�e�s�u�l�t�a�n�t� �o�f� �t�h�e� �a�t�-�r�e�s�t� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �b�a�c�k�f�i�l�l� �i�n�c�r�e�a�s�e�.� �E�v�e�n�t�u�a�l�l�y�,� 

�t�h�e� �s�u�m� �o�f� �A�P� �a�n�d� �P�,� �w�i�l�l� �b�e� �e�q�u�a�l� �t�o� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �m�a�x�i�m�u�m� �p�a�s�s�i�v�e� �f�o�r�c�e� �i�n� �t�h�e� �s�o�i�l� �m�a�s�s�.� 

�L�e�t�t�i�n�g� �A�P�;�,�,� �b�e� �t�h�e� �v�a�l�u�e� �o�f� �A�P� �w�h�e�n� �t�h�i�s� �t�a�k�e�s� �p�l�a�c�e�,� �w�e� �h�a�v�e� 

�P�,�=�A�P�,�,�-� �P�o� �(�2�.�7�)� 

�T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �v�a�l�u�e� �o�f� �t�h�e� �a�p�p�l�i�e�d� �f�o�r�c�e� �A�P� �a�t� �w�h�i�c�h� �p�a�s�s�i�v�e� �f�a�i�l�u�r�e� �w�i�l�l� �o�c�c�u�r� �i�s� �t�h�u�s� �g�i�v�e�n� �b�y� 
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�A�P�,�,� �=� �P�,�-� �P� �(�2�.�8�)� 

�R�E�S�U�L�T�S� �O�F� �A�N�A�L�Y�S�E�S� �O�F� �T�H�E� �R�A�N�K�I�N�E� �A�C�T�I�V�E� �E�A�R�T�H� �P�R�E�S�S�U�R�E� �P�R�O�B�L�E�M� 

�T�h�e� �f�i�r�s�t� �s�e�t� �o�f� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �a�c�t�i�v�e� �p�r�o�b�l�e�m� �w�e�r�e� �m�a�d�e� �b�y� �l�o�a�d�i�n�g� �t�h�e� �w�a�l�l� �w�i�t�h� �a� �f�o�r�c�e� 

�e�q�u�a�l� �t�o� �A�P� �=� �1�.�3�8�A�P�,�,�,� �a�p�p�l�i�e�d� �i�n� �s�i�x� �l�o�a�d� �s�t�e�p�s�.� �F�i�g�.� �2�.�1�3� �s�h�o�w�s� �n�o�r�m�a�l�i�z�e�d� �l�o�a�d�-� 

�d�i�s�p�l�a�c�e�m�e�n�t� �c�u�r�v�e�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�w�o� �a�n�a�l�y�s�e�s� �u�s�i�n�g� �t�h�e� �s�a�m�e� �l�o�a�d� �i�n�c�r�e�m�e�n�t�s�.� �O�n�e� �c�u�r�v�e� �i�s� 

�t�h�e� �r�e�s�u�l�t� �o�f� �a�n� �a�n�a�l�y�s�i�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �p�r�o�g�r�a�m�,� �a�n�d� �t�h�e� �o�t�h�e�r� �i�s� �f�r�o�m� �a�n� �a�n�a�l�y�s�i�s� 

�p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m�,� �w�i�t�h� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�.� �T�h�e� �l�a�t�e�r�a�l� 

�m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �w�a�l�l� �u�n�d�e�r� �e�a�c�h� �l�o�a�d� �i�n�c�r�e�m�e�n�t� �w�e�r�e� �n�o�r�m�a�l�i�z�e�d� �b�y� �d�i�v�i�d�i�n�g� �b�y� �t�h�e� �w�a�l�l� 

�h�e�i�g�h�t�.� 

�I�n� �t�h�e� �r�u�n� �p�e�r�f�o�r�m�e�d� �u�t�i�l�i�z�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�,� �v�e�r�y� �l�a�r�g�e� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�c�c�u�r�r�e�d� �w�h�e�n� 

�t�h�e� �a�p�p�l�i�e�d� �l�o�a�d� �r�e�a�c�h�e�d� �1�.�0�3�A�P�;�,�,� �t�h�r�e�e� �p�e�r�c�e�n�t� �i�n� �e�x�c�e�s�s� �o�f� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �c�o�l�l�a�p�s�e� �l�o�a�d�.� �A� 

�s�l�i�g�h�t� �e�x�c�e�s�s� �i�n� �t�h�e� �f�a�i�l�u�r�e� �l�o�a�d� �o�c�c�u�r�s� �e�v�e�n� �w�i�t�h� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�.� �T�h�i�s� �o�c�c�u�r�s� �b�e�c�a�u�s�e� �s�o�m�e� 

�e�l�e�m�e�n�t�s� �e�n�d� �u�p� �w�i�t�h� �s�t�r�e�s�s� �l�e�v�e�l�s� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0�0� �f�o�r� �t�h�e� �r�e�a�s�o�n�s� �p�r�e�v�i�o�u�s�l�y� �e�x�p�l�a�i�n�e�d�.� 

�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �r�u�n� �w�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �y�i�e�l�d�e�d� �s�m�a�l�l� �v�a�l�u�e�s� �o�f� �d�i�s�p�l�a�c�e�m�e�n�t�s�,� 

�e�v�e�n� �w�h�e�n� �t�h�e� �f�u�l�l� �A�P� �=� �1�.�3�8�A�P�,�,� �h�a�d� �b�e�e�n� �a�p�p�l�i�e�d�,� �a�n�d� �t�h�u�s� �r�e�s�u�l�t�e�d� �i�n� �a� �c�o�l�l�a�p�s�e� �l�o�a�d� 

�c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �(�c�o�r�r�e�c�t�)� �v�a�l�u�e�.� �F�i�g�.� �2�.�1�4� �s�h�o�w�s� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� 

�c�a�l�c�u�l�a�t�e�d� �i�n� �t�h�e� �t�w�o� �a�n�a�l�y�s�e�s�.� �T�h�e� �c�o�n�d�i�t�i�o�n�s� �i�n� �F�i�g�.� �2�.�1�4�(�a�)� �r�e�s�u�l�t�e�d� �f�r�o�m� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�t�h�e� �f�u�l�l� �A�P�,� �w�h�i�l�e� �F�i�g�.� �2�.�1�4�(�b�)� �s�h�o�w�s� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �j�u�s�t� �p�r�i�o�r� �t�o� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �l�a�r�g�e� 

�d�i�s�p�l�a�c�e�m�e�n�t�s�,� �a�t� �a� �l�o�a�d� �l�e�s�s� �t�h�a�n� �A�P�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �r�e�s�u�l�t�s� 

�i�n� �a� �f�a�i�l�u�r�e� �r�e�g�i�o�n� �c�l�o�s�e�r� �t�o� �t�h�a�t� �f�r�o�m� �t�h�e� �R�a�n�k�i�n�e� �t�h�e�o�r�y�.� �T�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �a�l�s�o� �r�e�s�u�l�t�s� �i�n� 

�c�o�n�s�i�d�e�r�a�b�l�y� �b�e�t�t�e�r� �c�o�n�t�r�o�l� �o�f� �o�v�e�r�s�h�o�o�t�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �v�a�l�u�e�s� �o�f� �m�a�x�i�m�u�m� �a�n�d� �a�v�e�r�a�g�e� 
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�F�a�i�l�e�d� �e�l�e�m�e�n�t�s� 
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�(�a�)� �W�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �M�a�x�i�m�u�m� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�9�5�5� 
�A�v�e�r�a�g�e� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�1�7�8� 
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�(�b�)� �W�i�t�h� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �M�a�x�i�m�u�m� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�0�2�1� 
�A�v�e�r�a�g�e� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�0�0�1� 

�F�i�g�u�r�e� �2�.�1�4� �-� �F�a�i�l�u�r�e� �R�e�g�i�o�n�s� �f�o�r� �t�h�e� �R�a�n�k�i�n�e� �A�c�t�i�v�e� �P�r�e�s�s�u�r�e� �P�r�o�b�l�e�m� 
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�s�t�r�e�s�s� �l�e�v�e�l�s� �o�f� �t�h�e� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �t�h�a�t� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�4�.� 

�I�t� �m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �s�e�v�e�r�a�l� �s�o�i�l� �e�l�e�m�e�n�t�s� �l�o�c�a�t�e�d� �b�e�y�o�n�d� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �f�a�i�l�u�r�e� �p�l�a�n�e� 

�h�a�v�e� �f�a�i�l�e�d�,� �m�o�s�t� �n�o�t�a�b�l�y� �a�t� �o�r� �n�e�a�r� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�i�s� �o�c�c�u�r�r�e�n�c�e� �i�s� 

�t�h�a�t� �t�h�e�r�e� �i�s� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �m�o�d�u�l�u�s� �w�i�t�h� �d�e�p�t�h� �a�n�d� �t�h�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h� 

�d�e�p�t�h� �o�f� �t�h�e� �s�t�r�e�s�s� �d�e�c�r�e�a�s�e� �b�r�o�u�g�h�t� �a�b�o�u�t� �b�y� �t�h�e� �a�p�p�l�i�e�d� �l�o�a�d� �A�P�.� �T�h�e� �a�p�p�l�i�e�d� �l�o�a�d� �(�A�P�)� �i�s� 

�s�t�a�t�i�c�a�l�l�y� �e�q�u�i�v�a�l�e�n�t� �t�o� �a� �t�r�i�a�n�g�u�l�a�r� �l�o�a�d� �d�i�s�t�r�i�b�u�t�i�o�n� �a�p�p�l�i�e�d� �o�n� �t�h�e� �w�a�l�l�,� �w�h�e�r�e�a�s� �t�h�e� �s�o�i�l� 

�m�o�d�u�l�u�s� �v�a�r�i�e�s� �p�a�r�a�b�o�l�i�c�a�l�l�y� �w�i�t�h� �d�e�p�t�h�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�5�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �g�i�v�e�s� �t�h�e� 

�e�l�e�m�e�n�t�s� �n�e�a�r� �t�h�e� �s�u�r�f�a�c�e� �g�r�e�a�t�e�r� �s�t�i�f�f�n�e�s�s�-�t�o�-�l�o�a�d� �r�a�t�i�o�s� �a�n�d�,� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e�s�e� �e�l�e�m�e�n�t�s� 

�c�a�r�r�y� �m�o�r�e� �o�f� �t�h�e� �l�o�a�d� �u�n�t�i�l� �t�h�e�y� �f�a�i�l� �a�n�d� �t�h�e�i�r� �l�o�a�d� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�i�e�s� �a�r�e� �r�e�d�u�c�e�d�.� 

�A�n�o�t�h�e�r� �r�e�s�u�l�t� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �w�a�y� �t�h�e� �l�o�a�d� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �t�h�e� �s�t�i�f�f�n�e�s�s�e�s� 

�v�a�r�y� �w�i�t�h� �d�e�p�t�h� �i�s� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �w�a�l�l�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�6�.� �I�f� �t�h�e� �s�t�i�f�f�n�e�s�s� �v�a�r�i�e�d� 

�l�i�n�e�a�r�l�y� �w�i�t�h� �d�e�p�t�h�,� �t�h�e� �l�o�a�d� �w�o�u�l�d� �b�e� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �s�t�i�f�f�n�e�s�s� �a�n�d� �t�h�e� �w�a�l�l� �w�o�u�l�d� �s�i�m�p�l�y� 

�t�r�a�n�s�l�a�t�e�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �d�i�s�p�l�a�c�e�m�e�n�t�s�,� �h�o�w�e�v�e�r�,� �s�h�o�w� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�r�a�n�s�l�a�t�i�o�n�a�l� �a�n�d� 

�r�o�t�a�t�i�o�n�a�l� �m�o�v�e�m�e�n�t�.� 

�T�w�o� �a�d�d�i�t�i�o�n�a�l� �r�u�n�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� 

�v�a�r�y�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �l�o�a�d� �s�t�e�p�s� �t�o� �r�e�a�c�h� �t�h�e� �f�u�l�l� �l�o�a�d�.� �I�n� �o�n�e� �a�n�a�l�y�s�i�s�,� �t�h�e� �f�u�l�l� �l�o�a�d� �A�P� �=� 

�1�.�3�8�A�P� �w�a�s� �a�p�p�l�i�e�d� �i�n� �a� �s�i�n�g�l�e� �l�o�a�d� �s�t�e�p�.� �I�n� �t�h�e� �s�e�c�o�n�d� �a�n�a�l�y�s�i�s�,� �t�h�e� �s�a�m�e� �l�o�a�d� �w�a�s� �a�p�p�l�i�e�d� �i�n� 

�t�e�n� �l�o�a�d� �s�t�e�p�s�,� �u�s�i�n�g� �s�m�a�l�l� �l�o�a�d� �i�n�c�r�e�m�e�n�t�s� �a�s� �t�h�e� �t�o�t�a�l� �l�o�a�d� �a�p�p�r�o�a�c�h�e�d� �t�h�e� �v�a�l�u�e� �r�e�q�u�i�r�e�d� �t�o� 

�r�e�a�c�h� �a� �m�i�n�i�m�u�m� �a�c�t�i�v�e� �s�t�a�t�e�.� �S�o�m�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �r�u�n�s� �a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �2�.�2� �a�l�o�n�g� �w�i�t�h� �t�h�e� 

�r�u�n� �u�s�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �w�h�e�r�e�i�n� �t�h�e� �f�u�l�l� �l�o�a�d� �w�a�s� �a�p�p�l�i�e�d� �i�n� �f�i�v�e� �l�o�a�d� �s�t�e�p�s�.� �I�n� �t�h�e�s�e� �r�u�n�s�,� 

�c�o�l�l�a�p�s�e� �o�c�c�u�r�r�e�d� �a�t� �a� �l�o�a�d� �w�i�t�h�i�n� �t�h�r�e�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �c�o�l�l�a�p�s�e� �l�o�a�d�.� �T�h�e� �n�o�r�m�a�l�i�z�e�d� 

�w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �p�r�i�o�r� �t�o� �c�o�l�l�a�p�s�e� �w�e�r�e� �a�l�s�o� �v�e�r�y� �c�l�o�s�e� �i�n� �m�a�g�n�i�t�u�d�e�,� �t�h�e� �v�a�l�u�e�s� �b�e�i�n�g� �0�.�0�0�1�2� 

�f�o�r� �t�h�e� �t�e�n� �l�o�a�d� �s�t�e�p� �r�u�n�,� �0�.�0�0�1�3� �f�o�r� �t�h�e� �f�i�v�e� �l�o�a�d� �s�t�e�p� �r�u�n� �a�n�d� �0�.�0�0�1�7� �f�o�r� �t�h�e� �o�n�e� �l�o�a�d� �s�t�e�p� �r�u�n�.� 
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�a�p�p�l�i�e�d� �w�i�t�h�o�u�t� �o�v�e�r�s�h�o�o�t�.� �T�h�i�s� �a�u�t�o�m�a�t�i�c� �r�e�d�u�c�t�i�o�n� �o�f� �l�o�a�d�s� �t�o� �a�l�l�o�w� �o�n�l�y� �o�n�e� �e�l�e�m�e�n�t� �t�o� �f�a�i�l� 

�a�t� �a� �t�i�m�e� �r�e�s�u�l�t�s� �i�n� �l�o�a�d�i�n�g� �p�a�t�t�e�r�n�s� �f�o�r� �e�a�c�h� �r�u�n� �t�h�a�t� �b�r�i�n�g� �a�b�o�u�t� �s�i�m�i�l�a�r� �o�u�t�c�o�m�e�s�,� �m�a�n�i�f�e�s�t�e�d� 

�i�n� �t�h�e� �c�l�o�s�e�n�e�s�s� �o�f� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �d�i�s�p�l�a�c�e�m�e�n�t�s� �a�s� �w�e�l�l� �a�s� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �l�o�a�d� �a�t� �c�o�l�l�a�p�s�e�.� 

�T�h�e� �p�r�o�g�r�a�m� �S�O�I�L�S�T�R�U�C�T� �w�a�s� �w�r�i�t�t�e�n� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �d�i�s�p�l�a�c�e�m�e�n�t�s� �a�r�e� �o�u�t�p�u�t� 

�e�i�t�h�e�r� �a�t� �t�h�e� �a�t� �t�h�e� �e�n�d� �o�f� �a� �l�o�a�d� �s�t�e�p� �o�r� �w�h�e�n� �c�o�l�l�a�p�s�e� �o�c�c�u�r�s�.� �F�i�g�.� �2�.�1�7� �s�h�o�w�s� �t�h�e� �l�o�a�d�-� 

�d�i�s�p�l�a�c�e�m�e�n�t� �c�u�r�v�e�s� �f�o�r� �t�h�e� �t�h�r�e�e� �r�u�n�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�.� �A�m�o�n�g� �t�h�e� �t�h�r�e�e� �r�u�n�s�,� �t�h�e� 

�r�u�n� �u�t�i�l�i�z�i�n�g� �t�e�n� �l�o�a�d� �s�t�e�p�s� �d�e�s�c�r�i�b�e�d� �t�h�e� �l�o�a�d�-�d�i�s�p�l�a�c�e�m�e�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�s�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�h�e�n� 

�t�h�e� �a�p�p�l�i�e�d� �l�o�a�d� �a�p�p�r�o�a�c�h�e�s� �t�h�e� �v�a�l�u�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �m�i�n�i�m�u�m� �a�c�t�i�v�e� �c�o�n�d�i�t�i�o�n�.� 

�D�u�n�c�a�n�,� �e�t� �a�l�.� �(�1�9�9�0�)� �c�o�m�p�i�l�e�d� �r�e�s�u�l�t�s� �o�f� �a�c�t�i�v�e� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �e�x�p�e�r�i�m�e�n�t�s� �c�o�n�d�u�c�t�e�d� 

�u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �b�a�c�k�f�i�l�l�.� �T�a�b�l�e� �2�.�3� �l�i�s�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �t�h�a�t� �m�a�d�e� �u�s�e� �o�f� 

�s�a�n�d� �a�s� �a� �b�a�c�k�f�i�l�l�.� �A�s� �i�n�d�i�c�a�t�e�d� �o�n� �t�h�e� �t�a�b�l�e�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �u�s�e�d� �t�w�o� �d�i�f�f�e�r�e�n�t� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �a�n� 

�a�c�t�i�v�e� �s�t�a�t�e�.� �T�h�e� �f�i�r�s�t� �o�n�e� �i�s� �t�h�e� �c�o�n�d�i�t�i�o�n� �w�h�e�r�e�i�n� �t�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �f�o�r�c�e� �o�n� �t�h�e� �w�a�l�l� �i�s� 

�r�e�d�u�c�e�d� �t�o� �t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�s� �t�h�a�t� �f�a�l�l� �u�n�d�e�r� �t�h�i�s� �c�a�t�e�g�o�r�y� �y�i�e�l�d�e�d� �v�a�l�u�e�s� �o�f� 

�A�/�#� �t�o� �r�e�a�c�h� �t�h�e� �a�c�t�i�v�e� �s�t�a�t�e� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�0�0�0�3� �t�o� �0�.�0�0�2�0�.� �T�h�e� �s�e�c�o�n�d� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� 

�a�c�t�i�v�e� �s�t�a�t�e� �i�s� �t�h�e� �c�o�n�d�i�t�i�o�n� �w�h�e�r�e�b�y� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �b�e�c�o�m�e�s� 

�t�r�i�a�n�g�u�l�a�r�.� �O�n�l�y� �t�w�o� �e�x�p�e�r�i�m�e�n�t�s� �f�a�l�l� �u�n�d�e�r� �t�h�i�s� �c�a�t�e�g�o�r�y�,� �a�n�d� �b�o�t�h� �r�e�s�u�l�t�e�d� �i�n� �A�/�H� �e�q�u�a�l� �t�o� 

�0�.�0�0�5� �t�o� �r�e�a�c�h� �t�h�i�s� �c�o�n�d�i�t�i�o�n�.� �C�o�m�b�i�n�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a�l�l� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� 

�d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �a�c�t�i�v�e� �s�t�a�t�e� �y�i�e�l�d�s� �A�/�H� �v�a�l�u�e�s� �a�t� �f�a�i�l�u�r�e� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�0�0�0�3� �t�o� �0�.�0�0�5�.� �I�t� �c�a�n� 

�b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �u�s�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �(�A�/�H� �=� �0�.�0�0�1�2�,� 

�0�.�0�0�1�3� �a�n�d� �0�.�0�0�1�7�)� �a�l�l� �f�a�l�l� �w�i�t�h�i�n� �t�h�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �d�e�t�e�r�m�i�n�e�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�.� 

�R�E�S�U�L�T�S� �O�F� �A�N�A�L�Y�S�E�S� �O�F� �T�H�E� �R�A�N�K�I�N�E� �P�A�S�S�I�V�E� �E�A�R�T�H� �P�R�E�S�S�U�R�E� �P�R�O�B�L�E�M� 
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�4�0



�A
�/�

H
� 

�0�.�0�2� 
�0�.�0�1�9� 
�0�.�0�1�8� �-� 
�0�.�0�1�7� 
�0�.�0�1�6� 
�0�.�0�1�5� 
�0�.�0�1�4� �+� 

�0�.�0�1�3� 
�0�.�0�1�2� 
�0�.�0�1�1� 

�0�.�0�1� �+� 
�0�.�0�0�9�  �� 
�0�.�0�0�8� 
�0�.�0�0�7� 
�0�.�0�0�6� 
�0�.�0�0�5� 
�0�.�0�0�4� 
�0�.�0�0�3� 
�0�.�0�0�2� 
�0�.�0�0�1� 

� � 

� � 

�=� �-� �W�i�t�h�o�u�t� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�+� �-�W�i�t�h� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�N�o�t�e� �:� 

�A� �=� �H�o�r�i�z�o�n�t�a�l� �m�o�v�e�m�e�n�t� 
�o�f� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�a�l�l� 

�H� �=� �W�a�l�l� �h�e�i�g�h�t� 

�C
�o

�l�
l�a

�p
�s

�e
� 

� �N�\� 
�R�a�n�k�i�n�e� 

�T�h�e�o�r�e�t�i�c�a�l� 
�c�o�l�l�a�p�s�e� �l�o�a�d� � � � � � � � � 

�A�p�p�l�i�e�d� �c�h�a�n�g�e� �i�n� �L�o�a�d� 
� � 

�A�P� 
�T�h�e�o�r�e�t�i�c�a�l� �C�o�l�l�a�p�s�e� �L�o�a�d� �"� �P�,� �-� �P�,� 

�F�i�g�u�r�e� �2�.�1�8� �-� �C�o�m�p�a�r�i�s�o�n� �o�f� �N�o�r�m�a�l�i�z�e�d� �L�o�a�d�-�D�i�s�p�l�a�c�e�m�e�n�t� �C�u�r�v�e�s� 

�f�r�o�m� �A�n�a�l�y�s�e�s� �o�f� �t�h�e� �R�a�n�k�i�n�e� �P�a�s�s�i�v�e� �P�r�e�s�s�u�r�e� �P�r�o�b�l�e�m� 

�w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�4�]



�F�a�i�l�e�d� �e�l�e�m�e�n�t�s� 

�4�5� �0�/�2� 

� � 

�(�a�)� �W�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �M�a�x�i�m�u�m� �s�t�r�e�s�s� �l�e�v�e�l� �=� �2�.�5�6�7� 
�A�v�e�r�a�g�e� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�2�4�6� 

�4�5� �-�/�2� 

� � 

�(�b�)� �W�i�t�h� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �M�a�x�i�m�u�m� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�1�4�1� 
�A�v�e�r�a�g�e� �s�t�r�e�s�s� �l�e�v�e�l� �=� �1�.�0�2�9� 

�F�i�g�u�r�e� �2�.�1�9� �-� �F�a�i�l�u�r�e� �R�e�g�i�o�n�s� �f�o�r� �t�h�e� �R�a�n�k�i�n�e� �P�a�s�s�i�v�e� �P�r�e�s�s�u�r�e� �P�r�o�b�l�e�m� 

�4�2



�T�a�b�l�e� �2�.�4� �-� �R�e�s�u�l�t�s� �o�f� �R�a�n�k�i�n�e� �P�a�s�s�i�v�e� �A�n�a�l�y�s�e�s� �w�i�t�h� �t�h�e� 

�A�l�p�h�a� �M�e�t�h�o�d� �u�s�i�n�g� �D�i�f�f�e�r�e�n�t� �L�o�a�d� �S�t�e�p�s� 

� � 

�A�P�A�P�,�,� �N�o�.� �o�f� �L�o�a�d� �S�t�e�p�s� �(�A�P�/�A�R�,�)� �a�t� �C�o�l�l�a�p�s�e� �|� �A�/�H� �a�t� �C�o�l�l�a�p�s�e� 

� � 

� � �1�.�3�4� �1�0� �1�.�0�4� �0�.�0�1�1� 
�1�.�3�4� �1� �1�.�0�2� �0�.�0�1�7� � � � � � � � � � � 
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�m�u�s�t� �u�s�e� �a�t� �l�e�a�s�t� �t�w�o� �l�o�a�d� �s�t�e�p�s� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �i�n�t�e�r�m�e�d�i�a�t�e� �r�e�s�u�l�t�s�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �p�a�s�s�i�v�e� �p�r�e�s�s�u�r�e� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �s�a�n�d� �a�s� �b�a�c�k�f�i�l�l� �w�e�r�e� �c�o�m�p�i�l�e�d� �b�y� 

�D�u�n�c�a�n�,� �e�t� �a�l�.� �(�1�9�9�0�)�,� �a�n�d� �g�i�v�e�n� �i�n� �T�a�b�l�e� �2�.�5�.� �I�n� �t�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �w�a�l�l� 

�d�i�s�p�l�a�c�e�m�e�n�t�s�,� �A�/�H� �r�e�q�u�i�r�e�d� �t�o� �r�e�a�c�h� �p�a�s�s�i�v�e� �c�o�n�d�i�t�i�o�n�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�0�0�1� �t�o� �0�.�0�6�.� �T�h�e� �r�e�s�u�l�t�s� 

�f�r�o�m� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �u�s�i�n�g� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �(�A�/�H� �=� �0�.�0�1�1�,� �0�.�0�1�7�)� �f�a�l�l� �w�i�t�h�i�n� �t�h�e� 

�r�a�n�g�e� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �v�a�l�u�e�s�.� 

�S�U�M�M�A�R�Y� 

�T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �l�a�r�g�e� �o�v�e�r�s�h�o�o�t� �i�n� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �s�o�i�]� �e�l�e�m�e�n�t�s� �i�s� �a� �p�r�o�b�l�e�m� �i�n� �f�i�n�i�t�e� 

