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by 
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Charles E. Via Department of Civil Engineering 

(ABSTRACT) 

Recent developments in the philosophy of structural steel design have led 

to design specifications that incorporate second-order geometric effects. The use 

of second-order elastic analysis (SOEA) in the design of structural frameworks 

may lead to more economically designed structures and increased knowledge of 

structural stability. 

The research presented here concerns economy of design between the 

available steel design specifications as they apply to the metal building industry. 

Since these buildings are primarily for industrial use, their optimization suggests 

the use of gabled rigid frames with tapered elements to provide the required load 

Carrying capacity. 

Results of the research indicate that elastic stability considering geometric 

nonlinearity is not a primary concern for these types of frames. Rather, the fully- 

Stressed design approach leads to the optimally designed frame.
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CHAPTER | 

INTRODUCTION 

1.1 Background 

Tapered and Gabled Rigid Framing Systems are manufactured by the 

metal building Industry primarily for light, industrial buildings. The purpose of 

tapering is to optimize the frame cross-sections to develop a fully-stressed 

design. Such a frame is shown in Figure 1.1. The gable is introduced in order to 

slope the roof, allowing free drainage, and to provide vertical clearance where 

necessary. Light industrial buildings are those buildings for which the design Live- 

to-Dead Load ratio (L/D) is greater than five, which is typical with these types of 

building systems. The manufacturer of the frames studied here are those of 

NUCOR Metal Building Systems, hereinafter referred to as NUCOR. These 

systems may be designed in the United States under the provisions of the AISC 

Allowable Stress Design (ASD) Specifications (AISC, 1978 and 1989), the AISC 

Load and Resistance Factor Design (LRFD) Specification (AISC, 1986), the 

Uniform Building Code (UBC) (ICBO, 1988), and the Low Rise Building Systems 

Manual (LRBSM) (MBMA, 19886), along with local requirements where applicable. 

These structures are typically designed with unbraced frames in the in- 

plane direction, and braced frames in the out-of-plane direction. The framing of 

concern in this study are the repetitive primary interior unbraced frames, typically 

spaced at 25 ft. intervals. Unbraced frames are those types of frames that
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depend on their own flexural stiffness for lateral stability. All of the frames involved 

in this study are unbraced. 

Local effects due to concentrated loads, end frames, post-buckling shear 

strength, and out-of-plane behavior are not considered in this study. Rather, the 

repetitive interior frames of these industrial structures are studied, since by 

weight, they comprise the largest portion of the load-resisting system. 

Because a linear, first-order elastic analysis of a structure under 

compression loads does not account for reductions in flexural stiffness, flexural 

stiffness is overestimated and therefore the lateral stability (Figure 1.2). The 

reduction in flexural stiffness or stability is investigated in ASD via a stability 

interaction equation. Since the ASD approach in steel design focuses on 

individual member behavior rather than a system approach, this investigation is 

carried out by the use of an amplification factor on the individual frame 

components. The procedure involves the use of an effective length factor for 

column strength (relating the buckling strength of the column to an equivalent 

pinned-end Euler column). For unbraced, prismatic frames the in-plane effective 

length factor is always equal to or greater than 1.0. This equation attempts to 

estimate the degree of second-order effects in the design moments by an 

amplification factor based on the amount of compressive axial load in the member 

being designed. Similarly, investigation of structural capacity of the individual 

components involves the use of a yielding interaction equation, summing stresses 

on the cross-section. 

By the LRFD Specification, the interaction equations are based on 

combined forces vs. combined strengths, where the design forces in the 

members are at their factored values. The LRFD interaction equations for
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strength are stability-based, since the axial term of the equation is based on the 

nominal compressive strength and not the nominal yield strength. Stresses are 

not calculated in LRFD, since plastification is recognized for flexural design. An 

elastic stress is meaningless if the section strength is above the theoretical yield 

moment. 

1.2 Scope and Purpose of Research 

This study served many functions. First, it investigated the possible use of 

an in-plane effective length factor of 1.0 in the ASD stability interaction equation 

and the LRFD strength interaction equation. This is accomplished by performing 

true second-order analyses under the controlling load combinations and checking 

the interaction equations. Second, since the ASD procedure that the fabricator 

uses was modified recently (AISC, 1989) an attempt to estimate its implications to 

the metal building industry is made. Third, investigation of column and rafter 

stability was performed in order to determine the effective lengths of tapered 

elements, and compared with those available in the tapered column alignment 

charts. Fourth, because of the added difficulties in following the slender cross- 

section design provisions for column, flexural, and interaction behavior, examples 

are provided in Appendix D. Fifth, it was found that critical load combinations had 

not been investigated for multi-span frames. Sixth, a convergence study was 

performed in order to quantify the analysis errors introduced by using prismatic 

elements to model tapered framing. 

The study focuses on the economy of design for two second-order elastic 

formats, using a modified ASD Specification and the LRFD Specification. These 

studies concern behavior and design proposals for the interaction of axial



compression and strong-axis flexure of beam-columns. It is hoped that the use of 

an (in-plane) effective length factor of 1.0 for the interaction behavior can result in 

increased capacities for the range of frames typically designed by NUCOR. There 

are 16 recommendations regarding both the analysis and capacity sides of the 

design equations and further study suggestions. 

The initial proposal for this research involved only an investigation of frame 

design strengths, comparing first and second-order analysis and design formats. 

During the course of the investigation, a significant number of problems appeared 

that warranted further investigation, including but not limited to, flexural design of 

slender-web members and compression design of cross-sections with slender 

elements. These problems are detailed, verified, and discussed as an integral 

part of this thesis. Also, implications of a flange/web local buckling criterion in the 

1989 ASD Specification are analytically discussed. 

1.3 Assumptions 

1.3.1 General Assumptions 

- The 10 symmetric gable frames submitted by NUCOR were designed 

according to the provisions of the 1978 ASD Specification, 1988 Uniform Building 

Code, and 1986 Low Rise Building Systems Manual. 

- Basic design wind load pressures and their distributions are taken from the 

LRBSM, since the UBC provisions are currently being modified at this time by the 

ICBO (ICBO, 1990).



1.3.2 Analysis Assumptions 

- Material is elastic, and remains elastic throughout the loading history. 

- All members are rigidly connected at the joints (ASD: Type |, LRFD Type 

FR). 

- Member lengths are defined by lines passing through their centers-of- 

gravity. 

- Only strong-axis bending is considered, i.e., no biaxial bending is 

introduced from the out-of-plane direction. 

- Their is no initial crookedness or out-of-plumbness in the columns or 

rafters. 

- Maximum moments occur at girt or purlin locations, or at element 

connectivity points. 

- Bernoulli-Euler beam theory (small strains). 

- Static loading governs behavior. 

- Second-Order Elastic Analysis (SOEA) includes both the member (P-s) and 

frame (P-a) effects, under axial compression or tension (Figures 1.3 and 1.4). 

- Basic loads are taken from appropriate design codes and there are no 

special loads or requirements of local codes. 

- Frames are unbraced in the in-plane direction. 

- Frames are braced in the out-of-plane direction. 

- Individual elements of the frame resist the calculated first and second-order 

design moments without local buckling taking place (attainment of the design 

section strength is required in order for the design moments to be correct, since 

unacceptable local buckling will have the effect of load redistribution not 

accounted for in the analysis.
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- Nonlinear member curvature (bowing effect) is neglected in the analyses, 

i.e., the change in member length does not vary with the difference between the 

flexurally bent member and the unioaded member (curvature shortening). 

1.3.3 Capacity Assumptions 

- First-order ASD effective-length factors are taken as 1.5 (In-Plane) and 1.0 

(Out-of-Plane) for columns, and 1.95 (in-Plane) and 1.0 (Out-of-Plane) for rafters. 

- Second-order ASD and LRFD effective-length factors are taken as 1.0 for 

interaction behavior. 

- The 1989 ASD Specification is followed. The 1989 ASD is chosen as future 

NUCOR frame designs will be required to conform to this Specification. 

- The 1986 LRFD Specification is followed. 

- Shear deformation is negligible in the displacement analysis of the section. 

- Inelastic action and the leaning column principle is neglected in the 

determination of capacities.



CHAPTER Il 

LITERATURE REVIEW 

2.1 Overview 

Since first-order elastic analysis overestimates lateral stiffness under the 

action of compressive loads, it is required to assess the magnitude of this 

reduced lateral stiffness. Further, a first-order elastic analysis and a design based 

on a lateral drift limit does not assure adequate lateral stability, since first-order 

analysis completely neglects any axial deformation and decreased bending 

stiffness effects. By the first-order allowable stress design procedure, second- 

order effects are assessed approximately by an amplification factor method. This 

method may be unconservative, especially for unbraced frames (Salmon and 

Johnson 1989). 

Second-order elastic effects are those effects induced by axial loads acting 

through the laterally displaced configuration of a beam-column. Second-order 

elastic analysis considers the geometric changes in the structural assembly, i.e., 

how the displacements and rotations affect the structure as a system. The major 

disadvantage to modeling these geometric changes is the loss of superposition of 

the results. 

Considering these effects results in amplification of first-order analysis 

moments, since the geometric changes create further lateral displacements 

which, in turn, amplify the moments, and sa on. This second-order elastic 

amplification has been assessed by a number of recent researchers, and their 

11
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methods have been recognized by the industry as being accurate and 

appropriate. Because of the second-order effect, equilibrium must be formulated 

on the displaced structural configuration, which is not known in advance, and 

continues to change under the application of the loads. 

The actual response depicted in Figure 1.2 can be most closely followed 

by so-called second-order inelastic analysis, which includes not only nonlinear 

geometrical effects, but also material nonlinearity such as yielding and 

plastification. This type of analysis is being studied at Cornell University and 

Purdue University, although there is no practical method to date of performing 

such an analysis, nor a design specification that recognizes the analysis results. 

Its purpose is to completely eliminate the effective-length procedure of column 

design. 

To assess the magnitude of second-order effects and their implications to 

NUCOR frames, it is necessary to study and implement a second order analysis 

technique. The second-order member effect is caused by the axial loads acting 

through the laterally displaced portion between the ends of the beam-column. 

The second-order frame effect is caused by the axial loads acting through the 

laterally displaced frame as it undergoes a relative translation between member 

ends. Under compressive axial loads, these forces tend to destabilize the 

response of the frame. Under tensile loads, these forces tend to stabilize the 

frame. The magnitude of second-order effects is also dependent on the loading, 

as they increase under proportional loading, and decrease under nonproportional 

loading. As mentioned in Chapter |, in accordance with the ASD approach, 

second-order effects are calculated using an amplification of the elastic first-order
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member moments. These moments are subsequently used in the ASD stability 

interaction equation (Eqn 1.6-1a, 1978 ASD or Eqn. H1-1, 1989 ASD); 

  fa, Gn fb 
Fa (- fa ) Fb (2.1) 

F’p 

where the amplification factor is the term 

Cm 
a. fay (2.2) 

F'e 

where Crm is dependent on loading and end restraints, and F’,g = n-El / (KL)2, 

divided by a factor-of-safety of 23/12. 

Since there is no restriction on this quantity, it is conceivable that this 

amplification factor can be less than one (1.0), attenuating the second-order 

effects. The equation was developed for prismatic cross-sections, utilizing the 

end moments and axial force. It is to be used to define the factor-of-safety 

against buckling of the member between points of support. If used incrementally 

along the length of a beam-column, the writer suggests that it provides a check of 

the factor-of-safety against local buckling but not lateral buckling, especially when 

slender cross-sections are present. 

Note that ASD does not recognize the attenuation of the design moments 

under tensile loads. Rather, only the yielding interaction check is required, based 

on the first-order analysis. Though not usually the governing load combination, 

there is a definite benefit for recognizing this interaction effect. For the purposes
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of this study, attention is given primarily to the interaction with compression, as it 

is the most commonly occurring state for the design of NUCOR frames. 

The LRFD second-order analysis approach involves the use of dual 

amplification factors, one for member effects and one for frame effects. Again, 

these equations were developed for prismatic, rectangular geometry, not 

necessarily applicable for use with tapered members. The LRFD method requires 

two analyses to be performed for each load combination. The procedure is 

outlined as follows: 

- Analyze structure with fictitious floor level restraints that resist lateral 

displacement of the structure; 

- From this analysis, obtain the maximum member moments (Mnt) and the 

lateral forces at the fictitious supports required to resist lateral translation; 

- Perform an analysis applying only the lateral forces found at the fictitious 

supports (in the reverse direction); 

- From this second analysis, obtain the maximum member moments (Mijj); 

- Calculate amplification factors for each of the moments found in Steps 2 

and 4, by use of the LRFD Specification Equations for B; and Boa, respectively; 

- Calculate the ultimate moments for the member design by summing the 

moments times their respective amplification factors, 

Mu = BiMnt + BoMit (2.3) 

This procedure further assumes that the maximum design moments are 

synergistic, i.e., occur at the same point, a member end. This is not always 

correct, and can be overly conservative. Some of the alternate methods available
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and their applicability are discussed here. From this information, the most 

efficient and general method is chosen. 

2.2 P-Delta Methods 

Under the ASD Specification, recent literature (Adams 1976, Smith 1988) 

states that an unbraced frame may be designed as thought it were a braced 

frame if the analyst uses second order member forces in the design of the 

structure. This means that effective-length factors are less than or equal to 1.0. 

In order to apply the LRFD Specification, second order member forces are 

required for all designs. 

In order to assess the second order effects of structures, the analyst may 

choose any of a number of techniques introduced over the past few years in the 

available technical literature. Each of these techniques has its own advantages 

and disadvantages. Some assess only frame (P-a) effects while others assess 

both frame (P-4) and member (P-s) effects. Some of these second order 

analyses involve modified first-order analyses, and others involve a nonlinear 

Stability function approach to model the geometric changes and decrease in 

frame stiffness under the design loads. A true second-order elastic analysis 

considers both the member and frame effect, though for most practical cases of 

low-rise buildings, the member effect is negligible (Galambos 1968). 

Frame (P-a) Effect Only. The most popular model developed to assess 

the frame (P-a) effect was introduced by Adams (1976). Adams’ sway 

subassemblage model, Figure 2.1 utilizes a method that involves calculating 

additional sway forces (applied at each story) that are calculated based on 

magnitude of the vertical loads and the current lateral displacements. This
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procedure requires iteration, since the structure continues to displace laterally 

under the increased lateral loads, which requires further increases in the lateral 

load. The calculated lateral displacements will converge for most structures, 

although Adams has recognized that his method is unreliable and unconservative 

for very flexible framing. Under these circumstances, the analysis will not 

converge and the structure is regarded as unstable. It should also be noted that 

this model was only intended for prismatic, rectangular geometry. Its applicability 

to tapered and/or non-rectangular geometry has neither been proven nor 

disproven. 

Under the presence of gravity loading only (no lateral loads), Adams 

recommends that the structure be analyzed assuming initial imperfections due to 

out-of-plumbness of the columns or .002h per story. White (1990) reports that a 

statistical model developed to determine the distribution of column out-of- 

plumbness in common building construction is 

Aj = oo ads (2.4) 

where h = story height, n = number of columns in the story, and aj = initial out- 

of-plumbness for story i. This initial imperfection can be introduced into the 

structural model in two ways. First, the out-of-plumbness can be used in a 

computer analysis by specifying the joint coordinates as being geometrically out- 

of-piumb, and then perform a second-order analysis. The second method, more 

suited to hand computation, is to calculate fictitious initial sway forces caused by 

the fictitious initial imperfections, and then perform first-order analysis iterations. 

This procedure is suggested by Adams (1976).
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Though the frame (sway) effect is the most easily quantifiable second- 

order effect, the member (nonsway) effect is more subtle and can outweigh the 

effects of the sway case under high axial loads, since the maximum moment can 

move in-span. The location of the maximum moment under high axial loads is 

explained below. Since Adams’ method does not include the member effect, it is 

required to find a method that can model both effects accurately. These methods 

are discussed next. 

Frame (P-a) and Member (P-5) Effects. Complicating the assessment of 

member P-6 effects is the possibility of the maximum moment not occurring at a 

joint or under a load. Depending on the value of the axial load, the maximum 

moment may move away from the point at which the maximum moment is first 

thought to occur. This effect is shown in Figure 2.2. This behavior is dependent 

on a Stability parameter that varies with the axial load, flexural rigidity, and 

unbraced member length. When 

LG) < 1.0 (2.5) 

the axial force influence accounts for less than five percent of the second-order 

behavior (Galambos 1968). When this parameter is greater than one, it is 

recommended that a complete SOEA be performed, as the response can change 

dramatically with small increases of the applied load. 

Therefore, an analyst must pay close attention to the significance of this 

quantity, as the maximum moment at the joints or under loads may not be the 

correct maximum moment. Chen and Lui (1987) describe a method to calculate 

the location and value of the maximum in-span moment, should the axial loads be
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�a�s�s�i�s�t�a�n�c�e�.� 
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�m�a�t�r�i�x� �s�t�r�u�c�t�u�r�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e�s�e� �p�r�o�c�e�d�u�r�e�s� �u�t�i�l�i�z�e� �t�h�e� �s�t�a�b�i�l�i�t�y� �f�u�n�c�t�i�o�n�s� �c�o�u�p�l�e�d� 

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



�2�2� 

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

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

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

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

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

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

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

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

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

�a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �l�l�l�.� �N�U�C�O�R� �c�u�r�r�e�n�t�l�y� �u�s�e�s� �a� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� �m�a�t�r�i�x�-� 

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

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

�r�e�s�u�l�t�s�.� 

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

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

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

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

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

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

�c�o�r�r�e�c�t�o�r�.� �F�i�g�u�r�e� �2�.�3� �i�s� �a� �g�r�a�p�h�i�c�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�i�s� �a�p�p�r�o�a�c�h�.� �A�s� �s�h�o�w�n� �i�n� �t�h�e� 

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

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

�i�n�i�t�i�a�l�l�y� �u�n�d�e�f�o�r�m�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� �(�T�o�t�a�l�-�L�a�g�r�a�n�g�i�a�n� �m�e�t�h�o�d�)� �a�n�d� �a�c�c�u�r�a�t�e�l�y� 

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

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

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

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

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

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

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

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

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

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

�w�i�t�h� �t�h�e� �i�n�i�t�i�a�l� �s�t�r�u�c�t�u�r�a�l� �m�o�d�e�l� �e�l�e�m�e�n�t�s� �(�W�h�i�t�e� �1�9�9�0�)�.� �A�s� �t�h�e� �d�e�s�i�g�n� �s�t�a�g�e� 

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

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

�A� �d�e�s�i�g�n� �c�r�i�t�e�r�i�o�n� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �(�A�d�a�m�s� �1�9�7�6�,� �L�e�M�e�s�s�u�r�i�e�r� �1�9�7�7�,� 

�S�m�i�t�h� �1�9�8�8�)� �s�u�c�h� �t�h�a�t� �t�h�e� �i�n�-�p�l�a�n�e� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r� �c�a�n� �b�e� �t�a�k�e�n� �a�s� �1�.�0� 

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

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

�a�d�d�i�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �a�t�t�e�m�p�t�i�n�g� �t�o� �u�t�i�l�i�z�e� �K�,� �=� �1�.�0� �h�a�v�e� �a�l�s�o� �b�e�e�n� 

�s�u�g�g�e�s�t�e�d�:� 

�-� �U�n�d�e�r� �A�S�D�,� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�n� �t�h�e� �r�a�t�i�o� �o�f� �f�a�/�F�a�,� �c�a�l�c�u�l�a�t�e�d� �a�t� �a� �f�i�r�s�t�-�o�r�d�e�r� 

�e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h�,� �c�a�n� �b�e� �c�o�n�s�e�r�v�a�t�i�v�e�l�y� �t�a�k�e�n� �a�s� �0�.�8�5� �(�W�h�i�t�e� �1�9�9�0�)�.� �I�n�t�u�i�t�i�v�e�l�y� 

�t�h�e�n�,� �f�o�r� �a�n� �L�R�F�D� �a�p�p�r�o�a�c�h�,� �t�h�e� �P�u�/�¢�P�n� �r�a�t�i�o� �s�h�o�u�l�d� �b�e� �l�i�m�i�t�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�0�.�9�.� �E�x�c�e�p�t� �f�o�r� �t�h�e� �l�o�w�e�r� �h�a�l�f� �o�f� �t�h�e� �t�a�p�e�r�e�d� �c�o�l�u�m�n�s� �o�f� �t�h�e� �f�r�a�m�e�s� �s�t�u�d�i�e�d�,� �t�h�i�s� 

�c�r�i�t�e�r�i�o�n� �s�e�e�m�s� �t�o� �b�e� �m�e�t�.� 

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

�e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r� �o�f� �1�.�0�,� �i�f� �t�h�e� �r�a�t�i�o� �P�,�,�/�P�y� �i�s� �l�e�s�s� �t�h�a�n� �0�.�5� �(�Y�u�r�a� �1�9�8�7�)�.� �T�h�i�s� 

�a�l�s�o� �s�e�e�m�s� �t�o� �b�e� �m�e�t� �g�e�n�e�r�a�l�l�y� �f�o�r� �t�y�p�i�c�a�l� �N�U�C�O�R� �f�r�a�m�e�s�.