�e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �o�f� �s�o�i�l� �m�a�s�s�e�s� �t�h�a�t� �m�a�y� �l�e�a�d� �t�o� �u�n�r�e�a�l�i�s�t�i�c� �r�e�s�u�l�t�s�.� �T�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �f�o�r� �t�w�o�-� 

�d�i�m�e�n�s�i�o�n�a�l� �e�l�e�m�e�n�t�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �c�o�n�t�r�o�l�l�i�n�g� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�e�s�e� �e�l�e�m�e�n�t�s�.� 

�A�n�a�l�y�s�e�s� �o�f� �R�a�n�k�i�n�e� �a�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �p�r�o�b�l�e�m�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �v�e�r�s�i�o�n�s� �o�f� 

�t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �p�r�o�g�r�a�m� �S�O�I�L�S�T�R�U�C�T� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� 

�w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �i�d�e�a�l� �t�h�e�o�r�e�t�i�c�a�l� �r�e�s�u�l�t�s�.� �I�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �a�n�a�l�y�s�e�s� �t�h�a�t� �u�t�i�l�i�z�e�d� �t�h�e� 

�a�l�p�h�a� �m�e�t�h�o�d� �r�e�s�u�l�t�e�d� �i�n� �e�x�c�e�l�l�e�n�t� �c�o�n�t�r�o�l� �o�f� �o�v�e�r�s�h�o�o�t�.� �T�h�e� �c�o�n�t�r�o�l� �o�f� �o�v�e�r�s�h�o�o�t� �i�n� �i�n�d�i�v�i�d�u�a�l� 

�e�l�e�m�e�n�t�s� �w�a�s� �m�a�n�i�f�e�s�t�e�d� �i�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �e�n�t�i�r�e� �s�y�s�t�e�m�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�h�e�n� �t�h�e� �s�y�s�t�e�m� �i�s� �i�n� 

�a� �n�e�a�r�-�f�a�i�l�u�r�e� �c�o�n�d�i�t�i�o�n�.� �F�i�g�.� �2�.�2�0� �c�o�m�b�i�n�e�s� �r�e�s�u�l�t�s� �o�f� �f�o�u�r� �o�f� �t�h�e� �a�n�a�l�y�s�e�s� �a�n�d� �s�h�o�w�s� �h�o�w� �t�h�e� 

�l�a�t�e�r�a�l� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t� �v�a�r�i�e�d� �w�i�t�h� �n�o�r�m�a�l�i�z�e�d� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �f�o�r� �a�n�a�l�y�s�e�s� �p�e�r�f�o�r�m�e�d� 

�w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�.� �A�s� �s�h�o�w�n� �i�n� �t�h�i�s� �f�i�g�u�r�e�,� �o�v�e�r�s�h�o�o�t� �i�s� �a�p�p�a�r�e�n�t� �i�n� �t�h�e� 

�a�n�a�l�y�s�e�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h�o�u�t� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d�,� �a�s� �t�h�e� �s�y�s�t�e�m� �e�x�p�e�r�i�e�n�c�e�d� �f�o�r�c�e�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� 

�v�a�l�u�e�s� �o�f� �l�a�t�e�r�a�l� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t�s� �m�u�c�h� �o�u�t�s�i�d�e� �t�h�e�o�r�e�t�i�c�a�l� �v�a�l�u�e�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �K�,� �=� �K� �p� 

�a�n�d� �K�,� �=� �K�,� �l�i�n�e�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �u�s�e� �o�f� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� �r�e�s�u�l�t�e�d� �i�n� �b�e�h�a�v�i�o�r� �m�u�c�h� 

�c�l�o�s�e�r� �t�o� �t�h�e�o�r�y�.� 
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�T�a�b�l�e� �2�.�5� �-� �R�e�s�u�l�t�s� �o�f� �P�a�s�s�i�v�e� �E�a�r�t�h� �P�r�e�s�s�u�r�e� �E�x�p�e�r�i�m�e�n�t�s� �(�A�d�a�p�t�e�d� 

�f�r�o�m� �D�u�n�c�a�n�,� �e�t� �a�l�.� �(�1�9�9�0�)�)� 

� � 

� � 

�M�o�d�e� �o�f� �|� �A�/�H� �t�o� �R�e�a�c�h� 
�I�n�v�e�s�t�i�g�a�t�o�r�s� �H�e�i�g�h�t� �(�f�t�.�)� �|� �B�a�c�k�f�i�l�l� �|� �C�o�m�p�a�c�t�e�d� �|� �M�o�v�e�m�e�n�t�]� �P�a�s�s�i�v�e� �F�a�i�l�u�r�e� 

�B�r�o�m�s� �&� �I�n�g�l�e�s�t�o�n� �(�1�9�7�1�)� �9�.�0� �S�a�n�d� �Y�e�s� �R�o�t�a�t�e� �0�.�0�0�5� 

�C�a�r�d�e�r� �e�t�.� �a�l�.� �(�1�9�7�7�)� �3�.�3� �S�a�n�d� �Y�e�s� �T�r�a�n�s�l�a�t�e� �0�.�0�2�5� 

�T�c�h�e�n�g� �&� �I�s�u�x� �(�1�9�7�2�)� �9�.�8� �S�a�n�d� �Y�e�s� �R�o�t�a�t�e� �0�.�0�2� �t�o� �0�.�0�6� 

�T�e�r�z�a�g�h�i� �(�1�9�3�4�a�)� �4�.�9� �S�a�n�d� �Y�e�s� �R�o�t�a�t�e� �0�.�0�0�1� � � � � � � � � � � 
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�+� �-� �w�i�t�h� �t�h�e� �a�l�p�h�a� �m�e�t�h�o�d� 
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�K� �=�  ��e�y� �C�o�l�l�a�p�s�e� 

�A�P�=�1�.�3�4�A�P� �i�p� 
�4�7� �i�n� �1�0� �L�o�a�d� �S�t�e�p�s� �A� �|� �4�A� 

�< ��_� �|�  ��_�>� 

�3� �-� �Y� 

�U�i� �B�a�c�k�f�i�l�l� 
�P�p�  � ��j�~� �V�i� �2� �-� �Y� 

�m�e� �o�o�x� 

�7� �3�8�A� �A�P�=�1�.� �=� 
�6� �L�o�a�d� �S�t�o�p�s� �K� �v�7� �K� �=� �a�y� 

�0� �a� �v�o�l�l�a�p�s�e� �T�T� �!� �l� �I� �]� 
�0�.�0�1� �0�.�0�0�6� �-�0�.�0�0�2� �0�.�0�0�2� �0�.�0�0�6� �0�.�0�1� �0�.�0�1�4� �0�.�0�1�8� 

�A�/�H� 

�F�i�g�u�r�e� �2�.�2�0� �-� �L�a�t�e�r�a�l� �E�a�r�t�h� �P�r�e�s�s�u�r�e� �C�o�e�f�f�i�c�i�e�n�t� �v�s�.� �N�o�r�m�a�l�i�z�e�d� �W�a�l�l� 
�D�i�s�p�l�a�c�e�m�e�n�t�s� �-� �R�a�n�k�i�n�e� �A�n�a�l�y�s�e�s� 
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�C�H�A�P�T�E�R� �3� 

�B�E�A�R�I�N�G� �C�A�P�A�C�I�T�Y� �A�N�A�L�Y�S�E�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �c�h�a�p�t�e�r� �s�h�o�w� �c�l�e�a�r�l�y� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �u�n�d�e�r� �t�h�e� �e�c�c�e�n�t�r�i�c� �a�n�d� �i�n�c�l�i�n�e�d� �l�o�a�d�s� 

�i�m�p�o�s�e�d� �b�y� �t�h�e� �w�a�l�l�s�.� �I�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�u�s�e�f�u�l� �t�o� �c�o�m�p�a�r�e� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �c�a�u�s�i�n�g� �f�a�i�l�u�r�e� �t�o� �t�h�e� �r�e�s�u�l�t�s� �o�f� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �c�a�l�c�u�l�a�t�i�o�n�s�.� 

�T�h�e� �t�h�e�o�r�y� �u�s�e�d� �f�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �w�a�s� �t�h�e� �o�n�e� �d�e�v�e�l�o�p�e�d� �b�y� �V�e�s�i�c �� �(�1�9�7�3�)�,� �w�h�i�c�h� �w�a�s� �j�u�d�g�e�d� 

�t�o� �b�e� �t�h�e� �m�o�s�t� �a�c�c�u�r�a�t�e� �a�v�a�i�l�a�b�l�e�.� �A�s� �p�r�e�s�e�n�t�e�d� �b�y� �K�u�l�h�a�w�y� �(�1�9�8�3�)�,� �i�t� �a�c�c�o�u�n�t�s� �f�o�r� �l�o�a�d� 

�i�n�c�l�i�n�a�t�i�o�n�,� �l�o�a�d� �e�c�c�e�n�t�r�i�c�i�t�y�,� �a�n�d� �s�o�i�l� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y�.� �T�h�e� �p�r�i�n�c�i�p�a�l� �f�e�a�t�u�r�e�s� �o�f� �t�h�i�s� �t�h�e�o�r�y� �a�r�e� 

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s�.� 

�M�E�C�H�A�N�I�S�M�S� �O�F� �B�E�A�R�I�N�G� �F�A�I�L�U�R�E� 

�B�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e�s� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �t�y�p�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e�s�e� �t�h�r�e�e� �m�e�c�h�a�n�i�s�m�s� �a�r�e� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �3�.�1�.� �T�h�e�y� �a�r�e� �:� �(�a�)� 

�G�e�n�e�r�a�l� �s�h�e�a�r� �f�a�i�l�u�r�e�,� �(�b�)� �L�o�c�a�l� �s�h�e�a�r� �f�a�i�l�u�r�e�,� �a�n�d� �(�c�)� �P�u�n�c�h�i�n�g� �s�h�e�a�r� �f�a�i�l�u�r�e�.� 

�G�e�n�e�r�a�l� �s�h�e�a�r� �f�a�i�l�u�r�e� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�s� �s�o� �s�m�a�l�l� 

�t�h�a�t� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �m�o�b�i�l�i�z�e� �t�h�e� �f�u�l�l� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �m�a�s�s� �w�i�t�h� �n�e�g�l�i�g�i�b�l�y� �s�m�a�l�l� 

�d�i�s�p�l�a�c�e�m�e�n�t�s�,� �a� �m�o�d�e� �o�f� �b�e�h�a�v�i�o�r� �r�e�f�e�r�r�e�d� �t�o� �i�n� �t�h�e� �t�h�e�o�r�y� �o�f� �p�l�a�s�t�i�c�i�t�y� �a�s� �a�  ��r�i�g�i�d� �p�l�a�s�t�i�c �� 

�b�e�h�a�v�i�o�r�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�.� �3�.�1�(�a�)�,� �t�h�e� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �i�n� �t�h�i�s� �m�o�d�e� �o�f� �f�a�i�l�u�r�e� �i�s� �a� �w�e�l�l�-�d�e�f�i�n�e�d� 
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� � 

� � 

�(�a�)� �G�e�n�e�r�a�l� �S�h�e�a�r� 

� � 

� � 

�(�b�)� �L�o�c�a�l� �S�h�e�a�r� 

� � � � 
� � � 

� � 

�=� �e�w� �@� �@� �«� �=�e� �P�h� �i� �i� �a� �a�h� �a� �a�b� 

�_�a�n�<�a�n� �@� �a�»� �o�e� �s�e�e� �S�e�p� �a�p�e� �@� �a� �a�w�a�p�e� 
�@�w�e�w�w�w�e� �@� �e�e� �o�o� �e�e�e� �e�e�n� �a�n� �a�e� �=� �=� 
�©� �a�m�e�s� �G�e� �o�e� �@� �w�e� �g�t� �e�e�t� �e�t� �e�w� �e�e� �w�e�e� 
�e�e�r� �e� �2� �e�e� �=� �«�c�o�n�n� �g�o�o� �e�e�e�t� �e�e� �2� �e�e�e�o�e� 

�e�e�e�a�e�w� �=� �w�e� �@� �«� �o�g� �o�f� �T�O�T�O� �P�O� �V�e� �=�e� �=�p� 

�e�e� �W�w�e� �2� �®� �W�e�r�e� �w�a�,� �o�O�®�2�0�e�e� �D�O�F� �c�e� 

�(�c�)� �P�u�n�c�h�i�n�g� �S�h�e�a�r� 

�F�i�g�u�r�e� �3�.�1� �-� �M�o�d�e�s� �o�f� �B�e�a�r�i�n�g� �C�a�p�a�c�i�t�y� �F�a�i�l�u�r�e� �(�A�d�a�p�t�e�d� 
�f�r�o�m� �V�e�s�i�c ��,� �1�9�7�3�)� 
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�s�u�r�f�a�c�e� �w�h�i�c�h� �f�o�r�m�s� �a� �c�o�m�p�l�e�t�e� �f�a�i�l�u�r�e� �m�e�c�h�a�n�i�s�m� �e�x�t�e�n�d�i�n�g� �t�o� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� 

�a�d�j�a�c�e�n�t� �t�o� �t�h�e� �f�o�o�t�i�n�g�.� 

�A�s� �t�h�e� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� 

�d�i�s�p�l�a�c�e�m�e�n�t�s� �t�h�a�t� �o�c�c�u�r� �w�h�e�n� �l�o�a�d�s� �a�r�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �f�o�o�t�i�n�g� �i�n�c�r�e�a�s�e�.� �B�e�c�a�u�s�e� �o�f� �t�h�e�s�e� �l�a�r�g�e�r� 

�d�i�s�p�l�a�c�e�m�e�n�t�s�,� �t�h�e� �s�h�e�a�r� �f�a�i�l�u�r�e� �i�n� �t�h�e� �s�o�i�l� �i�s� �l�o�c�a�l�i�z�e�d� �w�i�t�h�i�n� �a�n� �a�r�e�a� �b�e�n�e�a�t�h� �t�h�e� �f�o�o�t�i�n�g�.� �T�h�e� 

�r�e�s�u�l�t�i�n�g�  ��l�o�c�a�l� �s�h�e�a�r �� �f�a�i�l�u�r�e� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �3�.�1�(�b�)�.� �T�h�e� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �d�o�e�s� �n�o�t� �e�x�t�e�n�d� �t�o� 

�t�h�e� �t�o�p� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� �a�l�t�h�o�u�g�h� �b�u�l�g�i�n�g� �o�f� �t�h�e� �s�u�r�f�a�c�e� �m�a�y� �o�c�c�u�r�.� �A�s� �l�o�a�d�s� �a�r�e� �a�p�p�l�i�e�d� 

�t�o� �t�h�e� �f�o�o�t�i�n�g� �a�n�d� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�c�c�u�r�,� �t�h�e� �f�o�o�t�i�n�g� �s�h�i�f�t�s� �t�o� �a� �n�e�w� �p�o�s�i�t�i�o�n� �b�e�f�o�r�e� �t�h�i�s� �f�a�i�l�u�r�e� 

�s�u�r�f�a�c�e� �d�e�v�e�l�o�p�s� �f�u�l�l�y�.� �W�i�t�h� �t�h�e� �f�o�o�t�i�n�g� �i�n� �a� �l�o�w�e�r� �p�o�s�i�t�i�o�n�,� �a� �s�e�c�o�n�d� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �b�e�g�i�n�s� �t�o� 

�d�e�v�e�l�o�p� �w�i�t�h�i�n� �t�h�e� �s�o�i�l�.� �T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �n�e�w� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �i�s� �o�n�c�e� �a�g�a�i�n� �d�i�s�r�u�p�t�e�d� 

�b�e�c�a�u�s�e� �o�f� �l�a�r�g�e� �d�i�s�p�l�a�c�e�m�e�n�t�s�.� �A�s� �a� �r�e�s�u�l�t�,� �n�o� �f�a�i�l�u�r�e� �m�e�c�h�a�n�i�s�m� �i�s� �e�v�e�r� �d�e�v�e�l�o�p�e�d� �f�u�l�l�y�,� �a�n�d� 

�t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�s� �n�e�v�e�r� �f�u�l�l�y� �m�o�b�i�l�i�z�e�d�.� 

�P�u�n�c�h�i�n�g� �s�h�e�a�r� �f�a�i�l�u�r�e� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�s� �e�x�t�r�e�m�e�l�y� �c�o�m�p�r�e�s�s�i�b�l�e�.� �A�s� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �3�.�1�(�c�)�,� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �p�u�n�c�h�e�s� �t�h�r�o�u�g�h� �t�h�e� �s�o�i�l� �i�n� �t�h�i�s� �m�o�d�e� �o�f� �f�a�i�l�u�r�e�,� 

�w�i�t�h�o�u�t� �s�i�g�n�i�f�i�c�a�n�t� �o�r� �e�x�t�e�n�s�i�v�e� �s�h�e�a�r� �f�a�i�l�u�r�e�.� �T�h�e� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �i�n� �t�h�i�s� �c�a�s�e� �i�s� �n�o�t� �w�e�l�l�-�d�e�f�i�n�e�d�.� 

�T�h�e� �f�a�i�l�u�r�e� �m�e�c�h�a�n�i�s�m� �i�s� �d�o�m�i�n�a�t�e�d� �b�y� �c�o�m�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �s�o�i�l� �i�m�m�e�d�i�a�t�e�l�y� �b�e�n�e�a�t�h� �t�h�e� �f�o�o�t�i�n�g�.� 

�V�E�S�I�C ��S� �(�1�9�7�3�)� �B�E�A�R�I�N�G� �C�A�P�A�C�I�T�Y� �T�H�E�O�R�Y� 
� � 

�I�n� �g�e�n�e�r�a�l�,� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e� �s�o�i�l� �b�e�c�o�m�e�s� �m�o�r�e� �c�o�m�p�r�e�s�s�i�b�l�e�,� �o�r� �l�e�s�s� �r�i�g�i�d�.� 

�V�e�s�i�c �� �(�1�9�7�3�)� �s�u�g�g�e�s�t�e�d� �t�h�e� �u�s�e� �o�f� �a� �r�i�g�i�d�i�t�y� �i�n�d�e�x�,� �I�,�,� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �h�o�w�  ��r�i�g�i�d �� �a� �s�o�i�l� �i�s�.� �I�,� 

�i�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �:� 

�_� �G� 
�I�,�=� �c�+�4�q�,� �t�a�n�®� �(�3�.�1�)� 
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�w�h�e�r�e� �g�.� �i�s� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�r�e�s�s�u�r�e� �e�q�u�a�l� �t�o� �t�h�e� �o�v�e�r�b�u�r�d�e�n� �p�r�e�s�s�u�r�e� �a�t� �a� �d�e�p�t�h� �o�f� �B�/�2� �(�B� �i�s� �t�h�e� 

�w�i�d�t�h� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n�)�,� �G� �i�s� �t�h�e� �s�h�e�a�r� �m�o�d�u�l�u�s� �a�t� �t�h�e� �s�a�m�e� �d�e�p�t�h�,� �a�n�d� �c� �a�n�d� �@� �a�r�e� �t�h�e� �s�o�i�l� 

�s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s�.� �F�o�r� �c�o�h�e�s�i�o�n�l�e�s�s� �s�o�i�l�s�,� �c� �i�s� �e�q�u�a�l� �t�o� �0�,� �a�n�d� �I�,� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

�I�=� �G� �(�3�.�2�)� 
�q�,� �t�a�n�®� 

�T�h�e� �s�h�e�a�r� �m�o�d�u�l�u�s�,� �G�,� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �Y�o�u�n�g ��s� �m�o�d�u�l�u�s�,� �E�,� �a�n�d� �P�o�i�s�s�o�n ��s� �r�a�t�i�o�,� 

�v�,�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �J�,� �f�o�r� �c�o�h�e�s�i�o�n�l�e�s�s� �s�o�i�l�s� �:� 

�_� �E� 
�T�=� �5� �(�1� �+�v�,�)� �g�,� �t�a�n� �®� �(�3�.�3�)� 

�F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �c�o�m�p�u�t�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �E�F�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �b�a�s�e�d� �o�n� �a� �h�y�p�e�r�b�o�l�i�c� 

�s�t�r�e�s�s�-�s�t�r�a�i�n� �m�o�d�e�l� �(�D�u�n�c�a�n�,� �e�t� �a�l�.�,� �1�9�7�3�)� �w�a�s� �u�s�e�d� �:� 

�E�=�K� �P�a�i�n�(� �P�o�]� �(�1� �-� �R�y�e� �S�L�)�?� �(�3�.�4�)� 
�a�t�m� 

�w�h�e�r�e� �K�,� �n� �a�n�d� �R� �f� �a�r�e� �t�h�e� �m�o�d�u�l�u�s� �n�u�m�b�e�r�,� �m�o�d�u�l�u�s� �e�x�p�o�n�e�n�t� �a�n�d� �f�a�i�l�u�r�e� �r�a�t�i�o�.� �T�h�e� �v�a�l�u�e� �o�f� 

�t�h�e� �s�t�r�e�s�s� �l�e�v�e�l� �S�Z� �u�s�e�d� �i�n� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�d�u�l�u�s� �E�F� �w�a�s� �b�a�s�e�d� �o�n� �a�t�-�r�e�s�t� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� 

�s�o�i�l�.� �T�h�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �7�,� �w�a�s� �c�o�m�p�u�t�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �:� 

�o�,�=� �K�,�9�.� �(�3�.�5�)� 

�w�h�e�r�e� �q�,� �i�s� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�r�e�s�s�u�r�e� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y�.� 

�T�o� �e�s�t�a�b�l�i�s�h� �w�h�e�t�h�e�r� �a� �s�o�i�l� �m�a�s�s� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d�  ��c�o�m�p�r�e�s�s�i�b�l�e �� �o�r�  ��i�n�c�o�m�p�r�e�s�s�i�b�l�e �� 

�5�0



�f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �e�s�t�i�m�a�t�i�n�g� �i�t�s� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y�,� �t�h�e� �v�a�l�u�e� �o�f� �J�,� �i�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �a�  ��c�r�i�t�i�c�a�l� 

�r�i�g�i�d�i�t�y� �i�n�d�e�x ��,� �I�,� �g�i�v�e�n� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �(�V�e�s�i�c ��,� �1�9�7�3�)� �:� 

�I�.� �=� �4� �e�x�p� �[�(�3�.�3�0� �-� �0�.�4�5� �B�)� �c�o�t� �(�4�5�°� �-� �$�)�)� �(�3�.�6�)� 

�w�h�e�r�e� �B� �a�n�d� �L� �a�r�e� �t�h�e� �w�i�d�t�h� �a�n�d� �l�e�n�g�t�h� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �b�a�s�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�h�e�n� �I�,� �>� �I�,�.�,� 

�t�h�e� �s�o�i�l� �m�a�s�s� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �r�i�g�i�d� �s�o� �t�h�a�t� �i�t� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e�h�a�v�e� �a�s� �a� �r�i�g�i�d�-�p�l�a�s�t�i�c� 

�m�a�t�e�r�i�a�l�.� 

�A�s� �d�i�s�c�u�s�s�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �f�a�i�l�u�r�e� �m�o�d�e� �f�o�r� �a� �r�i�g�i�d�-�p�l�a�s�t�i�c� �m�a�t�e�r�i�a�l� �w�o�u�l�d� �b�e� �g�e�n�e�r�a�l� 

�s�h�e�a�r� �f�a�i�l�u�r�e�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �w�h�e�n� �I�,� �<� �I�,�,� �,� �l�o�c�a�l� �o�r� �p�u�n�c�h�i�n�g� �s�h�e�a�r� �f�a�i�l�u�r�e� �w�o�u�l�d� �b�e� 

�e�x�p�e�c�t�e�d�,� �a�n�d� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �i�s� �r�e�d�u�c�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� 

�K�u�l�h�a�w�y� �(�1�9�8�3�)� �p�r�e�s�e�n�t�e�d� �a� �g�e�n�e�r�a�l� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �b�a�s�e�d� �o�n� �t�h�e� �w�o�r�k�s� �o�f� 

�H�a�n�s�e�n� �(�1�9�7�0�)� �a�n�d� �V�e�s�i�c �� �(�1�9�7�3�)�.� �T�h�i�s� �e�q�u�a�t�i�o�n� �c�o�n�t�a�i�n�s� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �s�o�i�l� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y�,� �f�o�u�n�d�a�t�i�o�n� �s�h�a�p�e�,� �l�o�a�d� �i�n�c�l�i�n�a�t�i�o�n�,� �f�o�u�n�d�a�t�i�o�n� �b�a�s�e� �t�i�l�t�,� 

�g�r�o�u�n�d� �s�u�r�f�a�c�e� �i�n�c�l�i�n�a�t�i�o�n� �a�n�d� �d�e�p�t�h� �o�f� �f�o�u�n�d�a�t�i�o�n�.� �A�l�t�h�o�u�g�h� �l�e�n�g�t�h�y� �i�n� �i�t�s� �c�o�m�p�l�e�t�e� �f�o�r�m�,� �t�h�e� 

�e�q�u�a�t�i�o�n� �m�a�y� �b�e� �s�i�m�p�l�i�f�i�e�d� �w�h�e�n� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �b�e�i�n�g� �a�n�a�l�y�z�e�d� �d�o� �n�o�t� �i�n�v�o�l�v�e� �a�l�l� �o�f� �t�h�e� �v�a�r�i�o�u�s� 

�c�o�m�p�l�i�c�a�t�i�n�g� �c�o�n�d�i�t�i�o�n�s� �c�o�n�s�i�d�e�r�e�d� �b�y� �K�u�l�h�a�w�y� �(�1�9�8�3�)�.� 

�B�E�A�R�I�N�G� �C�A�P�A�C�I�T�Y� �A�N�A�L�Y�S�I�S� �O�F� �G�R�A�V�I�T�Y� �R�E�T�A�I�N�I�N�G� �W�A�L�L�S� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �t�o� �s�i�m�p�l�i�f�y� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �f�o�r� �u�s�e� �i�n� �t�h�e� 

�a�n�a�l�y�s�e�s� �o�f� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �i�n� �t�h�i�s� �r�e�p�o�r�t� �:� 

�(�1�)� �T�h�e� �w�a�l�l� �f�o�o�t�i�n�g�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�n�f�i�n�i�t�e�l�y� �l�o�n�g� �s�t�r�i�p� �f�o�o�t�i�n�g�s�,� 
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�(�2�)� �T�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �c�o�h�e�s�i�o�n�l�e�s�s�,� �w�i�t�h� �a� �h�o�r�i�z�o�n�t�a�l� 

�g�r�o�u�n�d� �s�u�r�f�a�c�e�,� 

�(�3�)� �T�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a�t� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e�,� 

�(�4�)� �B�a�c�k�f�i�l�l� �p�l�a�c�e�d� �o�n� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e� �i�s� �w�e�a�k�e�r� �t�h�a�n� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �s�o�i�l�,� 

�a�n�d� �s�o� �t�h�e� �f�a�i�l�u�r�e� �s�u�r�f�a�c�e� �w�i�l�l� �n�o�t� �e�x�t�e�n�d� �i�n�t�o� �i�t�,� 

�(�5�)� �T�h�e� �w�a�l�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �a�n� �i�n�c�l�i�n�e�d� �l�o�a�d� �r�e�s�u�l�t�i�n�g� 

�f�r�o�m� �t�h�e� �v�e�r�t�i�c�a�l� �a�n�d� �h�o�r�i�z�o�n�t�a�l� �f�o�r�c�e�s� �f�r�o�m� �t�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �a�n�d� 

�t�h�e� �l�o�a�d�s� �i�m�p�o�s�e�d� �b�y� �t�h�e� �b�a�c�k�f�i�l�l� 

�T�h�e�s�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �s�i�m�p�l�i�f�y� �t�h�e� �g�e�n�e�r�a�]� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m� �:� 

�1� 

�w�h�e�r�e� �B�e� �i�s� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �w�a�l�l� �b�a�s�e� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �a�n�d� �q�,� �i�s� �t�h�e� 

�m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �s�u�r�c�h�a�r�g�e� �o�n� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e�.� �N�.� �a�n�d� �N� �q� �a�r�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�c�t�o�r�s� 

�w�h�o�s�e� �v�a�l�u�e�s� �d�e�p�e�n�d� �s�o�l�e�l�y� �o�n� �®�.�  ¬�,�;� �a�n�d�  ¬� �q�i� �a�r�e� �f�a�c�t�o�r�s� �t�h�a�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�l�o�a�d� �i�n�c�l�i�n�a�t�i�o�n�,� �a�n�d� �b�o�r� �a�n�d�  ¬� �q�r� �a�r�e� �f�a�c�t�o�r�s� �t�h�a�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�o�i�l� �r�i�g�i�d�i�t�y�.� 

�F�o�r� �c�o�h�e�s�i�o�n�l�e�s�s� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� �t�h�e� �i�n�c�l�i�n�a�t�i�o�n� �f�a�c�t�o�r�s� �a�r�e� �g�i�v�e�n� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�e�q�u�a�t�i�o�n�s� �:� 

�&�,�=� �(�1�-�4�)� �(�3�.�8�)� 

�é�i� �=� �(�1�-�4�)� �(�3�.�9�)� 

�w�h�e�r�e� �J�T� �a�n�d� �N� �a�r�e� �t�h�e� �r�e�s�u�l�t�a�n�t� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� �f�o�r�c�e�s� �o�n� �t�h�e� �f�o�o�t�i�n�g�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �a� 
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�r�e�t�a�i�n�i�n�g� �w�a�l�l�,� �t�h�e�s�e� �f�o�r�c�e�s� �a�r�e� �d�u�e� �t�o� �t�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �a�n�d� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� 

�l�o�a�d�s� �e�x�e�r�t�e�d� �o�n� �t�h�e� �w�a�l�l� �b�y� �t�h�e� �b�a�c�k�f�i�l�l�.� 

�T�h�e� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �f�a�c�t�o�r�s� �E�y�,� �a�n�d�  ¬� �q�r� �a�r�e� �b�o�t�h� �e�q�u�a�l� �t�o� �u�n�i�t�y� �i�f� �t�h�e� �s�o�i�l� �b�e�h�a�v�e�s� �a�s� �a� 

�r�i�g�i�d� �p�l�a�s�t�i�c� �m�a�t�e�r�i�a�l� �(�J�,� �>� �I�,�,�)�.� �O�t�h�e�r�w�i�s�e�,�t�h�e�y� �a�r�e� �c�o�m�p�u�t�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� 

�(�V�e�s�i�c ��,� �1�9�7�3�)� �:� 

�é�,�,� �=� �e�x�p� �{�[�(�-�4�.�4� �+� �0�.�6� �8�)� �t�a�n� �]� �+� �[� �(�3�.�0�7� �s�i�n� �&�)� �l�o�g�,�o�(�2�/�,�)� �/� �(�1� �+� �s�i�n� �®�)�]�}� �(�3�.�1�0�)� 

�b�o�r� �=� �E�n�e� �(�3�.�1�1�)� 

�T�h�e� �s�e�c�o�n�d� �t�e�r�m� �i�n� �t�h�e� �r�i�g�h�t� �h�a�n�d� �s�i�d�e� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �(�E�q�u�a�t�i�o�n� �3�.�7�)� 

�a�c�c�o�u�n�t�s� �f�o�r� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �u�l�t�i�m�a�t�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �d�u�e� �t�o� �t�h�e� �s�t�a�b�i�l�i�z�i�n�g� �e�f�f�e�c�t� �o�f� �a� 

�s�u�r�c�h�a�r�g�e� �o�n� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e�.� �T�h�i�s� �t�e�r�m�,� �h�o�w�e�v�e�r�,� �w�a�s� �a�d�d�e�d� �o�n� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �a� 

�u�n�i�f�o�r�m� �s�u�r�c�h�a�r�g�e�,� �q�,�,� �e�x�i�s�t�e�d� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �f�o�o�t�i�n�g�.� �T�h�i�s� �r�a�i�s�e�s� �t�h�e� �q�u�e�s�t�i�o�n� �o�f� �w�h�e�t�h�e�r� 

�o�r� �n�o�t� �t�h�i�s� �e�q�u�a�t�i�o�n� �i�s� �a�p�p�l�i�c�a�b�l�e� �t�o� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �p�r�o�b�l�e�m�s� �w�h�e�r�e� �q�,� �e�x�i�s�t�s� �o�n�l�y� �o�n� �o�n�e� �s�i�d�e� �o�f� 

�t�h�e� �w�a�l�l�.� �I�f� �t�h�e� �s�u�r�c�h�a�r�g�e� �e�x�i�s�t�e�d� �o�n�l�y� �o�n� �o�n�e� �s�i�d�e�,� �a� �d�i�r�e�c�t� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �E�q�u�a�t�i�o�n� �3�.�7� �w�o�u�l�d� 

�o�v�e�r�e�s�t�i�m�a�t�e� �t�h�e� �u�l�t�i�m�a�t�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y�,� �l�e�a�d�i�n�g� �t�o� �u�n�c�o�n�s�e�r�v�a�t�i�v�e� �r�e�s�u�l�t�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �s�u�r�c�h�a�r�g�e� �o�n� �o�n�e� �s�i�d�e� �w�o�u�l�d� �o�n�l�y� �i�n�c�r�e�a�s�e� �t�h�e� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �w�a�l�l� �t�o� �f�a�i�l� �b�y� 

�b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �s�i�d�e� �w�i�t�h�o�u�t� �t�h�e� �s�u�r�c�h�a�r�g�e�.� 

�A� �c�o�n�s�e�r�v�a�t�i�v�e� �a�p�p�r�o�a�c�h� �w�o�u�l�d� �b�e� �t�o� �n�e�g�l�e�c�t� �t�h�e� �s�u�r�c�h�a�r�g�e� �t�e�r�m� �c�o�m�p�l�e�t�e�l�y�.� �T�h�e� �b�e�a�r�i�n�g� 

�c�a�p�a�c�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �w�o�u�l�d� �b�e� �s�o�l�e�l�y� �d�u�e� �t�o� �t�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �s�o�i�l� �i�n� �t�h�e� �f�a�i�l�u�r�e� �z�o�n�e�,� �a�n�d� 

�t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �w�o�u�l�d� �h�a�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m� �:� 
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�E�v�e�n� �w�i�t�h� �t�h�i�s� �f�o�r�m� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n�,� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �q�,� �o�n� �o�n�e� 

�s�i�d�e� �o�f� �t�h�e� �f�o�o�t�i�n�g� �w�o�u�l�d� �s�t�i�l�l� �h�a�v�e� �t�o� �b�e� �a�c�c�o�u�n�t�e�d� �f�o�r�,� �a� �p�r�o�b�l�e�m� �w�h�i�c�h� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�e� 

�p�a�r�a�g�r�a�p�h�s� �t�o� �f�o�l�l�o�w�.� 

�T�w�o� �f�o�r�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �p�r�o�b�l�e�m� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �a�p�p�l�i�c�a�b�i�l�i�t�y� �t�o� �t�h�e� 

�r�e�t�a�i�n�i�n�g� �w�a�l�l� �p�r�o�b�l�e�m�.� �I�n� �t�h�e� �f�i�r�s�t� �f�o�r�m�u�l�a�t�i�o�n�,� �s�h�o�w�n� �i�n� �F�i�g�.� �3�.�2�(�a�)�,� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �o�r� 

�f�o�o�t�i�n�g� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �t�h�e� �i�n�c�l�i�n�e�d� �l�o�a�d� �R�,� �w�h�i�c�h� �i�s� �t�h�e� �r�e�s�u�l�t�a�n�t� �o�f� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� 

�f�o�r�c�e�s� �e�x�e�r�t�e�d� �b�y� �t�h�e� �b�a�c�k�f�i�l�l�.� �T�h�e� �s�u�r�c�h�a�r�g�e� �i�s� �e�q�u�a�l� �t�o� �z�e�r�o� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �w�a�l�l�,� �m�a�k�i�n�g� 

�t�h�e� �f�o�r�m� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �g�i�v�e�n� �b�y� �E�q�u�a�t�i�o�n� �3�.�1�2� �a�p�p�l�i�c�a�b�l�e�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�p�r�e�s�s�u�r�e�,� �g�,�,� �w�a�s� �c�o�m�p�u�t�e�d� �a�s� �f�o�l�l�o�w�s� �:� 
�r�o

�b�
y� 

�I�e� �=� �Y�s� �(�3�.�1�3�)� 

�T�h�e� �s�e�c�o�n�d� �f�o�r�m�u�l�a�t�i�o�n�,� �s�h�o�w�n� �i�n� �F�i�g�.� �3�.�2�(�b�)�,� �i�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �o�n�e� �g�i�v�e�n� �i�n� �F�i�g�.� �3�.�2�(�a�)�,� �w�i�t�h� 

�t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e�.� �I�n� �t�h�i�s� �f�o�r�m�u�l�a�t�i�o�n�,� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �b�e�a�r�i�n�g� 

�c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �g�i�v�e�n� �b�y� �E�q�u�a�t�i�o�n� �3�.�1�2� �w�a�s� �s�t�i�l�l� �u�s�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �s�u�r�c�h�a�r�g�e� 

�o�n� �o�n�e� �s�i�d�e� �o�f� �t�h�e� �w�a�l�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�r�e�s�s�u�r�e� �q�,� �a�s� 

�f�o�l�l�o�w�s� �:� 

�=�e� �+�%� �(�3�.�1�4�)� 

�A� �f�i�r�s�t� �s�e�r�i�e�s� �o�f� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� 

�f�o�r�m�u�l�a�t�i�o�n� �g�i�v�e�n� �i�n� �F�i�g�.� �3�.�2�(�a�)�,� �i�g�n�o�r�i�n�g� �c�o�m�p�l�e�t�e�l�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e� 

�a�n�d� �m�a�k�i�n�g� �u�s�e� �o�f� �E�q�u�a�t�i�o�n� �3�.�1�2�.� �A�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�o�a�d� �o�n� �t�h�e� �w�a�l�l� 

�a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �h�e�i�g�h�t� �o�f� �b�a�c�k�f�i�l�l� �b�e�h�i�n�d� �t�h�e� �w�a�l�l�,� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �a� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� 

�f�a�i�l�u�r�e� �i�n� �t�h�e� �s�o�i�l� �b�e�n�e�a�t�h� �t�h�e� �w�a�l�l�.� �W�h�e�r�e� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �t�h�a�t� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� 
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�f�a�i�l�u�r�e� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�,� �t�h�i�s� �w�a�s� �d�e�n�o�t�e�d� �a�s�  ��n�o� �f�a�i�l�u�r�e �� �(�N�F�)�,� �b�e�c�a�u�s�e� �t�h�e� 

�m�a�x�i�m�u�m� �h�e�i�g�h�t� �o�f� �b�a�c�k�f�i�l�l� �d�i�d� �n�o�t� �c�a�u�s�e� �f�a�i�l�u�r�e�.� �B�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �f�o�r� �t�h�i�s� �s�e�t� �o�f� 

�a�n�a�l�y�s�e�s� �a�r�e� �g�i�v�e�n� �i�n� �t�h�e� �c�e�n�t�e�r� �c�o�l�u�m�n� �i�n� �T�a�b�l�e� �3�.�1�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �t�w�o� �s�e�t�s� �o�f� �r�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t� �t�h�e� 

�b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �f�o�r�m�u�l�a�t�i�o�n� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �c�o�n�s�i�s�t�e�n�t�l�y� �y�i�e�l�d�e�d� 

�h�i�g�h�e�r� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �t�h�a�n� �t�h�o�s�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d�.� �I�n� �f�o�u�r� 

�c�a�s�e�s�,� �(�R�u�n�s� �F�O�L�4�B�,� �F�O�L�6�B�,� �F�O�L�6�C� �A�N�D� �F�O�L�7�A�)�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�e�t�s� �o�f� 

�b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �r�a�n�g�e�d� �f�r�o�m� �1�0� �t�o� �2�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�.� �O�n�l�y� �R�u�n� �F�O�L�7�B� 

�y�i�e�l�d�e�d� �a� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �a�n�a�l�y�s�e�s�,� �w�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� 

�f�a�i�l�u�r�e� �e�q�u�a�l� �t�o� �o�n�l�y� �o�n�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�.� �I�n� �o�n�e� �c�a�s�e� �(�R�u�n� �F�O�L�2�B�)�,� �t�h�e� �f�i�r�s�t� 

�f�o�r�m�u�l�a�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �w�a�l�l� �w�a�s� �s�t�a�b�l�e� �w�h�e�r�e�a�s� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d� �i�n�d�i�c�a�t�e�d� �w�a�l�l� 

�c�o�l�l�a�p�s�e�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�i�s� �f�o�r�m�u�l�a�t�i�o�n� �(�i�g�n�o�r�i�n�g� �c�o�m�p�l�e�t�e�l�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� 

�p�r�e�s�s�u�r�e�)� �y�i�e�l�d�s� �u�n�c�o�n�s�e�r�v�a�t�i�v�e� �r�e�s�u�l�t�s�.� 

�A� �s�e�c�o�n�d� �s�e�t� �o�f� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�i�e�s� �o�f� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �w�a�s� �p�e�r�f�o�r�m�e�d�,� 

�w�i�t�h� �t�h�e� �p�r�o�b�l�e�m� �f�o�r�m�u�l�a�t�e�d� �i�n� �t�h�e� �m�a�n�n�e�r� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�.� �3�.�2�(�b�)�.� �F�o�r� �p�u�r�p�o�s�e�s� �o�f� 

�c�a�l�c�u�l�a�t�i�n�g� �v�a�l�u�e�s� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�r�e�s�s�u�r�e�,� �q�,�,� �f�o�r� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �t�h�e� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e� 

�(�7�,�4�)� �w�a�s� �a�d�d�e�d� �t�o� �q�,� �(�E�q�u�a�t�i�o�n� �3�.�1�4�)�,� �a�s� �i�f� �t�h�e� �b�a�c�k�f�i�l�l� �a�c�t�u�a�l�l�y� �e�x�i�s�t�e�d� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� 

�w�a�l�l�.� �A�s� �p�o�i�n�t�e�d� �o�u�t� �e�a�r�l�i�e�r�,� �a�l�t�h�o�u�g�h� �t�h�e� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 

�q�.�,� �t�h�e� �s�u�r�c�h�a�r�g�e� �w�a�s� �t�a�k�e�n� �a�s� �z�e�r�o� �f�o�r� �p�u�r�p�o�s�e�s� �o�f� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y�.� �T�h�i�s� �s�e�e�m�s� 

�l�o�g�i�c�a�l� �b�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �n�o� �s�u�r�c�h�a�r�g�e� �i�n� �f�r�o�n�t� �o�f� �t�h�e� �w�a�l�l�,� �a�n�d� �t�h�e� �f�a�i�l�u�r�e� �m�e�c�h�a�n�i�s�m� �c�a�n� �d�e�v�e�l�o�p� 

�i�n� �t�h�a�t� �d�i�r�e�c�t�i�o�n�.� �T�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�i�s� �s�e�c�o�n�d� �f�o�r�m�u�l�a�t�i�o�n� �a�n�d� 

�V�e�s�i�c ��s� �m�e�t�h�o�d� �a�r�e� �g�i�v�e�n� �i�n� �t�h�e� �r�i�g�h�t�-�h�a�n�d� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �3�.�1�.� �C�o�m�p�a�r�i�n�g� �t�h�e�s�e� �r�e�s�u�l�t�s� �w�i�t�h� 

�t�h�o�s�e� �f�r�o�m� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �t�w�o� �s�e�t�s� �o�f� �r�e�s�u�l�t�s� �a�r�e� �i�n� �q�u�i�t�e� 

�g�o�o�d� �a�g�r�e�e�m�e�n�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�e�c�o�n�d� �f�o�r�m�u�l�a�t�i�o�n� �c�a�n� �g�i�v�e� �a� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� �e�i�t�h�e�r� 

�h�i�g�h�e�r� �o�r� �l�o�w�e�r� �t�h�a�n� �w�h�a�t� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d� �w�o�u�l�d� �y�i�e�l�d�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�r�e�d�i�c�t�e�d� 
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�T�a�b�l�e� �3�.�1� �H�e�i�g�h�t� �o�f� �B�a�c�k�f�i�l�l� �a�t� �F�a�i�l�u�r�e� �a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�i�n�i�t�e� 
�E�l�e�m�e�n�t� �A�n�a�l�y�s�e�s� �a�n�d� �A�n�a�l�y�s�e�s� �o�f� �t�w�o� �F�o�r�m�u�l�a�t�i�o�n�s� 
�o�f� �t�h�e� �B�e�a�r�i�n�g� �C�a�p�a�c�i�t�y� �P�r�o�b�l�e�m� 

� � 

�F�i�n�i�t�e� �E�l�e�m�e�n�t� 

�B�e�a�r�i�n�g� �C�a�p�a�c�i�t�y� 
�A�n�a�l�y�s�e�s� �u�s�i�n�g� 

�F�i�r�s�t� �F�o�r�m�u�l�a�t�i�o�n� 

�B�e�a�r�i�n�g� �C�a�p�a�c�i�t�y� 
�A�n�a�l�y�s�e�s� �u�s�i�n�g� 

�M�o�d�i�f�i�e�d� �F�o�r�m�u�l�a�t�i�o�n� 

� � 

� � � � � � � � 

�R�u�n� �A�n�a�l�y�s�e�s� �a�n�d� �V�e�s�i�c �� �M�e�t�h�o�d� �|�_� �a�n�d� �V�e�s�i�c �� �M�e�t�h�o�d� 

�F�O�L�I�A� �N�F� �N�F� �N�F� 
�F�O�L�1�B� �N�F� �N�F� �N�F� 
�F�O�L�I�C� �N�F� �N�F� �N�F� 
�F�O�L�2�A� �N�F� �N�F� �N�F� 
�F�O�L�2�B� �2�8�.�7� �N�F� �2�6�.�9� 

�F�O�L�3�A� �N�F� �N�F� �N�F� 
�F�O�L�3�B� �N�F� �N�F� �N�F� 

�F�O�L�4�A� �N�F� �N�F� �2�8�.�3� 
�F�O�L�4�B� �2�1�.�6� �2�8�.�7� �2�3�.�6� 
�F�O�L�4�C� �N�F� �N�F� �N�F� 

�F�O�L�5�A� �N�F� �N�F� �N�F� 
�F�O�L�5�B� �N�F� �N�F� �N�F� 

�F�O�L�6�A� �N�F� �N�F� �N�F� 
�F�O�L�6�B� �3�1�.�0� �3�4�.�8� �3�1�.�3� 
�F�O�L�6�C� �3�1�.�2� �3�5�.�4� �3�0�.�4� 

�F�O�L�7�A� �|� �2�0�.�9� �2�4�.�0� �2�1�.�2� 
�F�O�L�7�B� �2�8�.�9� �2�9�.�2� �2�6�.�5� 
�F�O�L�7�C� �N�F� �N�F� �N�F� 

�F�O�L�8�A� �N�F� �N�F� �N�F� 

�F�O�L�I�A� �|� �N�F� �N�F� �N�E� 

� � 

�N�o�t�e� �:� �A�l�l� �d�i�m�e�n�s�i�o�n�s� �a�r�e� �i�n� �f�e�e�t� 

�N�F� �=� �N�o� �F�a�i�l�u�r�e� 

�5�7� 

� 



�b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� �a�t� �f�a�i�l�u�r�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �m�e�t�h�o�d�s� �a�r�e� �s�m�a�l�l�,� �n�e�v�e�r� �m�o�r�e� �t�h�a�n� �a�b�o�u�t� �8� �p�e�r�c�e�n�t� 

�o�f� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�.� 

�S�U�M�M�A�R�Y� 

�T�h�i�s� �s�t�u�d�y� �s�h�o�w�s� �t�h�a�t� �i�f� �t�h�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �p�r�o�b�l�e�m� �i�s� �f�o�r�m�u�l�a�t�e�d� �s�o� �t�h�a�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e� �a�r�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �i�n� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �w�a�y�,� �V�e�s�i�c ��s� �t�h�e�o�r�y� �p�r�o�v�i�d�e�s� �a�n� 

�e�f�f�e�c�t�i�v�e� �m�e�a�n�s� �o�f� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �l�o�a�d�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �i�n� �t�h�e� �s�o�i�l� 

�b�e�n�e�a�t�h� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� �p�r�e�s�s�u�r�e� �a�r�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �a�s� 

�f�o�l�l�o�w�s� �:� 

�(�1�)� �I�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�r�e�s�s�u�r�e�,� �¢�,�,� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �Y�o�u�n�g ��s� 

� � 

�M�o�d�u�l�u�s� �a�n�d� �t�h�e� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �i�n�d�e�x�,� �J�,�,� �t�h�e� �f�u�l�l� �d�e�p�t�h� �o�f� �f�i�l�l� �b�e�h�i�n�d� 

�t�h�e� �w�a�l�l� �i�s� �c�o�n�s�i�d�e�r�e�d�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �e�q�u�a�t�i�o�n� �3�.�1�4�.� 

�(�2�)� �I�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �u�l�t�i�m�a�t�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y�,� �t�h�e� �s�u�r�c�h�a�r�g�e� �i�n� �f�r�o�n�t� �o�f� 
� � 

�t�h�e� �w�a�l�l� �i�s� �c�o�n�s�i�d�e�r�e�d�.� �I�n� �t�h�e�s�e� �c�a�s�e�s�,� �w�i�t�h� �t�h�e� �w�a�l�l�s� �f�o�u�n�d�e�d� �o�n� �t�h�e� 

�g�r�o�u�n�d� �s�u�r�f�a�c�e�,� �t�h�e� �s�u�r�c�h�a�r�g�e� �w�a�s� �z�e�r�o�,� �a�n�d� �t�h�e� �u�l�t�i�m�a�t�e� �b�e�a�r�i�n�g� 

�c�a�p�a�c�i�t�y� �w�a�s� �g�i�v�e�n� �b�y� �e�q�u�a�t�i�o�n� �3�.�1�2�.� 
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�C�H�A�P�T�E�R� �4� 

�R�E�S�U�L�T�S� �O�F� �F�O�L�L�O�W�I�N�G� �L�O�A�D� �A�N�A�L�Y�S�E�S� �O�F� �G�R�A�V�I�T�Y� �R�E�T�A�I�N�I�N�G� �W�A�L�L�S� �O�N� �S�O�I�L� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �f�o�l�l�o�w�i�n�g� �l�o�a�d� �a�n�a�l�y�s�e�s� �o�f� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �f�o�u�n�d�e�d� �o�n� �s�o�i�l� �a�r�e� 

�d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� �T�h�e�s�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �f�i�n�i�t�e� 

�e�l�e�m�e�n�t� �p�r�o�g�r�a�m� �S�O�I�L�S�T�R�U�C�T� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �T�h�i�s� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� 

�e�m�p�l�o�y�s� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �f�o�r� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �e�l�e�m�e�n�t�s�,� �a�n�d� �t�h�e� �S�e�e�d� �a�n�d� �D�u�n�c�a�n� �(�1�9�8�3�)� 

�m�o�d�e�l� �f�o�r� �u�n�l�o�a�d�-�r�e�l�o�a�d� �b�e�h�a�v�i�o�r� �o�f� �s�o�i�l� �e�l�e�m�e�n�t�s�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �s�y�s�t�e�m� �w�e�r�e� �v�a�r�i�e�d� 

�s�y�s�t�e�m�a�t�i�c�a�l�l�y� �i�n� �t�h�e� �a�n�a�l�y�s�e�s�.� �T�h�e� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �w�e�r�e� �v�a�r�i�e�d� �i�n�c�l�u�d�e�d� �:� 

�(�1�)� �T�h�e� �s�h�e�a�r� �s�t�i�f�f�n�e�s�s� �v�a�l�u�e� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �b�e�t�w�e�e�n� �t�h�e� 

�w�a�l�l� �a�n�d� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �(�K�,�)� 

�(�2�)�  ��T�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t� �t�h�a�t� �g�o�v�e�r�n�s� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� 

�h�o�r�i�z�o�n�t�a�l� �t�h�r�u�s�t� �o�n� �t�h�e� �w�a�l�l� �(�K�;�)� 

�(�3�)� �T�h�e� �v�a�l�u�e� �o�f� �P�o�i�s�s�o�n ��s� �r�a�t�i�o� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �(�v�,�)� 

�(�4�)� �T�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �(�D�,�)� 

�(�5�)� �T�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �(�D�,�)� 

�(�6�)� �T�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �(�H�)� 

�(�7�)� �T�h�e� �w�i�d�t�h� �o�f� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l� �(�B�)� 

�(�8�)� �T�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �a� �t�o�e� �f�i�l�l� 
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�(�9�)� �T�h�e� �m�e�t�h�o�d� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� 

�T�a�b�l�e� �2�.�1� �i�n� �C�h�a�p�t�e�r� �2� �l�i�s�t�s� �t�h�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �u�s�e�d� �f�o�r� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s�,� �a�n�d� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� 

�o�t�h�e�r� �p�a�r�a�m�e�t�e�r�s�,� �w�h�i�c�h� �w�e�r�e� �k�e�p�t� �c�o�n�s�t�a�n�t� �i�n� �t�h�e� �a�n�a�l�y�s�e�s�.� 

�U�s�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�s�p�e�c�t�s� �o�f� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� 