�2�5� 

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

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

�t�h�e� �c�o�l�u�m�n� �(�G�a�l�a�m�b�o�s� �1�9�7�6�)�.� �I�t� �i�s� �o�n�l�y� �o�f� �c�o�n�c�e�r�n� �f�o�r� �d�e�e�p� �b�e�a�m�s�.� 

�2�.�3� �B�e�a�m�-�C�o�l�u�m�n� �E�x�a�m�p�l�e�s� 

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

�e�f�f�e�c�t� �e�x�a�m�p�l�e�,� �a�n�d� �s�e�c�o�n�d�,� �a� �s�w�a�y� �e�f�f�e�c�t� �e�x�a�m�p�l�e�.� �I�t� �i�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �m�e�t�h�o�d�s� 

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

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

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

�M�e�m�b�e�r� �E�f�f�e�c�t� �E�x�a�m�p�l�e�.� �G�i�v�e�n� �t�h�e� �b�e�a�m�-�c�o�l�u�m�n� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�4�,� 

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

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

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

�m�e�m�b�e�r� �i�s� �t�y�p�i�c�a�l� �o�f� �t�h�e� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �H�-�s�e�c�t�i�o�n�s� �f�o�u�n�d� �i�n� �t�h�e� �A�I�S�C� �M�a�n�u�a�l�s�,� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �W�1�4�x�9�0� �s�e�c�t�i�o�n�.� �I�t� �i�s� �d�e�s�i�r�e�d� �t�o� �f�i�n�d� �t�h�e� �m�a�x�i�m�u�m� �s�e�c�o�n�d�-�o�r�d�e�r� 

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

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

�s�o�l�u�t�i�o�n� �o�f� �t�h�i�s� �p�r�o�b�l�e�m� �i�s� �g�i�v�e�n� �b�y� �T�i�m�o�s�h�e�n�k�o� �a�n�d� �G�e�r�e� �(�1�9�6�1�)�.� �T�h�e� �l�i�n�e�a�r� 

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

�H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �a�p�p�l�i�c�a�b�l�e� �a�m�p�l�i�f�i�c�a�t�i�o�n� �f�a�c�t�o�r� �(�A�S�D� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� 

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

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

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

�t�h�e� �i�n�c�r�e�a�s�e� �i�n� �m�o�m�e�n�t� �a�t� �c�e�n�t�e�r�-�s�p�a�n� �(�L�e�M�e�s�s�u�r�i�e�r ��s� �m�o�d�e�l� �m�u�s�t� �h�a�v�e� �c�h�o�r�d
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�2�/�7� 

�r�o�t�a�t�i�o�n�)�.� �L�u�i ��s� �m�e�t�h�o�d� �w�i�t�h� �o�n�e� �i�t�e�r�a�t�i�o�n� �(�a�s� �h�e� �s�u�g�g�e�s�t�s�)� �p�r�e�s�e�n�t�s� �a� �l�o�w�e�r� 

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

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

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

�F�r�a�m�e� �E�f�f�e�c�t� �E�x�a�m�p�l�e�.� �S�i�m�i�l�a�r�l�y�,� �g�i�v�e�n� �t�h�e� �c�a�n�t�i�l�e�v�e�r� �b�e�a�m�-�c�o�l�u�m�n� 

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

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

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

�f�o�u�n�d� �i�n� �t�h�e� �A�I�S�C� �M�a�n�u�a�l�s�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �W�1�4�x�9�0� �s�e�c�t�i�o�n�.� �A�g�a�i�n�,� �i�t� �i�s� �d�e�s�i�r�e�d� 

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

�d�i�s�c�u�s�s�e�d� �a�b�o�v�e�.� 

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

�o�f� �t�h�i�s� �p�r�o�b�l�e�m� �i�s� �g�i�v�e�n� �b�y� �T�i�m�o�s�h�e�n�k�o� �a�n�d� �G�e�r�e� �(�1�9�6�1�)�.� �A�l�s�o�,� �a� �l�i�n�e�a�r� �a�n�a�l�y�s�i�s� 

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

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

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

�a�p�p�r�o�a�c�h�e�s� �u�s�e�d� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �s�w�a�y�-�a�m�p�l�i�f�i�c�a�t�i�o�n� �f�a�c�t�o�r�s� �(�t�h�e� �L�R�F�D� 

�E�q�n�.� �H�1�-�5� �(�B�o�)� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �A�d�a�m�s �� �t�h�e�o�r�y�,� �a�n�d� �L�R�F�D� �E�q�n�.� �H�1�-�6� �(�B�o�)� 

�w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �L�e�M�e�s�s�u�r�i�e�r ��s� �a�p�p�r�o�a�c�h�)�.� 

�L�R�F�D� �E�q�u�a�t�i�o�n� �H�1�-�5�:� 

�B�o� �=�  ��_ �� �(�2�.�6�)� 
�1�-� �s�P�u�c�o�h�)
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�L�R�F�D� �E�q�u�a�t�i�o�n� �H�1�-�6�:� 

�1� �(�2�.�7�)� � � 

�L�u�i ��s� �s�o�l�u�t�i�o�n� �w�i�t�h� �o�n�e� �i�t�e�r�a�t�i�o�n� �i�s� �c�l�o�s�e� �t�o� �a� �c�o�r�r�e�c�t� �s�o�l�u�t�i�o�n� �a�g�a�i�n�,� �a�s� �a� 

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

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

�s�y�s�t�e�m� �m�o�d�e�l�.� 

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

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

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

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



�C�H�A�P�T�E�R� �l�i�l� 

�R�I�G�I�D� �F�R�A�M�E� �M�O�D�E�L�I�N�G� 

�3�.�1� �D�e�s�i�g�n� �L�o�a�d�s� 

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

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

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

�t�h�e� �b�u�i�l�d�i�n�g�s� �w�i�l�l� �b�e� �s�u�b�j�e�c�t�e�d�.� �T�o� �a� �l�a�r�g�e� �e�x�t�e�n�t�,� �N�U�C�O�R ��s� �p�r�e�f�a�b�r�i�c�a�t�e�d� 

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

�s�t�r�u�c�t�u�r�a�l� �l�o�a�d�s� �f�o�r� �t�h�i�s� �r�e�g�i�o�n� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �A�N�S�I� �A�5�8�.�1�,�  ��M�i�n�i�m�u�m� �D�e�s�i�g�n� 

�L�o�a�d�s� �f�o�r� �B�u�i�l�d�i�n�g�s� �a�n�d� �O�t�h�e�r� �S�t�r�u�c�t�u�r�e�s�, �� �a�n�d� �t�h�e� �U�n�i�f�o�r�m� �B�u�i�l�d�i�n�g� �C�o�d�e� �(�I�C�B�O� 

�1�9�8�8�)�.� 

�G�r�o�u�n�d� �s�n�o�w� �l�o�a�d�s� �f�o�r� �t�h�i�s� �a�r�e�a� �a�r�e� �t�y�p�i�c�a�l�l�y� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �3�0� �p�s�f� �t�o� �4�0� 

�p�s�f�.� �T�h�e� �b�a�s�i�c� �w�i�n�d� �s�p�e�e�d� �u�s�e�d� �f�o�r� �t�h�e� �d�e�s�i�g�n� �w�i�n�d� �p�r�e�s�s�u�r�e�s� �i�s� �8�0� �m�p�h�.� �T�h�e� 

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

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

�t�a�k�e�n� �f�r�o�m� �t�h�e� �U�B�C� �a�n�d� �t�h�e� �L�R�B�S�M�.� �F�o�r� �t�h�e� �b�a�l�a�n�c�e�d� �a�n�d� �u�n�b�a�l�a�n�c�e�d� �s�n�o�w� 

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

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

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

�T�h�e� �w�i�n�d� �l�o�a�d� �d�i�s�t�r�i�b�u�t�i�o�n�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�2� �a�r�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �L�R�B�S�M�,� �s�i�n�c�e� 

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

�(�I�C�B�O� �1�9�9�0�)�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �t�r�i�b�u�t�a�r�y� �a�r�e�a�s� �o�f� �t�h�e� �p�u�r�l�i�n�s� �a�n�d� �g�i�r�t�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d�,� 
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�C�q� �=� �1�.�0� �C�q�=� �0�.�5� 

� � � � � � � � 
�b�.� �U�n�b�a�l�a�n�c�e�d� �S�n�o�w� �L�o�a�d� 

�K�e�y�:� �- ��-� �O�p�t�i�o�n�a�l� �C�o�l�u�m�n� 
�P�r� �0�.�7�C�a� �P�g� 

�S�n�o�w� �L�o�a�d� �D�i�s�t�r�i�b�u�t�i�o�n�s� 
�1�9�8�8� �U�n�i�f�o�r�m� �B�u�i�l�d�i�n�g� �C�o�d�e� 

�F�i�g�u�r�e� �3�.�1
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�b�.� �W�i�n�d� �C�a�s�e� �#�2� 

�N�o�t�e�:� �q� �=� �0�.�0�0�2�5�6�V�*� �(�3�5� �a�)�!�"� �[�p�s�f�]� 
�H� �=� �E�a�v�e� �H�e�i�g�h�t� �[�f�t�]� 
�V� �=� �W�i�n�d� �S�p�e�e�d� �|�[�m�p�h�|� 

�W�i�n�d� �L�o�a�d� �D�i�s�t�r�i�b�u�t�i�o�n�s� 
�1�9�8�6� �M�B�M�A� �D�e�s�i�g�n� �C�o�d�e� 

�F�i�g�u�r�e� �3�.�2



�3�3� 

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

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

�w�i�n�d� �h�a�v�e� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �U�B�C� �a�n�d� �t�h�e� �L�R�B�S�M�,� �c�r�i�t�i�c�a�l� �l�o�a�d� �c�a�s�e�s� �a�r�e� �t�o� �b�e� 

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

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

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

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

�i�s� �b�e�t�t�e�r� �d�e�f�i�n�e�d� �b�y� �t�h�e� �L�R�F�D� �a�p�p�r�o�a�c�h�,� �b�u�t� �t�h�e� �A�S�D� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n� �f�a�c�t�o�r�s� 

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

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

�s�t�a�t�i�s�t�i�c�a�l�l�y�-�f�a�c�t�o�r�e�d� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s� �(�A�N�S�I� �A�5�8�.�1� �1�9�8�2�)�,� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�n�o�w� 

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

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

�1�6� �L�R�F�D� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �s�h�o�w�n� �i�n� �o�r�d�e�r� �t�o� �c�o�n�t�r�a�s�t� �t�h�e�m� �w�i�t�h� �t�h�e�i�r� �e�q�u�i�v�a�l�e�n�t� 

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

�l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �w�i�d�e�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �A�S�D� �a�n�d� �L�R�F�D� �c�o�m�b�i�n�a�t�i�o�n�s�,� 

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

�w�i�n�d� �a�n�d� �h�a�l�f� �s�n�o�w�,� �e�t�c�.�)�.� �E�a�c�h� �o�f� �t�h�e� �1�6� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s� �n�e�e�d�s� �t�o� �b�e� �c�h�e�c�k�e�d� 

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

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

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

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

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

�b�e� �u�n�c�o�n�s�e�r�v�a�t�i�v�e� �u�n�d�e�r� �a�n�o�t�h�e�r�.� �T�h�e� �1�6� �c�o�m�b�i�n�a�t�i�o�n�s� �r�e�q�u�i�r�e� �t�h�e� �f�r�a�m�e� �t�o
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�w�i�t�h�s�t�a�n�d� �a� �v�a�r�i�e�t�y� �o�f� �s�t�r�u�c�t�u�r�a�l� �l�o�a�d�i�n�g�s�,� �f�r�o�m� �m�a�x�i�m�u�m� �s�n�o�w� �t�o� �m�a�x�i�m�u�m� �w�i�n�d� 

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

�p�r�i�o�r�i�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�o�f� �t�h�e� �e�l�e�m�e�n�t�s�.� �T�h�e� �f�i�x�e�d�-�e�n�d�-�m�o�m�e�n�t�s� �d�u�e� �t�o� �t�h�e� �u�n�i�f�o�r�m�l�y� �d�i�s�t�r�i�b�u�t�e�d� 

�s�e�l�f�w�e�i�g�h�t�,� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �F�E�M�,� �w�a�s� �n�e�g�l�e�c�t�e�d�.� �T�h�i�s� �i�s� �d�o�n�e� �d�u�e� �t�o� �t�h�e� �f�a�c�t� 

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

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

�m�o�m�e�n�t�s�.
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�3�.�2� �F�r�a�m�e� �D�i�s�c�r�e�t�i�z�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

�t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� �m�a�t�r�i�x� �d�i�s�p�l�a�c�e�m�e�n�t� �m�e�t�h�o�d� �(�M�D�M�)� �o�f� �s�t�r�u�c�t�u�r�a�l� �a�n�a�l�y�s�i�s�.� 

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

�b�e�a�m� �c�a�n� �i�n�t�r�o�d�u�c�e� �s�e�v�e�r�e� �d�i�s�c�r�e�t�i�z�a�t�i�o�n� �e�r�r�o�r�s� �(�Y�a�n�g� �1�9�8�6�)�.� �T�h�i�s� �d�i�s�c�r�e�t�i�z�a�t�i�o�n� 

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

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

�m�a�t�r�i�x� �d�i�s�p�l�a�c�e�m�e�n�t� �m�e�t�h�o�d�.� �I�t�s� �r�o�o�t�s� �a�r�e� �i�n� �t�h�e� �f�i�n�i�t�e� �e�l�e�m�e�n�t� �m�e�t�h�o�d� �(�F�E�M�)�,� 

�a�n�d� �s�h�o�u�l�d� �b�e� �t�r�e�a�t�e�d� �a�s� �s�u�c�h�.� �N�o�t�e� �t�h�a�t� �t�h�e� �F�E�M� �d�e�g�e�n�e�r�a�t�e�s� �t�o� �t�h�e� �M�D�M�,� �f�o�r� 

�t�h�e� �c�a�s�e� �o�f� �p�r�i�s�m�a�t�i�c� �m�e�m�b�e�r�s�.� 

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

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

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

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

�a�n�o�t�h�e�r� �s�u�b�j�e�c�t�.� �W�h�i�t�e� �(�1�9�9�0�)� �s�u�g�g�e�s�t�s� �a� �c�r�i�t�e�-�i�o�n� �f�o�r� �e�l�e�m�e�n�t� �s�e�l�e�c�t�i�o�n�,� �b�a�s�e�d� 

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



�3�7� 

�c�r�i�t�e�r�i�o�n� �i�s� �t�h�a�t� �t�h�e� �q�u�a�n�t�i�t�y� �P�/�P�e� �i�s� �h�e�l�d� �t�o� �b�e� �b�e�l�o�w� �0�.�4�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a� 

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

�e�l�e�m�e�n�t�s� �t�o� �h�o�l�d� �t�h�e� �e�r�r�o�r� �t�o� �l�e�s�s� �t�h�a�n� �1�%�.� �(�W�h�i�t�e� �9�0�)� �S�i�n�c�e� �t�h�i�s� �s�t�u�d�y� �i�s� �t�o� �m�o�d�e�l� 

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

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

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

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

�s�u�b�s�t�a�n�t�i�a�l�,� �a�n�d� �i�s� �t�h�e� �s�u�b�j�e�c�t� �o�f� �A�p�p�e�n�d�i�x� �C�.� �M�i�n�i�m�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �e�r�r�o�r� �c�a�n� �b�e� 

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

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

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

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

�d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �i�s� �t�h�e� �s�u�b�j�e�c�t� �o�f� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� 

�3�.�3� �E�l�e�m�e�n�t� �M�o�d�e�l�s� 

�S�e�c�t�i�o�n� �3�.�2� �d�e�s�c�r�i�b�e�s� �t�h�e� �d�i�s�c�r�e�t�i�z�a�t�i�o�n� �o�f� �a� �s�t�r�u�c�t�u�r�a�l� �m�o�d�e�l� �t�h�r�o�u�g�h� �t�h�e� 

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

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

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

�d�i�m�e�n�s�i�o�n�a�l� �p�l�a�n�e� �f�r�a�m�e�,� �e�a�c�h� �j�o�i�n�t� �p�o�s�s�e�s�s�e�s� �t�h�r�e�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �(�D�O�F�)� 

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

�Q�u�a�n�t�i�f�y�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �d�e�f�o�r�m�a�t�i�o�n� �a�t� �e�a�c�h� �o�f� �t�h�e�s�e� �D�O�F�s�,� �t�h�e� �b�e�h�a�v�i�o�r� �u�n�d�e�r� 

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

�s�t�r�u�c�t�u�r�e�.� �B�e�t�w�e�e�n� �e�a�c�h� �o�f� �t�h�e�s�e� �j�o�i�n�t�s�,� �a� �b�e�a�m�-�c�o�l�u�m�n� �e�l�e�m�e�n�t� �m�u�s�t� �b�e� �d�e�f�i�n�e�d



�3�8� 

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

�e�l�e�m�e�n�t�s� �a�r�e� �d�e�f�i�n�e�d� �n�e�x�t�.� 

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

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

�3�.�3� �a�n�d� �3�.�4� �s�h�o�w� �a� �t�y�p�i�c�a�l� �p�r�i�s�m�a�t�i�c� �b�e�a�m�-�c�o�l�u�m�n� �e�l�e�m�e�n�t� �l�a�b�e�l�e�d� �w�i�t�h� �i�t�s� 

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

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

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

�d�e�t�e�r�m�i�n�e�d�.� �F�i�g�u�r�e�s� �3�.�5� �a�n�d� �3�.�6� �s�h�o�w� �t�h�e� �b�e�a�m�-�c�o�l�u�m�n� �e�l�e�m�e�n�t� �l�a�b�e�l�e�d� �w�i�t�h� �i�t�s� 

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

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

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

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

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

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

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

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

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

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

�d�e�v�e�l�o�p�e�d� �b�y� �O�r�a�n� �(�1�9�7�3�)�.� �F�i�g�u�r�e� �3�.�7� �s�n�o�w�s� �a�n� �e�l�e�m�e�n�t� �g�l�o�b�a�l� �t�a�n�g�e�n�t�-�s�t�i�f�f�n�e�s�s� 

�m�a�t�r�i�x�,� �i�n� �n�o�t�a�t�i�o�n� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �o�f� �H�o�l�z�e�r� �(�1�9�8�5�)�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� �¢� �t�e�r�m�s� �o�n� �t�h�e� 

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

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

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

�c�o�l�u�m�n� �e�l�e�m�e�n�t� �m�a�t�r�i�x�.



�3�9� 

� � 
�E�l�e�m�e�n�t� �G�D�U�F� �D�e�f�i�n�i�t�i�o�n� 

�F�i�g�u�r�e� �3�.�3� 

�S� �b�y� 

�©� 

�V�S� 

 ��5� 
�S� 
�E�l�e�m�e�n�t� �L�D�U�F� �D�e�f�i�n�i�t�i�o�n� 

�F�i�g�u�r�e� �3�.�4



�4�0� 

�F�D� 

�F�6� �o�r�d� 

�F�e� �©� 

�F� �3� �F� 

�A�)� 
�E�l�e�m�e�n�t� �G�l�o�b�a�l� �F�o�r�c�e�s� 

�F�i�g�u�r�e� �3�.�0� 

�N�E�S� �P�s� 

�w�\�3� 

�N�e� 

�W�e� �©� 
�E�l�e�m�e�n�t� �L�o�c�a�l� �F�o�r�c�e�s� 

�F�i�g�u�r�e� �3�.�6



�4�1� 
� � 

� � 

� � 

� � � � 
� � 
� � � � � � � � � � � � 

� � 
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�|� �g� �6� �-�g� �4� �-�£� �5� �S� 
 �� �|� �.� �E�I� 

�K�,� �=� �a�s� �L� 

�g�=� �A�L� �8�,� �|� �8�2� �|�-�8�4� 
�I� 

�c�,� �=� �c�o�s�o� �_� 

�C�c� �=� �s�i�n�Q� �8� �3� �8� �3� 

�S�y�m�m�e�t�r�i�c� �g�.� 

�2�,� �=� �X�(�B�e�?� �+� �2�c�¥�d�y�)� �C�o�m�p�r�e�s�s�i�o�n� 
�g�.� �=� �X�C�,�C�o�(� �B�-� �2�s�)� �6�,� �=� �k�L�(�s�i�n�(�k�L�) ��k�L�c�o�s�(�k�L�)�)�/�$�,� 

�B�=� �2�(�B�c�$�+�2�c�%�o�,�)� �2� �=� �K�L�(�k�L�-�s�i�n�(�k�L�)�)�/�¢� 
�B�y� �= ��A�d�g�L�C�,� 

�g�,� �=� �a�A�d�g�L�e�c�,� �T�e�n�s�i�o�n� 

�£�.�=� �a�d�,� �L�?� �,� �=� �k�L�(�k�L�c�o�s�h�(�k�L�) ��s�i�n�h�(�k�L�)�)�/�$�,� 
�g�.�,� �=� �X�o�z�1�"� �b�o� �=� �k�L�(�s�i�n�h�(�k�L�)�-�k�L�)�/�o�,� 

�W�h�e�r�e�:� �6�.� �=� �2�~ ��2�c�o�s�(�k�L�) ��k�L�s�i�n�(�k�L�)� 

� � 

� � 

�6�,� �=� �2�-�2�c�o�s�h�(�k�L�)�+�k�L�s�i�n�h�(�k�L�)� 

�T�a�n�g�e�n�t� �S�t�i�f�f�n�e�s�s� �M�a�t�r�i�x� 
�F�i�g�u�r�e� �3�.�7� 

� 



�4�2� 

�A�s� �a�n� �a�b�s�t�r�a�c�t�i�o�n�,� �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� �t�h�e� �g�e�o�m�e�t�r�i�c� �s�t�i�f�f�n�e�s�s� �m�a�t�r�i�x� 

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

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

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

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

�T�h�e� �e�l�e�m�e�n�t� �s�e�c�a�n�t� �s�t�i�f�f�n�e�s�s� �m�a�t�r�i�c�e�s� �(�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�8�)� �u�s�e�d� �i�n� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �a�r�e� �t�a�k�e�n� �f�r�o�m� �C�h�e�n� �a�n�d� �L�u�i� �(�1�9�8�7�)�,� �a�n�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �i�n�t�e�r�n�a�l� �f�o�r�c�e�-� 

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

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

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

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

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

�3�.�4� �S�y�s�t�e�m� �M�o�d�e�l� 

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

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

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

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

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

�s�y�s�t�e�m� �s�t�i�f�f�n�e�s�s� �m�a�t�r�i�x�.� �B�e�c�a�u�s�e� �o�f� �s�y�m�m�e�t�r�y�,� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� 

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

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

�t�h�e� �e�n�t�i�r�e� �D�O�F�x�D�O�F� �s�y�s�t�e�m� �s�t�i�f�f�n�e�s�s� �m�a�t�r�i�x� �w�o�u�l�d� �u�n�n�e�c�e�s�s�a�r�i�l�y� �r�e�q�u�i�r�e� �t�h�e� 

�s�t�o�r�a�g�e� �o�f� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s� �o�f� �z�e�r�o�e�s�,� �a�n�d� �m�a�t�h�e�m�a�t�i�c�a�l� �o�p�e�r�a�t�i�o�n�s� �o�n� �t�h�e�m�.� �B�y
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�A� �_�A� �r� �0� �O� �-�F� �0� �O� 
�l�e�,� �6�  ��l�e�,� �6� �m�e� �p�h� �0� �F�a�t�e�,� 

 ��6� 

�k�_�=� �=� �#�9�3� �.� �L�e�e�s� 
�7� �0� �0� 

�T� �l�e�,�  ��6� 
�K�.� �=�N�\�k� �g� �/�\� �2� �o�,� �L� �e�o�,� 

�S�y�m�m�e�t�r�i�c� �4�%�,� 

�C�o�m�p�r�e�s�s�i�o�n� �T�e�n�s�i�o�n� 

�i�n� �(�k�L�)�>� �s�i�n�(�k�L�)� �(�k�L�)�>� �s�i�n�h�(�k�L�)� 
�1� �1�2�%�¢� �1�2� �9�,� 

�(�K�L�)�?� �(�1�-�c�o�s�(�k�L�)�)� �(�k�L�)�*� �(�c�o�s�h�(�k�L�) ��1�)� 
�2� �6�D�.� �B�P� 

�b� �(�k�1�)�(�s�i�n�(�k�L�) ��k�L�(�c�o�s�(�k�K�L�)�)� �|�(�K�L�)�(�k�L�c�o�s�h�(�k�L�) ��s�i�n�h�(�k�L�)�)� 
�3� �4�P�c� �4�9�,� 

�d� �(�k�L�)�(�k�L ��s�i�n�(�k�L�)�)� �(�k�L�)�(�s�i�n�h�(�k�L�) ��k�L�)� 
�4� �2� �P�-� �e�C� �D�+� 
� � 
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�4�d� 

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

�p�r�o�g�r�e�s�s�e�s� �a�t� �a� �f�a�s�t�e�r� �p�a�c�e�.� 

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

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

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

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

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

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

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

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

�i�s� �s�o�l�v�e�d� �3�2�*�3�*�5� �=� �4�8�0� �t�i�m�e�s�.� �O�b�v�i�o�u�s�l�y�,� �t�h�i�s� �i�s� �b�e�s�t� �s�u�i�t�e�d� �t�o� �c�o�m�p�u�t�e�r� �s�o�l�u�t�i�o�n�.� 