�t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �h�a�v�e� �b�e�e�n� �e�x�a�m�i�n�e�d� �:� 

�(�1�)� �T�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �z�o�n�e�s� �o�f� �f�a�i�l�u�r�e� �w�i�t�h�i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� 

�(�2�)� �T�h�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l�s�,� �a�n�d� 

�t�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a�s�,� �a�n�d� 

�(�3�)� �T�h�e� �h�o�r�i�z�o�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �a�t� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�a�l�l�s�.� 

�A� �R�E�-�A�N�A�L�Y�S�I�S� �O�F� �T�H�E� �B�A�S�E� �C�A�S�E� �P�R�O�B�L�E�M� 

�T�h�e� �b�a�s�e� �c�a�s�e� �p�r�o�b�l�e�m� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2�,� �w�h�i�c�h� �w�a�s� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� 

�v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� �w�a�s� �r�e�-�a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �t�h�a�t� �c�o�n�t�a�i�n�s� 

�t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �(�C�h�a�p�t�e�r� �2�)�.� 

�F�i�g�.� �4�.�1� �s�h�o�w�s� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �b�a�s�e� �c�a�s�e� �p�r�o�b�l�e�m� 

�u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T�.� �A� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �o�b�t�a�i�n�e�d� 

�u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �v�e�r�s�i�o�n� �a�n�d� �t�h�o�s�e� �u�s�i�n�g� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �c�a�n� �b�e� �m�a�d�e� �b�y� �c�o�m�p�a�r�i�n�g� �F�i�g�.� �4�.�1� 

�a�n�d� �F�i�g�.� �2�.�6�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�w�o� 

�a�n�a�l�y�s�e�s� �f�o�r� �t�h�e� �s�t�a�g�e� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� �w�a�l�l� �p�l�a�c�e�m�e�n�t�.� �A�f�t�e�r� �t�h�e� �b�a�c�k�f�i�l�l�i�n�g� �o�p�e�r�a�t�i�o�n�,� 

�h�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �s�h�o�w�e�d� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e�,� �a�n�d� 
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�A�l�p�h�a� �M�e�t�h�o�d� �r�a�n�g�e�d� �f�r�o�m� �0�.�3� �p�e�r�c�e�n�t� �t�o� �7�1� �p�e�r�c�e�n�t� �f�o�r� �2�1� �e�l�e�m�e�n�t�s� �w�i�t�h� �s�i�g�n�i�f�i�c�a�n�t� �s�t�r�e�n�g�t�h�,� 

�c�o�m�p�a�r�e�d� �t�o� �0�.�3� �p�e�r�c�e�n�t� �t�o� �4�8�0� �p�e�r�c�e�n�t� �f�o�r� �1�6� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� 

�v�e�r�s�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� 

�F�i�g�.� �4�.�2� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s�e�s� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �b�a�s�e� 

�c�a�s�e� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �a�n�d� �t�h�e� �r�e�v�i�s�e�d� �(�t�h�e� �A�l�p�h�a� �M�e�t�h�o�d�)� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T�.� �F�o�r� 

�c�o�m�p�a�r�i�s�o�n�,� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �i�s� 

�p�l�o�t�t�e�d� �i�n� �F�i�g�.� �4�.�2�(�a�)� �a�s� �w�e�l�l�.� �E�x�c�e�p�t� �f�o�r� �a�r�e�a�s� �n�e�a�r� �t�h�e� �e�d�g�e�s�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �n�o�r�m�a�l� �s�t�r�e�s�s� 

�c�a�l�c�u�l�a�t�e�d� �i�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �i�s� �c�l�o�s�e� �t�o� �t�h�e� �o�n�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�,� 

�w�h�i�c�h� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �v�a�r�i�e�s� �l�i�n�e�a�r�l�y� �a�c�r�o�s�s� �t�h�e� �b�a�s�e�.� �I�t� �m�a�y� 

�b�e� �n�o�t�e�d� �t�h�a�t� �w�i�t�h� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�,� �t�h�e� �e�n�t�i�r�e� �b�a�s�e� �w�i�d�t�h� �i�s� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� �a�n�d� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �i�s� �z�e�r�o� �a�t� �t�h�e� �h�e�e�l�.� �I�n� �b�o�t�h� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�,� 

�t�h�e� �c�a�l�c�u�l�a�t�e�d� �w�i�d�t�h� �o�f� �t�h�e� �a�r�e�a� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �w�a�s� �9�3� �p�e�r�c�e�n�t� �o�f� �t�h�e� �b�a�s�e� �w�i�d�t�h� 

�o�f� �t�h�e� �w�a�l�l�.� 

�T�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� �h�a�s� 

�i�t�s� �m�a�x�i�m�u�m� �v�a�l�u�e� �a�t� �t�h�e� �t�o�e�,� �w�h�e�r�e�a�s� �t�h�e� �m�a�x�i�m�u�m� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�v�e�r�s�i�o�n� �i�s� �a�t� �a� �d�i�s�t�a�n�c�e� �o�f� �3�.�3� �f�e�e�t� �(�a�b�o�u�t� �1�1�%� �o�f� �t�h�e� �b�a�s�e� �w�i�d�t�h�)� �f�r�o�m� �t�h�e� �t�o�e�.� �T�h�i�s� �i�s� �d�u�e� �t�o� 

�t�h�e� �f�a�c�t� �t�h�a�t� �w�i�t�h� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d�,� �m�o�r�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �f�a�i�l�e�d� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �t�h�e� �t�o�e�,� �l�e�a�d�i�n�g� 

�t�o� �s�t�r�e�s�s� �r�e�d�u�c�t�i�o�n�s� �i�n� �t�h�a�t� �a�r�e�a�.� �T�h�e� �s�o�f�t�e�n�i�n�g� �o�f� �t�h�e� �s�o�i�l� �i�n� �t�h�e� �t�o�e� �a�r�e�a� �r�e�s�u�l�t�e�d� �i�n� 

�r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�t�r�e�s�s�e�s�,� �w�h�i�c�h� �s�h�i�f�t�e�d� �t�h�e� �m�a�x�i�m�u�m� �n�o�r�m�a�l� �s�t�r�e�s�s� �t�o� �t�h�e� �u�n�f�a�i�l�e�d�,� �s�t�r�o�n�g�e�r� 

�e�l�e�m�e�n�t�s� �l�o�c�a�t�e�d� �t�o� �t�h�e� �r�i�g�h�t� �o�f� �t�h�e� �t�o�e�.� �T�h�e� �f�a�i�l�u�r�e� �o�f� �a�d�d�i�t�i�o�n�a�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a� �i�s� 

�v�i�e�w�e�d� �a�s� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �r�e�s�u�l�t�s�,� �i�n� �v�i�e�w� �o�f� �t�h�e� �f�a�c�t� �t�h�a�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� 

�o�r�i�g�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T�,� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �o�v�e�r�s�h�o�o�t� �i�n� �t�h�a�t� �a�r�e�a� �r�a�n�g�e�d� �f�r�o�m� �1�4� 

�p�e�r�c�e�n�t� �t�o� �4�6�0� �p�e�r�c�e�n�t�.� �T�h�e� �f�a�i�l�u�r�e� �o�f� �t�h�e� �s�o�i�l� �i�n� �t�h�e� �a�r�e�a� �o�f� �t�h�e� �t�o�e� �r�e�s�u�l�t�e�d� �i�n� �a� �s�i�m�i�l�a�r� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�h�e�a�r� �s�t�r�e�s�s�e�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�2�(�b�)�.� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �A�/�H� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �w�e�r�e� �0�.�0�1�5� �(�p�o�s�i�t�i�v�e� �v�a�l�u�e�s� 
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�i�n�d�i�c�a�t�e� �m�o�v�e�m�e�n�t� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�)� �f�o�r� �t�h�e� �o�r�i�g�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� �a�n�d� �0�.�0�1�6� 

�f�o�r� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �v�e�r�s�i�o�n�.� �A�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d�,� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� 

�t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �i�s� �s�o�m�e�w�h�a�t� �l�a�r�g�e�r�,� �a�l�t�h�o�u�g�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�s� �q�u�i�t�e� �s�m�a�l�l�.� �T�h�e� �w�a�l�l� �w�a�s� 

�s�t�a�b�l�e� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �i�n� �b�o�t�h� �a�n�a�l�y�s�e�s�.� 

�F�i�g�.� �4�.�3� �s�h�o�w�s� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e� �p�r�o�f�i�l�e� �a�f�t�e�r� �b�a�c�k�f�i�l�l�i�n�g�,� �a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� 

�u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �p�r�o�g�r�a�m�.� �T�h�e� �w�a�l�l� �r�o�t�a�t�e�d� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�,� �a�n�d� �t�h�e� �g�r�o�u�n�d� �b�e�n�e�a�t�h� 

�t�h�e� �w�a�l�l� �a�s�s�u�m�e�d� �a� �s�e�t�t�l�e�m�e�n�t� �p�r�o�f�i�l�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �r�o�t�a�t�i�o�n� �o�f� �t�h�e� �w�a�l�l�.� �T�h�e� �s�e�t�t�l�e�m�e�n�t� 

�b�e�n�e�a�t�h� �t�h�e� �w�a�l�l� �w�a�s� �g�r�e�a�t�e�s�t� �a�t� �t�h�e� �t�o�e�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �t�o�w�a�r�d�s� �t�h�e� �h�e�e�l�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� 

�s�e�t�t�l�e�m�e�n�t� �o�f� �t�h�e� �g�r�o�u�n�d� �d�i�r�e�c�t�l�y� �b�e�n�e�a�t�h� �t�h�e� �b�a�s�e� �h�a�s� �a� �s�l�i�g�h�t� �c�u�r�v�a�t�u�r�e�.� �T�h�i�s� �c�u�r�v�a�t�u�r�e� �i�s� �t�h�e� 

�r�e�s�u�l�t� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �a� �t�r�a�p�e�z�o�i�d�a�l� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �s�i�m�u�l�a�t�i�n�g� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� 

�t�h�e� �w�a�l�l� �(�F�i�g�.� �2�.�3�)�.� �A�s� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�.� �4�.�3�,� �t�h�e� �c�u�r�v�e�d� �s�e�t�t�l�e�m�e�n�t� �p�r�o�f�i�l�e� �m�a�y� �b�e� �a�p�p�r�o�x�i�m�a�t�e�d� 

�b�y� �a� �s�t�r�a�i�g�h�t� �l�i�n�e�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �e�r�r�o�r� �i�n� �t�h�i�s� �a�p�p�r�o�x�i�m�a�t�i�o�n� �i�s� �o�n�l�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�5� �f�e�e�t� 

�(�0�.�6� �i�n�c�h�e�s�)�.� 

�T�h�e� �f�a�i�l�u�r�e� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �s�u�r�r�o�u�n�d�i�n�g� �s�o�m�e� �n�o�d�e�s� �i�n� �t�h�e� �h�e�e�l� �a�r�e�a� �l�e�d� �t�o� �n�u�m�e�r�i�c�a�l� 

�i�n�a�c�c�u�r�a�c�i�e�s� �t�h�a�t� �r�e�s�u�l�t�e�d� �i�n� �u�n�r�e�a�l�i�s�t�i�c� �v�a�l�u�e�s� �o�f� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�f� �t�h�o�s�e� �n�o�d�e�s�.� �T�h�e� �p�o�i�n�t�s� �w�i�t�h� 

�u�n�r�e�a�l�i�s�t�i�c� �d�i�s�p�l�a�c�e�m�e�n�t�s� �w�e�r�e� �n�o�t� �p�l�o�t�t�e�d�,� �w�h�i�c�h� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �b�r�e�a�k� �i�n� �t�h�e� �p�l�o�t� �o�f� �t�h�e� 

�g�r�o�u�n�d� �s�u�r�f�a�c�e� �p�r�o�f�i�l�e�.� �T�h�e� �s�e�t�t�l�e�m�e�n�t� �o�f� �t�h�e� �g�r�o�u�n�d� �b�e�n�e�a�t�h� �t�h�e� �b�a�c�k�f�i�l�l� �i�n�c�r�e�a�s�e�d� �v�e�r�y� �s�l�i�g�h�t�l�y� 

�w�i�t�h� �d�i�s�t�a�n�c�e� �b�e�h�i�n�d� �t�h�e� �w�a�l�l�,� �d�u�e� �t�o� �t�h�e� �v�e�r�t�i�c�a�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �i�n� �t�h�a�t� �a�r�e�a�.� 

�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �B�A�S�E� �I�N�T�E�R�F�A�C�E� �S�H�E�A�R� �S�T�I�F�F�N�E�S�S� 

�T�h�e� �s�t�r�e�s�s�-�d�i�s�p�l�a�c�e�m�e�n�t� �b�e�h�a�v�i�o�r� �i�n� �s�h�e�a�r� �o�f� �t�h�e� �b�a�s�e� �i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �i�s� �s�h�o�w�n� 

�g�r�a�p�h�i�c�a�l�l�y� �i�n� �F�i�g�.� �4�.�4�.� �F�o�r� �v�a�l�u�e�s� �o�f� �A� �l�e�s�s� �t�h�a�n� �A� �f�r� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�e�h�a�v�i�o�r� �i�s� �l�i�n�e�a�r�l�y� �e�l�a�s�t�i�c�,� 

�w�i�t�h� �a� �s�h�e�a�r� �s�t�i�f�f�n�e�s�s� �e�q�u�a�l� �t�o� �K�,�.� �F�o�r� �v�a�l�u�e�s� �o�f� �A� �g�r�e�a�t�e�r� �t�h�a�n� �A�,�,� �t�h�e� �e�l�e�m�e�n�t� �i�s� �a�s�s�i�g�n�e�d� �a� 
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�v�e�r�y� �l�o�w� �v�a�l�u�e� �f�o�r� �t�h�e� �s�h�e�a�r� �m�o�d�u�l�u�s�,� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �i�t�s� �f�a�i�l�u�r�e� �s�t�a�t�e�.� 

�T�h�r�e�e� �v�a�l�u�e�s� �o�f� �s�h�e�a�r� �s�t�i�f�f�n�e�s�s�,� �K�,�,� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �m�o�d�e�l�i�n�g� �v�a�r�y�i�n�g� �d�e�g�r�e�e�s� 

�o�f� �c�o�n�c�r�e�t�e�-�f�o�u�n�d�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �r�o�u�g�h�n�e�s�s�.� �T�h�e�s�e� �t�h�r�e�e� �v�a�l�u�e�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �a� �r�o�u�g�h� �c�o�n�c�r�e�t�e� 

�s�u�r�f�a�c�e� �(�t�h�e� �m�a�x�i�m�u�m� �v�a�l�u�e�)�,� �a� �s�m�o�o�t�h� �c�o�n�c�r�e�t�e� �s�u�r�f�a�c�e� �(�t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e�)� �a�n�d� �a�n� 

�i�n�t�e�r�m�e�d�i�a�t�e� �c�o�n�d�i�t�i�o�n� �(�t�h�e� �b�a�s�e� �c�a�s�e� �v�a�l�u�e�)�.� 

�T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�5�.� �A�l�t�h�o�u�g�h� �f�a�i�l�u�r�e� �o�c�c�u�r�r�e�d� 

�i�n� �t�h�e� �s�a�m�e� �g�e�n�e�r�a�l� �a�r�e�a�s� �(�m�a�i�n�l�y� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �t�h�e� �t�o�e� �a�n�d� �t�h�e� �h�e�e�l� �o�f� �t�h�e� �w�a�l�l�)� �f�o�r� �a�l�l� �t�h�r�e�e� 

�c�a�s�e�s�,� �i�t� �m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �f�e�w�e�r� �s�o�i�l� �e�l�e�m�e�n�t�s� �f�a�i�l�e�d� �w�h�e�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �w�a�s� �s�t�i�f�f� �t�h�a�n� �w�h�e�n� �i�t� 

�w�a�s� �n�o�t� �s�o� �s�t�i�f�f�.� 

�T�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a�s� �(�B�,�/�B�)� �v�a�r�i�e�d� �o�n�l�y� �s�l�i�g�h�t�l�y� �f�o�r� �t�h�e� �t�h�r�e�e� �r�u�n�s�.� �T�h�e� 

�v�a�l�u�e�s� �w�e�r�e� �:� �9�4� �p�e�r�c�e�n�t� �f�o�r� �t�h�e� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �K�,�,� �9�3� �p�e�r�c�e�n�t� �f�o�r� �t�h�e� �b�a�s�e� �c�a�s�e�,� �a�n�d� �9�4� 

�p�e�r�c�e�n�t� �f�o�r� �t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �K�,�.� 

�F�i�g�.� �4�.�6� �s�h�o�w�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �s�t�r�e�s�s�e�s� �a�t� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l� �f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s�.� 

�I�t� �m�a�y� �b�e� �s�e�e�n� �i�n� �F�i�g�.� �4�.�6�(�a�)� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s�e�s� �w�e�r�e� �m�o�r�e� 

�p�r�o�n�o�u�n�c�e�d� �i�n� �t�h�e� �t�o�e� �a�r�e�a�.� �T�h�e� �t�e�n�d�e�n�c�y� �w�a�s� �f�o�r� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �i�n� �t�h�e� �t�o�e� �t�o� �d�e�c�r�e�a�s�e� �a�s� �K�,� 

�d�e�c�r�e�a�s�e�d�.� �T�h�i�s� �t�r�e�n�d� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e�r�e� �w�a�s� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �o�f� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �w�h�e�n� �t�h�e� �v�a�l�u�e� �o�f� �K�,� �w�a�s� �l�o�w�e�r�.� �A�s� �e�x�p�l�a�i�n�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�s�t�r�e�s�s�e�s� �c�a�u�s�e�d� �b�y� �t�h�e� �s�o�f�t�e�n�i�n�g� �o�f� �t�h�e� �t�o�e� �a�r�e�a� �r�e�s�u�l�t�s� �i�n� �a� �s�h�i�f�t� �o�f� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �m�a�x�i�m�u�m� 

�n�o�r�m�a�l� �s�t�r�e�s�s� �t�o�w�a�r�d� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �w�a�l�l� �b�a�s�e�.� �F�i�g�.� �4�.�6�(�b�)� �s�h�o�w�s� �h�o�w� �t�h�e� �s�h�e�a�r� �s�t�r�e�s�s� 

�d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �s�h�e�a�r� �s�t�i�f�f�n�e�s�s� �v�a�l�u�e�.� �T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �b�e�c�a�m�e� �f�l�a�t�t�e�r� �a�n�d� �m�o�r�e� 

�u�n�i�f�o�r�m� �a�s� �K�,� �d�e�c�r�e�a�s�e�d�.� 

�T�h�e� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� �c�a�s�e�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �g�r�e�a�t�l�y�.� �T�h�e� �v�a�l�u�e�s� 

�o�f� �A�/�H� �w�e�r�e� �0�.�0�2�0�2�,� �0�.�0�1�6�1� �a�n�d� �0�.�0�1�6�3� �f�o�r� �t�h�e� �m�i�n�i�m�u�m�,� �a�v�e�r�a�g�e� �a�n�d� �m�a�x�i�m�u�m� �s�h�e�a�r� �s�t�i�f�f�n�e�s�s� 

�v�a�l�u�e�s�.� 

�6�7



�S�O
�S�S�O

�U�I�J�I�I�S� 
�J�E�B�Y�S� 

�B�O
�R�L�E�}�U�I� 

�a�s�e�g� �J�U�s�J�E�y�I�G
� 

�1�0�)� �B�u�l�j�j�y�j�o�e�g� 
�s�a�y�y� �S�u�o�I�B�e�y� 

�s�u�n�y�i�e�4� 
�-� �S�p� �e�u�n�B�i�4� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
�
 
�
 

�(�w�i�n�w�i�x�e�y�;�)� 
�W

�o�L� 

�o�d� �0�1� �X
�p�e� �=� �y� 

�+
�1

� �9�/�B�9�S� 

�(�a�s�e�o� �e�s�e�g�)� 
�(�w�u�n�w�u�i�u�l�;�)� 

 ��H�O�t� 
�H

�O
�L� 

�p�o�d� �o�n� �x� �b�z� �=�*�y� 
�+

 �� �9�/�8�9�5� 
�p�d�o�r�x�y�e� 

�S
�y� 

 � ��1� �e�]�e�o�g� 

� � � � 
�
 
�
 

�6�8� 

� 



�8�t� 

�S�a�s�s�e�l�j�S� 
�e�s�e�g� �U�O� 

�S
�S

�B
�U

�N
�S

� 
�J�E

�B
�Y

�S
� 

�s�d�e�p�a�j�u�|� 
�e�s�e�g� �o�y�)� �B�u�l�A�l�e�A� 

�j�o� �y�O
�o�y�A� 

�-� �9�p� �G
�u�n�B�i�4� 

�(�q�)� 
�(�4�)� �e�M

� �@�4�y� �J�O� �0�}� �E�U�}� �W
�O�,� �B�o�U�R�}�S�I�q� 

�9�|� 
�v�t� 

�z�t� 
�
o
�
e
�
 

�9
� 

�»�v� 
�@

� 
�
t
�
h
�
 

�}� 
�|� 

�j� 
�1� 

�1� 
�|� 

�|� 
�!� 

�
 
�
 

�c�O
�L�X

�¥�e� 
�=

�  �� 
�(�e�s�e�d� �e�s�e�g�)�¢� 

�O�L� �X� �L�'�Z� �=
�"�  � �� 

�7� 
�_�8� 

�p�o�l� �X
�v

�e
�=

� 

�
 
�
 

� � �
 
�
 

�o�n� �-� 
�-� �°� 

�(�s�y�)� �s�s�e�u�y�g� �s�e�E�a�Y�S� 

�N� 

� � 
�
 
�
 

�i�n� 
 ��i� 

�(�e�)� 

�(�y�)� �{�t�e� �O�U�R� �J�O� �B�O�}� �E�U�}� �W
�O

�Y
� 

�e�o�U�R�I�s�I�G
� 

�s�t� 
�o�f� 

�b�t� 
�2� 

�o�b�e�s�e� 
�9� 

�»�v� 
�2� 

�|� 
�i� 

�i� 
�L� 

�1� 
�L

�t
� 

�L
�t
� 

�1� 
�L� 

�1� 
�
{
�
_
�
 

�
 
�
 

�u�o�j�s�u�e� 
�|� �A� 

�u�o�j�s�s�e�s�d�w
�o�g� 

�1
� 

�
 
�
 

� � 
� � � 

� � � �c�O�L�X� �v�e
� �=

� �_
� 

�(�e�s�e�Q� �e�s�e�g�)�¢� 
�O�F� �X�4�2� �=�"�  � �� 

�p�o� �X�v�2� �=�8�y� �.�.�.�.�.�.�.�.�.�.� 

� � 
� � 

�
 
�
 

�o� �o�r� �©� �Y�O�)� �F�t� �O�O� �N� �o�O� �7� 

�(�i�s�y�)� �S�S�O�1�}�S� �[�E�L�O�N� 

�6�9



�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �L�A�T�E�R�A�L� �E�A�R�T�H� �P�R�E�S�S�U�R�E� �C�O�E�F�F�I�C�I�E�N�T� 

�O�F� �T�H�E� �B�A�C�K�F�I�L�L� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�,� �t�h�e� �n�o�d�a�l� �f�o�r�c�e�s� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �b�a�c�k�f�i�l�l� �l�o�a�d� 

�o�n� �t�h�e� �w�a�l�l� �d�o� �n�o�t� �r�e�f�l�e�c�t� �s�o�i�l�-�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s�.� �T�h�e� �f�o�r�c�e�s� �t�h�a�t� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�h�o�r�i�z�o�n�t�a�l� �t�h�r�u�s�t� �e�x�e�r�t�e�d� �b�y� �t�h�e� �b�a�c�k�f�i�l�l� �o�n� �t�h�e� �w�a�l�l� �a�r�e� �s�t�a�t�i�c�a�l�l�y� �e�q�u�i�v�a�l�e�n�t� �t�o� �a� �t�r�i�a�n�g�u�l�a�r� 

�h�o�r�i�z�o�n�t�a�l� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�i�s� �h�o�r�i�z�o�n�t�a�l� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� 

�g�o�v�e�r�n�e�d� �b�y� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t�,� �K�,�.� �A�n�a�l�y�s�e�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �w�i�t�h� �v�a�l�u�e�s� �o�f� �K�;�,� �e�q�u�a�l� �t�o� �0�.�3�0�,� �0�.�3�7� �(�t�h�e� �b�a�s�e� �c�a�s�e� �v�a�l�u�e�)� �a�n�d� �0�.�5�0�.� 

�F�i�g�.� �4�.�7� �s�h�o�w�s� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �f�o�r� �t�h�e� �t�h�r�e�e� �c�a�s�e�s�.� �I�t� �c�a�n� �b�e� 

�s�e�e�n� �t�h�a�t� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �b�e�c�a�m�e� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �l�a�t�e�r�a�l� �t�h�r�u�s�t�.� �I�n� �t�h�e� �c�a�s�e� 

�w�h�e�r�e� �K�K�)�,� �w�a�s� �e�q�u�a�l� �t�o� �0�.�5�0�,� �a� �b�a�n�d� �o�f� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �i�s�o�l�a�t�e�d� �t�h�e� �w�a�l�l� �f�r�o�m� �t�h�e� �u�n�f�a�i�l�e�d� �p�a�r�t� �o�f� 

�t�h�e� �f�o�u�n�d�a�t�i�o�n�,� �a� �s�u�f�f�i�c�i�e�n�t� �c�o�n�d�i�t�i�o�n� �f�o�r� �w�a�l�l� �i�n�s�t�a�b�i�l�i�t�y�.� 

�F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �s�u�m�m�a�r�i�z�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �a�n�d� �o�t�h�e�r� �a�n�a�l�y�s�e�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�o� 

�b�e� �c�o�n�v�e�n�i�e�n�t� �t�o� �d�e�f�i�n�e� �a� �s�i�m�p�l�e� �c�r�i�t�e�r�i�o�n� �o�f� �f�a�i�l�u�r�e� �o�f� �t�h�e� �w�a�l�l� �w�i�t�h� �r�e�g�a�r�d� �t�o� �e�x�c�e�s�s�i�v�e� 

�m�o�v�e�m�e�n�t�.� �T�h�e� �c�r�i�t�e�r�i�o�n� �w�a�s� �s�e�t� �a�s� �f�o�l�l�o�w�s� �:� �A� �w�a�l�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �h�a�v�e�  ��f�a�i�l�e�d �� �i�f�,� �u�p�o�n� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �a�n� �i�n�c�r�e�m�e�n�t� �o�f� �t�h�e� �b�a�c�k�f�i�l�l� �l�o�a�d�s�,� �t�h�e� �i�n�c�r�e�m�e�n�t�a�l� �h�o�r�i�z�o�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� 

�t�o�p� �o�f� �t�h�e� �w�a�l�l� �e�x�c�e�e�d�e�d� �0�.�0�1� �t�i�m�e�s� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�.� �F�o�r� �a� �3�0� �f�t�.� �h�i�g�h� �w�a�l�l� �t�h�i�s� �c�o�r�r�e�s�p�o�n�d�s� �t�o� 

�a�n� �i�n�c�r�e�m�e�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �3�.�6� �i�n�c�h�e�s�.� 

�F�i�g�.� �4�.�8� �s�h�o�w�s� �t�h�e� �b�a�s�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s� �w�i�t�h� 

�d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �K�,�.� �S�i�m�i�l�a�r� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s�e�s� �a�l�o�n�g� �t�h�e� �b�a�s�e� 

�w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�0� �a�n�d� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�7�.� �F�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�5�0�,� �t�h�e� 

�e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �o�f� �s�o�i�l� �e�l�e�m�e�n�t�s� �b�e�n�e�a�t�h� �t�h�e� �w�a�l�l� �r�e�s�u�l�t�e�d� �i�n� �a� �j�a�g�g�e�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�t�r�e�s�s�e�s� 

�a�l�o�n�g� �t�h�e� �b�a�s�e�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a� �(�B�,�/�B�)� �w�e�r�e� �9�4� �p�e�r�c�e�n�t� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�0�,� �9�3� 
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�p�e�r�c�e�n�t� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�7�,� �a�n�d� �8�9� �p�e�r�c�e�n�t� �f�o�r� �K�;�,� �e�q�u�a�l� �t�o� �0�.�5�0�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� 

�e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �p�r�e�d�i�c�t� �a� �1�0�0� �p�e�r�c�e�n�t� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�0� �a�n�d� �0�.�3�7�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �r�e�s�u�l�t�s�,� �s�i�x� �t�o� �s�e�v�e�n� �p�e�r�c�e�n�t� �o�f� �t�h�e� �b�a�s�e� �l�o�s�e�s� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �u�n�d�e�r� �t�h�e�s�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �l�a�t�e�r�a�l� �l�o�a�d�i�n�g�.� �T�h�i�s� �o�c�c�u�r�r�e�n�c�e�,� �a�s� �f�u�r�t�h�e�r� �r�e�s�u�l�t�s� �w�i�l�l� 

�s�h�o�w�,� �i�s� �a�n� �a�r�t�i�f�a�c�t� �o�f� �t�h�e� �a�s�s�u�m�e�d� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �t�h�a�t� �w�a�s� �a�p�p�l�i�e�d� �t�o� �s�i�m�u�l�a�t�e� �w�a�l�l� 

�c�o�n�s�t�r�u�c�t�i�o�n�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�3� �i�n� �C�h�a�p�t�e�r� �2�,� �t�h�e� �a�s�s�u�m�e�d� �i�n�i�t�i�a�l� �b�e�a�r�i�n�g� �p�r�e�s�s�u�r�e� �w�a�s� �z�e�r�o� 

�a�t� �t�h�e� �h�e�e�l�.� 

�T�h�e� �v�a�l�u�e�s� �o�f� �A�/�H� �v�a�l�u�e�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �w�e�r�e� �0�.�0�0�6�7� �f�o�r� �K�,� �e�q�u�a�l� �t�o� �0�.�3�0� �a�n�d� 

�0�.�0�1�6�1� �f�o�r� �A�,� �e�q�u�a�l� �t�o� �0�.�3�7�.� �F�o�r� �A�;� �e�q�u�a�l� �t�o� �0�.�5�0�,� �c�o�l�l�a�p�s�e� �o�c�c�u�r�r�e�d� �p�r�i�o�r� �t�o� �t�h�e� �f�u�l�l� �a�p�p�l�i�c�a�t�i�o�n� 

�o�f� �t�h�e� �l�o�a�d� �d�u�e� �t�o� �t�h�e� �l�a�s�t� �l�i�f�t�,� �a�n�d� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e� �o�f� �A�/�H� �w�a�s� �v�e�r�y� �l�a�r�g�e�.� 

�T�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e�s�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �r�e�s�u�l�t�s� �w�a�s� �e�x�a�m�i�n�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e�m� �w�i�t�h� �t�h�e� 

�r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �u�s�i�n�g� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �a�n�d� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� 

�a�n�a�l�y�s�e�s�.� �F�i�g�.� �4�.�9� �s�h�o�w�s� �h�o�w� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�,� �A�/�H�,� �v�a�r�i�e�d� �w�i�t�h� �t�h�e� �f�a�c�t�o�r� �o�f� 

�s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �f�o�r� �t�h�e� �t�h�r�e�e� �v�a�l�u�e�s� �o�f� �K�,�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A�/�H� �w�e�r�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�.� �T�h�e� �v�a�l�u�e�s� �o�f� �F� �S�e�a�r�i�n�g� �f�r�o�m� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �a�n�a�l�y�s�e�s� 

�w�e�r�e� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s� �:� 

� � �F�S�t�e�a�r�i�n�g� �=� �q�t� �(�4�.�1�)� 

�w�h�e�r�e� �q�,�,�,� �i�s� �t�h�e� �u�l�t�i�m�a�t�e� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �V�e�s�i�c �� �t�h�e�o�r�y� 

�(�d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �3�)�,� �a�n�d� �q�,�,�,�,� �i�s� �t�h�e� �m�a�x�i�m�u�m� �n�o�r�m�a�l� �s�t�r�e�s�s� �a�t� �t�h�e� �t�o�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� 

�e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�i�s�.� �T�h�e� �v�a�r�i�a�t�i�o�n�s� �o�f� �A�/�H� �w�i�t�h� �F�S�b�t�e�a�r�i�n�g� �f�o�r� �t�h�e� �t�h�r�e�e� �c�a�s�e�s� �w�e�r�e� �v�e�r�y� 

�s�i�m�i�l�a�r�.� �N�o�t�e� �t�h�a�t�,� �i�n�i�t�i�a�l�l�y�,� �w�h�e�n� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �w�a�s� �v�e�r�y� 

�h�i�g�h�,� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �w�a�l�l� �w�a�s� �t�o�w�a�r�d� �t�h�e� �b�a�c�k�f�i�l�l�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �n�e�g�a�t�i�v�e� �v�a�l�u�e�s� �o�f� �A�/� �J�H�.� 

�M�o�v�e�m�e�n�t� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l� �c�o�m�m�e�n�c�e�d� �w�h�e�n� �t�h�e� �v�a�l�u�e� �o�f� �F�S�p�e�g�r�i�n�g� �f�e�l�l� �b�e�l�o�w� �a�b�o�u�t� 
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�R�u�n� �F�O�L�2�A� �O�- � � ��©� �_� �K�,� �=� �0�.�3�0� 

�R�u�n� �F�O�L�I�A� �+ � � � ��+� �K�,�=� �0�.�3�7� �(�B�a�s�e� �C�a�s�e�)� 

�R�u�n� �F�O�L�2�B� �& ��\ � ��a� �K�.�=� �0�.�5�0� 

�+�A� �-�A� 
�_� �< ��| ��_� �>� 

�B�a�c�k�f�i�l�l� � � 
� � 

� � � � � � � � 
�-�0�.�0�1� �0�.�0�1� �0�.�0�3� �0�.�0�5� 

�A�/�H� 

�F�i�g�u�r�e� �4�.�9� �-� �F�a�c�t�o�r� �o�f� �S�a�f�e�t�y� �A�g�a�i�n�s�t� �B�e�a�r�i�n�g� �C�a�p�a�c�i�t�y� �F�a�i�l�u�r�e� �v�s�.� 

�N�o�r�m�a�l�i�z�e�d� �W�a�l�l� �D�i�s�p�l�a�c�e�m�e�n�t�s� �f�o�r� �D�i�f�f�e�r�e�n�t� �L�a�t�e�r�a�l� 

�E�a�r�t�h� �P�r�e�s�s�u�r�e� �C�o�e�f�f�i�c�i�e�n�t�s� 
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�t�h�r�e�e�,� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �w�a�s� �r�e�a�c�h�e�d� �w�h�e�n� �t�h�e� �a�p�p�l�i�e�d� �l�o�a�d�s� �c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �a� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �o�f� 

�a�b�o�u�t� �1�8� �f�e�e�t� �i�n� �t�h�e� �b�a�s�e� �c�a�s�e�,� �w�h�e�r�e� �K�,� �w�a�s� �e�q�u�a�l� �t�o� �0�.�3�7�.� �F�o�r� �a� �v�a�l�u�e� �o�f� �F�S�p�e�a�r�i�n�g� �e�q�u�a�l� �t�o� 

�1�.�5�,� �t�h�e� �v�a�l�u�e� �o�f� �A�/�H� �w�a�s� �e�q�u�a�l� �t�o� �0�.�0�1�2� �t�o� �0�.�0�1�4�.� �T�h�e� �c�u�r�v�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �K�,�,� �e�q�u�a�l� �t�o� �0�.�5�0� 

�s�h�o�w�s� �a� �s�h�a�r�p� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �a�b�s�o�l�u�t�e� �v�a�l�u�e� �o�f� �A�/�H� �a�s� �t�h�e� �v�a�l�u�e� �o�f� �F� �S�e�a�r�i�n�g� �a�p�p�r�o�a�c�h�e�d� 

�u�n�i�t�y�.� 

�F�i�g�.� �4�.�1�0� �s�h�o�w�s� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �v�a�l�u�e� �o�f� �F�'�S�t�e�g�r�i�n�g� �w�i�t�h� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �f�o�r� �t�h�e� 

�t�h�r�e�e� �v�a�l�u�e�s� �o�f� �K�,�.� �T�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �F�S�b�e�a�r�i�n�g� �d�e�c�r�e�a�s�e� �a�s� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �i�n�c�r�e�a�s�e�s� 

�f�o�r� �a�l�l� �t�h�r�e�e� �v�a�l�u�e�s� �o�f� �K�,�.� �F�o�r� �t�h�e� �K�,� �=� �0�.�5�0� �c�a�s�e�,� �t�h�e� �v�a�l�u�e� �o�f� �F�S�p�e�a�r�i�n�g� �i�s� �e�q�u�a�l� �t�o� �1�.�0� 

�(�i�n�d�i�c�a�t�i�n�g� �i�n�s�t�a�b�i�l�i�t�y�)� �f�o�r� �a� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �o�f� �a�b�o�u�t� �2�7� �f�t�.� 

�A�n� �a�p�p�r�o�x�i�m�a�t�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� �c�a�n� �a�l�s�o� �b�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� 

�r�e�s�u�l�t�s�.� �O�f� �t�h�e� �t�h�r�e�e� �c�a�s�e�s� �i�n�v�o�l�v�i�n�g� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �K�,�,� �o�n�l�y� �t�h�e� �a�n�a�l�y�s�i�s� �f�o�r� �K�,� �e�q�u�a�l� �t�o� 

�0�.�5�0� �r�e�s�u�l�t�e�d� �i�n� �w�a�l�l� �f�a�i�l�u�r�e� �i�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�.� �I�n� �F�i�g�.� �4�.�1�0�,� �a� �b�o�x� �w�a�s� �d�r�a�w�n� �o�n� �t�h�e� 

�A�/�H� �v�e�r�s�u�s� �F� �S�e�a�r�i�n�g� �l�i�n�e� �a�t� �t�h�e� �p�o�i�n�t� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �v�a�l�u�e� �o�f� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� 

�d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�i�s�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� 

�a�n�d� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �a�n�a�l�y�s�e�s� �y�i�e�l�d� �r�e�s�u�l�t�s� �i�n� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �r�e�s�u�l�t�s�.� 

�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �P�O�I�S�S�O�N ��S� �R�A�T�I�O� �O�F� �T�H�E� �F�O�U�N�D�A�T�I�O�N� �S�O�I�L� 

�A�c�c�o�r�d�i�n�g� �t�o� �e�l�a�s�t�i�c� �t�h�e�o�r�y�,� �t�h�e� �P�o�i�s�s�o�n ��s� �r�a�t�i�o� �o�f� �a� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� �v�,�,� �i�s� �r�e�l�a�t�e�d� �t�o� �i�t�s� 

�a�t�-�r�e�s�t� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t�,� �K�,� �a�s� �f�o�l�l�o�w�s� �:� 

�K�k�,� �= � �� �(�4�.�2�)� � � 

�F�i�g�.� �4�.�1�1� �s�h�o�w�s� �a� �p�l�o�t� �o�f� �E�q�u�a�t�i�o�n� �4�.�2�.� �B�e�c�a�u�s�e� �t�h�e� �v�a�l�u�e� �o�f� �K�,� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �v�a�l�u�e� �o�f� �v�,� 
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�P�o�i�s�s�o�n ��s� �R�a�t�i�o� �o�f� �F�o�u�n�d�a�t�i�o�n� �S�o�i�l�,� �V�,� 

�F�i�g�u�r�e� �4�.�1�1� �-� �V�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �A�t�-�r�e�s�t� �E�a�r�t�h� �P�r�e�s�s�u�r�e� �C�o�e�f�f�i�c�i�e�n�t� 
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�i�n�c�r�e�a�s�e�s�,� �c�h�a�n�g�e�s� �i�n� �t�h�e� �l�a�t�e�r�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �i�n�d�u�c�e�d� �b�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �v�e�r�t�i�c�a�l� 

�s�t�r�e�s�s�e�s� �a�r�e� �h�i�g�h�e�r� �w�h�e�n� �t�h�e� �v�a�l�u�e� �o�f� �v�,� �f�o�r� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �a�r�e� �h�i�g�h�e�r�.� �F�o�l�l�o�w�i�n�g� �l�o�a�d� 

�a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �t�h�r�e�e� �v�a�l�u�e�s� �o�f� �v�,� �f�o�r� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �:� �0�.�3�2�,� �0�.�3�5� �a�n�d� �0�.�4�0�.� 

�F�i�g�.� �4�.�1�2� �s�h�o�w�s� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e�s�e� 

�t�h�r�e�e� �c�a�s�e�s�.� �T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �w�e�r�e� �l�e�s�s� �e�x�t�e�n�s�i�v�e� �a�s� �t�h�e� �v�a�l�u�e� �o�f� �P�o�i�s�s�o�n ��s� �r�a�t�i�o� �i�n�c�r�e�a�s�e�d�.� 

�T�h�i�s� �i�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�o�n�f�i�n�i�n�g� �s�t�r�e�s�s�e�s� �b�r�o�u�g�h�t� �a�b�o�u�t� �b�y� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �v�,�.� 

�T�h�e� �w�a�l�l� �d�i�d� �n�o�t� �b�e�c�o�m�e� �u�n�s�t�a�b�l�e� �i�n� �a�n�y� �o�f� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s�.� 

�T�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�a�l�l� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �v�a�l�u�e�s� �o�f� �P�o�i�s�s�o�n ��s� 

�r�a�t�i�o�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A�/�H� �w�e�r�e� �0�.�0�2�3�8� �f�o�r� �v�,� �e�q�u�a�l� �t�o� �0�.�3�2�,� �0�.�0�1�6�1� �f�o�r� �v�,� �e�q�u�a�l� �t�o� �0�.�3�5� �a�n�d� 

�0�.�0�1�3�7� �f�o�r� �v�,� �e�q�u�a�l� �t�o� �0�.�4�0�.� 

�F�i�g�.� �4�.�1�3� �s�h�o�w�s� �t�h�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�t� �t�h�e� �b�a�s�e� �f�o�r� �t�h�e�s�e� �t�h�r�e�e� 

�a�n�a�l�y�s�e�s�.� �F�r�o�m� �a� �p�r�a�c�t�i�c�a�l� �s�t�a�n�d�p�o�i�n�t�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �d�o� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �I�t� �m�a�y� �b�e� 

�n�o�t�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �o�b�s�e�r�v�e�d� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �t�o� �b�e� �r�e�d�i�s�t�r�i�b�u�t�e�d� 

�f�o�l�l�o�w�i�n�g� �t�h�e� �s�o�f�t�e�n�i�n�g� �o�f� �s�o�m�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �u�n�d�e�r�n�e�a�t�h� �t�h�e� �w�a�l�l� �i�s� �a�l�s�o� �t�r�u�e� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.� 

�T�h�i�s� �t�r�e�n�d� �i�s� �m�o�s�t� �o�b�s�e�r�v�a�b�l�e� �i�n� �t�h�e� �t�o�e� �a�r�e�a�,� �w�h�e�r�e� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� 

�d�e�c�r�e�a�s�e�d� �a�s� �m�o�r�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�a�t� �a�r�e�a� �f�a�i�l�e�d�.� 

�N�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a� �(�B�,�/�B�)� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� �t�h�e� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �v�a�l�u�e�s� �o�f� �v�,�.� �T�h�e� �c�a�l�c�u�l�a�t�e�d� �B�,�/�B� �v�a�l�u�e�s� �v�a�r�i�e�d� �o�n�l�y� �s�l�i�g�h�t�l�y�,� �f�r�o�m� �9�3� �t�o� �9�4� 

�p�e�r�c�e�n�t�,� �i�n� �t�h�e� �t�h�r�e�e� �c�a�s�e�s�.� 

�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �R�E�L�A�T�I�V�E� �D�E�N�S�I�T�Y� �O�F� �T�H�E� �F�O�U�N�D�A�T�I�O�N� �S�O�I�L� 

�D�u�n�c�a�n�,� �e�t� �a�l�.� �(�1�9�8�0�)� �s�u�g�g�e�s�t�e�d� �v�a�l�u�e�s� �o�f� �t�h�e� �h�y�p�e�r�b�o�l�i�c� �s�t�r�e�s�s�-�s�t�r�a�i�n� �p�a�r�a�m�e�t�e�r�s� �K�,� �n� �a�n�d� 

�R�y� �f�o�r� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�i�e�s� �(�D�,�)� �e�q�u�a�l� �t�o� �2�5�,� �5�0�,� �7�5� �a�n�d� �1�0�0� �p�e�r�c�e�n�t�.� �A�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� 
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�u�t�i�l�i�z�i�n�g� �t�h�e�s�e� �f�o�u�r� �v�a�l�u�e�s� �o�f� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �f�o�r� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�,� �w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� �K�,� �n� �a�n�d� 

�R�y� �s�u�g�g�e�s�t�e�d� �b�y� �D�u�n�c�a�n�,� �e�t� �a�l�.�.� 

�T�h�e� �i�n�i�t�i�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �w�e�r�e� �c�o�m�p�u�t�e�d� �u�s�i�n�g� �v�a�l�u�e�s� �o�f� �K�,� �o�b�t�a�i�n�e�d� �u�s�i�n�g� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �(�J�a�k�y�,� �1�9�4�8�)� �:� 

�K�,� �=�1�-�s�i�n�®� �(�4�.�3�)� 

�w�h�e�r�e� �@� �i�s� �t�h�e� �a�n�g�l�e� �o�f� �i�n�t�e�r�n�a�l� �f�r�i�c�t�i�o�n� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� 

�s�o�i�l�.� 

�F�i�g�.� �4�.�1�4� �s�h�o�w�s� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�f�t�e�r� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �f�o�r� 

�t�h�e� �f�o�u�r� �c�a�s�e�s�.� �I�t� �c�a�n� �b�e� �s�e�e�n� �c�l�e�a�r�l�y� �t�h�a�t� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �d�e�n�s�i�t�y� 

�o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �d�e�c�r�e�a�s�e�s�.� 

�T�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a� �w�a�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �c�h�a�n�g�e� �i�n� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� 

�(�B�.�/�B� �r�a�n�g�e�d� �f�r�o�m� �9�3� �p�e�r�c�e�n�t� �t�o� �9�4� �p�e�r�c�e�n�t� �f�o�r� �t�h�e� �f�o�u�r� �r�u�n�s�)�.� 

�T�h�e� �b�a�s�e� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�e� �f�o�u�r� �r�u�n�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�1�5�.� �A�g�a�i�n�,� �t�h�e�r�e� �i�s� �a� 

�t�e�n�d�e�n�c�y� �f�o�r� �t�h�e� �s�t�r�e�s�s�e�s� �t�o� �b�e� �r�e�d�i�s�t�r�i�b�u�t�e�d� �a�l�o�n�g� �t�h�e� �b�a�s�e� �a�s� �l�o�c�a�l� �f�a�i�l�u�r�e� �o�c�c�u�r�s�.� �F�o�r� �t�h�e� �r�u�n�s� 

�u�t�i�l�i�z�i�n�g� �f�o�u�n�d�a�t�i�o�n� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�i�e�s� �e�q�u�a�l� �t�o� �5�0�,� �7�5� �a�n�d� �1�0�0� �p�e�r�c�e�n�t�,� �t�h�i�s� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�s�t�r�e�s�s�e�s� �c�a�n� �b�e� �s�e�e�n� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�.� �T�h�e� 

�e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �w�i�t�h� �a� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �e�q�u�a�l� �t�o� �2�5� �p�e�r�c�e�n�t� 

�r�e�s�u�l�t�e�d� �i�n� �j�a�g�g�e�d� �a�n�d� �e�r�r�a�t�i�c� �b�a�s�e� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�i�s� �c�a�s�e�.� 

�A�f�t�e�r� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �h�a�d� �b�e�e�n� �a�p�p�l�i�e�d�,� �t�h�e� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t� 

�(�f�o�r� �t�h�e� �w�a�l�l�s� �t�h�a�t� �d�i�d� �n�o�t� �f�a�i�l�)� �w�a�s� �:� �A�/�H� �=� �0�.�0�4�3�0� �f�o�r� �D�,� �e�q�u�a�l� �t�o� �5�0� �p�e�r�c�e�n�t�,� �A�/�H� �=� �0�.�0�1�6�1� 

�f�o�r� �D�,� �e�q�u�a�l� �t�o� �7�5� �p�e�r�c�e�n�t�,� �a�n�d� �A�/�H� �=� �0�.�0�1�0�4� �f�o�r� �D�,� �e�q�u�a�l� �t�o� �1�0�0� �p�e�r�c�e�n�t�.� 

�F�i�g�.� �4�.�1�6� �s�h�o�w�s� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �o�f� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �A�/�H� �w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� 

�F�S� �b�e�a�r�i�n�g� �f�o�r� �t�h�e� �f�o�u�r� �v�a�l�u�e�s� �o�f� �f�o�u�n�d�a�t�i�o�n� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �t�h�a�t� �w�e�r�e� �s�t�u�d�i�e�d�.� �A�t� �t�h�e� �s�t�a�r�t� �o�f� 
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�t�h�e� �b�a�c�k�f�i�l�l�i�n�g� �o�p�e�r�a�t�i�o�n�,� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �r�a�n�g�e�d� �f�r�o�m� �6�.�5� �f�o�r� 

�D�,� �e�q�u�a�l� �t�o� �1�0�0� �p�e�r�c�e�n�t� �t�o� �2�.�4� �f�o�r� �D�,� �e�q�u�a�l� �t�o� �2�5� �p�e�r�c�e�n�t�.� �T�h�e� �w�a�l�l� �m�o�v�e�d� �t�o�w�a�r�d� �t�h�e� �b�a�c�k�f�i�l�l� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �s�e�v�e�n� �l�o�a�d�i�n�g� �s�t�a�g�e�s�,� �t�h�a�t� �i�s�,� �u�n�t�i�l� �t�h�e� �b�a�c�k�f�i�l�l� �w�a�s� �1�7� �t�o� �2�0� �f�e�e�t� �h�i�g�h� �(�5�8� �t�o� �6�6� 

�p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� �h�e�i�g�h�t�)�.� �B�e�y�o�n�d� �t�h�i�s� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�,� �t�h�e� �w�a�l�l� �m�o�v�e�d� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�.� 

�I�t� �m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �m�o�v�e�m�e�n�t�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �s�e�v�e�n� �l�o�a�d�i�n�g� �s�t�a�g�e�s� �a�r�e� �p�r�a�c�t�i�c�a�l�l�y� �t�h�e� 

�s�a�m�e� �f�o�r� �a�l�l� �f�o�u�r� �c�a�s�e�s� �(�v�a�l�u�e�s� �o�f� �A�/�H� �r�a�n�g�e�d� �f�r�o�m� �a�b�o�u�t�  ��0�.�0�0�1� �t�o�  �� �0�.�0�0�4�)�,� �i�n�d�e�p�e�n�d�e�n�t� �o�f� 

�t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y�.� �H�o�w�e�v�e�r�,� �b�o�t�h� �t�h�e� �v�a�l�u�e� �o�f� �F�S�b�e�a�r�i�n�g� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�n�f�l�u�e�n�c�e� �t�h�e� �a�m�o�u�n�t� �o�f� �w�a�l�l� �m�o�v�e�m�e�n�t� �o�n�c�e� �t�h�e� �w�a�l�l� �s�t�a�r�t�s� �t�o� �m�o�v�e� �a�w�a�y� �f�r�o�m� 

�t�h�e� �b�a�c�k�f�i�l�l�.� �F�o�r� �l�o�w�e�r� �v�a�l�u�e�s� �o�f� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y�,� �t�h�e� �w�a�l�l� �m�o�v�e�m�e�n�t� �i�n�c�r�e�a�s�e�s� �m�o�r�e� �r�a�p�i�d�l�y� �a�s� 

�t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �d�e�c�r�e�a�s�e�s�.� 

�I�n� �t�h�e� �a�n�a�l�y�s�i�s� �w�i�t�h� �D�,� �e�q�u�a�l� �t�o� �2�5� �p�e�r�c�e�n�t�,� �l�a�r�g�e� �i�n�c�r�e�m�e�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�c�c�u�r�r�e�d� �i�n� 

�t�h�e� �l�a�t�e� �s�t�a�g�e�s� �o�f� �b�a�c�k�f�i�l�l�i�n�g�.� �I�t� �s�h�o�u�l�d� �a�l�s�o� �b�e� �m�e�n�t�i�o�n�e�d� �t�h�a�t� �l�a�r�g�e� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�c�c�u�r�r�e�d� 

�d�u�r�i�n�g� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �w�a�l�l� �i�n� �t�h�i�s� �c�a�s�e�.� �A� �t�o�t�a�l� �o�f� �3�6�0� �a�l�p�h�a� �m�e�t�h�o�d� �c�o�m�p�u�t�a�t�i�o�n�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�a�s�e� �p�r�e�s�s�u�r�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �w�a�l�l�.� 

�A� �b�a�n�d� �o�f� �f�a�i�l�e�d� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�s�o�l�a�t�e�d� �t�h�e� �w�a�l�l� �f�r�o�m� �t�h�e� �u�n�f�a�i�l�e�d� �p�a�r�t� �o�f� �t�h�e� �m�e�s�h� �a�t� �s�o�m�e� �t�i�m�e�s� 