�T�h�e� �a�n�a�l�y�s�i�s� �s�c�h�e�m�e� �i�s� �d�i�s�c�u�s�s�e�d� �n�e�x�t�.� 

�3�.�5� �S�o�l�u�t�i�o�n� �o�f� �S�y�s�t�e�m� �E�q�u�a�t�i�o�n�s� 

�F�i�g�u�r�e� �3�.�9� �s�h�o�w�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �a� �f�i�r�s�t�-�o�r�d�e�r� 

�e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �a�n�d� �a� �n�o�n�l�i�n�e�a�r�,� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �t�e�c�h�n�i�q�u�e�.� �T�h�e� 

�f�l�o�w�c�h�a�r�t� �i�s� �s�h�o�w�n� �i�n� �t�h�e� �f�o�r�m�a�t� �p�r�e�s�e�n�t�e�d� �b�y� �H�o�l�z�e�r� �(�1�9�8�5�)�,� �w�i�t�h� �t�h�e� 

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

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

�F�O�E�A� �f�o�l�l�o�w�s� �t�h�e� �d�a�s�h�e�d� �l�i�n�e�s� �o�n� �t�h�e� �c�h�a�r�t�.� 

�T�h�e� �r�e�s�p�o�n�s�e� �i�s� �s�o�l�v�e�d� �b�y� �N�e�w�t�o�n�-�R�a�p�h�s�o�n� �i�t�e�r�a�t�i�o�n�.� �S�i�n�c�e� �t�h�e� 

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

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

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

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



�4�5� 

�1�.� �U�n�k�n�o�w�n�s� 
� � 
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�2�.� �E�l�e�m�e�n�t� �6�.� �E�l�e�m�e�n�t� �7�.� �J�o�i�n�t� 
�M�o�d�e�l�s� �F�o�r�c�e�s� �F�o�r�c�e�s� 

 ��f�=�k�d�+�f�- ��-�  �� �f� �} � ��~�P� �=�r�F� 

�3�.� �S�y�s�t�e�m� �5�.� �E�l�e�m�e�n�t� 
�M�o�d�e�l� �M�o�d�e�l�s� 

�K�i�q� �=� �Q� �f�=�k�d�+�f� 

 � ��  �� �F�i�r�s�t� �O�r�d�e�r� 
�4�.� �S�o�l�u�t�i�o�n� �A�n�a�l�y�s�i�s� 

 ��-�4� �4� 

�8�.� �R�e�s�i�d�u�a�l� �C�h�e�c�k� 

�N�o� 

� � �(�Q ��P�)�=�0�?�;�} � ��+� �G�o� �t�o� �2�.� 
� � � � � � � � � � 

�Y�e�s� 

� � 

� � � � 
�S�t�o�p� 

� � 

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

�M�a�t�r�i�x� �D�i�s�p�l�a�c�e�m�e�n�t� �M�e�t�h�o�d� 
�f�o�r� �S�e�c�o�n�d� �O�r�d�e�r� �A�n�a�l�y�s�i�s� 

�F�i�g�u�r�e� �3�.�9



�4�6� 

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

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

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

�p�r�o�c�e�s�s� �f�o�r� �l�o�c�a�t�i�n�g� �a� �s�i�n�g�l�e� �e�q�u�i�l�i�b�r�i�u�m� �p�o�i�n�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�1�0�.� �A� �s�i�n�g�l�e� 

�e�q�u�i�l�i�b�r�i�u�m� �p�o�i�n�t� �u�s�i�n�g� �t�h�e� �N�e�w�t�o�n�-�R�a�p�h�s�o�n� �s�o�l�u�t�i�o�n� �t�e�c�h�n�i�q�u�e� �u�s�u�a�l�l�y� �r�e�q�u�i�r�e�s� 

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

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

�C�o�n�v�e�r�g�e�n�c�e� �o�f� �t�h�e� �p�r�o�c�e�s�s� �r�e�q�u�i�r�e�s� �t�w�o� �c�r�i�t�e�r�i�a� �t�o� �b�e� �s�a�t�i�s�f�i�e�d� �f�o�r� �t�h�i�s� �N�e�w�t�o�n�-� 

�R�a�p�h�s�o�n� �s�c�h�e�m�e�.� 

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

�c�r�i�t�e�r�i�a� �m�u�s�t� �b�e� �c�h�e�c�k�e�d�.� �I�n� �a� �g�e�n�e�r�a�l� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �F�E�M�,� 

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

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

�c�a�n� �b�e� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �t�w�o� �d�i�a�g�r�a�m�s�.� 

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

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

�a�p�p�l�y�i�n�g� �a�n�o�t�h�e�r� �i�t�e�r�a�t�i�o�n�.� �B�a�t�h�e� �(�1�9�7�6�)� �a�n�d� �C�o�o�k� �(�1�9�8�9�)� �b�o�t�h� �r�e�c�o�m�m�e�n�d� �a� 

�r�e�l�a�t�i�v�e� �d�i�s�p�l�a�c�e�m�e�n�t� �t�a�r�g�e�t� �v�a�l�u�e� �o�f� �1�/�1�0�0�0� �b�e� �a� �c�u�t�o�f�f� �p�o�i�n�t� �f�o�r� �c�o�n�v�e�r�g�e�n�c�e�.� 

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

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

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�1�1�.� �I�t� �s�h�o�w�s� �t�h�a�t� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �i�n�t�e�r�n�a�l�/�e�x�t�e�r�n�a�l� �f�o�r�c�e�s� �a�r�e� 

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

�t�o�l�e�r�a�n�c�e�s�.� 

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

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

� � 

� � � 

� � 

� � � � 
�K�t� �T�a�n�g�e�n�t� �S�t�i�f�f�n�e�s�s� 
�Q� �C�u�r�r�e�n�t� �L�o�a�d� �L�e�v�e�l� 
�R� �C�u�r�r�e�n�t� �R�e�s�i�d�u�a�l� 

�E�q�u�i�l�i�b�r�i�u�m� �P�o�i�n�t�s�:� 
�i�  ��  ��I�n�i�t�i�a�l �� �C�o�n�f�i�g�u�r�a�t�i�o�n� 
�j�  �� �C�u�r�r�e�n�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� 
�k�  �� �S�o�u�g�h�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� � � 

�A�y� �4�2� �_� �_�L� �|� �s�s� 

�D�e�f�o�r�m�a�t�i�o�n� 

� � 
� � 

� � 

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

�F�u�l�l� �N�e�w�t�o�n�-�R�a�p�h�s�o�n� �I�[�t�e�r�a�t�i�o�n� 
�F�i�g�u�r�e� �3�.�1�0
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�4�9� 

�e�n�o�u�g�h� �t�o� �w�a�r�r�a�n�t� �a�n�o�t�h�e�r� �i�t�e�r�a�t�i�o�n�.� �B�a�t�h�e� �(�1�9�7�6�)� �r�e�c�o�m�m�e�n�d�s� �a� �r�e�l�a�t�i�v�e� �f�o�r�c�e� 

�t�a�r�g�e�t� �v�a�l�u�e� �o�f� �0�.�1� �b�e� �t�h�e� �c�u�t�o�f�f� �p�o�i�n�t� �f�o�r� �c�o�n�v�e�r�g�e�n�c�e�.� �T�h�i�s� �b�e�h�a�v�i�o�r� �m�a�y� �b�e� 

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

�l�o�a�d�i�n�g�.� �T�h�i�s� �i�s� �a� �s�t�r�e�s�s�-�s�t�i�f�f�e�n�i�n�g� �p�h�e�n�o�m�e�n�o�n�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�1�2�.� �T�h�i�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�t�o� �f�i�n�d� �a� �s�i�n�g�l�e� �e�q�u�i�l�i�b�r�i�u�m� �p�o�i�n�t� �w�a�s� �s�e�t� �a�t� �2�0�.� �W�h�i�t�e� �(�1�9�9�0�)�,� �s�t�a�t�e�s� �t�h�a�t� �a� 

�p�r�a�c�t�i�c�a�l� �l�i�m�i�t� �o�f� �1�0� �c�a�n� �b�e� �i�m�p�o�s�e�d�.
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�C�H�A�P�T�E�R� �I�V� 

�S�E�C�O�N�D� �O�R�D�E�R� �E�L�A�S�T�I�C� �A�N�A�L�Y�S�I�S� �A�N�D� �D�E�S�I�G�N� 

�4�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

�e�q�u�a�t�i�o�n�s� �o�f� �t�h�e� �A�S�D� �a�n�d� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�a�n�a�l�y�s�t� �c�a�n� �j�u�d�g�e� �b�y� �a�n�a�l�o�g�y� �t�h�e� �r�u�l�e�s� �t�o� �f�o�l�l�o�w�.� �T�h�e� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �a�l�w�a�y�s� 

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

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

�e�x�a�m�p�l�e� �c�a�p�a�c�i�t�y� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� 

�4�.�2� �A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n�,� �F�i�r�s�t�-�O�r�d�e�r� �A�p�p�r�o�a�c�h� 

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

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

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

�s�a�f�e�t�y� �(�F�S�)�,� �v�a�r�i�e�s� �w�i�t�h� �t�h�e� �t�y�p�e� �o�f� �a�p�p�l�i�e�d� �s�t�r�e�s�s� �(�f�l�e�x�u�r�a�l�,� �a�x�i�a�l�,� �s�h�e�a�r�)�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �t�h�e� �F�S� �f�o�r� �s�h�e�a�r� �o�n� �r�o�l�l�e�d� �b�e�a�m�s� �i�s� �1�.�4�4�.� �T�h�i�s� �c�a�n� �b�e� �b�a�c�k�-�c�a�l�c�u�l�a�t�e�d� 

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

�s�t�r�e�n�g�t�h� �t�o� �b�e� �F�y�/�/�3�.� �A�I�S�C� �s�p�e�c�i�f�i�e�s� �t�h�e� �a�l�l�o�w�a�b�l�e� �s�t�r�e�s�s� �t�o� �b�e� �0�.�4�F�y�.� �C�a�l�c�u�l�a�t�i�n�g� 

�t�h�e� �r�a�t�i�o� �o�f� �(�F�y�/�/�3�)�/�0�.�4�F�y� �o�b�t�a�i�n�s� �t�h�e� �v�a�l�u�e� �1�.�4�4�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �f�o�r�m�a�t� �c�a�n� �b�e� 

�d�e�s�c�r�i�b�e�d� �b�y�:� 

�5�1



�5�2� 

 ��1� �>� �5�m� �(�4�.�1�)� 

�T�h�e� �n�o�t�a�t�i�o�n� �o�f� �E�q�u�a�t�i�o�n� �4�.�1� �i�s�:� �R�n�/�F�S� �=� �n�o�m�i�n�a�l� �c�a�p�a�c�i�t�y� �/� �f�a�c�t�o�r�-�o�f�-�s�a�f�e�t�y�,� �a�n�d� 

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

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

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

�l�o�a�d� �r�a�n�g�e�.� 

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

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

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

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

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

�l�a�t�e�r�a�l�-�t�o�r�s�i�o�n�a�l� �b�u�c�k�l�i�n�g� �o�r� �l�o�c�a�l�-�b�u�c�k�l�i�n�g�.� 

�T�h�e� �A�S�D� �S�t�a�b�i�l�i�t�y� �I�n�t�e�r�a�c�t�i�o�n� �E�q�u�a�t�i�o�n� �(�1�9�7�8� �o�r� �1�9�8�9�)� �i�s� 

�f� �f� �|� 
�2� �+� �S�i�n� �e�e�s� �1�.�0� �(�4�.�2�)� 

�a� �(�1�- ��a�)�'�P� 
�F�'�e� 

�a�n�d� �t�h�e� �A�S�D� �Y�i�e�l�d�i�n�g� �I�n�t�e�r�a�c�t�i�o�n� �E�q�u�a�t�i�o�n� �(�1�9�8�9�)� �i�s� 

� � 

�f�,� �o�f� �a� �O�b�.� �O�6�Q�F�,� �*� �F�<�! �� �(�4�.�3�)� 

�T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �(�c�o�m�p�r�e�s�s�i�o�n� �o�n�l�y�)� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �a�x�i�a�l� 

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

�a�c�c�o�r�d�i�n�g� �t�o� �S�a�l�m�o�n� �a�n�d� �J�o�h�n�s�o�n� �(�1�9�8�9�)�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �c�o�l�u�m�n� �s�t�r�e�n�g�t�h



�9�3� 

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

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

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

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

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

�w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �p�u�r�e�l�y� �f�l�e�x�u�r�a�l� �s�t�r�e�s�s�e�s�.� 

�E�m�p�h�a�s�i�z�e�d� �a�g�a�i�n�,� �F�a� �i�s� �t�h�e� �a�b�s�o�l�u�t�e� �d�e�s�i�g�n� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� 

�c�o�m�p�r�e�s�s�i�v�e� �s�t�r�e�n�g�t�h� �a�t� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �a�n�d� �_� �e�f�f�e�c�t�i�v�e�-�c�r�o�s�s�-�s�e�c�t�i�o�n�.� �F�o�r� 

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

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

�n�o�m�o�g�r�a�p�h�s� �(�A�I�S�C� �1�9�8�9�)�.� �F�o�r� �t�a�p�e�r�e�d� �m�e�m�b�e�r�s�,� �L�e�e� �(�1�9�7�2�)� �d�e�v�e�l�o�p�e�d� �t�h�e� 

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

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

�N�U�C�O�R� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �i�n�-�p�l�a�n�e� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r� �f�o�r� �t�a�p�e�r�e�d� �c�o�l�u�m�n�s� �i�s� 

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

�i�s� �1�.�9�5�.� �O�t�h�e�r� �m�e�a�n�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �e�s�t�i�m�a�t�e� �t�h�i�s� �f�a�c�t�o�r�,� �a�n�d� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n� 

�C�h�a�p�t�e�r� �V�I�.� �T�h�e� �f�a�c�t�o�r�-�o�f�-�s�a�f�e�t�y� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� �i�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�6�7� �a�g�a�i�n�s�t� �e�l�a�s�t�i�c� �i�n�s�t�a�b�i�l�i�t�y�.� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�6�7� �a�g�a�i�n�s�t� �y�i�e�l�d�i�n�g� �o�f� �t�h�e� �e�x�t�r�e�m�e� �f�i�b�e�r�s� �o�f� �t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�.� 

�4�.�3� �A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n�,� �S�e�c�o�n�d�-�O�r�d�e�r� �A�p�p�r�o�a�c�h� 

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

�b�y� �S�O�E�A� �r�e�s�e�a�r�c�h�e�r�s� �A�d�a�m�s� �(�1�9�7�6�)�,� �L�e�M�e�s�s�u�r�i�e�r� �(�1�9�7�7�)�,� �a�n�d� �S�m�i�t�h� �(�1�9�8�8�)�.� �T�h�e



�5�4� 

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

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

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

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

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

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

�s�u�g�g�e�s�t�e�d� �b�y� �A�d�a�m�s� �i�s� �t�h�a�t� �t�h�e� �e�f�f�e�c�t�i�v�e� �l�e�n�g�t�h� �f�a�c�t�o�r� �m�a�y� �b�e� �t�a�k�e�n� �a�s� �1�.�0� �f�o�r� �t�h�e� 

�i�n�t�e�r�a�c�t�i�o�n� �c�h�e�c�k�.� �W�h�i�t�e� �(�1�9�9�0�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �K�x� �=� �1�.�0� �i�s� �o�n�l�y� �a�p�p�l�i�c�a�b�l�e� �w�h�e�n� 

�f�a�/�F�a� �<� �0�.�8�5�,� �a�n�d� �Y�u�r�a� �(�1�9�8�7�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �K�x� �=� �1�.�0� �m�a�y� �b�e� �a�p�p�l�i�c�a�b�l�e� �w�h�e�n� 

�P�u�/�P�y� �<� �0�.�5�,� �a�s� �n�o�t�e�d� �p�r�e�v�i�o�u�s�l�y�.� �A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e�s�e� �c�r�i�t�e�r�i�a� �a�r�e� �m�e�t�,� �t�h�e� 

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

�f�,� �f� �2�8� �+� �z�s� �1�.�0� �(�4�.�4�)� 
�a� �b� 

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

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

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

�a�s� �e�q�u�a�t�i�o�n�s� �(�4�.�6�)� �a�n�d� �(�4�.�7�)�.� 

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

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

�m�o�m�e�n�t�.� �T�h�o�u�g�h� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �A�S�D� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� �u�s�e�s� �f�i�r�s�t�-�o�r�d�e�r� 

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

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

�m�o�m�e�n�t�s�.



�5�5� 

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

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

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

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

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

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

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

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

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

�f�a�c�t�o�r� �a�n�a�l�y�s�i�s�.� �U�n�d�e�r� �t�h�e� �c�u�r�r�e�n�t� �f�i�r�s�t�-�o�r�d�e�r� �d�e�s�i�g�n� �r�u�l�e�s�,� �i�f� �t�h�e� �y�i�e�l�d�i�n�g� �r�a�t�i�o� �i�s� 

�g�o�v�e�r�n�i�n�g�,� �t�h�e� �u�s�e� �o�f� �S�O�E�A� �o�n�l�y� �r�e�s�u�l�t�s� �i�n� �h�i�g�h�e�r� �m�o�m�e�n�t�s� �u�n�d�e�r� �a�x�i�a�l� 

�c�o�m�p�r�e�s�s�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �n�o� �b�e�n�e�f�i�t� �i�s� �p�o�s�s�i�b�l�e�.� �I�f� �a�n� �S�O�E�A� �c�o�n�v�e�r�g�e�s�,� �t�h�e� 

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

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

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

�4�.�4� �L�o�a�d� �&� �R�e�s�i�s�t�a�n�c�e� �F�a�c�t�o�r� �D�e�s�i�g�n� �A�p�p�r�o�a�c�h� 

�L�o�a�d� �&� �R�e�s�i�s�t�a�n�c�e� �F�a�c�t�o�r� �D�e�s�i�g�n� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e� �o�f� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� 

�a�n�a�l�y�s�i�s� �r�e�s�u�l�t�s�.� �A�l�s�o�,� �t�h�e� �p�r�o�v�i�s�i�o�n�s� �o�f� �t�h�e� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �w�e�r�e� �d�e�v�e�l�o�p�e�d� 

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

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

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

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

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

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



�5�6� 

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

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

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

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

�s�y�s�t�e�m�.� 

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

�m� 

�R�p� �=�=� �y�Q�m� �(�4�.�5�)� 

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

�m�,� �y� �=� �l�o�a�d� �f�a�c�t�o�r�,� �Q� �=� �s�e�r�v�i�c�e� �l�o�a�d� �e�f�f�e�c�t� �m�.� �O�r�,� �e�s�s�e�n�t�i�a�l�l�y� �t�h�a�t� �t�h�e� �n�o�m�i�n�a�l� 

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

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

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

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

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

�T�h�e� �1�9�8�6� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n�s� �a�r�e�:� 

�F�o�r� �P�y�/�¢�P�p�y� �>� �0�.�2� 

�P� �M� 
�U�4�,� �8� �u�u� �a�P�,�,� �+�6� �3�M�,� �1�.�0� �(�4�.�6�)



�5�7� 

�F�o�r� �P�u�/�¢�P�n� �<� �0�.�2� 

�p� �M� �T�u�,� �M�u� �B�p� �*� �G�M�S� �1�.�0� �(�4�.�7�)� 

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

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

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

�C�a�p�a�c�i�t�i�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�a�s�e�d� �o�n� �a� �l�i�m�i�t�-�s�t�a�t�e�s� �a�n�a�l�y�s�i�s� �a�p�p�r�o�a�c�h� �a�n�d� 

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

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

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

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

�o�n�l�y�)� �i�n� �A�p�p�e�n�d�i�x� �H� �o�f� �t�h�e� �1�9�8�6� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�,� �E�q�u�a�t�i�o�n�s� �4�.�7� �a�n�d� �4�.�8� �s�e�e�m� 

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

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

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

�4�.�5� �C�o�m�p�a�r�i�s�o�n� �o�f� �S�p�e�c�i�f�i�c�a�t�i�o�n� �P�r�o�v�i�s�i�o�n�s� 

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

�s�e�c�t�i�o�n�s�,� �n�e�g�l�e�c�t�i�n�g� �t�h�e� �/�o�a�d� �e�f�f�e�c�t� �s�i�d�e� �o�f� �t�h�e� �t�o�t�a�l� �d�e�s�i�g�n� �e�q�u�a�t�i�o�n�s�.� 

�4�.�5�.�1� �F�l�e�x�u�r�a�l� �S�t�r�e�n�g�t�h�s� 

�F�o�r� �t�h�e� �p�l�a�s�t�i�c� �r�e�g�i�o�n� �o�f� �f�l�e�x�u�r�a�l� �s�t�r�e�n�g�t�h�,� �L�R�F�D� �u�t�i�l�i�z�e�s� �t�h�e� �c�o�r�r�e�c�t� �p�l�a�s�t�i�c� 

�m�o�m�e�n�t�,� �n�o�t� �a�n� �a�s�s�u�m�e�d� �1�0�%� �i�n�c�r�e�a�s�e� �f�r�o�m� �t�h�e� �m�o�m�e�n�t� �w�h�i�c�h� �c�a�u�s�e�s� �f�i�r�s�t�-�y�i�e�l�d� 

�o�n� �c�o�m�p�a�c�t� �c�r�o�s�s�-�s�e�c�t�i�o�n�s�.� �T�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �o�f� �N�U�C�O�R� �f�r�a�m�e�s� �a�r�e� �r�a�r�e�l�y



�5�8� 

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

�u�s�u�a�l�l�y� �v�i�o�l�a�t�e�d�.� �T�h�o�u�g�h� �L�R�F�D� �u�t�i�l�i�z�e�s� �a� �h�i�g�h�e�r� �s�t�r�e�n�g�t�h� �i�n� �t�h�i�s� �r�e�g�i�o�n�,� �i�t� �i�s� 

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

�F�o�r� �t�h�e� �l�a�t�e�r�a�l�-�t�o�r�s�i�o�n�a�l� �b�u�c�k�l�i�n�g� �s�t�r�e�n�g�t�h� �r�e�g�i�o�n�,� �a�l�t�h�o�u�g�h� �t�h�e� �s�t�r�e�n�g�t�h�s� �i�n� 

�L�R�F�D� �d�i�r�e�c�t�l�y� �a�c�c�o�u�n�t� �f�o�r� �b�o�t�h� �t�h�e� �w�a�r�p�i�n�g� �a�n�d� �S�t�.� �V�e�n�a�n�t� �t�o�r�s�i�o�n�a�l� �r�e�s�i�s�t�a�n�c�e� 

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

�s�t�r�e�s�s�e�s�.� �A� �m�o�d�i�f�i�e�d� �r�y� �(�r�7� �i�s� �n�o�r�m�a�l�l�y� �t�h�e� �w�e�a�k�-�a�x�i�s� �r�a�d�i�u�s� �o�f� �g�y�r�a�t�i�o�n� �o�f� �a� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�,� �c�o�m�p�r�i�s�i�n�g� �t�h�e� �c�o�m�p�r�e�s�s�i�o�n� �f�l�a�n�g�e� �a�n�d� �1�/�3� �o�f� �t�h�e� 

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

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

�T�h�e� �m�o�d�i�f�i�e�d� �r�y� �e�q�u�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �C�h�a�p�t�e�r� �V�U�.� 

�L�R�F�D� �h�a�s� �s�e�p�a�r�a�t�e� �l�i�m�i�t� �s�t�a�t�e� �s�t�r�e�n�g�t�h�s� �f�o�r� �f�l�a�n�g�e� �l�o�c�a�l� �b�u�c�k�l�i�n�g� �(�F�L�B�)� �a�n�d� 

�w�e�b� �l�o�c�a�l� �b�u�c�k�l�i�n�g� �(�W�L�B�)�.� �H�o�w�e�v�e�r�,� �A�S�D� �d�o�e�s� �n�o�t� �h�a�v�e� �a� �c�o�m�p�a�r�a�b�l�e� �W�L�B� 

�p�r�o�v�i�s�i�o�n�.� �T�h�i�s� �i�s� �a�n� �A�S�D� �b�e�n�e�f�i�t�,� �b�u�t� �W�L�B� �c�a�n� �s�t�i�l�l� �o�c�c�u�r� �e�v�e�n� �t�h�o�u�g�h� �i�t� �i�s� �n�o�t� �a� 

�r�e�c�o�g�n�i�z�e�d� �c�o�n�c�e�r�n� �o�f� �t�h�e� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�s�.� 

�L�R�F�D� �w�a�s� �c�a�l�i�b�r�a�t�e�d� �t�o� �p�r�o�d�u�c�e� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s� �a�s� �a� �f�i�r�s�t�-�o�r�d�e�r� �A�S�D� 

�p�r�o�d�u�c�e�s� �a�t� �a�n� �L�/�D� �r�a�t�i�o� �o�f� �3�.�0�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �c�a�l�i�b�r�a�t�i�o�n� �s�e�e�m�s� �t�o� �a�p�p�l�y� �o�n�l�y� 

�w�h�e�n� �d�e�a�d� �a�n�d� �l�i�v�e� �l�o�a�d� �a�r�e� �i�n�v�o�l�v�e�d�.� �W�h�e�n� �w�i�n�d� �l�o�a�d�i�n�g�s� �a�r�e� �i�n�c�l�u�d�e�d�,� �L�R�F�D� 

�d�o�e�s� �n�o�t� �r�e�c�o�g�n�i�z�e� �a� �1�/�3� �s�t�r�e�n�g�t�h� �i�n�c�r�e�a�s�e�.� 

�T�h�e� �l�o�w�e�r� �c�u�r�v�e� �o�f� �F�i�g�u�r�e� �4�.�1� �d�e�s�c�r�i�b�e�s� �a� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� �b�e�h�a�v�i�o�r� 

�r�e�q�u�i�r�e�d� �s�t�r�e�n�g�t�h� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �A�S�D� �a�n�d� �L�R�F�D� �f�o�r� �t�e�n�s�i�l�e� �o�r� �f�l�e�x�u�r�a�l� 

�m�e�m�b�e�r�s� �(�w�i�t�h� �n�o�n�c�o�m�p�a�c�t� �s�e�c�t�i�o�n�)�,� �v�a�r�y�i�n�g� �t�h�e� �L�/�D� �r�a�t�i�o�.� �V�a�l�u�e�s� �o�n� �t�h�e� �g�r�a�p�h� 

�l�e�s�s� �t�h�a�n� �1�.�0� �i�n�d�i�c�a�t�e� �e�c�o�n�o�m�y� �i�n� �f�a�v�o�r� �o�f� �L�R�F�D�,� �a�n�d� �v�a�l�u�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0� 

�i�n�d�i�c�a�t�e� �e�c�o�n�o�m�y� �i�n� �f�a�v�o�r� �o�f� �A�S�D�.� �T�h�i�s� �p�l�o�t� �i�s� �o�n�l�y� �f�o�r� �t�h�e� �d�e�a�d�+�l�i�v�e� �l�o�a�d� 

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

�b�e� �e�x�p�e�c�t�e�d� �w�h�e�n� �c�o�m�p�a�r�i�n�g� �A�S�D� �w�i�t�h� �L�R�F�D�.� �C�o�n�s�i�d�e�r� �a� �t�e�n�s�i�o�n� �m�e�m�b�e�r� �o�r� �a� 

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

�s�h�o�w�s�,� �a�t� �a�L�/�D� �r�a�t�i�o� �o�f� �5�.�0�,� �L�R�F�D� �r�e�q�u�i�r�e�s� �a� �s�e�c�t�i�o�n� �w�i�t�h� �2�.�2�%� �h�i�g�h�e�r� �s�t�r�e�n�g�t�h�.� 

�H�o�w�e�v�e�r�,� �t�h�i�s� �s�i�t�u�a�t�i�o�n� �i�s� �o�n�l�y� �p�a�r�t� �o�f� �t�h�e� �w�h�o�l�e� �s�t�o�r�y�.� �T�h�i�s� �2�.�2�%� �r�e�q�u�i�r�e�d� 

�i�n�c�r�e�a�s�e� �i�s� �n�o�t� �t�y�p�i�c�a�l�,� �a�s� �t�h�e� �u�p�p�e�r� �p�l�o�t� �d�e�s�c�r�i�b�e�s�.� �W�h�e�n� �o�t�h�e�r� �A�S�D� �l�o�a�d� 

�c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �c�o�m�p�a�r�e�d�,� �s�u�c�h� �a�s� �d�e�a�d�+�s�n�o�w�+�w�i�n�d�/�2�,� �A�S�D� �a�l�l�o�w�s� �a� �1�/�3� 

�s�t�r�e�s�s� �i�n�c�r�e�a�s�e�,� �w�h�e�r�e�a�s� �L�R�F�D� �d�o�e�s� �n�o�t�,� �s�i�n�c�e� �i�t� �i�s� �b�a�s�e�d� �o�n� �a� �p�h�i�l�o�s�o�p�h�y� �o�f� 

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

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

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

�c�o�n�s�i�d�e�r�e�d�.� �N�o�t�i�c�e� �t�h�a�t� �t�h�e� �c�u�r�v�e� �a�p�p�r�o�a�c�h�e�s� �a� �v�a�l�u�e� �o�f� �1�.�3�3�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �A�S�D� 

�i�s� �m�o�r�e� �e�c�o�n�o�m�i�c�a�l� �b�y� �n�e�a�r�l�y� �3�3�%� �o�v�e�r� �a�n� �L�R�F�D� �a�p�p�r�o�a�c�h� �f�o�r� �t�h�i�s� �r�a�n�g�e�.� 

�H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �l�o�a�d�s� �a�n�d� �g�e�o�m�e�t�r�y� �o�f� �t�h�e� �t�y�p�i�c�a�l� �N�U�C�O�R� 

�f�r�a�m�e�,� �t�h�e� �c�o�n�t�r�o�l�l�i�n�g� �A�S�D� �c�o�m�b�i�n�a�t�i�o�n� �i�s� �u�s�u�a�l�l�y� �D�+�L�,� �a�n�d� �i�n� �L�R�F�D� �i�t� �i�s� �e�i�t�h�e�r� 

�1�.�2�D�+�1�.�6�L� �o�r� �1�.�2�0�+�1�.�6�L�+�0�.�8�W�.� 

�F�o�r� �w�e�a�k�-�a�x�i�s� �f�l�e�x�u�r�e� �o�f� �H� �c�r�o�s�s� �s�e�c�t�i�o�n�s�,� �L�R�F�D� �p�r�o�v�i�d�e�s� �a� �g�r�e�a�t� �d�e�a�l� �o�f� 

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

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

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

�4�.�5�.�2� �A�x�i�a�l� �C�o�m�p�r�e�s�s�i�v�e� �S�t�r�e�n�g�t�h�s� 

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

�A�S�D� �a�n�d� �L�R�F�D� �e�s�s�e�n�t�i�a�l�l�y� �f�o�l�l�o�w� �t�h�e� �s�a�m�e� �c�a�p�a�c�i�t�y� �c�u�r�v�e�,� �a�l�t�h�o�u�g�h� �L�R�F�D� 

�a�s�s�u�m�e�s� �a� �S�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �r�e�s�i�d�u�a�l� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �0�.�4�4�F�y� �i�n�s�t�e�a�d� �o�f� 

�0�.�5�0�F�y�.� �T�h�i�s� �h�a�s� �t�h�e� �e�f�f�e�c�t� �o�f� �a�l�l�o�w�i�n�g� �i�t� �a� �l�a�r�g�e�r� �i�n�e�l�a�s�t�i�c� �s�t�r�e�n�g�t�h� �z�o�n�e�.� �H�o�w�e�v�e�r�,� 

�w�h�e�n� �t�h�e� �L�R�F�D� �c�l�o�s�e�d�-�f�o�r�m� �t�a�p�e�r�e�d� �m�e�m�b�e�r� �p�r�o�v�i�s�i�o�n�s� �a�r�e� �f�o�l�l�o�w�e�d�,� �t�h�e
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�i�n�e�l�a�s�t�i�c�/�e�l�a�s�t�i�c� �c�u�t�o�f�f� �p�o�i�n�t� �o�c�c�u�r�s� �e�a�r�l�i�e�r�,� �(�l�o�w�e�r� �c�o�l�u�m�n� �s�l�e�n�d�e�r�n�e�s�s� �r�a�t�i�o�s�)� 

�i�n�d�i�c�a�t�i�n�g� �a� �l�a�r�g�e�r� �e�l�a�s�t�i�c� �z�o�n�e�.� �W�h�e�n�e�v�e�r� �t�h�e� �e�l�a�s�t�i�c� �z�o�n�e� �i�s� �u�s�e�d�,� �t�h�e� �s�t�r�e�n�g�t�h� �i�s� 

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

�W�h�e�n� �s�l�e�n�d�e�r� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �a�r�e� �i�n�v�o�l�v�e�d�,� �L�R�F�D� �a�l�s�o� �p�o�s�s�e�s�s�e�s� �g�r�e�a�t�e�r� 

�s�t�r�e�n�g�t�h�s�,� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�.� �T�h�i�s� 

�s�i�t�u�a�t�i�o�n� �a�r�i�s�e�s� �f�r�o�m� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �Q�,� �f�a�c�t�o�r�s� �i�n� �t�h�e� �n�e�w� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �d�r�o�p� 

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

�4�.�6� �F�u�t�u�r�e� �S�p�e�c�i�f�i�c�a�t�i�o�n� �M�o�d�i�f�i�c�a�t�i�o�n�s� 

�A�s� �s�e�e�n� �i�n� �F�i�g�u�r�e� �4�.�1�,� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �w�i�t�h� �L�R�F�D� �n�e�e�d� �t�o� �b�e� �w�o�r�k�e�d� �o�u�t�.� 

�T�h�e�r�e� �a�r�e� �o�t�h�e�r� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� �1�9�8�6� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�,� �i�n�c�l�u�d�i�n�g� �b�u�t� �n�o�t� 

�l�i�m�i�t�e�d� �t�o� �s�h�e�a�r� �s�t�r�e�n�g�t�h�.� �F�o�r� �c�o�m�p�a�c�t�/�n�o�n�c�o�m�p�a�c�t� �s�e�c�t�i�o�n�s� �c�o�m�p�a�r�e�d� �w�i�t�h� 

�A�S�D�,� �t�h�e� �L�R�F�D� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�%� �l�o�w�e�r� �(�W�i�s�h�a�r�t� �1�9�9�0�)�,� �a�n�d� 

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

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

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

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

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

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

�r�e�s�e�a�r�c�h�.� 

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

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

�1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �w�a�s� �n�o�t� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �o�m�i�s�s�i�o�n�,� �t�h�e�r�e� �e�x�i�s�t�s� �a�n� �e�n�v�e�l�o�p�e� �o�f� �e�c�o�n�o�m�y� �i�n� �f�a�v�o�r� �o�f� �L�R�F�D�.� 

�U�n�d�e�r� �p�u�r�e� �f�l�e�x�u�r�e�,� �a�n�d� �a�n� �L�/�D� �r�a�t�i�o� �o�f� �5�,� �t�h�e�r�e� �i�s� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �1�2�%� �i�n�c�r�e�a�s�e� �i�n
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�f�l�e�x�u�r�a�l� �s�t�r�e�n�g�t�h�,� �d�e�p�e�n�d�i�n�g� �o�n� �f�l�a�n�g�e� �a�n�d� �w�e�b� �p�r�o�p�o�r�t�i�o�n�s�.� �T�h�i�s� �c�a�n� �b�e� 

�v�i�s�u�a�l�i�z�e�d� �b�y� �F�i�g�u�r�e� �4�.�2�.� �T�h�e� �w�r�i�t�e�r� �b�e�l�i�e�v�e�s� �t�h�a�t� �e�i�t�h�e�r� �t�h�i�s� �1�9�8�9� �A�S�D� 

�S�p�e�c�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�o�n� �i�s� �i�n�c�o�r�r�e�c�t�,� �o�r� �t�h�e� �1�9�8�6� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �i�n�c�o�r�r�e�c�t� �f�o�r� 

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

�T�h�e� �u�p�p�e�r� �g�r�a�p�h� �o�f� �F�i�g�u�r�e� �4�.�2� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �a�v�a�i�l�a�b�l�e� �a�l�l�o�w�a�b�l�e� �s�t�r�e�s�s�e�s� 

�(�A�S�D�)� �a�n�d� �t�h�e� �r�e�d�u�c�e�d� �n�o�m�i�n�a�l� �c�a�p�a�c�i�t�i�e�s� �(�L�R�F�D�)� �a�c�c�o�r�d�i�n�g� �t�o� �e�a�c�h� �o�f� �t�h�e� 

�d�e�s�i�g�n� �e�q�u�a�t�i�o�n�s� �(�l�a�b�e�l�l�e�d� �o�n� �t�h�e� �g�r�a�p�h� �f�o�r� �c�o�n�v�e�n�i�e�n�c�e�)�.� �F�L�B�,� �W�L�B�,� �a�n�d� �P�G� �a�r�e� 

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

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �g�r�a�p�h�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �a� �b�e�a�m� �w�i�t�h� �7� �i�n�.� �x� �0�.�3�1�2�5� �i�n�.� 

�f�l�a�n�g�e�s�,� �0�.�2�0�6�0� �i�n�.� �t�h�i�c�k�n�e�s�s� �w�e�b�,� �F�y� �=� �5�0� �k�s�i�,� �a�n�d� �w�e�l�d�e�d� �p�l�a�t�e� �c�o�n�s�t�r�u�c�t�i�o�n�.� 

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

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

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �1�9�7�8� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �1�9�8�6� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�,� 

�t�h�e� �s�e�c�t�i�o�n� �i�s� �p�a�r�t�i�a�l�l�y� �c�o�m�p�a�c�t� �u�p� �t�o� �h�/�t� �=� �1�3�8�.� �B�y� �t�h�e� �1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

�h�o�w�e�v�e�r�,� �t�h�e� �f�l�a�n�g�e�s� �a�r�e� �p�a�r�t�i�a�l�l�y� �c�o�m�p�a�c�t� �u�p� �t�o� �a�n� �h�/�t� �v�a�l�u�e� �o�f� �7�0�.� �P�a�s�t� �t�h�i�s� 

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

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

�0�.�6�3�F�y� �t�o� �a�n� �i�n�t�e�r�s�e�c�t�i�o�n� �p�o�i�n�t� �s�o�m�e�w�h�e�r�e� �o�n� �t�h�e� �p�l�a�t�e� �g�i�r�d�e�r� �d�e�s�i�g�n� �c�u�r�v�e�.� �T�h�e� 

�0�.�6�3�F�y� �i�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �p�r�o�v�i�s�i�o�n�s� �o�f� �F�2� �(�1�9�8�9� �A�S�D�)�,� �s�i�n�c�e� �t�h�e� �s�e�c�t�i�o�n� 

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

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

�A�S�D� �c�u�r�v�e� �a�n�d� �t�h�e� �L�R�F�D� �c�u�r�v�e�s�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �a�s�s�u�m�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�-� �L�i�v�e� �+� �D�e�a�d� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n� �c�o�n�t�r�o�l�s�.� 

�-� �L�/�D� �=� �5�.� 

�-� �h�/�t� �=� �1�2�0�.
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�D�e�s�i�g�n� �s�t�r�e�s�s�e�s� �f�r�o�m� �t�h�e� �p�l�o�t�s� �a�r�e�:� 

�1�9�7�8� �A�S�D�:� �F�h� �=� �3�2�k�s�i� 

�1�9�8�9� �A�S�D�:� �F�p� �=� �2�7� �k�s�i� 

�1�9�8�6� �L�R�F�D�:� �¢�F�,� �=� �4�7� �k�s�i� 

�C�o�m�p�a�r�i�n�g� �t�h�e� �d�e�s�i�g�n� �s�t�r�e�s�s�e�s� �(�u�n�f�a�c�t�o�r�i�n�g� �t�h�e� �L�R�F�D� �e�f�f�e�c�t�)�:� 

�1�9�8�6� �L�R�F�D� �v�e�r�s�u�s� �1�9�7�8� �A�S�D�:� 

�[�4�7� �k�s�i�]� �/�[�3�2� �k�s�i�]� �/�[�(�1�.�2� �+� �1�.�6�(�5�)�)�/�(�1�+�5�)�]� �=� �0�.�9�6�;� 
�t�h�e�r�e�f�o�r�e� �A�S�D� �i�s� �e�c�o�n�o�m�i�c�a�l� �b�y� �4�%� 

�1�9�8�6� �L�R�F�D� �v�e�r�s�u�s� �1�9�8�9� �A�S�D�:� 

�[�4�7� �k�s�i�]� �/�(�2�7� �k�s�i�]� �/�[�(�1�.�2�+� �1�.�6�(�5�)�)�/�(�1�+�5�)�]� �=� �1�.�1�4�;� 

�t�h�e�r�e�f�o�r�e� �L�R�F�D� �i�s� �e�c�o�n�o�m�i�c�a�l� �b�y� �1�4�%� 

�T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �o�f� �1�4�%� �i�s� �a�p�p�l�i�c�a�b�l�e� �o�n�l�y� �u�n�d�e�r� �p�u�r�e� �f�l�e�x�u�r�a�l� �l�o�a�d�i�n�g�.� �W�h�e�n� 

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

�s�m�a�l�l�e�r�,� �b�u�t� �i�s� �s�t�i�l�l� �g�r�e�a�t�e�r� �t�h�a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�%�.� 

�T�h�i�s� �o�m�i�s�s�i�o�n� �w�i�l�l� �b�e� �u�n�d�e�r� �s�t�u�d�y� �b�y� �t�h�e� �L�R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �C�o�m�m�i�t�t�e�e� �f�o�r� 

�p�o�s�s�i�b�l�e� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �2�7�9� �o�r� �3�°�9� �E�d�i�t�i�o�n�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �o�n� �t�h�e� �c�u�r�r�e�n�t� 

�a�g�e�n�d�a� �f�o�r� �t�h�e� �2�n�d� �|� �R�F�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�i�s� �e�n�v�e�l�o�p�e� �w�i�l�l� �b�e� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �a�t� �l�e�a�s�t� �f�o�u�r� �m�o�r�e� �y�e�a�r�s�.� �A�l�s�o�,� �t�h�e� �A�I�S�C� �h�a�d� �t�a�k�e�n� �t�h�e� �p�o�s�i�t�i�o�n� �t�h�a�t� 

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

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

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



�6�5� 

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

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



�C�H�A�P�T�E�R� �V� 

�C�A�S�E� �S�T�U�D�I�E�S� 

�5�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�i�s� �c�h�a�p�t�e�r� �f�o�c�u�s�e�s� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a�p�p�l�y�i�n�g� �t�h�e� �S�O�E�A� �r�u�l�e�s� �t�o� �t�h�e� �f�r�a�m�e� 

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

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

�E�a�c�h� �o�f� �t�h�e� �1�0� �f�r�a�m�e�s� �i�s� �a�n�a�l�y�z�e�d� �f�o�r� �1�6� �A�S�D� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�,� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �1�6� �L�R�F�D� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�e�s� �a�r�e� �t�h�e�n� 

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

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

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

�A�S�D� �r�a�t�i�o�s� �a�n�d� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�5�.�2� �M�e�t�h�o�d� �o�f� �C�o�m�p�a�r�i�s�o�n� 

�F�o�r� �a�l�l� �t�h�e� �f�r�a�m�e�s� �s�t�u�d�i�e�d�,� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� 

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

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

�o�r� �m�o�r�e� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�,� �i�.�e�.�,� �s�t�a�b�i�l�i�t�y� �u�n�d�e�r� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n� �1�,� �y�i�e�l�d�i�n�g� �u�n�d�e�r� 

�l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n� �6�,� �s�h�e�a�r� �u�n�d�e�r� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n� �8�,� �e�t�c�.� �G�e�n�e�r�a�l�l�y�,� �f�o�r� 

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

�D�+�S� �a�n�d� �D�+�S�+�W�/�2� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�.� �U�n�d�e�r� �L�R�F�D�,� �t�h�e� �g�o�v�e�r�n�i�n�g� �l�o�a�d� 
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�c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �1�.�2�D�+�1�.�6�S� �a�n�d� �1�.�2�D�+�1�.�6�S�+�0�.�8�W�.� �S�u�m�m�a�r�y� �g�r�a�p�h�s� �o�f� �e�a�c�h� 

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

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

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

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

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

�b�e�t�w�e�e�n� �A�S�D� �a�n�d� �L�R�F�D�.� �F�u�r�t�h�e�r� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �L�R�F�D� �s�t�r�e�n�g�t�h� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� 

�i�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �0�.�9�0�.� �L�i�k�e�w�i�s�e�,� �a�s�s�u�m�e� �t�h�a�t� �a� �f�i�r�s�t�-�o�r�d�e�r� �A�S�D� �i�s� �p�e�r�f�o�r�m�e�d� �o�n� 

�t�h�e� �s�a�m�e� �m�e�m�b�e�r�,� �a�n�d� �t�h�e� �g�o�v�e�r�n�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �0�.�9�5�.� 

�N�o�r�m�a�l�i�z�i�n�g� �t�h�e� �r�e�s�u�l�t�s�,� 

�L�R�F�D�/�A�S�D� �=� �0�.�9�0�/�0�.�9�5� �=� �0�.�9�4�7�4� 

�g�i�v�e�s� �t�h�e� �m�u�l�t�i�p�l�e� �o�f� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �f�o�r� �L�R�F�D� �v�s�.� �A�S�D�.� �F�o�r� �t�h�i�s� �e�x�a�m�p�l�e� 

�t�h�e�n�,� �L�R�F�D� �i�s� �m�o�r�e� �e�c�o�n�o�m�i�c�a�l� �t�h�a�n� �A�S�D� �b�y� �a�n� �a�m�o�u�n�t�:� 