�d�u�r�i�n�g� �t�h�e�s�e� �c�o�m�p�u�t�a�t�i�o�n�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �l�a�r�g�e� �i�n�c�r�e�m�e�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t�s�.� �H�o�w�e�v�e�r�,� �m�o�s�t� �o�f� �t�h�e�s�e� 

�e�l�e�m�e�n�t�s� �r�e�c�o�v�e�r�e�d� �b�y� �t�h�e� �t�i�m�e� �t�h�e� �e�n�t�i�r�e� �w�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d�.� �T�h�e� �l�a�r�g�e� 

�i�n�c�r�e�m�e�n�t�a�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �p�r�i�o�r� �t�o� �b�a�c�k�f�i�l�l�i�n�g� �a�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �w�a�l�l� 

�d�i�s�p�l�a�c�e�m�e�n�t� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�1�6�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�1�6� �i�s� �m�e�a�s�u�r�e�d� �f�r�o�m� �t�h�e� 

�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �w�a�l�l� �a�f�t�e�r� �i�t�s� �c�o�n�s�t�r�u�c�t�i�o�n�.� 

�F�i�g�.� �4�.�1�7� �s�h�o�w�s� �h�o�w� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �v�a�r�i�e�d� �w�i�t�h� �t�h�e� �b�a�c�k�f�i�l�l� 

�h�e�i�g�h�t� �f�o�r� �t�h�e�s�e� �f�o�u�r� �a�n�a�l�y�s�e�s�.� �N�o�t�e� �t�h�a�t� �i�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �t�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �i�s� �e�q�u�a�l� �t�o� �2�5� 

�p�e�r�c�e�n�t�,� �f�a�i�l�u�r�e� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �s�i�m�u�l�a�t�e�d� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �i�s� �a�b�o�u�t� �2�4� �f�e�e�t�.� �F�a�i�l�u�r�e� �o�c�c�u�r�r�e�d� �a�t� 

�a�b�o�u�t� �t�h�e� �s�a�m�e� �s�t�a�g�e� �i�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�i�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�s� 

�a�t� �f�a�i�l�u�r�e� �f�o�r� �t�h�e� �t�w�o� �m�e�t�h�o�d�s� �w�a�s� �o�n�l�y� �t�w�o� �f�e�e�t� �(�r�e�f�e�r� �t�o� �T�a�b�l�e� �3�.�1�)�,� �o�r� �a�b�o�u�t� �s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� 
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�w�a�l�l� �h�e�i�g�h�t�.� �I�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �t�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �w�a�s� �e�q�u�a�l� �t�o� �5�0� �p�e�r�c�e�n�t�,� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� 

�b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �a�n�a�l�y�s�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �w�a�l�l� �s�h�o�u�l�d� �b�e�c�o�m�e� �u�n�s�t�a�b�l�e� �a�t� �a� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �o�f� 

�2�8�.�3� �f�e�e�t� �(�9�4� �p�e�r�c�e�n�t� �o�f� �t�h�e� �m�a�x�i�m�u�m� �p�o�s�s�i�b�l�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t�)�,� �w�h�e�r�e�a�s� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�a�m�e� �c�a�s�e� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �a�p�p�l�y� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d� �u�p� �t�o� �H� �e�q�u�a�l� 

�t�o� �3�0� �f�t�.� �w�i�t�h�o�u�t� �r�e�a�c�h�i�n�g� �a� �c�o�n�d�i�t�i�o�n� �o�f� �i�n�s�t�a�b�i�l�i�t�y�.� �T�h�u�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�r�e�d�i�c�t�e�d� �b�a�c�k�f�i�l�l� 

�h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� �f�o�r� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �a�n�a�l�y�s�i�s� �i�s� �a�b�o�u�t� �s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� �h�e�i�g�h�t� �i�n� �t�h�i�s� �c�a�s�e� 

�a�l�s�o�.� 

�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �T�H�I�C�K�N�E�S�S� �O�F� �T�H�E� �F�O�U�N�D�A�T�I�O�N� �S�O�I�L� 

�A�n�a�l�y�s�i�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� 

�(�D� �p� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s�.� �W�a�l�l�s� �r�e�s�t�i�n�g� �o�n� �m�e�d�i�u�m� �d�e�n�s�e� �s�a�n�d� �l�a�y�e�r�s� �1�5�,� �3�0�,� �a�n�d� 

�6�0� �f�e�e�t� �t�h�i�c�k� �w�e�r�e� �a�n�a�l�y�z�e�d�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �t�w�o� �a�d�d�i�t�i�o�n�a�l� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�s�h�e�s� �w�e�r�e� 

�c�o�n�s�t�r�u�c�t�e�d�,� �o�n�e� �f�o�r� �t�h�e� �1�5�-�f�o�o�t� �t�h�i�c�k� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �a�n�d� �a�n�o�t�h�e�r� �f�o�r� �t�h�e� �6�0�-�f�o�o�t� �t�h�i�c�k� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l�.� �A� �t�o�t�a�l� �o�f� �1�8�4�,� �2�2�8� �a�n�d� �2�6�4� �s�o�i�l� �e�l�e�m�e�n�t�s� �w�e�r�e� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �1�5�,� �3�0� �a�n�d� 

�6�0� �f�o�o�t� �t�h�i�c�k� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�.� �T�h�e� �n�u�m�b�e�r� �o�f� �e�l�e�m�e�n�t�s� �t�h�a�t� �m�a�d�e� �u�p� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �a�n�d� �w�a�l�l� 

�b�a�s�e�-�f�o�u�n�d�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �w�e�r�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�]� �t�h�r�e�e� �m�e�s�h�e�s�.� 

�F�i�g�.� �4�.�1�8� �s�h�o�w�s� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a�n�a�l�y�s�e�s� �o�f� 

�t�h�e�s�e� �t�h�r�e�e� �c�a�s�e�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �f�a�i�l�e�d� �s�o�i�l� �e�l�e�m�e�n�t�s� �t�o�t�a�l�e�d� �3�6� �f�o�r� �D�;� �e�q�u�a�l� �t�o� �1�5� �f�e�e�t�,� �2�9� �f�o�r� 

�D�;� �e�q�u�a�l� �t�o� �3�0� �f�e�e�t� �a�n�d� �4�0� �f�o�r� �D�,� �e�q�u�a�l� �t�o� �6�0� �f�e�e�t�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �r�e�s�u�l�t�s� �a�p�p�e�a�r� �a�t� �f�i�r�s�t� �t�o� �b�e� 

�i�n�c�o�n�s�i�s�t�e�n�t�,� �t�h�e�y� �a�r�e� �b�e�l�i�e�v�e�d� �t�o� �b�e� �r�e�a�s�o�n�a�b�l�e� �i�n� �v�i�e�w� �o�f� �t�h�e� �p�h�e�n�o�m�e�n�a� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s�.� 

�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �f�a�i�l�e�d� �s�o�i�l� �e�l�e�m�e�n�t�s� �w�i�t�h� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �f�o�u�n�d�a�t�i�o�n� �t�h�i�c�k�n�e�s�s� �f�r�o�m� �3�0� �t�o� �6�0� �f�t�.�,� �c�o�n�s�i�d�e�r� �F�i�g�.� �4�.�1�9�,� �w�h�i�c�h� �s�h�o�w�s� �t�h�e� �g�r�o�u�n�d� 
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�s�u�r�f�a�c�e� �p�r�o�f�i�l�e�s� �a�f�t�e�r� �b�a�c�k�f�i�l�l�i�n�g� �f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s�.� �N�o�t�e� �t�h�a�t� �a�s� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �b�e�c�o�m�e�s� 

�t�h�i�c�k�e�r�,� �t�h�e� �i�n�c�r�e�a�s�e�d� �s�e�t�t�l�e�m�e�n�t� �o�f� �t�h�e� �w�a�l�l� �r�e�s�u�l�t�s� �i�n� �a� �g�r�e�a�t�e�r� �d�i�s�t�o�r�t�i�o�n� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �n�e�a�r� 

�t�h�e� �t�o�e�,� �d�u�e� �t�o� �t�h�e� �g�r�e�a�t�e�r� �d�i�f�f�e�r�e�n�t�i�a�l� �s�e�t�t�l�e�m�e�n�t�s�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �m�o�r�e� �e�l�e�m�e�n�t�s� �n�e�a�r� �t�h�e� �t�o�e� 

�o�n� �t�h�e� �s�u�r�f�a�c�e� �f�a�i�l�e�d� �a�s� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �t�h�i�c�k�n�e�s�s� �i�n�c�r�e�a�s�e�d�.� �T�h�i�s� �t�r�e�n�d� �c�a�n� �b�e� �c�l�e�a�r�l�y� �s�e�e�n� �i�n� �t�h�e� 

�f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�n� �F�i�g�.� �4�.�1�8�.� 

�T�h�e� �g�l�o�b�a�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �o�f� �a� �p�o�r�t�i�o�n� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �b�e�n�e�a�t�h� �t�h�e� �w�a�l�l� �w�a�s� �i�s�o�l�a�t�e�d� 

�f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s�,� �a�n�d� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�2�0�.� �T�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �p�a�t�t�e�r�n�s� �o�f� �t�h�e�s�e� �s�a�m�e� 

�e�l�e�m�e�n�t�s�,� �w�i�t�h� �m�u�c�h� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �r�i�g�i�d� �b�o�d�y� �m�o�t�i�o�n� �r�e�m�o�v�e�d�,� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� 

�4�.�2�1�.� �I�t� �m�a�y� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �s�h�e�a�r� �d�i�s�t�o�r�t�i�o�n�s� �a�r�e� �m�o�r�e� �s�e�v�e�r�e� �i�n� �t�h�i�s� �a�r�e�a� �f�o�r� �t�h�e� �t�h�i�n�n�e�r� 

�f�o�u�n�d�a�t�i�o�n� �t�h�a�n� �f�o�r� �t�h�e� �t�h�i�c�k�e�r� �f�o�u�n�d�a�t�i�o�n�,� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �i�n� 

�t�h�i�s� �a�r�e�a� �f�o�r� �t�h�e� �1�5� �f�t�.� �t�h�i�c�k� �f�o�u�n�d�a�t�i�o�n� �c�a�s�e�,� �a�s� �m�a�y� �b�e� �s�e�e�n� �i�n� �F�i�g�.� �4�.�1�8�.� 

�T�h�u�s�,� �w�h�e�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �i�s� �t�h�i�n�,� �m�o�r�e� �e�l�e�m�e�n�t�s� �f�a�i�l� �b�e�n�e�a�t�h� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �w�a�l�l�.� 

�W�h�e�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �i�s� �t�h�i�c�k�,� �m�o�r�e� �e�l�e�m�e�n�t�s� �f�a�i�l� �b�e�n�e�a�t�h� �t�h�e� �t�o�e�.� �T�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t� �i�s� �t�h�a�t� 

�t�h�e� �n�u�m�b�e�r� �o�f� �f�a�i�l�e�d� �e�l�e�m�e�n�t�s� �f�i�r�s�t� �d�e�c�r�e�a�s�e� �a�n�d� �t�h�e�n� �i�n�c�r�e�a�s�e� �a�s� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �i�s� �v�a�r�i�e�d� �f�r�o�m� 

�1�5� �f�t�.� �t�o� �6�0� �f�t�.� 

�T�h�e� �b�a�s�e� �n�o�r�m�a�l� �s�t�r�e�s�s�e�s� �f�o�r� �t�h�e� �t�h�r�e�e� �a�n�a�l�y�s�e�s� �a�r�e� �g�i�v�e�n� �i�n� �t�h�e� �l�e�f�t� �h�a�n�d� �s�i�d�e� �o�f� �F�i�g�.� �4�.�2�2�.� 

�T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�e� �t�h�r�e�e� �c�a�s�e�s� �a�r�e� �q�u�i�t�e� �s�i�m�i�l�a�r�,� �w�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�a�g�n�i�t�u�d�e�s� �o�f� 

�s�t�r�e�s�s�e�s� �n�o� �m�o�r�e� �t�h�a�n� �1� �k�s�f�.� �A�l�l� �t�h�r�e�e� �a�n�a�l�y�s�e�s� �r�e�s�u�l�t�e�d� �i�n� �9�3� �p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� �b�a�s�e� �s�t�i�l�l� �i�n� 

�c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �f�o�u�n�d�a�t�i�o�n�.� �T�h�e� �s�a�m�e� �c�l�o�s�e� �a�g�r�e�e�m�e�n�t� �o�f� �r�e�s�u�l�t�s� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �s�h�e�a�r� 

�s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �g�i�v�e�n� �i�n� �t�h�e� �r�i�g�h�t� �h�a�n�d� �s�i�d�e� �o�f� �F�i�g�.� �4�.�2�2�,� �t�h�e� �v�a�l�u�e�s� �d�i�f�f�e�r�i�n�g� �b�y� �n�o� �m�o�r�e� 

�t�h�a�n� �0�.�5� �k�s�f�.� 

�T�h�e� �m�a�x�i�m�u�m� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �w�e�r�e� �:� �A�/�H� �e�q�u�a�l� �t�o� �0�.�0�2�5�1� 

�f�o�r� �D�;� �e�q�u�a�l� �t�o� �1�5� �f�e�e�t�,� �0�.�0�1�6�1� �f�o�r� �D�;� �e�q�u�a�l� �t�o� �3�0� �f�e�e�t� �a�n�d� �0�.�0�2�5�1� �f�o�r� �D�s� �e�q�u�a�l� �t�o� �6�0� �f�e�e�t�.� �I�t� 

�m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �e�x�t�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �t�h�a�t� �w�e�r�e� 

�c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �c�a�s�e�.� 

�9�0



� � 

�B�u�r�j�j�y�y�o�e�g� 
�J�e�y�y� 

�S
�J�U

�B
�W

�A
�I� 

�|�I�O�S� �J�O� �d�n�o�i�y�H
� 

�p�a�j�o�a�j�a�s� 
�k�e� �j�o� �s�j�u�a�w

�e�o�R
�;�d�s�i�g� 

�[�e
�g

�o
�]� �-� �O

�z �� �a�n�b�i�4� 

�
 
�
 

� � � � � 

�
 
�
 

� � � � � � � � � � � 

� � � � � � � � � 

 �� 
�\� 

�\� 

 �� 
�\� 

�N� 
�\� 

�\� 
�\� 

�\� 
�\� 

�\� 
 �� 

�\� 

�X� 
�\� 

�4� 
 �� 

 �� 

�\� 
�\� 

�\� 
�\� 

�\� 

�\� 
�\� 

�A� 
�\� 

�\� 

�\� 
�\� 

�\� 
�\� 

�\� 

 �� 
�\� 

�\� 
 �� 

 �� 

�X�N� 
�\� 

�\� 
�\� 

�\� 

�X�N� 
 �� 

�\� 
 �� 

�\� 

�\� 
�\� 

�\� 
�\� 

�\� 
 �� 

 �� 

�A�N
�I� 

�w
�w

� 

� � 

�
 
�
 

�
 
�
 

� � 
�
 
�
 
�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � 

� � � � 
� � 

� � 
�
 
�
 � � 

� � 
�
 
�
 

� � 
� � 

�
 
�
 

�
 
�
 
�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � 

� � � � � � 
�
 
�
 

�
 
�
 

� � 
� � 

� � � � 
� � � � 

� � 

�
 
�
 
�
 
�
 �

S
�
R

�
R

�
 

�T�I�T�D
�I�T�U

�Y�T�Y�T� 

�:� 
�!� 

�!� 
�!� 

�Y�S�E�W
�]� 

�P
�O

�W
�O

�J�E
�G

� 
�-�-�-�-�-�-�-�-�-�-�-� 

�Y�S�s�e�W
� 

�p�e�u�o�s�e�p�u�y�)� 

�b�e�e�p�e�r� 
�p�p� �

p
�
y
�
 

�:� �p�u�e�b�e�]� 

�e�u�e�y�e�p� �U�M
� 

�4�2�9�}� �0�9� �=�4�q� 
�o�t�i�c� �d�r�o�i�n� 

�o�r�e� 
�s�j�u�e�w

�e�|�y� 
�J�O� �d�n�o�s�s�y� 

�p�a�y�e�j�e�s� 

�q�e� 
 �� 

 �� 
�\� 

�
e
�
r
�
 
�
2

�
 

�*�,� 

�t�e� 
�d�s� 

 �� 
�e

�e
� 

�\� �_
�_

�_
�_

�_
�4

� 
�\� 

�e
�e

� 
�4� 

�w
�y� 

�\� 
�\� 

 �� 
 �� 

 �� 
�e

�T
� 
�r�n

� 
�a

� �'� 

�!� 
�
t
�
d
�
 �n

�e
� 

�(�e�s�e�p� �e�s�e�g�)� �j�e�e�)� �0�¢� �=� �4�g� 
�1�0�9�}�5�1� 

�=�!� 
� � 

�
 
�
 

�9�1



� � �
 
�
 

�
 
�
 

�
 
�
 

� � � � � � 
� � 

� � � � 
�
 
�
 � � 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�\� 
�i� �m

�a�w
� 

�e
�w

�e
� 

�
d

�
e

�
e

�
 

�h
�e

�e
� 

�t� 
�i� 

�'� 
�'� 

�1� 
�t�  �� 

�@
� 

�e� 
�e� 

�e� 

�§� 

�f�i� 

�}�8�8�}� �0�9� �=� �i�g� 

�~
�~

� �4
� 

�\� 
�\� 

 �� 
�\� 

�\� 
�\� 

�1� 
�c� 

�\� 
�\� 

 �� 
�!� 

�\� 
�\� 

 �� 
�\� 

�'� 
�\� 

�\� 
�\� 

�\� 
�'� 

�\� 
 �� 

 �� 
�\� 

�:� 
�v� 

�'� 
 �� 

 �� 
�\� 

�\� 
�r�)� 

�\� 
�@

� 
�\� 

�e
� 

�\� 
�\� 

 �� 
 �� 

�\� 
�v� 

�e� 
�\� 

�V� 
�V� 

�'� 
�A� 

 �� 
�\� 

 �� 
�'� 

�\� 
�\� 

�v� 
�v� 

�t� 
�y� 

�v� 
�v� 

�v� 
�Q� 

�\� 
�u� 

�\� 
�v� �\� 

�e
�e

� 
�;� 

�'� 
�F� 

�\� 
�q� 

�!� 
�q� 

�y� 
�q� �«� �q� �f� 

�@
� 

�@
� 

� � � � � � � � � � 
�
 
�
 

�(�a�s�e�g� �e�s�e�g�)� �1�9�9�;� �0�¢� �=�!�q� � � 
�
 
�
 

�u�o�n�o�w
� 

�A
�p�o�g� 

�p�i�b�i�y� �j�o� �s�j�u
�a

�U
�O

�d
�W

�O
�d

� 
�8�4�}� �J�O� �|�e�A

�O
�W

�O
�!� 

�u�O
�o�d�n� 

�s�j�u�s�w
�e�}�z� 

�j�l�O�S� �j�o� �d�n�o�i�s� �p�a�y�o�a�j�a�s� 
�e� �j�o� �u

�o
�e

�u
�n

�B
�y�u

�0
�g

� 
�p�e�w

�u�o�j�e�g� 
�-� �1�7 �� �s�u�n�B�i�4� 

�
 
�
 

� � � � � � � 

�W
�i�t� 
�
 
�
 

�E
�d�a�d� �b�e�a�d� 
�T

�I�T
� 

�S
�e

�n
�e

�n
�s

�e
�n

�e
�c

�e
�u

�a
�n

�t� 
�
V

�
I
�
A

�
L

�
 

� � � � 

� � 
�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 � � 

�V
�A

�A
�A

�A
�L

�A
�L

�L
�L

�L
� 

�L
�L

� 

� � � 

�
 
�
 

� � 
� � 

�p�e�u�e�y�e�p� 
�U

�M
�O

�U
�S

� 
�S�I� 

�s�j�u�s�W
�E�|�y� 

�J�O� �d�n�o�l�s�y� �p�e�y�e�j�e�s� 
� � 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�j�u�s�W
�e�|�z� 

�p�e�l�l�e� 
�e� 

�Y
�S

�E
�W

� 
�P

�e�W
�W

�O
�j�e�g� 
�-�-�-�-�-�-�-�-�-�-�-� 

�y�s�e�W
� 

�p�e�w
�J�s�o�j�y�o�p�u�n� 

�:� �p�u�e�h�e�7� 

�.� 
 �� 

�e
� 

�\� 
�°

� 
�\� 

�e
� 

 �� 

�0
� 

�e� 
�,� 

�@
� 

�e� 
�e� 

�i� 
�@� 

�|� 
�e� 

� � 
� � 

� � 
� � 

� � � � 
�
 
�
 

�y�e�a�s�,� �=�4�q� � � 
�
 
�
 

�9�2



�S�8�S�S�3�a�1�]�J�S� 
�e�S�s�e�g� 

�U
�O

� 

�|�l�O�S� �u�o�l�F�e�p�u�N
�O

�o� 
�e�y�}� �J�O� �Y�I�d�a�q� �e�y�}� �B�u�l�A�u�e�A� 

�J�o� �y�a�y�;� �-� �Z�2�'�y� �e�u�n�B�i�4� 

�(�q�)� 
�(�4�)� �I�t�e�m� �O�U�}� �J�O� �G�0�}� �E�Y�}� �W

�O
�Y� 
�a�o�u�e�\�s�i�G� 

�
 
�
 

�
 
�
 

� � 

�8
�8

�}� �0
�9

� �=� �i�g� 
�
a
�
 

�(�e�s�e�9� �e�s�e�g�)� �1�0�9�)� �o�¢� �=�4�q� 
�w

�e�s�,� �=�4�q� 

�
 
�
 � � 

�
 
�
 

�(�e�)� 

�(�y�)� �e�M
� �a�l�y� �J�O� �G�0�}� �E�U�}� �W�W�O�Y� 

�e�o�U�E�}�S�I�q� 

�
 
�
 

�\� 
�\� 

�u�o�j�s�u�e� 
�|� 

�A� 
�
 
�
 

�
 
�
 

�\� 
�n

�e
� 

�u
�o

�j�s�s�e
�s�d

�w
�o

�s� 
�y� 

�(�j�s�)� �S�S�e�S� �J�e�a�Y�U�S� 

�(�e�s�e� �e�s�e�g�)� �1�9�9�;� �0�¢� �=�4�q� 
�W

�O�}� �G�p� �H
�I�G

� 

� � � � � � � � � 
�
 
�
 

�o� �o�r� �©� �0�)� �F�F� �M�O� �N� 

�(�J�s�}�)� �S�S�O�I�I�S� �J�E�W�J�I�O�N� 

�9�3



�E�F�F�E�C�T�S� �O�F� �V�A�R�Y�I�N�G� �T�H�E� �H�E�I�G�H�T� �O�F� �T�H�E� �R�E�T�A�I�N�I�N�G� �W�A�L�L� 

�F�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �v�a�r�y�i�n�g� �t�h�e� �r�e�t�a�i�n�i�n�g� 

�w�a�l�l� �h�e�i�g�h�t� �(�H�)�,� �w�h�i�l�e� �k�e�e�p�i�n�g� �t�h�e� �b�a�s�e� �w�i�d�t�h� �(�B�)� �a�n�d� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�a�l�l� �(�B�,�)� 

�c�o�n�s�t�a�n�t�.� �F�o�u�r� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �h�e�i�g�h�t�s� �e�q�u�a�l� �t�o� �4�5�,� �3�6�,� �3�0� �(�t�h�e� 

�B�a�s�e� �C�a�s�e�)� �a�n�d� �1�5� �f�e�e�t�.� �F�o�r� �a� �b�a�s�e� �w�i�d�t�h� �B� �e�q�u�a�l� �t�o� �1�8� �f�e�e�t�,� �t�h�e�s�e� �w�a�l�l� �h�e�i�g�h�t�s� �w�o�u�l�d� 

�c�o�r�r�e�s�p�o�n�d� �t�o� �B�/�H� �v�a�l�u�e�s� �o�f� �0�.�4�,� �0�.�5�,� �0�.�6� �a�n�d� �1�.�2�.� 

�T�h�e� �m�e�s�h�e�s� �u�s�e�d� �f�o�r� �t�h�e�s�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �Y�-�c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� 

�n�o�d�a�l� �p�o�i�n�t�s� �a�b�o�v�e� �t�h�e� �g�r�o�u�n�d� �l�e�v�e�l� �b�y� �s�c�a�l�i�n�g� �f�a�c�t�o�r�s� �t�o� �i�n�c�r�e�a�s�e� �o�r� �d�e�c�r�e�a�s�e� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� 

�w�a�l�l�,� 

�T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �f�o�r� �t�h�e�s�e� �f�o�u�r� �c�a�s�e�s� 

�a�r�e� �g�i�v�e�n� �i�n� �F�i�g�.� �4�.�2�3�.� �I�t� �c�a�n� �b�e� �c�l�e�a�r�l�y� �s�e�e�n� �t�h�a�t� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �b�e�c�o�m�e� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �a�s� 

�t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �i�s� �i�n�c�r�e�a�s�e�d� �(�o�r�,� �a�s� �B�/�H� �b�e�c�o�m�e�s� �s�m�a�l�l�e�r�)�.� �I�t� �m�a�y� �a�l�s�o� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� 

�f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �t�w�o� �t�a�l�l�e�r� �w�a�l�l�s� �a�r�e� �s�u�f�f�i�c�i�e�n�t�l�y� �e�x�t�e�n�s�i�v�e� �t�o� 

�b�r�i�n�g� �t�h�e� �w�a�l�l� �t�o� �a�  ��f�a�i�l�u�r�e �� �s�t�a�t�e�.� 

�F�i�g�.� �4�.�2�4� �s�h�o�w�s� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�e� �s�a�m�e� �f�o�u�r� �c�a�s�e�s�,� �a�l�s�o� �a�t� �t�h�e� �e�n�d� �o�f� 

�b�a�c�k�f�i�l�l�i�n�g�.� �T�w�o� �d�i�s�t�r�i�b�u�t�i�o�n�s� �w�e�r�e� �p�l�o�t�t�e�d� �t�o�g�e�t�h�e�r� �f�o�r� �e�a�c�h� �c�a�s�e�.� �O�n�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�r�r�e�s�p�o�n�d�s� 

�t�o� �t�h�e� �r�e�s�u�l�t�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d� �a�n�d� �t�h�e� �o�t�h�e�r� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d� 

�u�s�i�n�g� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�.� �F�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �t�h�e�r�e� �i�s� �g�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� 