�(�1�.�0�-�0�.�9�4�7�4�)�*�1�0�0�%� �=� �5�.�2�6�%� 

�W�h�e�n� �c�o�m�p�a�r�i�n�g� �A�S�D� �w�i�t�h� �L�R�F�D�,� �t�h�e�r�e� �c�a�n� �b�e� �c�o�n�f�u�s�i�o�n� �b�e�t�w�e�e�n� 

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

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

�c�o�n�f�u�s�i�o�n�.� 

�E�c�o�n�o�m�y� �i�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�o�s�e� �m�u�l�t�i�p�l�e�s� �t�h�a�t� �a�r�e� �l�e�s�s� �t�h�a�n� �1�.�0�.� �T�h�e�s�e� 

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

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

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

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

�S�p�e�c�i�f�i�c�a�t�i�o�n� �c�h�e�c�k�i�n�g� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� �w�r�i�t�t�e�n� �t�o� �a�c�c�e�p�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

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

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

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

�r�e�s�p�o�n�s�e�s�.� 

�5�.�3� �E�c�o�n�o�m�i�c� �C�r�i�t�e�r�i�o�n� 

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

�d�e�s�i�g�n� �s�t�r�e�n�g�t�h� �o�f� �a�t� �l�e�a�s�t� �3�%�.� �I�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �a�n� �i�n�c�r�e�a�s�e� �i�n� �d�e�s�i�g�n� 

�s�t�r�e�n�g�t�h� �s�m�a�l�l�e�r� �t�h�a�n� �3�%� �w�o�u�l�d� �n�o�t� �j�u�s�t�i�f�y� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �a�n�a�l�y�s�i�s� �t�i�m�e� �r�e�q�u�i�r�e�d� 

�b�y� �s�e�c�o�n�d�-�o�r�d�e�r� �a�n�a�l�y�s�i�s�.� 

�5�.�4� �P�r�e�l�i�m�i�n�a�r�y� �D�a�t�a� �C�a�u�t�i�o�n�s� 

�O�r�i�g�i�n�a�l�l�y�,� �t�h�e� �f�r�a�m�e�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �u�n�d�e�r� �t�h�e� �1�9�7�8� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n�.� 

�D�u�e� �t�o� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �t�h�e� �1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �a�n�d� �i�t�s� �a�m�e�n�d�m�e�n�t�s� �t�o� 

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

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

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

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

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

�r�a�t�i�o�s� �a�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0�.� �T�h�i�s� �i�s� �p�r�i�m�a�r�i�l�y� �d�u�e� �t�o� �f�o�u�r� �c�a�u�s�e�s�.� 

�T�h�e�y� �a�r�e�:� 

�-� �T�h�e� �f�l�a�n�g�e�/�w�e�b� �l�o�c�a�l� �b�u�c�k�l�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �f�o�r�m�u�l�a� �o�f� �t�h�e� �1�9�8�9� �A�S�D� 

�S�p�e�c�i�f�i�c�a�t�i�o�n� �w�a�s� �i�n�c�l�u�d�e�d� �f�o�r� �f�l�e�x�u�r�a�l� �s�t�r�e�n�g�t�h�s�;� 

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

�i�m�m�i�n�e�n�t� �f�a�i�l�u�r�e� �(�S�a�l�m�o�n� �a�n�d� �J�o�h�n�s�o�n� �1�9�8�9�)�,� �i�t�e�r�a�t�i�n�g� �w�i�t�h� �f�=�F�a� �w�h�e�n� �s�l�e�n�d�e�r�-� 

�w�e�b� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �a�r�e� �i�n�v�o�l�v�e�d�;� 

�-� �I�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �f�o�r�m�-�f�a�c�t�o�r� �Q� �i�n� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �a�x�i�a�l� �t�e�r�m� �o�f� �t�h�e� �1�9�8�9� 

�A�S�D� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �f�o�r�m�u�l�a�;� 

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

�O�r�i�g�i�n�a�l�l�y� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

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

�a�s�s�e�s�s�i�n�g� �P�-�D�e�l�t�a� �e�f�f�e�c�t�s� �a�n�d� �c�r�i�t�i�q�u�i�n�g� �L�R�F�D� �o�f� �G�a�b�l�e� �F�r�a�m�e�s�,� �t�h�r�e�e� �a�l�t�e�r�n�a�t�e� 

�d�e�s�i�g�n� �p�r�o�c�e�d�u�r�e�s� �(�p�r�o�p�o�s�a�l�s�)� �a�r�e� �d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�-� �T�h�e� �f�i�r�s�t� �a�l�t�e�r�n�a�t�e� �i�s� �a� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �a�n�d� �d�e�s�i�g�n� �c�h�e�c�k� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n� �r�u�l�e�s� �d�e�v�e�l�o�p�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �S�e�c�t�i�o�n� �3�.� 

�T�h�i�s� �i�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �d�i�s�c�u�s�s�i�o�n�s� �b�y� �t�h�e� �n�o�t�a�t�i�o�n� �A�S�D�\�s�o�.� 

�-� �T�h�e� �s�e�c�o�n�d� �a�l�t�e�r�n�a�t�e� �i�s� �a� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �a�n�d� �d�e�s�i�g�n� �c�h�e�c�k� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �L�o�a�d� �a�n�d� �R�e�s�i�s�t�a�n�c�e� �F�a�c�t�o�r� �D�e�s�i�g�n� �r�u�l�e�s� �d�e�v�e�l�o�p�e�d� �i�n� �C�h�a�p�t�e�r� 

�4�,� �S�e�c�t�i�o�n� �4�.� �T�h�i�s� �i�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �d�i�s�c�u�s�s�i�o�n�s� �b�y� �t�h�e� �n�o�t�a�t�i�o�n� �L�R�F�D�.� 

�-� �T�h�e� �t�h�i�r�d� �a�l�t�e�r�n�a�t�e� �i�s� �a� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �a�n�d� �d�e�s�i�g�n� �c�h�e�c�k� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n� �r�u�l�e�s� �d�e�v�e�l�o�p�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �S�e�c�t�i�o�n� �2�,
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�b�u�t� �d�o�e�s� �n�o�t� �u�s�e� �t�h�e� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r�s� �t�h�a�t� �N�U�C�O�R� �u�s�u�a�l�l�y� �a�s�s�u�m�e�s�.� 

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

�f�a�c�t�o�r� �c�h�a�r�t�s� �f�o�u�n�d� �i�n� �t�h�e� �C�o�m�m�e�n�t�a�r�y� �t�o� �t�h�e� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �(�A�I�S�C� �1�9�7�8�,� �A�I�S�C� 

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

�T�h�e�y� �w�e�r�e� �K�x� �=� �1�.�3� �(�c�o�l�u�m�n�s�)� �a�n�d� �K�y� �=� �1�.�8�5� �(�r�a�f�t�e�r�s�)�.� �T�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �t�h�e� 

�s�u�b�j�e�c�t� �o�f� �C�h�a�p�t�e�r� �V�I�.� �T�h�i�s� �i�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �d�i�s�c�u�s�s�i�o�n�s� �a�s� �A�S�D�\�p�.� 

�A�l�s�o�,� �A�S�D�\�f�o� �d�e�n�o�t�e�s� �t�h�e� �A�S�D� �f�i�r�s�t�-�o�r�d�e�r� �d�e�s�i�g�n�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�a�s�s�u�m�e�d� �N�U�C�O�R� �K�,� �v�a�l�u�e�s�.� 

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

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

�m�e�a�s�u�r�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �A�S�D�\�f�o� �b�e�h�a�v�i�o�r�.� 

�5�.�5� �F�r�a�m�e� �D�i�s�c�u�s�s�i�o�n�s� 

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

�a�W�I�D�E� �b�E�A�V�E� �¢�/�1�2� �d�P�S�F� 

�W�h�e�r�e� �a� �=� �t�o�t�a�l� �w�i�d�t�h� �o�f� �b�u�i�l�d�i�n�g� �f�r�a�m�e� �(�f�t�.�)�,� �b� �=� �v�e�r�t�i�c�a�l� �h�e�i�g�h�t� �o�f� �t�h�e� �e�a�v�e� �(�f�t�.�)�,� �c� 

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

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

�T�h�e� �h�o�r�i�z�o�n�t�a�l� �a�x�e�s� �o�f� �t�h�e� �g�r�a�p�h�s� �i�n� �A�p�p�e�n�d�i�x� �A� �r�e�p�r�e�s�e�n�t� �c�r�o�s�s�-�s�e�c�t�i�o�n� 

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

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



�7�1� 

�5�.�5�.�1� �F�r�a�m�e� �#�1�;� �D�e�s�i�g�n�a�t�i�o�n�:� �5�0�W�I�D�E� �3�0�E�A�V�E�.� �2�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �C�l�e�a�r�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�5�.�9� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�1�8�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �C�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�1�9�.� �S�i�n�c�e� 

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

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

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �3�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �3�%�.� �T�h�e�r�e�f�o�r�e�,� 

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

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�2�0�%�.� �L�R�F�D� �h�a�s� �n�o� �p�o�t�e�n�t�i�a�l� �b�e�n�e�f�i�t� �h�e�r�e�.� �T�h�e� �u�s�e� �o�f� �f�a�c�t�o�r�e�d� �l�o�a�d�s� �o�u�t�w�e�i�g�h�s� 

�t�h�e� �b�e�n�e�f�i�t�s� �o�f� �a�n� �i�n�-�p�l�a�n�e� �K�x� �=� �1�.�0�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �5�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�i�s� �i�s� �a� �v�i�a�b�l�e� �a�l�t�e�r�n�a�t�i�v�e�.� �T�h�e� �5�%� �i�n�c�r�e�a�s�e� �i�n� 

�d�e�s�i�g�n� �s�t�r�e�n�g�t�h� �i�s� �d�i�r�e�c�t�l�y� �a�c�h�i�e�v�a�b�l�e�,� �w�i�t�h�o�u�t� �S�O�E�A�.� �T�h�e� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�C�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �d�u�e� �t�o� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �f�o�r�m�-�f�a�c�t�o�r�,� �Q�.� �T�h�e� �f�o�r�m�-�f�a�c�t�o�r� 

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



�7�2� 

�5�.�5�.�2� �F�r�a�m�e� �#�2�;� �D�e�s�i�g�n�a�t�i�o�n�:� �(�O�W�I�D�E� �2�0�E�A�V�E� �1�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �C�l�e�a�r�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�4�.�2� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�1�6�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�1�8�.� �A�s� �i�n� �F�r�a�m�e� �#�1�,� 

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

�b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �1�0�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �1�%�.� �T�h�e�r�e� �i�s� 

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

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�4�%�.� �T�h�e� �u�s�e� �o�f� �f�a�c�t�o�r�e�d� �l�o�a�d�s� �o�u�t�w�e�i�g�h�s� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �a�n� �i�n�-�p�l�a�n�e� �K�x� �=� �1�.�0�.� 

�T�h�e�r�e�f�o�r�e�,� �L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� 

�b�y� �l�e�s�s� �t�h�a�n� �1�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� �l�e�s�s� �t�h�a�n� �1�%�.� 

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

�i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n�.� 

�5�.�5�.�3� �F�r�a�m�e� �#�3�;� �D�e�s�i�g�n�a�t�i�o�n�:� �G�O�W�I�D�E� �3�5�E�A�V�E� �.�5�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �C�l�e�a�r�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�6�.�7� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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



�7�3� 

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

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�0�5�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�1�1�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �8�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �1�%�.� �T�h�e�r�e�f�o�r�e�,� 

�n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�1�8�%�.� �T�h�e�r�e�f�o�r�e�,� �L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �2�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

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

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

�t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�5�.�5�.�4� �F�r�a�m�e� �#�4�;� �D�e�s�i�g�n�a�t�i�o�n�:� �8�S�O�W�I�D�E� �4�0�E�A�V�E� �2�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �C�l�e�a�r�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�7�.�3� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�0�5�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�1�2�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �5�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �2�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.



�7�4� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�1�0�%�.� �T�h�e�r�e�f�o�r�e�,� �L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �3�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �T�h�i�s� �i�s� �a� �b�e�n�e�f�i�c�i�a�l� �c�a�s�e�,� �d�i�r�e�c�t�l�y� �o�b�t�a�i�n�a�b�l�e� �w�i�t�h�o�u�t� �s�e�c�o�n�d�-�o�r�d�e�r� 

�e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s�.� 

�5�.�5�.�5� �F�r�a�m�e� �#�5�;� �D�e�s�i�g�n�a�t�i�o�n�:� �1�2�0�W�I�D�E� �2�5�E�A�V�E� �1�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �C�l�e�a�r�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�5�.�3� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �d�o�e�s� �n�o�t� �c�o�n�t�r�o�l� �d�e�s�i�g�n� �o�f� 

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

�i�s�o�l�a�t�e�d� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �r�a�f�t�e�r�s�.� �T�h�e� �m�a�x�i�m�u�m� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �0�.�9�7�,� 

�a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�1�2�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �5�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �2�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n�s� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �d�e�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�2�%�.� �F�o�r� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �L�R�F�D� �d�o�e�s� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �e�c�o�n�o�m�y� �c�r�i�t�e�r�i�o�n� �o�f� �a�t� �l�e�a�s�t� 

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

�i�n�c�r�e�a�s�e�d� �f�l�e�x�u�r�a�l� �c�a�p�a�c�i�t�i�e�s� �a�v�a�i�l�a�b�l�e� �i�n� �L�R�F�D�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �1�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �T�h�e�r�e� �a�r�e� �n�o� �p�o�t�e�n�t�i�a�l�.� �e�c�o�n�o�m�i�c� �b�e�n�e�f�i�t�s� �w�i�t�h� �t�h�i�s� �p�r�o�p�o�s�a�l�.



�1�5� 

�5�.�5�.�6� �F�r�a�m�e� �#�6�;� �D�e�s�i�g�n�a�t�i�o�n�:� �1�O�O�W�I�D�E� �3�0�E�A�V�E� �.�2�5�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �M�u�l�t�i�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�5�.�9� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�m�a�x�i�m�u�m� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�8�2�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�9�5�.� 

�T�h�e�s�e� �a�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0� �p�r�i�m�a�r�i�l�y� �b�e�c�a�u�s�e� �o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� 

�u�n�b�a�l�a�n�c�e�d� �s�n�o�w� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�,� �a�n�d� �t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t�,� �t�h�e� �1�9�8�9� �A�S�D� 

�S�p�e�c�i�f�i�c�a�t�i�o�n� �s�l�e�n�d�e�r� �p�r�o�v�i�s�i�o�n�s�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �6�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �4�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�3�5�%�.� �T�h�e�r�e�f�o�r�e�,� �L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �3�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �T�h�i�s� �i�s� �a� �b�o�r�d�e�r�l�i�n�e� �c�a�s�e�,� �o�b�t�a�i�n�a�b�l�e� �w�i�t�h�o�u�t� �s�e�c�o�n�d�-�o�r�d�e�r� �a�n�a�l�y�s�i�s�.� 

�5�.�5�.�7� �F�r�a�m�e� �#�7�;� �D�e�s�i�g�n�a�t�i�o�n�:� �1�2�0�W�I�D�E� �2�0�E�A�V�E� �.�5�/�1�2� �4�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �M�u�l�t�i�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �4�0� �p�s�f� �W�i�n�d�:� �1�4�.�2� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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



�7�6� 

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

�m�a�x�i�m�u�m� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�3�3�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�3�7�.� 

�A�s� �i�n� �F�r�a�m�e� �#�6�,� �t�h�e�s�e� �a�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0� �p�r�i�m�a�r�i�l�y� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �u�n�b�a�l�a�n�c�e�d� �s�n�o�w� �l�o�a�d� �c�o�m�b�i�n�a�t�i�o�n�s�,� �a�n�d� �t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t�,� �t�h�e� �1�9�8�9� 

�A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �s�l�e�n�d�e�r� �p�r�o�v�i�s�i�o�n�s�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �7�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �1�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a�n� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� �1�0�%�.� 

�L�R�F�D� �h�a�s� �n�o� �a�v�a�i�l�a�b�l�e� �b�e�n�e�f�i�t� �f�o�r� �t�h�i�s� �f�r�a�m�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �2�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �T�h�e� �b�e�n�e�f�i�t� �i�s� �n�o�t� �a�b�o�v�e� �t�h�e� �e�c�o�n�o�m�i�c� �c�u�t�o�f�f� �v�a�l�u�e� �s�t�i�p�u�l�a�t�e�d�,� �b�u�t� �i�s� 

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

�5�.�5�.�8� �F�r�a�m�e� �#�8�;� �D�e�s�i�g�n�a�t�i�o�n�:� �1�8�0�W�I�D�E� �3�5�E�A�V�E� �1�/�1�2� �3�0�P�S�F� 

�s�y�m�m�e�t�r�i�c�,� �M�u�l�t�i�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�6�.�7� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�1�8�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�3�0�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �7�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �2�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.



�7�/� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n�s� �r�e�s�u�l�t�s� �i�n� �a�n� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� �2�6�%�.� 

�L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �2�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �A�g�a�i�n�,� �t�h�e� �b�e�n�e�f�i�t� �i�s� �n�o�t� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �c�u�t�o�f�f� �v�a�l�u�e� �s�t�i�p�u�l�a�t�e�d�,� �a�n�d� 

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

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

�5�.�5�.�9� �F�r�a�m�e� �#�9�;� �D�e�s�i�g�n�a�t�i�o�n�:� �2�5�0�W�I�D�E� �S�O�E�A�V�E� �.�2�5�/�1�2� �4�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �M�u�l�t�i�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5�p�s�f� �S�n�o�w�:� �4�0� �p�s�f� �W�i�n�d�:� �1�8�.�4� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �a�n�d� �c�a�p�a�c�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� �v�a�l�u�e�s� 

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

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

�C�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�3�0�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �6�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �2�%�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �d�e�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� �2�%�.� 

�T�h�o�u�g�h� �c�a�p�a�c�i�t�i�e�s� �h�a�v�e� �i�n�c�r�e�a�s�e�d�,� �L�R�F�D� �h�a�s� �n�o�t� �e�x�c�e�e�d�e�d� �t�h�e� �d�e�s�i�g�n�a�t�e�d� 

�e�c�o�n�o�m�i�c� �c�r�i�t�e�r�i�o�n�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �3�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.



�7�8� 

�5�.�5�.�1�0� �F�r�a�m�e� �#�1�0�;� �D�e�s�i�g�n�a�t�i�o�n�:� �8�S�O�W�I�D�E� �4�0�E�A�V�E� �2�/�1�2� �3�0�P�S�F� 

�S�y�m�m�e�t�r�i�c�,� �M�u�l�t�i�-�S�p�a�n� �G�a�b�l�e� �F�r�a�m�e� 

�D�e�s�i�g�n� �L�o�a�d�s�;� �D�e�a�d�:� �5� �p�s�f� �S�n�o�w�:� �3�0� �p�s�f� �W�i�n�d�:� �1�7�.�3� �p�s�f� 

�A�.� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �s�t�a�b�i�l�i�t�y� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �c�o�n�t�r�o�l�s� �d�e�s�i�g�n� �o�f� �t�h�e� 

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

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

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o� �i�s� �1�.�0�5�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �c�a�p�a�c�i�t�y� �r�a�t�i�o� �i�s� �1�.�2�0�.� 

�B�.� �A�S�D�\�s�o� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �i�s� �1�2�%�.� �T�h�e� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �e�q�u�a�t�i�o�n� �i�s� �a�l�s�o� �1�2�%�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e�r�e� �i�s� �n�o� �b�e�n�e�f�i�t� �i�n� �u�s�i�n�g� �t�h�e� �m�o�d�i�f�i�e�d� �s�e�c�o�n�d�-�o�r�d�e�r� �A�S�D� �r�u�l�e�s�.� 

�C�.� �L�R�F�D� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �L�R�F�D� �i�n�t�e�r�a�c�t�i�o�n� �e�q�u�a�t�i�o�n� 

�v�e�r�s�u�s� �t�h�e� �A�S�D�\�f�o� �s�t�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �r�e�l�a�t�i�v�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �r�a�t�i�o� �o�f� 

�3�3�%�.� �T�h�e�r�e�f�o�r�e�,� �L�R�F�D� �h�a�s� �n�o� �b�e�n�e�f�i�t� �h�e�r�e�.� �T�h�e� �s�e�c�o�n�d�-�o�r�d�e�r� �e�f�f�e�c�t�s� �u�n�d�e�r� 

�f�a�c�t�o�r�e�d� �l�o�a�d�s� �o�u�t�w�e�i�g�h� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �a�n� �i�n�-�p�l�a�n�e� �K�x� �=� �1�.�0�.� 

�D�.� �A�S�D�\�p� �v�e�r�s�u�s� �A�S�D�\�f�o� �R�e�s�u�l�t�s�.� �F�o�r� �t�h�i�s� �p�r�o�p�o�s�a�l�,� �t�h�e� �s�t�a�b�i�l�i�t�y� 

�i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �d�e�c�r�e�a�s�e� �b�y� �2�%�,� �a�n�d� �t�h�e� �y�i�e�l�d�i�n�g� �i�n�t�e�r�a�c�t�i�o�n� �r�a�t�i�o�s� �i�n�c�r�e�a�s�e� �b�y� 

�l�e�s�s� �t�h�a�n� �1�%�.� �N�o� �r�e�a�l� �b�e�n�e�f�i�t� �i�s� �o�b�t�a�i�n�e�d� �s�i�n�c�e� �t�h�e� �y�i�e�l�d�i�n�g� �e�q�u�a�t�i�o�n� �c�o�n�t�r�o�l�s� 

�a�l�o�n�g� �m�o�s�t� �o�f� �t�h�e� �f�r�a�m�e�.



�C�H�A�P�T�E�R� �V�I� 

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

�6�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

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

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

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

�s�e�t� �c�r�i�t�e�r�i�a�.� 

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

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

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

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

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

�u�n�d�e�r� �l�a�r�g�e� �s�h�e�a�r�s� �a�r�e� �c�o�n�c�e�r�n�e�d�.� 

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

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

�f�r�a�m�e� �e�f�f�e�c�t�s� �c�a�n� �e�a�s�i�l�y� �b�e� �s�e�e�n�.� �F�i�g�u�r�e� �6�.�1� �s�h�o�w�s� �t�h�e� �l�o�w�e�s�t� �e�n�e�r�g�y� �l�e�v�e�l� 

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

�u�n�b�r�a�c�e�d�.� �N�o�t�e� �t�h�a�t� �f�o�r� �t�h�e�s�e� �f�r�a�m�e�s�,� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r� �o�f� 
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�8�1� 

�c�o�l�u�m�n�s� �i�n� �b�r�a�c�e�d� �f�r�a�m�e�s� �i�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�.�0�,� �a�n�d� �f�o�r� �t�h�e� �u�n�b�r�a�c�e�d� 

�f�r�a�m�e�,� �t�h�e� �e�f�f�e�c�t�i�v�e� �l�e�n�g�t�h� �f�a�c�t�o�r� �i�s� �a�l�w�a�y�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�.�0�.� 

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

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

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

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

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

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

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

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

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

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

�i�s� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �b�y�:� 
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�W�h�e�r�e� �P�e� �=� �E�u�l�e�r� �B�u�c�k�l�i�n�g� �L�o�a�d�,� �P�e�r� �=� �c�r�i�t�i�c�a�l� �b�u�c�k�l�i�n�g� �l�o�a�d�,� �a�n�d� �K� �=� �e�f�f�e�c�t�i�v�e�-� 

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

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

�n�o�m�o�g�r�a�p�h� �f�o�r� �p�r�i�s�m�a�t�i�c� �m�e�m�b�e�r�s� �(�J�u�l�i�a�n� �a�n�d� �L�a�w�r�e�n�c�e� �1�9�6�2�)� �o�r� �c�o�m�p�l�i�c�a�t�e�d� 

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

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

�T�h�e� �m�e�t�h�o�d�s� �a�v�a�i�l�a�b�l�e� �a�n�d� �t�h�e�i�r� �p�r�a�c�t�i�c�a�l�i�t�y� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.
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�6�.�2� �C�u�r�r�e�n�t� �M�e�t�h�o�d�o�l�o�g�y� 

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

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

�p�r�o�v�i�d�e�d� �i�n� �t�h�e� �A�I�S�C� �s�t�e�e�l� �c�o�n�s�t�r�u�c�t�i�o�n� �m�a�n�u�a�l�s�.� �T�h�e� �m�e�t�h�o�d� �i�n�v�o�l�v�e�s� �c�a�l�c�u�l�a�t�i�n�g� 

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

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

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

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

�a�s�s�u�m�p�t�i�o�n�s� �a�r�e�:� 

�1�)� �B�e�h�a�v�i�o�r� �i�s� �p�u�r�e�l�y� �e�l�a�s�t�i�c�,� 

�2�)� �A�l�l� �m�e�m�b�e�r�s� �h�a�v�e� �c�o�n�s�t�a�n�t� �c�r�o�s�s�-�s�e�c�t�i�o�n�,� 

�3�)� �A�l�l� �j�o�i�n�t�s� �a�r�e� �r�i�g�i�d�,� 

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

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

�6�)� �T�h�e� �s�t�a�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �L� �a� �o�f� �a�l�l� �c�o�l�u�m�n�s� 
�a�r�e� �e�q�u�a�l� �E�l� 

�7�)� �J�o�i�n�t� �r�e�s�t�r�a�i�n�t� �i�s� �s�h�a�r�e�d� �b�y� �d�i�s�t�r�i�b�u�t�i�n�g� �t�h�e� �I�/�L� 

�v�a�l�u�e�s� �b�e�t�w�e�e�n� �t�h�e� �c�o�l�u�m�n�s�,� 

�8�)� �A�l�l� �c�o�l�u�m�n�s� �i�n� �a� �s�t�o�r�y� �b�u�c�k�l�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�.� 

�F�o�r� �t�h�e� �s�y�m�m�e�t�r�i�c� �N�U�C�O�R� �t�y�p�e� �f�r�a�m�e�s�,� �a�s�s�u�m�p�t�i�o�n�s� �2� �a�n�d� �5� �a�r�e� 

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

�f�l�e�x�u�r�a�l� �e�n�e�r�g�y�.� �T�h�e� �i�n�e�l�a�s�t�i�c� �K�-�f�a�c�t�o�r� �p�r�o�c�e�d�u�r�e� �d�e�v�e�l�o�p�e�d� �b�y� �Y�u�r�a� �(�1�9�7�7�1�)�,� �i�s� �n�o�t� 

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

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

�(�1�9�7�4�)�,� �s�e�t� �o�u�t� �t�o� �p�r�o�v�i�d�e� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �a�l�i�g�n�m�e�n�t� �c�h�a�r�t�s� �f�o�r� �t�a�p�e�r�e�d� �c�o�l�u�m�n�s�.� 

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

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

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

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

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

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

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

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

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

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

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

�d�i�s�c�r�e�t�i�z�e�d� �f�r�a�m�e� �m�a�y� �h�a�v�e� �5�0�0� �d�e�g�r�e�e�s�-�o�f�-�f�r�e�e�d�o�m�,� �f�o�r� �w�h�i�c�h� �t�h�e�r�e� �a�r�e� �5�0�0� 

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

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

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

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

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

�6�.�3� �S�e�c�o�n�d�-�O�r�d�e�r� �E�l�a�s�t�i�c� �M�e�t�h�o�d� 

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

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

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

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

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

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

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

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

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

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

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

�s�m�a�l�l� �d�i�s�t�u�r�b�a�n�c�e� �(�w�h�i�c�h� �i�s� �a�l�s�o� �a�p�p�l�i�e�d� �i�n�c�r�e�m�e�n�t�a�l�l�y�)� �s�p�e�c�i�f�i�e�d� �w�a�s� �1�0� �I�b�s�.� 

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

�o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �a�n�y� �c�h�o�s�e�n� �D�O�F� �h�a�s� �a�c�c�r�u�e�d� �a� �v�a�l�u�e� �o�f� �1�2� �i�n�.� 

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

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

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

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

�F�o�r� �a�l�l� �t�h�e� �a�n�a�l�y�s�e�s�,� �t�h�e� �l�o�a�d� �w�a�s� �a�p�p�l�i�e�d� �i�n� �0�.�5�%� �i�n�c�r�e�m�e�n�t�s� �o�f� �t�h�e� �a�s�s�u�m�e�d� 

�u�p�p�e�r�-�b�o�u�n�d� �b�u�c�k�l�i�n�g� �l�o�a�d�.� 

�R�e�s�u�l�t�s� �o�f� �t�h�e� �S�O�E�A� �s�h�o�w� �t�h�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�o�t�a�l� �l�o�a�d� �a�p�p�l�i�e�d�,� �w�h�i�c�h� �i�s� 

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

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

�f�r�a�m�e�s� �s�u�b�m�i�t�t�e�d� �b�y� �N�U�C�O�R�.� 

�6�.�4� �E�f�f�e�c�t�i�v�e� �L�e�n�g�t�h� �S�t�u�d�y� 

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

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



�8�5� 

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

�S�p�e�c�i�f�i�c�a�t�i�o�n� �(�A�I�S�C� �1�9�7�8� �o�r� �1�9�8�9�)�.� �T�h�e� �w�r�i�t�e�r� �m�o�d�i�f�i�e�d� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �j�o�i�n�t�-� 

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

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

�a�p�p�l�i�c�a�t�i�o�n� �w�e�r�e� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.�2�.� �N�o�t�i�c�e� �t�h�a�t� �t�h�e� �A�I�S�C� �r�e�c�o�m�m�e�n�d�e�d� 

�v�a�l�u�e� �o�f� �1�0� �f�o�r� �t�h�e� �r�e�s�t�r�a�i�n�t� �p�r�o�v�i�d�e�d� �f�o�r� �t�h�e� �p�i�n�n�e�d�-�e�n�d� �i�s� �u�s�e�d� �a�n�d� �n�o�t� �t�h�e� 

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

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

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

�N�o�t�e� �t�h�a�t� �i�n� �t�h�e� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s�,� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �c�r�i�t�i�c�a�l� �b�u�c�k�l�i�n�g� �l�o�a�d� 

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

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

�s�u�p�p�o�r�t� �i�s� �i�n�f�i�n�i�t�y�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.�1�.� �P�g� �i�s� �t�h�e� �E�u�l�e�r� 

�B�u�c�k�l�i�n�g� �l�o�a�d�,� �a�s�s�u�m�i�n�g� �K�y� �=� �1�.�0� �(�i�n�-�p�l�a�n�e�)�,� �a�n�d� �t�h�e� �c�o�l�u�m�n�-�b�a�s�e� �m�o�m�e�n�t� �o�f� 

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

�f�r�o�m� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s�.� �C�h�a�r�t� �K�y� �i�s� �t�h�e� �K�-�f�a�c�t�o�r� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� 

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

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

�c�h�a�r�t� �m�e�t�h�o�d� �w�a�s� �c�o�n�s�e�r�v�a�t�i�v�e�,� �a�n�d� �l�o�w�e�r� �r�e�l�a�t�i�v�e� �t�o� �N�U�C�O�R ��s� �t�y�p�i�c�a�l� 

�a�s�s�u�m�p�t�i�o�n� �o�f� �K�x�,� �=� �1�.�5�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �N�U�C�O�R� �m�a�y� �b�e� �a�b�l�e� �t�o� �u�s�e� �a� �K�,� 

�l�o�w�e�r� �t�h�a�n� �1�.�5� �f�o�r� �m�o�s�t� �o�f� �t�h�e�i�r� �f�i�r�s�t�-�o�r�d�e�r� �f�r�a�m�e� �d�e�s�i�g�n�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� �f�i�n�d�i�n�g�,� 

�f�i�r�s�t�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �c�h�e�c�k�s� �o�f� �t�h�e� �t�e�n� �f�r�a�m�e�s� �w�e�r�e� �c�h�e�c�k�e�d� �a�s�s�u�m�i�n�g� �K�y� �=� �1�.�3� 

�f�o�r� �t�h�e� �c�o�l�u�m�n�s�,� �a�n�d� �K�y� �=� �1�.�8�5� �f�o�r� �t�h�e� �r�a�f�t�e�r�s� �(�t�h�o�u�g�h� �n�o�t� �s�h�o�w�n�,� �K�y� �=� �1�.�8�5� �i�s
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�E�l�a�s�t�i�c� �S�t�a�b�i�l�i�t�y� �A�n�a�l�y�s�i�s� 
�o�r� �S�y�m�m�e�t�r�i�c� �G�a�b�l�e� �F�r�a�m�e�s� 

�E�f�f�e�c�t�i�v�e� �L�e�n�g�t�h� �S�t�u�d�y� 
� � 

� � 

� � 

� � � � � � � � � � 

�F�r�a�m�e� �T�a�p�e�r� �C�h�a�r�t� �p� �P� �C�a�l�e ��d� 
�#� �R�a�t�i�o� �K�y� �e� �B�u�c�k� �K�y� 

�F�1� �|� �2�.�0�0� �|� �1�.�0�0� �1�2�5� �1�3�5� �|� �0�.�9�6� 
�F�2� �|� �2�.�2�0� �|� �1�.�1�2�;� �7�0�0� �9�8�0� �;� �1�.�1�0� 
�F�3� �|� �2�.�0�0� �)�;� �1�.�0�0� �|� �2�4�0� �z�o�o� �|� �0�.�9�7� 
�F�4� �|� �2�.�8�0� �|� �0�.�8�5� �|� �2�2�0� �3�2�0� �|� �0�.�8�3� 
�F�5� �|� �3�.�0�0� �|� �0�.�9�7� �|� �1�6�7�0� �2�0�4�5� �|� �0�.�9�0� 
�F�6� �|� �2�.�2�5� �|� �1�.�1�5� �1�3�5� �1�1�0� �|�;� �1�.�1�1� 
�F�7� �|� �2�.�0�0� �|� �1�.�2�5� �|� �3�3�0� �2�7�0� �|� �1�.�1�1� 
�F�8� �|� �2�.�0�0� �|� �1�.�3�0� �1�2�5� �1�1�0� �|� �1�.�0�7� 
�F�9� �|� �3�.�3�0� �|� �1�.�3�0� �1�4�5� �1�9�5� �|� �0�.�8�6� 

�K�e�y�:� 

�P�.� �=� �E�u�l�e�r� �B�u�c�k�l�i�n�g� �L�o�a�d� 
�P�a�u�c�k� �=� �c�e�c�o�n�d� �O�r�d�e�r� �E�l�a�s�t�i�c� �B�u�c�k�l�i�n�g� �L�o�a�d� 

�T�a�b�l�e� �6�.�1



�8�8� 

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

�m�e�m�b�e�r�s�)�.� 

�T�h�e� �u�s�e� �o�f� �K�x� �=� �1�.�3� �(�i�n�-�p�l�a�n�e�,� �c�o�l�u�m�n�s�)� �a�n�d� �K�y� �=� �1�.�8�5� �(�i�n�-�p�l�a�n�e�,� �r�a�f�t�e�r�s�)� �i�s� 

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

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

�c�o�l�u�m�n� �t�a�p�e�r� �r�a�t�i�o� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �2�.�0�:� 

�C�o�l�u�m�n� �B�a�s�e� �M�o�m�e�n�t� �o�f� �I�n�e�r�t�i�a�/�E�a�v�e� �H�e�i�g�h�t� �.� �4�9� �(�6�.�2�)� 
�M�i�n�i�m�u�m� �R�a�f�t�e�r� �M�o�m�e�n�t� �o�f� �I�n�e�r�t�i�a�/�F�r�a�m�e� �W�i�d�t�h �� 

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

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

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

�p�e�r�m�i�t�t�e�d� �c�a�s�e�s� �w�i�t�h� �t�a�p�e�r� �r�a�t�i�o�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�.�0�,� �G�g� �=� �1�0�,� �a�n�d� �G�t� �=� �0�:�5�.� 

�N�o�t�e� �t�h�a�t� �t�h�e� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �m�e�t�h�o�d� �c�a�l�c�u�l�a�t�e�d� �K�y� �f�a�c�t�o�r�s� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�0�,� �b�u�t� �t�h�e�s�e� �w�e�r�e� �n�o�t� �r�e�c�o�m�m�e�n�d�e�d� �f�o�r� �t�h�e� �A�S�D� �f�i�r�s�t�-�o�r�d�e�r� 

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

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

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



�C�H�A�P�T�E�R� �V�I�I� 

�R�E�C�O�M�M�E�N�D�A�T�I�O�N�S� 

�7�.�1� �O�b�s�e�r�v�a�t�i�o�n�s� 

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

�-� �I�n� �o�r�d�e�r� �f�o�r� �s�e�c�o�n�d�-�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �t�o� �b�e� �a� �b�e�n�e�f�i�t�,� �s�t�a�b�i�l�i�t�y� 

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

�c�o�l�u�m�n� �t�h�a�n� �a� �b�e�a�m�.� �T�h�i�s� �i�s� �n�o�t� �t�r�u�e� �f�o�r� �t�h�e� �r�a�n�g�e� �o�f� �N�U�C�O�R� �f�r�a�m�e�s� �s�t�u�d�i�e�d� 

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

�S�t�r�e�s�s� �D�e�s�i�g�n�.� 

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

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

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

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

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

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

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

�o�r�d�e�r� �e�l�a�s�t�i�c� �a�n�a�l�y�s�i�s� �f�o�r� �e�i�t�h�e�r� �A�S�D� �o�r� �L�R�F�D� �f�a�i�l�e�d� �t�o� �p�r�o�v�i�d�e� �e�c�o�n�o�m�y� �a�c�c�o�r�d�i�n�g� 

�t�o� �t�h�e� �a�s�s�u�m�e�d� �e�c�o�n�o�m�i�c� �c�r�i�t�e�r�i�o�n� �o�f� �a� �3�%� �s�t�r�e�n�g�t�h� �i�n�c�r�e�a�s�e� �v�e�r�s�u�s� �a�n� �A�S�D� �f�i�r�s�t�-� 

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

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

�r�u�l�e�s�.� �B�y� �t�h�e�s�e� �c�o�m�p�a�r�i�s�o�n�s�,� �L�R�F�D� �f�a�i�l�s� �t�o� �p�r�o�v�i�d�e� �e�c�o�n�o�m�y� �d�u�e� �t�o� �b�o�t�h� �t�h�e� 

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

�8�9



�9�0� 

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

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

�f�r�a�m�e�s�.� 

�-� �T�h�o�u�g�h� �t�h�e� �1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �p�r�o�v�i�d�e�s� �s�i�g�n�i�f�i�c�a�n�t� �s�t�r�e�n�g�t�h� 

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

�e�c�o�n�o�m�i�c�a�l� �t�h�a�n� �t�h�e� �1�9�8�6� �L�R�F�D�.� 

�7�.�2� �A�n�a�l�y�s�i�s� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

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

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

�-� �T�h�e�r�e� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �5�%� �t�o� �1�0�%� �e�r�r�o�r� �i�n� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� 

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

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

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

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

�m�o�s�t� �b�e�n�e�f�i�c�i�a�l�.� �A� �s�u�g�g�e�s�t�e�d� �m�o�d�e�l� �i�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

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

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

�7�.�3� �C�a�p�a�c�i�t�y� �D�e�t�e�r�m�i�n�a�t�i�o�n� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

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

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

�-� �E�c�o�n�o�m�i�c�a�l�l�y�,� �N�U�C�O�R� �s�h�o�u�l�d� �c�o�n�t�i�n�u�e� �t�o� �u�t�i�l�i�z�e� �f�i�r�s�t�-�o�r�d�e�r� �e�l�a�s�t�i�c� 

�a�n�a�l�y�s�i�s� �a�n�d� �d�e�s�i�g�n� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� �A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n



�9�1� 

�S�p�e�c�i�f�i�c�a�t�i�o�n�.� �\�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �L�R�F�D� �w�i�l�l� �n�o�t� �p�r�o�v�i�d�e� �e�c�o�n�o�m�y� �f�o�r� �t�h�e� �r�a�n�g�e� �o�f� 

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

�-� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �e�f�f�e�c�t�i�v�e�-�l�e�n�g�t�h� �f�a�c�t�o�r�s� �g�i�v�e�n� �i�n� �C�h�a�p�t�e�r� �V�I� 

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

�c�r�i�t�e�r�i�a� �i�s� �m�e�t�.� 

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

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

�e�f�f�e�c�t�i�v�e� �s�e�c�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �i�s� �f� �=� �F�g�.� �I�t�e�r�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d� �a�n�y�t�i�m�e� �t�h�e� �w�e�b� �i�s� 

�s�l�e�n�d�e�r�.� �C�o�m�p�r�e�s�s�i�v�e� �s�t�r�e�n�g�t�h� �u�n�d�e�r� �L�R�F�D� �i�s� �c�a�l�c�u�l�a�t�e�d� �s�i�m�i�l�a�r�l�y�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� 

�s�u�b�s�t�i�t�u�t�i�o�n� �o�f� �f� �=� �¢�P�n�/�A�g� �i�n� �i�t�s� �e�f�f�e�c�t�i�v�e�-�w�i�d�t�h� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�e� �s�t�i�f�f�e�n�e�d� �w�e�b� 

�e�l�e�m�e�n�t�.� 

�-� �F�l�e�x�u�r�a�l� �a�l�l�o�w�a�b�l�e� �s�t�r�e�s�s� �o�f� �s�l�e�n�d�e�r� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �i�s� �t�a�k�e�n� �a�s� �t�h�e� 

�m�i�n�i�m�u�m� �F�p� �f�r�o�m� �t�h�e� �s�l�e�n�d�e�r� �p�r�o�v�i�s�i�o�n�s� �(�1�9�7�8� �A�S�D�:� �A�p�p�e�n�d�i�x� �C�,� �1�9�8�9� �A�S�D�:� 

�A�p�p�e�n�d�i�x� �B�)�,� �o�r� �t�h�e� �p�l�a�t�e� �g�i�r�d�e�r� �p�r�o�v�i�s�i�o�n�s� �(�1�9�7�8� �A�S�D�:� �S�e�c�t�i�o�n� �1�.�1�0�.�6�,� �1�9�8�9� �A�S�D�:� 

�C�h�a�p�t�e�r� �G�)�.� �T�h�e� �1�9�8�9� �A�S�D� �S�p�e�c�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�a� �f�o�r� �f�l�a�n�g�e�/�w�e�b� �l�o�c�a�l� �b�u�c�k�l�i�n�g� 

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

�7�.�4� �F�u�t�u�r�e� �R�e�s�e�a�r�c�h� �N�e�e�d�s� 

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

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

�-� �T�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �i�n�-�p�l�a�n�e� �K�y�,� �f�o�r� �t�a�p�e�r�e�d� �m�e�m�b�e�r�s� �i�s� 

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

�K�x� �=� �m�a�x�.�[� �1�.�5�,� �r�y�C ��c�/�H� �J� �(�7�.�1�)� 

�o�r�,� �i�f� �t�h�e� �f�r�a�m�e� �p�r�o�p�o�r�t�i�o�n�s� �m�e�e�t� �t�h�e� �s�u�g�g�e�s�t�e�d� �C�h�a�p�t�e�r� �V�I� �c�r�i�t�e�r�i�a�,
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�K�x� �=� �m�a�x�.� �[� �1�.�3�,� �r�y�C ��c�/�H� �]� �(�7�.�2�)� 

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

�C ��c� �=� �C�c�/�/�Q� �(�i�f� �s�l�e�n�d�e�r� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �a�r�e� �i�n�v�o�l�v�e�d�)�,� �a�n�d� �H� �=� �t�h�e� �f�r�a�m�e� �e�a�v�e� 

�h�e�i�g�h�t�.� �T�h�i�s� �i�s� �a� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �t�h�e� �t�r�u�e� �t�a�p�e�r�e�d� �m�e�m�b�e�r� �d�e�s�i�g�n� �r�u�l�e�s� �o�f� �A�S�D�,� �i�n� 

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

�(�1�9�8�9� �A�S�D� �A�p�p�e�n�d�i�x� �F�)�.� �T�h�i�s� �r�e�q�u�i�r�e�m�e�n�t� �a�s�s�u�r�e�s� �t�h�a�t� �t�h�e� �f�r�a�m�e� �i�s� �b�e�h�a�v�i�n�g� 

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

�-� �L�a�t�e�r�a�l�-�t�o�r�s�i�o�n�a�l� �f�l�e�x�u�r�a�l� �d�e�s�i�g�n� �u�n�d�e�r� �A�S�D�,� �t�h�e� �C�p� �f�a�c�t�o�r� �i�s� 

�s�u�g�g�e�s�t�e�d� �t�o� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s�:� 

�f� �f� 
�C�h� �=� �1�.�3�0� �+� �1�.�0�5� �G�P�)� �+� �0�.�3� �G�e�t�)� �(�7�.�3�)� 

�b�2� �b�2� 
�w�h�e�r�e� 

�f�o�1� �=� �m�i�n�(� �M�4�/�S�4�,� �M�2�/�S�a�)� 

�f�p�2� �=� �m�a�x�(� �M�4�/�S�4�1�,� �M�o�/�S�a�)� 

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

�c�h�a�n�g�e� �t�o� �s�t�r�e�s�s�e�s� �i�s� �w�a�r�r�a�n�t�e�d� �b�e�c�a�u�s�e� �a�l�t�h�o�u�g�h� �M�j�/�M�o� �i�s� �i�d�e�n�t�i�c�a�l�l�y� �l�e�s�s� �t�h�a�n� 

�1�.�0�,� �i�n� �t�e�r�m�s� �o�f� �s�t�r�e�s�s�e�s�,� �(�M�+�/�S�7�)�/�(�M�o�/�S�2�)� �m�a�y� �b�e� �g�r�e�a�t�e�r� �t�h�a�n� �1�.�0�.� �T�h�i�s� �a�l�s�o� 

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

�a�p�p�e�a�r�s� �a�s� �B�,� �a�n�d� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�a�s�e�d� �o�n� �s�t�r�e�s�s�e�s�.� 

�-� �A�l�s�o� �f�o�r� �l�a�t�e�r�a�l�-�t�o�r�s�i�o�n�a�l� �f�l�e�x�u�r�a�l� �d�e�s�i�g�n� �u�n�d�e�r� �A�S�D�,� �i�t� �i�s� �a�p�p�r�o�p�r�i�a�t�e� 