�t�h�e� �t�w�o� �s�e�t�s� �o�f� �r�e�s�u�l�t�s�,� �N�o�t�e�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �i�n� �t�h�e� �c�a�s�e�s� �w�h�e�r�e� �f�a�i�l�u�r�e� �o�c�c�u�r�r�e�d� �p�r�i�o�r� �t�o� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d� �(�B�/�H� �e�q�u�a�l� �t�o� �0�.�4� �a�n�d� �B�/�H� �e�q�u�a�l� �t�o� �0�.�5�)� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� 

�d�i�s�t�r�i�b�u�t�i�o�n�s� �f�r�o�m� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �w�e�r�e� �j�a�g�g�e�d� �a�n�d� �e�r�r�a�t�i�c�,� �a�s� �w�a�s� �n�o�t�e�d� �e�a�r�l�i�e�r�.� 

�T�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �w�i�d�t�h�s� �(�B�,�/�B�)� �f�o�r� �b�o�t�h� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� 
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�a�n�a�l�y�s�e�s� �a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �4�.�1�.� �N�o�t�e� �t�h�a�t� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�i�s�,� �w�h�i�c�h� �i�m�p�l�i�c�i�t�l�y� 

�a�s�s�u�m�e�s� �a� �r�i�g�i�d� �f�o�u�n�d�a�t�i�o�n�,� �y�i�e�l�d�s� �s�m�a�l�l�e�r� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a�s� �t�h�a�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �i�n� 

�c�a�s�e�s� �w�h�e�n� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �r�e�s�u�l�t� �i�n� �a�n� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �w�i�d�t�h� �l�e�s�s� �t�h�a�n� �1�0�0� 

�p�e�r�c�e�n�t�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �e�v�e�n� �w�i�t�h� �a� �s�h�o�r�t�,� �s�t�o�c�k�y� �w�a�l�l� �a�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �f�i�f�t�e�e�n�-� 

�f�o�o�t� �h�i�g�h� �w�a�l�l�,� �s�o�m�e� �p�a�r�t�s� �o�f� �t�h�e� �b�a�s�e� �s�t�i�l�l� �l�o�s�e� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�i�s�.� �I�t� �i�s� �t�h�e� �o�p�i�n�i�o�n� �o�f� �t�h�e� �w�r�i�t�e�r�s� �t�h�a�t� �t�h�i�s� �l�o�s�s� �o�f� �c�o�n�t�a�c�t� �i�s� 

�m�e�r�e�l�y� �a�n� �a�r�t�i�f�a�c�t� �o�f� �t�h�e� �a�s�s�u�m�e�d� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �a�p�p�l�i�e�d� �i�n� �o�r�d�e�r� �t�o� �s�i�m�u�l�a�t�e� �c�o�n�s�t�r�u�c�t�i�o�n� 

�o�f� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l�.� �T�h�i�s� �a�s�s�u�m�e�d� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �h�a�d� �a� �v�a�l�u�e� �o�f� �z�e�r�o� �a�t� �t�h�e� �h�e�e�l�,� �a� 

�c�o�n�d�i�t�i�o�n� �w�h�i�c�h� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �c�o�n�t�a�c�t� �i�n� �t�h�a�t� �a�r�e�a� �d�u�r�i�n�g� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�k�f�i�l�l� �l�o�a�d�s�.� 

�T�h�e� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�r�o�m� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s�,� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�2�5�,� 

�i�n�d�i�c�a�t�e� �a� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �t�o�  ��s�m�o�o�t�h� �o�u�t �� �a�n�d� �b�e� �m�o�r�e� �u�n�i�f�o�r�m� �a�s� �B�/�H� �i�n�c�r�e�a�s�e�s�.� 

�I�n� �t�h�r�e�e� �o�f� �t�h�e� �a�n�a�l�y�s�e�s� �(�B�/�H� �e�q�u�a�l� �t�o� �0�.�4�,� �0�.�6� �a�n�d� �1�.�2�)�,� �t�h�e�r�e� �i�s� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�h�e�a�r� 

�s�t�r�e�s�s�e�s� �i�n� �t�h�e� �a�r�e�a� �w�h�e�r�e� �t�h�e� �w�a�l�l� �b�a�s�e� �b�e�g�i�n�s� �t�o� �s�e�p�a�r�a�t�e� �f�r�o�m� �t�h�e� �f�o�u�n�d�a�t�i�o�n�.� 

�T�h�e� �m�a�x�i�m�u�m� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �d�u�r�i�n�g� �b�a�c�k�f�i�l�l�i�n�g�,� �A�/�H�,� �w�e�r�e� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e�,� �F� �S�p�e�a�r�i�n�g�,� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �a�n�a�l�y�s�e�s� �i�n� �F�i�g�.� 

�4�.�2�6�.� �A�s� �e�x�p�e�c�t�e�d�,� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �p�r�i�o�r� �t�o� �b�a�c�k�f�i�l�l�i�n�g� �i�s� �h�i�g�h�e�r� �f�o�r� �t�h�e� �s�t�o�c�k�i�e�r� 

�w�a�l�l�s�,� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�i�g�h�e�r� �v�a�l�u�e�s� �o�f� �t�h�e� �a�s�p�e�c�t� �r�a�t�i�o� �B�/�H�.� �H�o�w�e�v�e�r�,� �e�v�e�n� �i�f� �e�a�c�h� �w�a�l�l� �h�a�d� �a� 

�d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �v�a�l�u�e� �o�f� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y�,� �f�r�o�m� �t�h�e� �f�i�g�u�r�e� �i�t� �s�e�e�m�s� �t�h�a�t� �t�h�e� �A�/�H� �v�e�r�s�u�s� 

�F�S�b�e�a�r�i�n�g� �C�u�r�v�e�s� �c�o�n�v�e�r�g�e� �o�n�c�e� �t�h�e� �w�a�l�l� �b�e�g�i�n�s� �t�o� �m�o�v�e� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�.� �T�h�i�s� 

�c�o�n�v�e�r�g�e�n�c�e� �c�a�n� �b�e� �s�e�e�n� �i�n� �t�h�e� �c�u�r�v�e�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �r�u�n�s� �F�O�L�I�A�,� �F�O�L�6�B� �A�N�D� �F�O�L�E�6�C�.� 

�V�a�l�u�e�s� �o�f� �A�/�H� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �c�e�r�t�a�i�n� �v�a�l�u�e�s� �o�f� �F�S�p�e�a�r�i�n�g� �c�a�n� �b�e� �r�e�a�d� �f�r�o�m� �t�h�e� �c�o�n�v�e�r�g�i�n�g� 

�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �c�u�r�v�e�s�.� �A�/�H� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�0�5� �f�o�r� �F�S�p�e�g�r�i�n�g� �e�q�u�a�l� �t�o� �2�.�0� �a�n�d� �i�n�c�r�e�a�s�e�s� �t�o� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�1�5� �f�o�r� �F�S�p�t�e�a�r�i�n�g� �e�q�u�a�l� �t�o� �1�.�5�.� �A�/�H� �v�a�l�u�e�s� �i�n�c�r�e�a�s�e� �v�e�r�y� �r�a�p�i�d�l�y� �a�s� 

�F�S�p�e�a�r�i�n�g� �2�p�p�r�o�a�c�h�e�s� �u�n�i�t�y�.� 
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�U�s�i�n�g� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �t�h�e�o�r�y� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�,� �c�u�r�v�e�s� �t�h�a�t� �s�h�o�w� 

�t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �F�S�t�e�g�r�i�n�g� �a�n�d� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �f�o�r� �t�h�e� �f�o�u�r� �c�a�s�e�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d�.� 

�T�h�e�s�e� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�2�7�.� �N�o�t�e� �t�h�a�t� �t�h�e� �c�u�r�v�e�s� �f�o�r� �B�/�H� �e�q�u�a�l� �t�o� �0�.�4� �a�n�d� �0�.�5� �c�r�o�s�s�e�d� �t�h�e� 

�h�o�r�i�z�o�n�t�a�l� �f�a�i�l�u�r�e� �l�i�n�e�.� �A�s� �m�e�n�t�i�o�n�e�d� �p�r�e�v�i�o�u�s�l�y�,� �a�n�a�l�y�s�e�s� �o�f� �t�h�e�s�e� �s�a�m�e� �t�w�o� �c�a�s�e�s� �u�s�i�n�g� �t�h�e� 

�f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �w�a�l�l� �f�a�i�l�u�r�e�.� �B�o�x�e�s� �w�e�r�e� �s�u�p�e�r�i�m�p�o�s�e�d� �o�n� �t�h�e� �A�/�H� �v�e�r�s�u�s� 

�b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �c�u�r�v�e�s� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �f�i�n�i�t�e� �e�l�e�m�e�n�t� 

�a�n�a�l�y�s�e�s�.� �I�t� �m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �b�o�x� �f�o�r� �B�/�H� �e�q�u�a�l� �t�o� �0�.�4� �p�l�o�t�t�e�d� �v�e�r�y� �n�e�a�r� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� 

�i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �A�/�H� �v�e�r�s�u�s� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �c�u�r�v�e� �c�r�o�s�s�e�d� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �f�a�i�l�u�r�e� �l�i�n�e�,� �i�n�d�i�c�a�t�i�n�g� 

�t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�w�o� �m�e�t�h�o�d�s� �o�f� �a�n�a�l�y�s�i�s� �u�s�e�d� �w�e�r�e� �v�e�r�y� �c�l�o�s�e�.� �T�h�e� �s�a�m�e� �i�s� �t�r�u�e� �f�o�r� �B�/�H� 

�e�q�u�a�l� �t�o� �0�.�5�.� 

�E�F�F�E�C�T�S� �O�F� �T�H�E� �V�A�R�Y�I�N�G� �T�H�E� �W�I�D�T�H� �O�F� �T�H�E� �W�A�L�L� �B�A�S�E� 

�I�n� �t�h�e� �a�n�a�l�y�s�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�,� �t�h�e� �h�e�i�g�h�t�s� �o�f� �t�h�e� �w�a�l�l�s� �w�e�r�e� �v�a�r�i�e�d� 

�w�h�i�l�e� �t�h�e� �b�a�s�e� �w�i�d�t�h� �r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t�.� �I�n� �t�h�e� �a�n�a�l�y�s�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �t�h�e� �w�a�l�l� 

�h�e�i�g�h�t� �w�a�s� �k�e�p�t� �c�o�n�s�t�a�n�t� �a�n�d� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �b�a�s�e� �w�a�s� �v�a�r�i�e�d�.� �U�s�i�n�g� �a� �w�a�l�l� �h�e�i�g�h�t� �e�q�u�a�l� �t�o� �3�0� 

�f�e�e�t�,� �t�h�e� �f�o�u�r� �v�a�l�u�e�s� �o�f� �a�s�p�e�c�t� �r�a�t�i�o� �s�t�u�d�i�e�d� �(�0�.�4�,� �0�.�5�,� �0�.�6� �a�n�d� �0�.�7�)� �c�o�r�r�e�s�p�o�n�d� �t�o� �w�a�l�l�s� �w�i�t�h� �b�a�s�e� 

�w�i�d�t�h�s� �e�q�u�a�l� �t�o� �1�2�,� �1�5�,� �1�8� �(�t�h�e� �B�a�s�e� �C�a�s�e� �v�a�l�u�e�)� �a�n�d� �2�1� �f�e�e�t�.� �T�h�e� �r�a�t�i�o� �o�f� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �t�o�p� 

�o�f� �t�h�e� �w�a�l�l� �t�o� �t�h�e� �b�a�s�e� �w�i�d�t�h� �(�B�,�/�B�)� �w�a�s� �k�e�p�t� �c�o�n�s�t�a�n�t�.� 

�T�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�s�h�e�s� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �X�-� 

�c�o�o�r�d�i�n�a�t�e�s� �o�f� �a�l�l� �t�h�e� �n�o�d�a�l� �p�o�i�n�t�s� �i�n� �t�h�e� �m�e�s�h� �u�s�e�d� �f�o�r� �t�h�e� �b�a�s�e� �c�a�s�e� �b�y� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �s�c�a�l�i�n�g� 

�f�a�c�t�o�r�.� 

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �t�r�e�n�d�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �t�h�e� �w�a�l�l� �h�e�i�g�h�t� �w�a�s� �v�a�r�i�e�d� �w�e�r�e� �a�l�s�o� �t�r�u�e� �w�h�e�n� �t�h�e� 

�w�a�l�l� �b�a�s�e� �w�i�d�t�h� �w�a�s� �v�a�r�i�e�d�.� �T�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n�c�l�u�d�e� �:� 
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�(�1�)� �M�o�r�e� �e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�s� �B�/�H� �b�e�c�a�m�e� �s�m�a�l�l�e�r�.� �T�h�i�s� �t�r�e�n�d� �i�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�2�8�.� �I�n� �t�h�i�s� �c�a�s�e�,� �B�/�H� �b�e�c�o�m�e�s� �s�m�a�l�l�e�r� �a�s� �t�h�e� �w�a�l�l� 

�b�a�s�e� �w�i�d�t�h� �i�s� �d�e�c�r�e�a�s�e�d�.� 

�(�2�)� �G�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �n�o�r�m�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� 

�f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�.� �T�h�e�s�e� 

�s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�2�9�.� 

�(�3�)� �T�h�e� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �t�o�  ��s�m�o�o�t�h� �o�u�t �� �a�s� �B�/�H� �i�s� 

�i�n�c�r�e�a�s�e�d� �(�F�i�g� �4�.�3�0�)�.� 

�(�4�)� �T�h�e� �s�a�m�e� �t�e�n�d�e�n�c�y� �o�f� �t�h�e� �F�S�t�e�g�r�i�n�g� �v�e�r�s�u�s� �A�/�H� �c�u�r�v�e�s� �(�F�i�g�.� �4�.�3�1�)� �t�o� 

�c�o�n�v�e�r�g�e� �a�s� �t�h�e� �w�a�l�l� �m�o�v�e�s� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�.� �N�o�t�e� �f�r�o�m� �F�i�g�.� �4�.�3�1� 

�t�h�a�t� �A�/�H� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�0�5� �f�o�r� �F�S�b�e�a�r�i�n�g� �e�q�u�a�l� �t�o� �2�.�0� �a�n�d� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�1�5� �f�o�r� �F�S�p�e�a�r�i�n�g� �e�q�u�a�l� �t�o� �1�.�5�.� 

�(�5�)� �G�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �e�s�t�i�m�a�t�e�s� �o�f� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�t� �f�a�i�l�u�r�e� 

�o�b�t�a�i�n�e�d� �u�s�i�n�g� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �a�n�d� �t�h�o�s�e� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �b�e�a�r�i�n�g� 

�c�a�p�a�c�i�t�y� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s�.� �V�a�r�i�a�t�i�o�n�s� �o�f� �f�a�c�t�o�r� �o�f� 

�s�a�f�e�t�y� �w�i�t�h� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�2�.� 

�(�6�)� �C�o�n�v�e�n�t�i�o�n�a�l� �E�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �y�i�e�l�d�e�d� �l�o�w�e�r� �B�,�/�B� �v�a�l�u�e�s� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �r�e�s�u�l�t�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �F�i�n�i�t�e� �E�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �i�n� �c�a�s�e�s� 

�w�h�e�n� �C�o�n�v�e�n�t�i�o�n�a�l� �E�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �r�e�s�u�l�t� �i�n� �a� �B�,�/�B� �l�e�s�s� �t�h�a�n� �1�0�0� 

�p�e�r�c�e�n�t�.� �B�.�/�B� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �t�w�o� �s�e�t�s� �o�f� �a�n�a�l�y�s�e�s� �a�r�e� �l�i�s�t�e�d� 

�i�n� �T�a�b�l�e� �4�.�2�.� 

�T�h�e� �w�a�l�l�s� �w�i�t�h� �B�/�H� �v�a�l�u�e�s� �e�q�u�a�l� �t�o� �0�.�4� �a�n�d� �0�.�5� �r�e�a�c�h�e�d� �a� �s�t�a�t�e� �o�f� �f�a�i�l�u�r�e� �p�r�i�o�r� �t�o� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s�.� �T�h�e� �b�a�s�e� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �t�h�e�s�e� �t�w�o� �c�a�s�e�s� �a�t� �t�h�e� �e�n�d� 
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�o�f� �b�a�c�k�f�i�l�l�i�n�g� �w�e�r�e� �j�a�g�g�e�d� �a�n�d� �e�r�r�a�t�i�c�,� �a� �c�o�n�d�i�t�i�o�n� �t�h�a�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �o�b�s�e�r�v�e�d� �i�n� �w�a�l�l�s� �t�h�a�t� 

�f�a�i�l�e�d�.� 

�I�t� �i�s� �a�l�s�o� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� �o�f� �t�w�o� �w�a�l�l�s� �w�i�t�h� 

�d�i�f�f�e�r�e�n�t� �d�i�m�e�n�s�i�o�n�s� �b�u�t� �w�i�t�h� �e�q�u�a�l� �a�s�p�e�c�t� �r�a�t�i�o�s� �y�i�e�l�d�e�d� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s�.� �T�h�i�s� �w�a�s� �t�r�u�e� �i�n� 

�p�a�r�t�i�c�u�l�a�r� �o�f� �t�h�e� �s�h�a�p�e� �o�f� �t�h�e� �b�a�s�e� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�n�d� �B�,�/�B� �v�a�l�u�e�s� �o�f� �t�h�e� �w�a�l�l�s� �w�i�t�h� �a�s�p�e�c�t� 

�r�a�t�i�o�s� �(�B�/�H�)� �e�q�u�a�l� �t�o� �0�.�4� �a�n�d� �0�.�5�.� 

�E�F�F�E�C�T�S� �O�F� �T�H�E� �P�R�E�S�E�N�C�E� �O�R� �A�B�S�E�N�C�E� �O�F� �A� �T�O�E� �F�I�L�L� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �a� �t�o�e� �f�i�l�l� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �t�h�i�s� �s�e�t� �o�f� �a�n�a�l�y�s�e�s�.� 

�N�o�d�a�l� �f�o�r�c�e�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �n�i�n�e� �f�e�e�t� �o�f� �t�o�e� �f�i�l�l� �w�e�r�e� �a�p�p�l�i�e�d� �o�n� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �w�a�l�l� �o�p�p�o�s�i�t�e� 

�t�h�e� �b�a�c�k�f�i�l�l� �s�i�d�e�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�3�,� �i�n� �m�u�c�h� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �t�h�a�t� �t�h�e� �n�o�d�a�l� �f�o�r�c�e�s� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �b�a�c�k�f�i�l�l� �w�e�r�e� �a�p�p�l�i�e�d�.� �T�h�e� �w�a�l�l� �i�n� �t�h�i�s� �c�a�s�e� �w�a�s� �3�0� �f�e�e�t� �i�n� 

�h�e�i�g�h�t�.� 

�T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�f�t�e�r� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a�n�a�l�y�s�e�s� 

�w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �t�o�e� �f�i�l�l� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�4�.� �T�h�e� �s�t�a�b�i�l�i�z�i�n�g� �e�f�f�e�c�t� �o�f� �t�h�e� �t�o�e� �f�i�l�l� �i�s� 

�i�m�m�e�d�i�a�t�e�l�y� �a�p�p�a�r�e�n�t�.� �I�t� �m�a�y� �b�e� �n�o�t�e�d� �t�h�a�t� �w�i�t�h� �t�h�e� �t�o�e� �f�i�l�l�,� �n�o� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a� 

�f�a�i�l�e�d�,� �a�n�d� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n� �b�e�n�e�a�t�h� �t�h�e� �h�e�e�l� �w�a�s� �l�e�s�s� �e�x�t�e�n�s�i�v�e�.� �T�h�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e�s�e� 

�o�c�c�u�r�r�e�n�c�e�s� �a�r�e� �:� �(�1�)� �T�h�e� �s�u�r�c�h�a�r�g�e� �d�u�e� �t�o� �t�h�e� �t�o�e� �f�i�l�l� �i�n�c�r�e�a�s�e�s� �t�h�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �(�a�n�d�,� 

�c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �s�t�r�e�n�g�t�h�)� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a�.� �T�h�i�s� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �t�h�e� �b�e�a�r�i�n�g� 

�c�a�p�a�c�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n�.� �(�2�)� �T�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �f�r�o�m� �t�h�e� �t�o�e� �f�i�l�l� �r�e�d�u�c�e�s� �t�h�e� �t�e�n�d�e�n�c�y� 

�o�f� �t�h�e� �w�a�l�l� �t�o� �l�i�f�t� �o�f�f� �d�u�e� �t�o� �t�h�e� �l�a�t�e�r�a�l� �l�o�a�d� �e�x�e�r�t�e�d� �b�y� �t�h�e� �b�a�c�k�f�i�l�l�.� �T�h�i�s� �w�o�u�l�d� �a�l�s�o� �r�e�s�u�l�t� �i�n� 

�i�n�c�r�e�a�s�e�d� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�s� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �a�r�e�a� �b�e�n�e�a�t�h� �t�h�e� �h�e�e�l�.� 

�T�h�e� �b�a�s�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e�s�e� �t�w�o� �a�n�a�l�y�s�e�s� �a�r�e� 
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�s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�5�.� �I�n� �t�h�e� �a�n�a�l�y�s�i�s� �w�i�t�h� �t�h�e� �t�o�e� �f�i�l�l�,� �t�h�e�r�e� �i�s� �a� �l�a�r�g�e�r� �m�a�g�n�i�t�u�d�e� �o�f� �b�o�t�h� �t�h�e� 

�n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a�,� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�a�m�e� �a�r�e�a� �w�i�t�h�o�u�t� �t�h�e� 

�t�o�e� �f�i�l�l�.� �T�h�e�r�e� �w�e�r�e� �n�o� �f�a�i�l�e�d� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y�,� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�s�t�r�e�s�s�e�s� �d�i�d� �n�o�t� �o�c�c�u�r�.� 

�A�n�a�l�y�s�e�s� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �t�o�e� �f�i�l�l� �r�e�s�u�l�t�e�d� �i�n� �a� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a� �(�B�,�/�B�)� �e�q�u�a�l� �t�o� �9�3� 

�p�e�r�c�e�n�t�.� �W�h�i�l�e� �i�t� �s�e�e�m�s� �t�h�a�t� �t�h�e� �t�o�e� �f�i�l�l� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �B�,�/�B�,� �i�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �l�o�s�s� �o�f� 

�c�o�n�t�a�c�t� �i�n� �b�o�t�h� �a�n�a�l�y�s�e�s� �i�s� �n�o�t� �s�o� �m�u�c�h� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �f�o�r�c�e�s� �a�p�p�l�i�e�d� �o�n� �t�h�e� �w�a�l�l� �a�s� �i�t� �i�s� �t�h�e� 

�e�f�f�e�c�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�,� �w�h�i�c�h� �w�a�s� �z�e�r�o� �a�t� �t�h�e� �h�e�e�l�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �t�o�e� �f�i�l�l� �r�e�d�u�c�e�d� �t�h�e� �m�a�x�i�m�u�m� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t� �t�o� �4�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�v�a�l�u�e� �w�i�t�h�o�u�t� �t�h�e� �t�o�e� �f�i�l�l�.� �M�a�x�i�m�u�m� �d�i�s�p�l�a�c�e�m�e�n�t� �(�A�/�H�)� �v�a�l�u�e�s� �c�a�l�c�u�l�a�t�e�d� �w�e�r�e� �:� �0�.�0�1�6�1� �f�o�r� 

�t�h�e� �a�n�a�l�y�s�i�s� �w�i�t�h�o�u�t� �t�h�e� �t�o�e� �f�i�l�l� �a�n�d� �0�.�0�1�3�7� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �w�i�t�h� �t�h�e� �t�o�e� �f�i�l�l�.� 

�E�F�F�E�C�T�S� �O�F� �T�H�E� �M�E�T�H�O�D� �U�S�E�D� �I�N� �S�I�M�U�L�A�T�I�N�G� 

�R�E�T�A�I�N�I�N�G� �W�A�L�L� �C�O�N�S�T�R�U�C�T�I�O�N� 

�P�r�i�o�r� �t�o� �b�a�c�k�f�i�l�l�i�n�g�,� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �l�o�a�d�s� �d�u�e� �t�o� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� 

�r�e�t�a�i�n�i�n�g� �w�a�l�l�.� �T�h�e� �m�e�t�h�o�d� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �e�s�t�a�b�l�i�s�h�e�s� 

�t�h�e� �i�n�i�t�i�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �w�a�l�l� �b�a�s�e� �a�n�d� �t�h�e� �f�o�u�n�d�a�t�i�o�n�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�i�n�i�t�i�a�l� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n�.� �T�w�o� �m�e�t�h�o�d�s� �o�f� �s�i�m�u�l�a�t�i�n�g� �t�h�e� �w�a�l�l� 

�c�o�n�s�t�r�u�c�t�i�o�n� �w�e�r�e� �u�s�e�d�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�w�o� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�m�p�a�r�e�d�.� 

�T�h�e� �f�i�r�s�t� �m�e�t�h�o�d� �o�f� �s�i�m�u�l�a�t�i�n�g� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e�  ��p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p �� 

�m�e�t�h�o�d�.� �T�h�i�s� �m�e�t�h�o�d� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �B�a�s�e� �C�a�s�e� �p�r�o�b�l�e�m� �a�n�d� �a�l�l� �t�h�e� �a�n�a�l�y�s�e�s� 

�d�i�s�c�u�s�s�e�d� �t�h�u�s� �f�a�r�.� �A�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �2�,� �t�h�i�s� �m�e�t�h�o�d� �i�n�v�o�l�v�e�d� �a�p�p�l�y�i�n�g� �p�r�e�s�s�u�r�e� �o�n� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �e�l�e�m�e�n�t�s� �b�e�n�e�a�t�h� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �w�a�l�l�.� �T�h�e� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �t�h�e
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�w�e�i�g�h�t� �o�f� �t�h�e� �w�a�l�l� �a�b�o�v�e� �t�h�e� �i�n�t�e�r�f�a�c�e� �a�n�d� �w�a�s� �a�p�p�l�i�e�d� �w�h�i�l�e� �t�h�e� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �w�a�l�l� �s�t�i�l�l� 

�p�o�s�s�e�s�s� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �a�i�r�.� �A�s� �s�o�o�n� �a�s� �t�h�e� �f�u�l�l� �p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �a�p�p�l�i�e�d�,� �t�h�e� �w�a�l�l� 

�e�l�e�m�e�n�t�s� �w�e�r�e� �a�s�s�i�g�n�e�d� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �h�a�r�d�e�n�e�d� �c�o�n�c�r�e�t�e�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �p�r�e�v�e�n�t�s� �s�o�i�l�-� 

�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �f�r�o�m� �t�a�k�i�n�g� �p�l�a�c�e� �a�n�d� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �a�n�d� 