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

�u�s�i�n�g� �a� �m�o�d�i�f�i�e�d� �r�y� �e�q�u�a�t�i�o�n�,� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a� �s�u�g�g�e�s�t�s� �(�A�I�S�C�,� �1�9�7�8�)�:
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�2�8�,� �l�y� 

�T�h�e�n�:� 

�1�0�2�0�0�0�*�C� �F�o�r� �+�>�/� �1�0�2�0�0�0�"� �b�y� �(�7�.�5�)� 
�i�T� �F�y� 

�2� �2� 
�F�b� �=� �/�(�F�s�y� �+� �F�y� �)� �<�=� �0�.�6�0�F�y� �(�7�.�6�)� 

�1�0�2�0�0�0�*� �F�o�r� �+� �>� �/� �a�b� �b�u�t� �l�e�s�s� �t�h�a�n� �E�q�n�.� �7�.�8�,� �(�7�.�7�)� 
�T� �y� 

�F�w� �=� �F�p� �f�r�o�m� �1�9�7�8� �A�S�D� �1�.�5�-�6�a� 

�F�s�y� �=� �F�p� �f�r�o�m� �1�9�7�8� �A�S�D� �1�.�5�-�7� 

�F�o�r� �J� �F� 
�(�7�.�8�)� 

�F�w� �=� �F�p� �f�r�o�m� �1�9�7�8� �A�S�D� �1�.�5�-�6�b� 

�F�s�y� �=� �F�p� �f�r�o�m� �1�9�7�8� �A�S�D� �1�.�5�-�7� 

�-� �A�s�s�u�m�i�n�g� �F�y� �=� �5�0� �k�s�i�,� �f�o�r� �(�7�0� �<� �h�/�t� �<� �1�3�8� �)�,� �F�f� �w�i�l�l� �m�o�s�t� �l�i�k�e�l�y� 

�c�o�m�e� �f�r�o�m� �t�h�e� �n�e�w� �f�l�a�n�g�e�/�w�e�b� �l�o�c�a�l� �b�u�c�k�l�i�n�g� �c�r�i�t�e�r�i�a�,� �i�f� �N�U�C�O�R� �c�o�n�t�i�n�u�e�s� �t�o� 

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

�f�l�a�n�g�e�s� �f�o�r� �f�u�t�u�r�e� �N�U�C�O�R� �f�r�a�m�e�s�.� �T�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�h�e� �1�9�8�9� �A�S�D� �f�l�a�n�g�e�/�w�e�b� 

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

�s�e�c�t�i�o�n�s� �p�r�o�p�o�r�t�i�o�n�e�d� �b�y� �N�U�C�O�R�.� 

�-� �S�h�o�u�l�d� �i�t� �b�e� �a�p�p�l�i�c�a�b�l�e�,� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �n�e�w� �U�n�i�f�o�r�m� �B�u�i�l�d�i�n�g� �C�o�d�e� 

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

�d�e�t�e�r�m�i�n�e� �a� �v�a�l�u�e� �f�o�r� �t�h�e� �a�c�t�u�a�l� �r�o�t�a�t�i�o�n�a�l� �r�e�s�t�r�a�i�n�t� �p�r�o�v�i�d�e�d� �b�y� �N�U�C�O�R� �c�o�l�u�m�n� 

�b�a�s�e�s�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �v�a�l�u�e� �7�0�,� �u�s�u�a�l�l�y� �a�s�s�u�m�e�d� �f�o�r� �t�h�e� �K�y� �d�e�t�e�r�m�i�n�a�t�i�o�n�.� 

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

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

�i�n�c�r�e�a�s�e� �o�f� �a� �f�r�a�m�e�s �� �c�a�p�a�c�i�t�y�.



�R�E�F�E�R�E�N�C�E�S� 

�A�d�a�m�s�,� �P�.� �F�.�,� �W�o�o�d�,� �B�.� �R�.�,� �a�n�d� �B�e�a�u�l�i�e�u�,� �D�.�,� �(�1�9�7�6�)� �"�C�o�l�u�m�n� �D�e�s�i�g�n� �b�y� �P�-�D�e�l�t�a� 
�M�e�t�h�o�d�"�,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �V�o�l�.� �1�0�2�,� �N�o�.� �S�T�2�.� 

�A�d�a�m�s�,� �P�.� �F�.�,� �W�o�o�d�,� �B�.� �R�.�,� �a�n�d� �B�e�a�u�l�i�e�u�,� �D�.�,� �(�1�9�7�6�)�  ��F�u�r�t�h�e�r� �A�s�p�e�c�t�s� �o�f� �D�e�s�i�g�n� 
�b�y� �P�-�D�e�l�t�a� �M�e�t�h�o�d�"�,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �V�o�l�,� �1�0�2�,� �N�o�.� �S�T�3�.� 

�A�I�S�C�,� �(�1�9�7�8�)� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �D�e�s�i�g�n�,� �F�a�b�r�i�c�a�t�i�o�n�,� �a�n�d� �E�r�e�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�a�l� 
�S�t�e�e�l� �f�o�r� �B�u�i�l�d�i�n�g�s�,� �A�I�S�C�,� �C�h�i�c�a�g�o�,� �I�l�.� 

�A�I�S�C�,� �(�1�9�8�6�)�  ��L�o�a�d� �a�n�d� �R�e�s�i�s�t�a�n�c�e� �F�a�c�t�o�r� �D�e�s�i�g�n� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �S�t�r�u�c�t�u�r�a�l� 
�S�t�e�e�l� �B�u�i�l�d�i�n�g�s�"�,� �A�I�S�C�,� �C�h�i�c�a�g�o�,� �I�l�.� 

�A�I�S�C�,� �(�1�9�8�9�)� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �D�e�s�i�g�n�,� �F�a�b�r�i�c�a�t�i�o�n�,� �a�n�d� �E�r�e�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�a�l� 
�S�t�e�e�/� �f�o�r� �B�u�i�l�d�i�n�g�s�,� �A�I�S�C�,� �C�h�i�c�a�g�o�,� �I�l�.� 

�A�I�S�C�,� �(�1�9�8�9�a�)� �"�A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �D�e�s�i�g�n� �i�n� �S�t�e�e�l�,� �A� �N�e�w� �L�e�c�t�u�r�e� �P�r�o�g�r�a�m� �f�r�o�m� 
�A�I�S�C�"�,� �A�I�S�C�,� �C�h�i�c�a�g�o�,� �I�l�.� 

�A�I�S�I�,� �(�1�9�6�8�)� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �C�o�l�d�-�F�o�r�m�e�d� �S�t�e�e�!� �S�t�r�u�c�t�u�r�a�l� 
�M�e�m�b�e�r�s�,� �A�I�S�I�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�A�I�S�I�,� �(�1�9�7�7�)� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �C�o�l�d�-�F�o�r�m�e�d� �S�t�e�e�l� �S�t�r�u�c�t�u�r�a�l� 
�M�e�m�b�e�r�s�,� �A�l�S�!�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�A�I�S�I�,� �(�1�9�8�6�)� �S�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �C�o�l�d�-�F�o�r�m�e�d� �S�t�e�e�l� �S�t�r�u�c�t�u�r�a�l� 
�M�e�m�b�e�r�s�,� �A�I�S�i�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�B�a�t�h�e�,� �K�.� �J�.�,� �a�n�d� �W�i�l�s�o�n�,� �E�.� �J�.�,� �(�1�9�7�6�)� �N�u�m�e�r�i�c�a�l� �M�e�t�h�o�d�s� �i�n� �F�i�n�i�t�e� �E�l�e�m�e�n�t� 
�A�n�a�l�y�s�i�s�,� �P�r�e�n�t�i�c�e� �H�a�l�l� �I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�J�.� 

�B�u�t�l�e�r�,� �M�.�,� �(�1�9�8�3�)�  ��C�o�m�p�a�r�i�s�o�n� �o�f� �T�w�o� �M�o�d�e�l�s� �f�o�r� �G�e�o�m�e�t�r�i�c�a�l�l�y� �N�o�n�l�i�n�e�a�r� �F�i�n�i�t�e� 
�E�l�e�m�e�n�t� �A�n�a�l�y�s�i�s� �o�f� �P�l�a�n�e� �F�r�a�m�e�s�"�,� �M�a�s�t�e�r� �o�f� �S�c�i�e�n�c�e� �T�h�e�s�i�s�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� 
�I�n�s�t�i�t�u�t�e� �&� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�C�h�e�n�,� �W�.� �F�.�,� �a�n�d� �L�u�i�,� �E�.� �M�.�,� �(�1�9�8�7�)� �S�t�r�u�c�t�u�r�a�l� �S�t�a�b�i�l�i�t�y� �-� �T�h�e�o�r�y� �a�n�d� 
�i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �E�l�s�e�v�i�e�r� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�C�h�e�o�n�g�-�S�i�a�t�-�M�o�y�,� �F�.�,� �e�t�.� �a�l�.�,� �(�1�9�7�7�)� �"�S�t�r�e�n�g�t�h� �o�f� �S�t�e�e�l� �F�r�a�m�e�s� �U�n�d�e�r� �G�r�a�v�i�t�y� 
�L�o�a�d�s�"�,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �N�o�.� �S�T�6�.� 

�C�o�o�k�,� �R�.� �D�.�,� �e�t� �a�l�.�,�(�1�9�8�9�)� �C�o�n�c�e�p�t�s� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �F�i�n�i�t�e� �E�l�e�m�e�n�t� �A�n�a�l�y�s�i�s�,� 
�T�h�i�r�d� �E�d�i�t�i�o�n�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 
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�G�a�i�o�t�t�i�,� �R�.�,� �a�n�d� �S�m�i�t�h�,� �B�.� �S�.�,� �(�1�9�8�9�)� �"�P�-�D�e�l�t�a� �A�n�a�l�y�s�i�s� �o�f� �B�u�i�l�d�i�n�g� �S�t�r�u�c�t�u�r�e�s�"�,� 
�J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �V�o�l�.� �1�1�5�,� �N�o� �4�.� 

�G�a�l�a�m�b�o�s�,� �T�.� �V�.�,� �(�1�9�6�8�)� �S�t�r�u�c�t�u�r�a�l� �M�e�m�b�e�r�s� �a�n�d� �F�r�a�m�e�s�,� �P�r�e�n�t�i�c�e�-�H�a�l�l� �I�n�c�.�,� 
�E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�J�.� 

�G�a�l�a�m�b�o�s�,� �T�.� �V�.�,� �E�d�.�,� �(�1�9�7�6�)� �i�d�e� �t�o� �S�t�a�b�i�l�i�t�y� �D�e�s�i�g�n� �C�r�i�t�e�r�i�a� �f�o�r� �M�e�t�a�l� 
�S�t�r�u�c�t�u�r�e�s�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�G�o�t�o�,� �Y�.� �a�n�d� �C�h�e�n�,� �W�.� �F�.� �(�1�9�8�7�)�  ��S�e�c�o�n�d� �O�r�d�e�r� �E�l�a�s�t�i�c� �A�n�a�l�y�s�i�s� �f�o�r� �F�r�a�m�e� 
�D�e�s�i�g�n�"�,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �V�o�l�.� �1�1�3�,� �N�o�.� �7�.� 

�H�o�l�z�e�r�,� �S�.� �M�.�,� �(�1�9�8�5�)� �C�o�m�p�u�t�e�r� �A�n�a�l�y�s�i�s� �o�f� �S�t�r�u�c�t�u�r�e�s�,� �E�l�s�e�v�i�e�r� �P�r�e�s�s� �I�n�c�.�,� �N�e�w� 
�Y�o�r�k�,� �N�Y�.� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�f� �B�u�i�l�d�i�n�g� �O�f�f�i�c�i�a�l�s�,� �(�1�9�8�8�)� �U�n�i�f�o�r�m� �B�u�i�l�d�i�n�g� �C�o�d�e�,� 
�I�C�B�O�,� �W�h�i�t�t�i�e�r�,� �C�a�.� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�f� �B�u�i�l�d�i�n�g� �O�f�f�i�c�i�a�l�s�,� �(�1�9�9�0�)�  ��B�u�i�l�d�i�n�g� �S�t�a�n�d�a�r�d�s ��,� �P�a�r�t� �I�l�l�,� 
�C�o�d�e� �C�h�a�n�g�e� �A�g�e�n�d�a�,� �I�C�B�O�,� �W�h�i�t�t�i�e�r�,� �C�a�.� 

�l�w�a�n�k�i�w�,� �N�.� �(�1�9�9�0�)� �P�e�r�s�o�n�a�l� �C�o�m�m�u�n�i�c�a�t�i�o�n�,� �l�e�t�t�e�r� �d�a�t�e�d� �A�u�g�u�s�t� �6�,� �1�9�9�0�.� 

�K�o�r�n�,� �A�.� �a�n�d� �G�a�l�a�m�b�o�s�,� �T�.� �V�.�,� �(�1�9�6�8�)�  ��B�e�h�a�v�i�o�r� �o�f� �E�l�a�s�t�i�c�-�P�l�a�s�t�i�c� �F�r�a�m�e�s ��,� �J�o�u�r�n�a�l� 
�o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� �D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �N�o�.� �S�T�5�.� 

�L�e�e�,� �G�.� �C�.�,� �e�t� �a�l�.�,� �(�1�9�7�2�)�  ��D�e�s�i�g�n� �o�f� �T�a�p�e�r�e�d� �M�e�m�b�e�r�s�"�,� �W�R�C� �B�u�l�l�e�t�i�n� �N�o�.� �1�7�3�,� 
�J�u�n�e�.� 

�L�e�e�,� �G�.� �C�.�,� �e�t� �a�l�.�,� �(�1�9�7�4�)�  ��A�l�l�o�w�a�b�l�e� �S�t�r�e�s�s� �f�o�r� �W�e�b�-�T�a�p�e�r�e�d� �B�e�a�m�s� �w�i�t�h� �L�a�t�e�r�a�l� 
�R�e�s�t�r�a�i�n�t�s�"�,� �W�R�C� �B�u�l�l�e�t�i�n� �N�o�.� �1�9�2�,� �F�e�b�r�u�a�r�y�.� 

�c�e�e� �G�.� �C�.�,� �e�t�.� �a�l�,� �(�1�9�8�1�)� �D�e�s�i�g�n� �o�f� �S�i�n�g�l�e� �S�t�o�r�y� �R�i�g�i�d� �F�r�a�m�e�s�,� �M�B�M�A�,� �C�l�e�v�e�l�a�n�d�,� 
�h�.� 

�L�e�M�e�s�s�u�r�i�e�r�,� �W�.� �J�.�,� �(�1�9�7�7�)� �"�A� �P�r�a�c�t�i�c�a�l� �M�e�t�h�o�d� �o�f� �S�e�c�o�n�d� �O�r�d�e�r� �A�n�a�l�y�s�i�s� �/� �P�a�r�t� �2� 
�-� �R�i�g�i�d� �F�r�a�m�e�s�"�,� �A�S�C� �E�n�g�i�n�e�e�r�i�n�g� �J�o�u�r�n�a�l�,� �V�o�l�.� �1�4�,� �N�o�.� �2�,� �S�e�c�o�n�d� �Q�u�a�r�t�e�r�.� 

�L�u�i�,� �E�.� �M�.�,� �(�1�9�8�8�)�  ��A� �P�r�a�c�t�i�c�a�l� �P�-�D�e�l�t�a� �A�n�a�l�y�s�i�s� �M�e�t�h�o�d� �f�o�r� �T�y�p�e� �P�R� �a�n�d� �F�R� 
�F�r�a�m�e�s�"�,� �A�I�S�C� �E�n�g�i�n�e�e�r�i�n�g� �J�o�u�r�n�a�l�,� �T�h�i�r�d� �Q�u�a�r�t�e�r�.� 

�M�e�t�a�l� �B�u�i�l�d�i�n�g� �M�a�n�u�f�a�c�t�u�r�e�r�s� �A�s�s�o�c�i�a�t�i�o�n�,� �(�1�9�8�6�)� �L�o�w� �R�i�s�e� �B�u�i�l�d�i�n�g� �S�y�s�t�e�m�s� 
�M�a�n�u�a�l�,� �M�B�M�A�,� �C�l�e�v�e�l�a�n�d�,� �O�h�.� 

�N�i�x�o�n�,� �D�.�,� �B�e�a�u�l�i�e�u�,� �D�.�,� �a�n�d� �A�d�a�m�s�,� �P�.� �F�.�,� �(�1�9�7�5�)�  ��S�i�m�p�l�i�f�i�e�d� �S�e�c�o�n�d� �O�r�d�e�r� �F�r�a�m�e� 
�A�n�a�l�y�s�i�s�"�,� �C�a�n�a�d�i�a�n� �J�o�u�r�n�a�l� �o�f� �C�i�v�i�l� �E�n�g�i�n�e�e�r�i�n�g�,� �2�(�4�)�.� 

�O�r�a�n�,� �C�.� �P�.�,� �(�1�9�7�3�)�  ��T�a�n�g�e�n�t� �S�t�i�f�f�n�e�s�s� �i�n� �P�l�a�n�e� �F�r�a�m�e�s�"�,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� 
�D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �N�o�.� �S�T�6�.
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�O�r�a�n�,� �C�.� �P�.�,� �(�1�9�7�3�)� �"�T�a�n�g�e�n�t� �S�t�i�f�f�n�e�s�s� �i�n� �S�p�a�c�e� �F�r�a�m�e�s ��,� �J�o�u�r�n�a�l� �o�f� �t�h�e� �S�t�r�u�c�t�u�r�a�l� 
�D�i�v�i�s�i�o�n�,� �A�S�C�E�,� �N�o�.� �S�T�6�.� 

�S�a�l�m�o�n�,� �C�.� �G�.�,� �a�n�d� �J�o�h�n�s�o�n�,� �J�.� �E�.�,� �(�1�9�8�0�)� �S�t�e�e�l� �S�t�r�u�c�t�u�r�e�s�,� �D�e�s�i�g�n� �a�n�d� �B�e�h�a�v�i�o�r�,� 
�S�e�c�o�n�d� �E�d�i�t�i�o�n�,� �H�a�r�p�e�r� �&� �R�o�w�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�S�a�l�m�o�n�,� �C�.� �G�.�,� �a�n�d� �J�o�h�n�s�o�n�,� �J�.� �E�.�,� �(�1�9�8�9�)� �S�t�e�e�l� �S�t�r�u�c�t�u�r�e�s�,� �D�e�s�i�g�n� �a�n�d� �B�e�h�a�v�i�o�r�,� 
�T�h�i�r�d� �E�d�i�t�i�o�n�,� �H�a�r�p�e�r� �&� �R�o�w�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�S�m�i�t�h�,� �J�.� �C�.�,� �(�1�9�8�8�)� �S�t�r�u�c�t�u�r�a�l� �A�n�a�l�y�s�i�s�,� �H�a�r�p�e�r� �&� �R�o�w�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�S�p�a�n�g�l�e�r�,� �D�.� �J�r�.�,� �(�1�9�8�9�)�  ��P�-�D�e�l�t�a� �A�n�d� �P�a�r�t�i�a�l� �K�n�e�e� �S�t�i�f�f�n�e�s�s� �E�f�f�e�c�t�s� �O�f� �R�i�g�i�d� 
�P�r�i�m�a�r�y� �F�r�a�m�i�n�g� �S�y�s�t�e�m�s�"�,� �M�S� �T�h�e�s�i�s�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �&� �S�t�a�t�e� 
�U�n�i�v�e�r�s�i�t�y�.� 

�T�i�m�o�s�h�e�n�k�o�,� �S�.� �P�.� �a�n�d� �G�e�r�e�,� �J�.� �M�.�,� �(�1�9�6�1�)� �T�h�e�o�r�y� �o�f� �E�l�a�s�t�i�c� �S�t�a�b�i�l�i�t�y�,� �M�c�G�r�a�w�-�H�i�l�l� 
�I�n�c�.�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� �.� 

�W�a�n�g�,� �C�.� �K�.�,� �(�1�9�7�3�)� �C�o�m� �r� �M�e�t�h� �i�n� �A�d�v�a�n� �t�r�u�c�t�u�r�a�l� �A�n�a�l�y�s�i�s�,� �I�n�t�e�x�t� 
�E�d�u�c�a�t�i�o�n�a�l� �P�u�b�l�i�s�h�e�r�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�W�h�i�t�e�,� �D�.� �W�.�,� �a�n�d� �H�a�j�a�r�,� �J�.� �F�.�,� �(�1�9�9�0�)�  ��A�p�p�l�i�c�a�t�i�o�n� �o�f� �S�e�c�o�n�d�-�O�r�d�e�r� �E�l�a�s�t�i�c� 
�A�n�a�l�y�s�i�s� �i�n� �L�R�F�D�:� �R�e�s�e�a�r�c�h� �t�o� �P�r�a�c�t�i�c�e�"�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �1�9�9�0� �S�t�e�e�l� 
�C�o�n�s�t�r�u�c�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� �A�I�S�C�,� �K�a�n�s�a�s� �C�i�t�y�,� �M�o�.�,� �M�a�y� �1�9�9�0�.� 

�W�i�s�h�a�r�t�,� �E�r�i�c� �J�.� �(�1�9�9�0�)� �S�p�r�e�a�d�s�h�e�e�t� �S�h�e�a�r�-�S�t�r�e�n�g�t�h� �P�r�o�v�i�s�i�o�n� �C�o�m�p�a�r�i�s�o�n� �o�f� 
�L�R�F�D� �a�n�d� �A�S�D�,� �U�n�p�u�b�l�i�s�h�e�d�,� �M�a�y�,� �1�9�9�0� 

�Y�a�n�g�,� �T�.� �Y�.�,� �(�1�9�8�6�)� �F�i�n�i�t� �l�e�m�e�n�t�_� �S�t�r� �r�a�l�_� �A�n�a�l�y�s�i�s�,� �P�r�e�n�t�i�c�e�-�H�a�l�l� �I�n�c�.�,� 
�E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�J�.� 

�Y�o�u�n�g�,� �C�.� �S�.�,� �(�1�9�8�9�)�  ��S�y�m�m�e�t�r�i�c�,� �V�a�r�i�a�b�l�e�-�B�a�n�d�w�i�d�t�h� �L�i�n�e�a�r� �E�q�u�a�t�i�o�n� �S�o�l�v�e�r�,� �C� 
�S�o�u�r�c�e� �C�o�d�e�"�,� �U�n�p�u�b�l�i�s�h�e�d�,� �D�e�c�e�m�b�e�r�,� �1�9�8�9�.� 

�Y�u�,� �W�.� �W�.�,� �(�1�9�8�5�)� �C�o�l�d�-�F�o�r�m� �t�e�e�l� �D�e�s�i�g�n�,� �W�i�l�e�y� �I�n�t�e�r�s�c�i�e�n�c�e�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�Y�u�r�a�,� �J�.� �A�.�,� �(�1�9�7�1�)� �"�T�h�e� �E�f�f�e�c�t�i�v�e� �L�e�n�g�t�h� �o�f� �C�o�l�u�m�n�s� �i�n� �U�n�b�r�a�c�e�d� �F�r�a�m�e�s�"�,� �A�/�S�C� 
�E�n�g�i�n�e�e�r�i�n�g� �J�o�u�r�n�a�l�,� �A�p�r�i�l�.� 

�Y�u�r�a�,� �J�.� �A�.�,� �"�E�l�e�m�e�n�t�s� �f�o�r� �T�e�a�c�h�i�n�g� �L�o�a�d� �a�n�d� �R�e�s�i�s�t�a�n�c�e� �F�a�c�t�o�r� �D�e�s�i�g�n�"�,� �A�I�S�C�,� 
�C�h�i�c�a�g�o�,� �I�l�l�.� �1�9�8�7�.