�f�o�u�n�d�a�t�i�o�n�.� 

�T�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e�  ��e�l�e�m�e�n�t� �b�u�i�l�d�u�p �� �m�e�t�h�o�d�.� �I�n� �t�h�i�s� �m�e�t�h�o�d�,� 

�r�e�t�a�i�n�i�n�g� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n� �w�a�s� �s�i�m�u�l�a�t�e�d� �b�y� �a�s�s�i�g�n�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �f�l�u�i�d� �c�o�n�c�r�e�t�e� �t�o� �t�h�e� 

�e�l�e�m�e�n�t�s� �t�h�a�t� �m�a�k�e� �u�p� �t�h�e� �w�a�l�l�,� �l�a�y�e�r� �b�y� �l�a�y�e�r�.� �A�f�t�e�r� �p�l�a�c�e�m�e�n�t�,� �t�h�e� �e�l�e�m�e�n�t�s� �i�n� �a� �l�a�y�e�r� �w�e�r�e� 

�a�s�s�i�g�n�e�d� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �h�a�r�d�e�n�e�d� �c�o�n�c�r�e�t�e� �t�o� �s�i�m�u�l�a�t�e� �c�o�n�c�r�e�t�e� �s�e�t�t�i�n�g�.� �T�h�i�s� �i�s� �d�o�n�e� �p�r�i�o�r� �t�o� 

�t�h�e� �p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �s�u�c�c�e�e�d�i�n�g� �l�a�y�e�r�.� �A� �t�o�t�a�l� �o�f� �e�l�e�v�e�n� �l�a�y�e�r�s� �w�a�s� �u�s�e�d� �t�o� �b�u�i�l�d� �u�p� �t�h�e� �w�a�l�l�.� 

�I�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p� �m�e�t�h�o�d� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �p�a�r�a�g�r�a�p�h�,� �t�h�e�r�e� �w�i�l�l� �b�e� 

�s�o�i�l�-�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� �i�n� �t�h�i�s� �m�e�t�h�o�d� �o�f� �s�i�m�u�l�a�t�i�n�g� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n�.� 

�T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n� �u�s�i�n�g� �t�h�e�s�e� �t�w�o� �m�e�t�h�o�d�s� 

�a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�6�.� �B�o�t�h� �a�n�a�l�y�s�e�s� �r�e�s�u�l�t�e�d� �i�n� �f�a�i�l�u�r�e�,� �m�o�s�t�l�y� �n�e�a�r� �t�h�e� �g�r�o�u�n�d� �s�u�r�f�a�c�e� 

�a�d�j�a�c�e�n�t� �t�o� �t�h�e� �e�d�g�e�s� �o�f� �t�h�e� �w�a�l�l�.� �T�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e�s�e� �r�e�g�i�o�n�s� �f�a�i�l�e�d� �p�r�i�m�a�r�i�l�y� �b�e�c�a�u�s�e� �o�f� 

�l�o�w� �c�o�n�f�i�n�i�n�g� �s�t�r�e�s�s�e�s�.� 

�T�h�e� �b�a�s�e� �s�t�r�e�s�s�e�s� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�7�.� �U�s�i�n�g� �t�h�e� 

�p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p� �m�e�t�h�o�d�,� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s�e�s� �o�n� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �w�e�r�e� �e�q�u�a�l� �t�o� �t�h�e� 

�p�r�e�s�s�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �t�h�a�t� �w�a�s� �a�p�p�l�i�e�d�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�7�(�a�)�.� �U�s�i�n�g� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� 

�m�e�t�h�o�d�,� �s�o�i�l�-�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� �w�e�r�e� �m�a�n�i�f�e�s�t�e�d� �i�n� �t�h�e� �f�o�r�m� �o�f�  ��s�p�i�k�e�s �� �i�n� �t�h�e� �n�o�r�m�a�l� 

�s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �(�F�i�g�.� �4�.�3�7�(�a�)�)�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �a�r�e�a�s� �b�e�n�e�a�t�h� �t�h�e� �e�d�g�e�s� �o�f� �t�h�e� �w�a�l�l�.� �T�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �t�h�e�s�e�  ��s�p�i�k�e�s �� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �l�a�r�g�e� �s�t�r�e�s�s�e�s� �t�h�a�t� �e�l�a�s�t�i�c� �t�h�e�o�r�y� �p�r�e�d�i�c�t�s� �a�t� �t�h�e� �e�d�g�e�s� 

�o�f� �a� �r�i�g�i�d� �p�u�n�c�h� �o�n� �a�n� �e�l�a�s�t�i�c� �h�a�l�f�-�s�p�a�c�e�.� �S�o�i�l�-�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� �i�n� �t�h�e� �e�l�e�m�e�n�t� 

�b�u�i�l�d�u�p� �m�e�t�h�o�d� �a�r�e� �a�l�s�o� �e�v�i�d�e�n�t� �i�n� �t�h�e� �r�e�s�u�l�t�i�n�g� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�,� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�7�(�b�)�.� 

�T�h�e� �s�h�e�a�r� �s�t�r�e�s�s� �i�n� �t�h�i�s� �c�a�s�e� �v�a�r�i�e�d� �f�r�o�m� �-�1�.�8� �t�o� �+� �1�.�0� �k�s�f�.� �F�o�r� �t�h�e� �p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p� �m�e�t�h�o�d�,� �t�h�e� 
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�s�h�e�a�r� �s�t�r�e�s�s� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �e�q�u�a�l� �t�o� �z�e�r�o� �e�v�e�r�y�w�h�e�r�e� �a�l�o�n�g� �t�h�e� �b�a�s�e�.� 

�T�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�f�t�e�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�8�.� 

�I�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �a�r�e� �m�u�c�h� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �w�h�e�n� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� 

�c�o�n�s�t�r�u�c�t�i�o�n� �i�s� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� �m�e�t�h�o�d�.� �T�h�i�s� �i�s� �t�r�u�e� �p�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �t�h�e� 

�a�r�e�a� �b�e�n�e�a�t�h� �t�h�e� �t�o�e�.� �T�h�e� �s�y�s�t�e�m�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� �y�e�t� �i�n� �a�  ��f�a�i�l�u�r�e �� �s�t�a�t�e�.� �T�h�i�s� �m�o�r�e� �e�x�t�e�n�s�i�v�e� 

�f�a�i�l�u�r�e� �r�e�g�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� �m�e�t�h�o�d� �r�e�s�u�l�t�e�d� �i�n� �a� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e� �o�f� �A�/�H� 

�e�q�u�a�l� �t�o� �0�.�0�4�8�1�,� �a�b�o�u�t� �t�h�r�e�e� �t�i�m�e�s� �t�h�e� �v�a�l�u�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �p�r�e�s�s�u�r�e� 

�b�u�i�l�d�u�p� �m�e�t�h�o�d�,� �w�h�i�c�h� �i�s� �e�q�u�a�l� �t�o� �0�.�0�1�6�1�.� 

�T�h�e� �b�a�s�e� �s�t�r�e�s�s�e�s� �a�t� �t�h�e� �e�n�d� �o�f� �b�a�c�k�f�i�l�l�i�n�g� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.�3�9�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� 

�f�r�o�m� �F�i�g�.� �4�.�3�9�(�a�)� �t�h�a�t� �t�h�e�  ��s�p�i�k�e �� �p�r�e�s�e�n�t� �i�n� �t�h�e� �n�o�r�m�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �a�f�t�e�r� �t�h�e� �w�a�l�l� 

�c�o�n�s�t�r�u�c�t�i�o�n� �w�h�i�c�h� �e�m�p�l�o�y�e�d� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� �m�e�t�h�o�d� �i�s� �s�t�i�l�l� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �a�f�t�e�r� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�u�l�l� �b�a�c�k�f�i�l�l� �l�o�a�d�s�.� �T�h�e� �s�o�i�l�-�s�t�r�u�c�t�u�r�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �u�s�e� 

�o�f� �t�h�i�s� �m�e�t�h�o�d� �a�r�e� �a�l�s�o� �e�v�i�d�e�n�t� �i�n� �t�h�e� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �a�f�t�e�r� �b�a�c�k�f�i�l�l�i�n�g�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� 

�4�.�3�9�(�b�)�.� �T�h�i�s� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �s�u�p�e�r�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �i�n�i�t�i�a�l� �n�o�n�-�z�e�r�o� 

�s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �u�s�i�n�g� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� �m�e�t�h�o�d� �(�a�f�t�e�r� �w�a�l�l� �c�o�n�s�t�r�u�c�t�i�o�n�)� �a�n�d� �t�h�e� �s�h�e�a�r� 

�s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �u�t�i�l�i�z�i�n�g� �t�h�e� �p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p� �m�e�t�h�o�d� �a�f�t�e�r� �b�a�c�k�f�i�l�l�i�n�g�.� 

�T�h�e� �r�e�s�i�d�u�a�l� �e�f�f�e�c�t�s� �o�f� �t�h�e�  ��s�p�i�k�e�s �� �a�r�e� �a�l�s�o� �e�v�i�d�e�n�t� �i�n� �t�h�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a�s� �a�t� �t�h�e� �e�n�d� �o�f� 

�b�a�c�k�f�i�l�l�i�n�g�.� �T�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �w�i�d�t�h�s� �a�r�e� �9�3� �p�e�r�c�e�n�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �p�r�e�s�s�u�r�e� �b�u�i�l�d�u�p� 

�m�e�t�h�o�d� �a�n�d� �9�8� �p�e�r�c�e�n�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �e�l�e�m�e�n�t� �b�u�i�l�d�u�p� �m�e�t�h�o�d�.� 

�S�U�M�M�A�R�Y� 

�F�o�l�l�o�w�i�n�g� �l�o�a�d� �a�n�a�l�y�s�e�s� �u�s�i�n�g� �a�n� �u�p�d�a�t�e�d� �v�e�r�s�i�o�n� �o�f� �S�O�I�L�S�T�R�U�C�T� �w�h�i�c�h� �i�n�c�o�r�p�o�r�a�t�e�d� 

�t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �m�a�t�e�r�i�a�l�,� �g�e�o�m�e�t�r�i�c� �a�n�d� �l�o�a�d�i�n�g� 
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�p�a�r�a�m�e�t�e�r�s� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s�.� �I�n� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�i�s� �s�t�u�d�y�,� �i�t� �w�a�s� �f�o�u�n�d� 

�t�h�a�t� �a� �f�a�i�r�l�y� �r�e�l�i�a�b�l�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �o�n� �s�o�i�l� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� 

�b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �s�y�s�t�e�m� �a�s� �a� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �p�r�o�b�l�e�m�.� 

�C�o�n�v�e�n�t�i�o�n�a�l� �e�q�u�i�l�i�b�r�i�u�m� �a�n�a�l�y�s�e�s� �o�f� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s� �i�m�p�l�i�c�i�t�l�y� �a�s�s�u�m�e� �a� �l�i�n�e�a�r� �v�a�r�i�a�t�i�o�n� 

�o�f� �p�r�e�s�s�u�r�e� �a�t� �t�h�e� �b�a�s�e� �w�i�t�h� �t�h�e� �m�a�x�i�m�u�m� �n�o�r�m�a�l� �s�t�r�e�s�s� �a�t� �t�h�e� �t�o�e�.� �I�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� 

�a�n�a�l�y�s�e�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �s�t�r�e�s�s� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �a�s� �a� 

�r�e�s�u�l�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �o�f� �s�o�i�l� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n�.� �T�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s� �b�e�n�e�a�t�h� �t�h�e� �e�d�g�e�s� �o�f� 

�t�h�e� �w�a�l�l� �u�s�u�a�l�l�y� �f�a�i�l� �f�i�r�s�t�,� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �m�a�x�i�m�u�m� �s�t�r�e�s�s�e�s� �u�s�u�a�l�l�y� �d�o� �n�o�t� �o�c�c�u�r� �a�t� �t�h�e� 

�t�o�e�,� �b�u�t� �a�t� �a� �l�o�c�a�t�i�o�n� �s�l�i�g�h�t�l�y� �i�n�s�i�d�e� �t�h�e� �t�o�e� �o�f� �t�h�e� �w�a�l�l�.� 

�S�p�e�c�i�f�i�c� �c�o�n�c�l�u�s�i�o�n�s� �d�r�a�w�n� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�e�s� �a�r�e� �:� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� 

�T�h�e� �b�a�s�e� �c�a�s�e� �p�r�o�b�l�e�m� �w�a�s� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �a�n�d� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n�s� �o�f� �t�h�e� �f�i�n�i�t�e� 

�e�l�e�m�e�n�t� �p�r�o�g�r�a�m� �S�O�I�L�S�T�R�U�C�T�.� �T�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �c�o�n�t�a�i�n�s� �t�h�e� �A�l�p�h�a� �M�e�t�h�o�d� �r�o�u�t�i�n�e� �f�o�r� 

�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �e�l�e�m�e�n�t�s� �a�s� �w�e�l�l� �a�s� �S�e�e�d� �a�n�d� �D�u�n�c�a�n ��s� �(�1�9�8�3�)� �m�o�d�e�l� �f�o�r� �t�h�e� �u�n�l�o�a�d�-�r�e�l�o�a�d� 

�b�e�h�a�v�i�o�r� �o�f� �s�o�i�l�.� 

�T�h�e� �c�o�n�t�r�o�l� �o�f� �o�v�e�r�s�h�o�o�t� �w�a�s� �i�m�p�r�o�v�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� 

�p�r�o�g�r�a�m�.� �T�h�i�s� �i�m�p�r�o�v�e�d� �r�e�s�u�l�t� �a�f�f�e�c�t�e�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s�,� �w�h�i�c�h� �i�n� �t�u�r�n� 

�i�n�f�l�u�e�n�c�e�d� �t�h�e� �b�a�s�e� �n�o�r�m�a�l� �a�n�d� �s�h�e�a�r� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �w�a�l�l� 

�m�o�v�e�m�e�n�t�.� �T�h�e� �a�n�a�l�y�s�e�s� �w�i�t�h� �b�o�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �a�n�d� �t�h�e� �r�e�v�i�s�e�d� �v�e�r�s�i�o�n�s� �o�f� �t�h�e� �p�r�o�g�r�a�m� �i�n�d�i�c�a�t�e� 

�t�h�a�t� �t�h�e� �w�a�l�l� �i�n� �t�h�e� �b�a�s�e� �c�a�s�e� �p�r�o�b�l�e�m� �s�h�o�u�l�d� �b�e� �s�t�a�b�l�e�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �I�n�t�e�r�f�a�c�e� �S�h�e�a�r� �S�t�i�f�f�n�e�s�s�e�s� 
� � 

�A�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �t�h�e� �w�a�l�l�-�f�o�u�n�d�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� 

�s�h�e�a�r� �s�t�i�f�f�n�e�s�s�,� �K�,�.� �R�e�s�u�l�t�s� �f�r�o�m� �t�h�i�s� �s�e�t� �o�f� �a�n�a�l�y�s�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �K�,� �c�a�n� �b�e� �v�a�r�i�e�d� �w�i�t�h�i�n� �a� 

�r�e�a�s�o�n�a�b�l�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �H�o�w�e�v�e�r�,� �i�t� �s�h�o�u�l�d� �b�e� 
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�e�m�p�h�a�s�i�z�e�d� �t�h�a�t� �a�l�t�h�o�u�g�h� �t�h�i�s� �c�o�n�c�l�u�s�i�o�n� �i�s� �v�a�l�i�d� �f�o�r� �f�o�l�l�o�w�i�n�g� �l�o�a�d� �a�n�a�l�y�s�e�s�,� �i�t� �m�a�y� �n�o�t� �b�e� �f�o�r� 

�t�h�e� �c�a�s�e� �w�h�e�n� �t�h�e� �b�a�c�k�f�i�l�l� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �s�o�i�l� �e�l�e�m�e�n�t�s� �r�a�t�h�e�r� �t�h�a�n� �b�y� �n�o�d�a�l� �f�o�r�c�e�s�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �L�a�t�e�r�a�l� �E�a�r�t�h� �P�r�e�s�s�u�r�e� �C�o�e�f�f�i�c�i�e�n�t� 

�T�h�e� �h�o�r�i�z�o�n�t�a�l� �t�h�r�u�s�t� �t�h�a�t� �t�h�e� �b�a�c�k�f�i�l�l� �e�x�e�r�t�s� �o�n� �t�h�e� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �v�a�l�u�e� 

�o�f� �t�h�e� �l�a�t�e�r�a�l� �e�a�r�t�h� �p�r�e�s�s�u�r�e� �c�o�e�f�f�i�c�i�e�n�t�,� �K�,�,� �i�s� �i�n�c�r�e�a�s�e�d�.� �I�n�c�r�e�a�s�i�n�g� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �t�h�r�u�s�t� �t�e�n�d�s� 

�t�o� �c�o�n�c�e�n�t�r�a�t�e� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �t�o�e� �a�r�e�a�,� �d�e�c�r�e�a�s�e�s� �t�h�e� �e�f�f�e�c�t�i�v�e� �b�a�s�e� �c�o�n�t�a�c�t� �a�r�e�a�,� �r�e�s�u�l�t�s� �i�n� �a� 

�m�o�r�e� �e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n� �a�n�d� �i�n�c�r�e�a�s�e�s� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �a�t� �t�h�e� �t�o�p� �o�f� �t�h�e� �w�a�l�l�.� �A� 

�s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� �A�,� �v�a�l�u�e� �c�a�u�s�e�s� �i�n�s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �w�a�l�l�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �P�o�i�s�s�o�n ��s� �R�a�t�i�o� �o�f� �t�h�e� �F�o�u�n�d�a�t�i�o�n� �S�o�i�l� 

�C�h�a�n�g�e�s� �i�n� �t�h�e� �P�o�i�s�s�o�n ��s� �r�a�t�i�o� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �a�f�f�e�c�t�s� �m�a�i�n�l�y� �t�h�e� �l�a�t�e�r�a�l� �s�t�r�e�s�s�e�s� 

�i�n�d�u�c�e�d� �i�n� �t�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s�.� �A� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �v�a�l�u�e� �o�f� �P�o�i�s�s�o�n ��s� �r�a�t�i�o� �r�e�s�u�l�t�e�d� �i�n� �a� �r�e�d�u�c�t�i�o�n� �i�n� 

�t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �c�o�n�f�i�n�i�n�g� �s�t�r�e�s�s�e�s� �a�n�d�,� �c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �e�l�e�m�e�n�t�s�.� 

�A�n�a�l�y�s�e�s� �h�a�v�e� �s�h�o�w�n�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �v�,� �c�a�n� �b�e� �v�a�r�i�e�d� �w�i�t�h�i�n� �a� �r�e�a�s�o�n�a�b�l�e� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� 

�w�i�t�h�o�u�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�i�n�g� �t�h�e� �r�e�s�u�l�t�s�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �R�e�l�a�t�i�v�e� �D�e�n�s�i�t�i�e�s� �o�f� �t�h�e� �F�o�u�n�d�a�t�i�o�n� �S�o�i�l� 

�A�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �w�a�l�l�s� �r�e�s�t�i�n�g� �o�n� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l�s� �w�i�t�h� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�i�e�s� �e�q�u�a�l� 

�t�o� �2�5�,� �5�0�,� �7�5� �a�n�d� �1�0�0� �p�e�r�c�e�n�t�.� �I�t� �w�a�s� �c�o�n�c�l�u�d�e�d� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �a�n�a�l�y�s�e�s� 

�t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�s� �o�f� �m�a�j�o�r� �i�m�p�o�r�t�a�n�c�e� �i�n� �t�h�e� �o�v�e�r�a�l�l� �s�t�a�b�i�l�i�t�y� �o�f� 

�r�e�t�a�i�n�i�n�g� �w�a�l�l�s�.� �F�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�n� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �d�e�v�e�l�o�p�e�d� �m�o�r�e� �r�a�p�i�d�l�y� �a�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �d�e�c�r�e�a�s�e�d�.� �T�h�i�s� �l�e�d� �t�o� �l�o�w�e�r� �f�a�c�t�o�r�s� �o�f� �s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e�.� 

�T�h�e� �w�a�l�l� �d�i�s�p�l�a�c�e�m�e�n�t�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �b�a�c�k�f�i�l�l�i�n�g� �s�t�a�g�e�s�,� �w�h�e�n� �w�a�l�l� 

�m�o�v�e�m�e�n�t� �w�a�s� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �b�a�c�k�f�i�l�l�.� �I�n� �a�l�l� �f�o�u�r� �c�a�s�e�s� �a�n�a�l�y�z�e�d�,� �w�a�l�l� �m�o�v�e�m�e�n�t� �a�w�a�y� 

�f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l� �c�o�m�m�e�n�c�e�d� �w�h�e�n� �t�h�e� �b�a�c�k�f�i�l�l� �h�e�i�g�h�t� �w�a�s� �a�b�o�u�t� �6�0� �t�o� �6�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �w�a�l�l� 
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�h�e�i�g�h�t�.� �B�e�y�o�n�d� �t�h�i�s� �s�t�a�g�e�,� �t�h�e� �w�a�l�l� �m�o�v�e�m�e�n�t�s� �i�n�c�r�e�a�s�e�d� �m�o�r�e� �r�a�p�i�d�l�y� �a�s� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� 

�a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �d�e�c�r�e�a�s�e�d�,� �p�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �s�m�a�l�l�e�r� �r�e�l�a�t�i�v�e� �d�e�n�s�i�t�i�e�s�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �F�o�u�n�d�a�t�i�o�n� �S�o�i�l� �T�h�i�c�k�n�e�s�s�e�s� 

�T�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �i�n� �t�h�e� 

�f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �t�o� �a� �s�m�a�l�l� �d�e�g�r�e�e�.� �B�o�t�h� �e�x�t�r�e�m�e�l�y� �t�h�i�n� �a�n�d� �e�x�t�r�e�m�e�l�y� �t�h�i�c�k� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� 

�l�a�y�e�r�s� �t�e�n�d� �t�o� �h�a�v�e� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s�,� �a�l�t�h�o�u�g�h� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �f�o�r�c�e�s� �t�h�a�t� �c�a�u�s�e� 

�t�h�e� �f�a�i�l�u�r�e�s� �i�s� �d�i�f�f�e�r�e�n�t� �i�n� �t�h�e�s�e� �c�a�s�e�s�.� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �f�a�i�l�u�r�e� �r�e�g�i�o�n�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� 

�a�n�a�l�y�s�e�s� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �t�h�i�c�k�n�e�s�s�e�s�,� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�l�i�g�h�t�,� �a�n�d� �a�s� �s�u�c�h�,� 

�t�h�e�y� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t� �d�i�s�p�l�a�c�e�m�e�n�t�s�,� �b�a�s�e� �s�t�r�e�s�s�e�s� �a�n�d� �t�h�e� �o�v�e�r�a�l�l� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �w�a�l�l�.� 

�I�t� �i�s� �t�h�e�r�e�f�o�r�e� �r�e�a�s�o�n�a�b�l�e� �t�o� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �s�o�i�l� �i�s� �o�f� �m�i�n�o�r� 

�i�m�p�o�r�t�a�n�c�e� �i�n� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �g�r�a�v�i�t�y� �r�e�t�a�i�n�i�n�g� �w�a�l�l�s�.� 

�R�e�s�u�l�t�s� �o�f� �A�n�a�l�y�s�e�s� �o�f� �D�i�f�f�e�r�e�n�t� �W�a�l�l� �D�i�m�e�n�s�i�o�n�s� 

�T�w�o� �s�e�t�s� �o�f� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �w�a�l�l� �d�i�m�e�n�s�i�o�n�s� �a�f�f�e�c�t�e�d� �i�t�s� 

�b�e�h�a�v�i�o�r�.� �I�n� �t�h�e� �f�i�r�s�t� �s�e�t� �o�f� �a�n�a�l�y�s�e�s�,� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �w�a�l�l� �b�a�s�e� �w�a�s� �k�e�p�t� �c�o�n�s�t�a�n�t� �(�B� �=� �1�8� 

�f�e�e�t�)�,� �w�h�i�l�e� �t�h�e� �h�e�i�g�h�t� �w�a�s� �v�a�r�i�e�d� �(�H� �=� �1�5�,� �3�0�,� �3�6� �a�n�d� �4�5� �f�e�e�t�)�.� �I�n� �t�h�e� �s�e�c�o�n�d� �s�e�t� �o�f� �a�n�a�l�y�s�e�s�,� 

�t�h�e� �h�e�i�g�h�t� �w�a�s� �k�e�p�t� �c�o�n�s�t�a�n�t� �(�H� �=� �3�0� �f�e�e�t�)�,� �w�h�i�l�e� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �b�a�s�e� �w�a�s� �v�a�r�i�e�d� �(�B� �=� �1�2�,� �1�5�,� 

�1�8� �a�n�d� �2�1� �f�e�e�t�)�.� �R�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t� �i�t� �i�s� �n�o�t� �s�o�l�e�l�y� �t�h�e� �d�i�m�e�n�s�i�o�n� �B� �o�r� �t�h�e� �d�i�m�e�n�s�i�o�n� �H� �w�h�i�c�h� 

�a�f�f�e�c�t�s� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �w�a�l�l�,� �b�u�t� �r�a�t�h�e�r� �t�h�e� �a�s�p�e�c�t� �r�a�t�i�o� �B�/�H�.� 

�I�n� �g�e�n�e�r�a�l�,� �a� �w�a�l�l� �b�e�c�o�m�e�s� �m�o�r�e� �u�n�s�t�a�b�l�e� �a�s� �B�/�H� �d�e�c�r�e�a�s�e�s�.� �O�n� �a� �m�e�d�i�u�m� �d�e�n�s�e� �s�a�n�d� 

�f�o�u�n�d�a�t�i�o�n�,� �a� �r�e�t�a�i�n�i�n�g� �w�a�l�l� �i�s� �u�n�s�t�a�b�l�e� �f�o�r� �B�/�H� �r�a�t�i�o�s� �o�f� �0�.�5� �o�r� �l�e�s�s� �w�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �l�a�t�e�r�a�l� 

�l�o�a�d�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �K�;�,� �=� �0�.�3�7�.� 

�I�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �t�h�e� �w�a�l�l� �s�t�a�r�t�s� �m�o�v�i�n�g� �a�w�a�y� �f�r�o�m� �t�h�e� �b�a�c�k�f�i�l�l�,� �t�h�e�r�e� �i�s� �a� �u�n�i�q�u�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �f�a�c�t�o�r� �o�f� �s�a�f�e�t�y� �a�g�a�i�n�s�t� �b�e�a�r�i�n�g� �c�a�p�a�c�i�t�y� �f�a�i�l�u�r�e� �a�n�d� �A�/�H�,� �i�n�d�e�p�e�n�d�e�n�t� 
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