�A�P�P�E�N�D�I�X� �A� 

�M�A�X�I�M�U�M� �I�N�T�E�R�A�C�T�I�O�N� �R�A�T�I�O�S� �O�F� �F�R�A�M�E�S� 

�9�8



�9�9� 
�
 
�
 

� � 
� � 

�
 
�
 

�A�D�B�U�G
� 

�-�-�-�-�-�-� �~� �A
�P

�D
� 

�U�D� 
�s�e�r�e�n�e� �A�y�i�q�o�y�s�g� 

 � �� 

�J�B�Q
�U�I�N�N� 

�4�8�q�L�U�a�y� 
�4� 

�l�V� 
�9�f� 

�l�y� 
�9�G� 

�L�e� 
�J� 

�L�t� 
�g� 

�|� 
�{�b

�o
�f� 

�t�f� 
�t� 

�j�f� 
�o�t� 

�b
�t� �t�t� 

�
a

�
a

�
 �a� 

�
a

�
 �a� 

�
a
�
 

�a� 
�
d

�
a

�
 

�a
� 

�a
� 

�a
�e

� 
�
 
�
 

�
 
�
 

� � 

�0�0�°�O
� 

�f�F� �0�6�0� 

�+� �O�V�'�0� 

�r� �O
�9�0� 

�-� �O
�8�0� 

�F
�O

�O
�L� 

� � 
�
 
�
 

�S�I�S�A�J�D�U�Y� 
�L�U�O�U�}� �P�a�l�o�D�4�1�X�q� 

�S�L�U�N�L�U�I�X�D�W
� �O

�d
� 

�|� 

�S�O�W
�D�Y� 

�C�S�V� �J�8�P�s�O� �S�4�4� �i�p� �#� �e�w�i�0�1�4� �j�o�D�a�s�j�u�]� �G�S�V� �4�8�p�4�g� �{�S�4�4� �U�O�}



�1�0�0� 
�
 
�
 

� � 
� � 

�G�4�u�1� �-�-�-�-�-�-� 
�d�\�d�S�¥�  � �� 

�O
�S�\�G

�S�V� 
�=

� 
�
 
�
 

�J�E
�Q

�U
�N

�N
� 

�s�s�q�u�u�a�y�y� 
�S�V� 

�L�V� 
�O�F� 

�I�e� 
�9�¢� 

�l�d� 
�g�l� 

�L�t� 
�g� 

�|� 
�L�o�b�o�t� �t�f� �t�t� 

�f�t� 
�p

�t� 
�
a

�
 �
a

�
d

�
 
�
a

�
 

�
t
�
a
�
t
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
�O�o� �o�o� 

�o�c� 
�c�o� �o�a� 

�|� �O�8�'�0� 

�-� �0�0�'�1� 

�/� �O
�I� 

�-� �O
�L� 

�-� �O
�9�1� 

� � 
�O

�B
�L� 

�
 
�
 

�s�j�p�s�o�d�o�u�g� 
�W

�o�o�d�}� �p�a�j�o�p�s�y�x�q� 
�s�t�u�n�u�u�i�x�o�y� 

�S�O
�H�D�Y� 

�A�J�I�G
�O

�I�S� 
�i�]� �f�f� 

�B�l�u�D�I�,� 

�U�O�H�S�D�4�8�}�U�]� �G�S�Y� �4�8�P�4�O� �4�S�4�!�4� �4�0� �S�I�C�H�I�N�A



�1�0�1� 

�G�V� 
�t�o

�t� 
�t�f� 

�t� 
�f�t� 

�t�t� 
�t� 

�b�t� �t�t� 
�t�f� 

�t�b
� 

�t�d
� 

�a
� �a

� 
�
a

�
 

�a
� 
�
d
�
d
�
 �d

�d
� 
�
d

�
a

�
 

�L�V� 

�
 
�
 

� � 
�a�u�]� �-�-�-�-�-� 

�d�\�a�s�v�  � �� 
�o�s�\�a�s�v� 

� � 
�
 
�
 

�9�¢� 
�l�g� �J�B�Q�u�U�u�N�Y� 

�J�a�q�L�u�a�y� 
�9�¢� 

�L�¢� 
�S�I� 

�L�t� 
�g� 

�|� 
�
 
�
 

�w
�e

�e
�r �� 

�O
�h�e�w

� 
�e�e�t� 

� � 

�S
�a

�w
�e

�r �� 

�e
�e

� 
�
e

�
e

�
e

�
 

�m�e� �e
�t�e

�k� �m
�e

�e
�e

� 
�e�e� �e�w�e� 

�0�6�0� 

�F
�O

�O
�T

� 

�F
�O

�L�}� 

�F
�O

�C
� 

�|� 

�F
�O

�F
� 

�|� 

�-� �O
�F

� 
�|� 

�F
�O

�G
� 

�|� 

�F
�O

�F
�}� �$�O�D�A�B�j�U�]� �Q�S�V� �4�8�P�4�O� �4�S�4�!�4� �4�0� �B�/�C�H�I�N�W� 

� � 
�
 
�
 

�s�j�p�s�o�d�o�i�u�g� 
�W

�o�O�d�}� 
�p�a�y�o�o�4�t�x�q� 

�S�L�U
�N

�L�W
�I�X�D

�W
� 

�s�o�u�p�y� �A�j�l�o�o�d�p�y�)� 
�:�,�7�#� �e�w

�o�d�4� �O
�L

� 
�|� 

�U�O�!



�1�0�2� 
�
 
�
 

� � 
�D�A�Y�S� 

�-�-�-�-�-�-�-� �A�y�j�o�o�n�d�d�y� 
 � �� 

�A�j�i�|�q�o�y�s� �t�a�c�o�v�s�c�c�n�e�v�e�e� 

� � 
�
 
�
 

�J�B�Q
�L�U�N�N� 

�J�a�q�L�u�a�y� 

�
 
�
 

�O
�v� 

�L�E� 
�V�e� 

�L�E� 
�B�E� 

�G
�C� �c�e� 

�6�1� 
�G�E�L� 

�F�t� 
�O�F� 

�L� 
�F�v� 

�4� 
�P

�o
�u

�t� �t�t� 
�b

�t� 
�t�t� 

�d�t� 
�
a

�
 

�
d

�
d

�
d

�
 

�
d
�
d
�
 �d

�d
� �

d
�
d

�
d

�
 

�O
�O

�O
� 

�.� 
�C

�o
�p

� 
�.� 

�0�2�0� 
�w�e�e� �e�e� 

�'� �:� 
�\� 

�r�e�n� 
�e�f� 

�.� 
�
N

�
N

�
 

�;� 
�N

�a�c�e� �e
�e

�n
�s

� 
�-� 

�O
�r�'�0

� 

�-� �O
�9

�0
� 

� � �
 
�
 

�F�t� �O
�8

�0
� 

�-� �0�0�}� 

�T� 

�©� 
�G�N� 

� � 
�
 
�
 

�S�I�S�A�J�D�U�Y� 
�L�U�O�J�}� �P�E�L�O

�D�I�I�X�Z� 
�S�L�U�N�L�U�I�X�D�N� �O

�V
� 

�|� 

�S�O�H�N�D�Y� 
�Q�S�V� �4�8�P�I�O� �4�S�4�l�4� �+�i� �S

�u�d�s� 
�4� 

�4� �A� �U�O�N�S�D�4�a�j�u�;� �G�S�Y� �4�8�P�4�0� �4�s



�1�0�3� 

�O�V� �L�Y� 

�
 
�
 

� � 
�a�u�]� �-�-�-�-�-� 

�d�\�a�s�v�  � �� 
�o�s�\�d�s�v� 

� � 
�
 
�
 

�v�e� 
�1

�g
� 

�8�B� �C� 
�J�A�Q

�L�U�N�Y� 
�J�a�q�u�u�a�y� 

�G�o� 
�c�c� 

�6�1� 
�9�}� 

�c�l� 
�O�l� 

�L� 
�V

�v� 

�
 
�
 

� � 

� � � 

�!� 
�J�}� 

�f�t� 
�¢� 

�f�j� 
�f� 

�}� 
�f� 

�4� 
�[�|� 

�i� 
�f�t� 

�f�t� 
�f�f� 

�f� 
�f�t� 

�t�l� 
�{�i� 

�o�t� 
�f� 

�f�£� 
�J�}� �j�o

�t� 
�
F

�
o
�
 

�t�T� 
�f�t� 

�f�t� 
�f�t� 

�2� 
�f�T� 

�,� 
�|� 

�.� 
�a�y� 

 �� 
�1� 

�
7
�
 

�a� 
�i�e

� 
�A� 

�,� 
�i� 

�'�,� 
 �� 

�t� 
�a�f� 

 �� 
 �� 

 �� 
 �� 

�'�,� 
 �� 

�é� 
�a

�f� 
�'� 

�'� 
�\�'� 

�n�t� 
�i� 

 �� 
 �� 

�a
�l� 

�m
�y

� 
�{� 

�\� 
�'� 

�t� 
�'� 

�4� 
�J� 

�1� 
�,� 

�i�!� 
 �� 

 �� 
�a� 

�4� 
 �� 

�'� 
�U� 

 �� 
�,�?

� 
�1

�°
� 

�'� 

�'� 
�a�o� 

�t� 
�,� 

�'� 
�1� 

�.� 
 �� 

 �� 
 �� 

 �� 
�'� 

 �� 
�,�s� 

�1� 
 �� 

�'� 
�i� 

�'� 
�1

�%
� 

 �� 
�(� 

�'� 
 �� 

 �� 
 �� 

 �� 
�'� 

 �� 
�'� 

 �� 
�i� 

�'� 
�'� 

�t� 
�'� 

 �� 
 �� 

�t� 
 ��a� 

�t� 
�!� 

 �� 
�t� 

 �� 
�'� 

 �� 
 �� 

�{� 
 �� 

 �� 
�'� 

�'� 
 �� 

 �� 
�P�o� 

�f�o�o� 
�,� 

 �� 
�i� 

�'� 
�a� 

�4� 
�;� 

�'� 
�,� 

 �� 
 �� 

�\� 
�'� 

�:� 
�r�o�o�f� 

�o�m� 
�f�k� 

�N
�y

� �t�s
� 

�'� 
�t� 

�o�f�t� 
 �� 

�a�y� 
�h�o�g� 

 �� 
�i� 

�t�o
�a

� 
�;� 

�r�e
�l� 

 �� 
�,� 

�*� 
�t�o�y� 

�h�a� 
�4� 

�'� 
�r�.�!� 

�i�d� 
�?� 

�p
�y� 

�y�o�r� 
�\� 

 ��o
�y� 

�s�y� 
�t�i�a� 

�\� 
�v�o�s�t� 

�5� 
�X�v� 

 �� 
�w

�i� 
�o�s� 

�N� 
�y�o� 

�N�t� 
�4�d� 

�\� 
�a

� 
�:� 

�:� 
�7

�a
� 

�i� 
�r�e

�l� 
 �� 

�.� 
�,� 

�\�y� 
�o

�t� 
 �� 

�r� 
�:� 

�.� 
�\� 

�:� 
�w

�a
�h

� 
�¥� 

 �� 
�s� 

 �� 
�o�t� 

�4�%� 
 �� 

�.� 
�;� 

�+� 
�\� 

�J� 
�P�y� �r�t�e� 

 �� 
�F

�E
�S

� 
�\� 

�t� 
�i� 

�*� 
 �� 

�t� 
�f� 

 �� 
�i� 

�\� 
�7� 

�r�e� 
�o�P� 

�V
�y

� 
 �� 

�/� 
�f� 

�-� 
�x� 

�~�~� 
�.� 

�L
�-�4

� 
�f�o

�u
�s

� 
�.� 

�N�a� 
�L� 

�:� 
�2� 

�i�!� 
�:� 

�L
�.�~

� 
�~� 

�°� 
 �� 

 ��s
�o

� 
 �� 

 �� 
�.� 

�.� 

�x� 
�:� 

�y� 
 �� 

�3� 
�r� 

�*�.� 
�f�o

�?
� 

�M�e�a�y� �s�g�n�e�t�t�t�e�a�n�a�s�e�n�e�e�e�t�t�i�e�n�y� 
�e�t� 

�q� 
�p� 

�L� 
�*� 

�s� 
�o� 

�-� 
 �� 

�s�f� 

�P
�a

� 
�*� 

�r�d
� 

�°� 

�«� 
�e�e� 

 ��t�e
�e

�s
� �o�e� 

�o
�a

�e
�e

�r�e
�e

�e
� 

�i�L� �c�o�o�l� 

�-� �O
�l�t� 

� � 
�
 
�
 

�s�j�p�s�o�d�o�i�u�g� 
�W

�o�}� �p�a�j�o�o�4�y�x�q� 
�S�L�U�N�W

�I�X�D�|�\� 

�S�O
�N�D�Y� 

�A�L�I�I�G�D�I�S� 
�:�7�f�#� �S�l�U�D�I�4� �G

�I�}� 

�U�S�I�H�I�D�A�S�{�U�]� �Q�S�Y� �4�e�P�4�Q� �4�S�4�l�4� �4�O� �a�i�d�i�i�N�W



�1�0�4� 
�
 
�
 

�G
�4�1� �-�-�-�-�-�-�-� �~�d�\�G

�S�¥� 
 � �� 

�O
�S�\�C

�S�V� 
� � 

� � 
�
 
�
 

�J�B�Q
�L�U�N�N� 

�4�a�q�L�U�a�y� 
�O�r�y� �L�E� 

�V�E� 
�I�E� 

�B�E� �G�E� �c�e� 
�B�L� 

�G�L� �F�b� 
�O�L� �Z�L� 

�Y�F� 
�l� 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � 

�
 
�
 

�p�o�d� �t�b� 
�b�o�p� 

�b
�b

� 
�
d
�
a
�
d
�
 

�
a
�
d
�
 �
d
�
a
�
 

�
G

�
R

�
O

�
C

�
 

 ��~
�w

�e
� 

�O�D� 
�i� 

 �� 
�(� 

�t� 
�4� 

�a� 
�b�a� 

�a�t� 
�"�4� 

�°� 
�O

� 
�i� 

�i� 
�-� �0

�6
�0

�5
� 

�'� 
�v�o� 

 �� 
�i�s� 

�i�t� 
�a

� 
�a

�o
�d

� 
�e

�y
� 

 ��e
� 

 �� 

�i� 
�r�t� 

�7� 
�4� 

�i� 
�i� 

�4�.� 
�'� 

�4� 
�'� 

�t� 
�&

� 
�
G

�
6

�
0

�
 

�P�|� 
�a� 

�'� 
�'� 

 �� 
�'� 

�O
� 

 �� 
 �� 

�1� 
�7

� 
 ��a

�n
� 

�r� 
�~

�~
 �� 

�'� 
 �� 

�'� 
 �� 

�P
�e

�.� 
 ��4� 

�~� 

�r�o�t� 
�;� 

�u
�N

� 
�,� 

�4� 
�H

�o
�a

� 
�p

�o
�e

�t� 
�r�a

� 
�O�Q�.� 

�{� 
�t� 

�U�G� 
 �� 

�e� 
�'� 

�\� 
�é� 

�'� 
�'� 

 �� 
�©

� 
�s

�t� 
�t� 

�y
�f� 

�'� 
�a� 

�i� 
�.� 

�o�Y� 
�'� 

�s�o� 
�'� 

 �� 
 �� 

�~� 
�4� 

�f�e� 
�a�n� 

 �� 
�v�e� 

�:� 
�t� 

�'� 
�.� 

�t� 
�p

�s
� 

�f�A
� 

�N�N� 
�w

�y
� 

�4
�!� 

�e�o�f� 
�o�y� 

�O
�O

� �|� 
�'� 

�v
�o

�y
� 

�'� 
�m�s� 

 �� 
 ��a� 

�L
�A

�s
� 

�e
�e

� �~� 
 �� 

�'� 
�o�o� 

 �� 
�'� 

�e
�n

� �p�s�a�n� �s�t�b� �O
�t�P�e�r�s�e�e�e�e�e�s�e�e�n�n�n�s�a�g�y� 

�a�)� 
�H

�a
� �V�F� �s�m

�s�s�s�s�s�v�u�c�o�u�e�n�a�v�o�c�o�s�c�u�c�e�s�u�c�o�v�s�e�s�s�n�e�n�n�s�e�v�b�o�o�t�t�e�v�s�e�s�s�s�a�r�y�y� 
 �� �,� 

�i�f� 
�V

�t� �s�g�a�n�n�e�m
�e�n�s�e�e�e�e�r�e�n�n�n�t�t�a�n�s�e�n�g�s�,� 

�w�e�b�e�e� 
�\� 

�>
� 

�e
�e

�e
� 

�o�n�e�e�r� 
�
a

�
 

�:� 
�a

�a
�h

� 
�
V

�
i
�
t
�
e
�
l
�
 

�a
�t� �"�e�l� �c�e�n� �e�e� �y�o�r�e� 

�W
�h� 

�s� 
�t� 

�,� 
 �� 

 �� 
�'� 

 ��3� 
�C�J�)� 

�v�y� 
�.� 

�.� 
�4� 

�\�!� 
�:� 

�I� 
 ��!� 

 ��e�y� 
�o�s� 

�i�f� 
 �� 

�;� 
�7� 

�i�f� 
�y

�t� 
�>� 

�4� 
�.� 

�i� 
�i�!� 

�i�f� 
�G

�O
�L� �=� 

�&� 
�'� 

�'� 
�y� 

�;� 
�\� 

�@
� 

�,� 
�'� 

 �� 
�i�!� 

�i�t� 
�1� 

�a� 
 �� 

�'� 

�'� 
�?� 

�i�"� 
�'� 

�Q
� 

�}� 
�{� 

�Q� 
�=

� 

�+� 
�O

�L
�L

�o
� 

�J� 

�s�j�p�s�o�d�o�i�g� 
�W

�o�o�d�}� �p�a�p�o�p�s�y�x�q� 
�S

�u�U
�N

�W
�I�X

�D
�W

� 
�S

�O
�H

�D
�Y

� 
�A�j�l�O

�D
�d�D

�y� 
�:�7�#� �B

�w
�W

�D
�I�4



�1�0�5� 
�
 
�
 

� � 
� � 

�A�D
�B�U

�G
� 

�-�-�-�-�-�-� �-� 
�A�W

�O
�O

�A�D
�7�)� 

 � � ��_� 
�A

�P
�H

�I�D
�S

� 
�s�r�n�s�r�a�e� 

�
 
�
 

�J�E�Q
�u�I�N�Y� 

�J�a�q�u�u�a�y�)� 
�1�S� 

�9�b� 
�I�r� 

�9�F� 
�I�E� 

�9
� 

�I�t�e� 
�O�L� 

�t�t� 
�g� 

�|� 
�J� 

�i�t� 
�1� 

�i� 
�t�t�t� 

�t�p
� 

�b�p� �t�t� 
�t�t� �p

�a
� 

�a� 
�a� 

�a� 
�
a
�
a
�
 

�a� 
�a� 

�a� 
�a

� �d
�d

� 
�a� 

�a
� 

�O
�l�L

�'�O
� 

�
 
�
 

� � 

�y
�o

� 
 �� 

�\�  �� 

� � 
�
 
�
 

�
 
�
 

�S�I�S�A�J�O�U�Y� 
�L�W

�O�d�}� �p�a�f�o�D�4�t�X�x�q� 
�S

�L�U
�N

�W
�I�X

�D
�W

� 

�S
�O

�H
�D

�Y
� 

�Q
�S�V� �J�8�P�4�O

� 
�4�S�4�l�4� �s�o�f� �S

�u
�d

�s�;



�
 
�
 

�G
�4�1� �-�-�-�-�-�-� 

�
d
�
\
�
0
�
S

�
¥
�
 

 � �� �O
�S

�\�C
�S

�V
� 

� � 
� � 

�
 
�
 

�J�B�Q
�U�I�N�Y� 

�J�s�q�u�i�a�y�y� 
�1�S� 

�9�b� 
�I�h� 

�9�F� 
�I�E� 

�G�E� 
�I�e� 

�Y�L� 
�t�t� 

�9� 
�|� 

�
 
�
 

�1�0�6� � � 
�
 
�
 

�
 
�
 

�
 
�
 

� � 
�
 
�
 

�<�=� 
�L

�i�t�i�t�t�d
�o

�e
�t�s

�p
�a

�i�t�t�i�t�p
�t�i�t�r�t�r�t�t�e

�t�t�p
�e

�t�t�e
�t�t�e

�t�r�r�t�i�a
�d

�t�i�t�i�y
�t�i�t�i�t�i�t�p

�r�t�i�r�i�t�s
� 

�"�N
�C

� 
�0�L�£�0� �©� 

�:� 
�U�O� 

�i� 
�i�L� �o�g�o� �@� 

 ��e� 
�i�,� 

�O
� 

�i�o�n�.� 
�0

�6
�0

� �u�v� 
�Q�O�O�'�l� �+� 

�O� 
�O

�l� �l�a
� 

�(�D� 
 ��y�t� 

�O
�C

� �l� �>� �W
�w

� 

�\� 
�;� 

�\� 
�,� 

�.� 
�U

� 
�\� 

�:� 
�\� 

�i� 
�
P

�
O

�
L
�
L
�
 

�=
� 

�\� 
�!� 

�\� 
�'� 

�7�?� 
�\� 

�;� 
 �� 

�!� 
�.� 

�y�o�!� 
�i� 

�F
�O

�V
� �I�G

� 
�a� 

�\� 
�O�o� 

�\� 
�\�/� 

�.� 
�
=

�
;
�
 

�y� 
�+

 �� 
�O

�G
� �|� 

�o� �-�J� 

�s�j�p�s�o�d�o�u�g� 
�W

�O
�d�}� �p�a�j�o�p�4�y�x�q� 

�s�u�u�n�w
�i�x�o�y� 

�S�O�H�D�Y� 
�A�I�I�G�D�I�S� 

�:�¢�7�f� �S�L�U�D�I�,



�1�0�7� 
�
 
�
 

� � 
� � 

�G�4�4�]� �-�-�-�-�-�-�-� 
�d�\�d�g�S�V�¥� 

 � �� 
�O

�S
�\�d�S

�V
� 

�
 
�
 

�J�B�Q
�U�I�N�N� 

�J�a�q�u�u�a�y� 
�l�S� 

�9�b� 
�I�h� 

�9�F� 
�F�E� 

�9�e� 
�1�6� 

�J�L� 
�t�t� 

�g� 
�|� 

�E
�t�t�i�t� �t� 

�t�i� 
�t�t�t� 

�t�i�t� 
�f�b

� �t�b� �
b

�
t
�
 
�
d
�
d
�
 
�
a
�
 

�a
� 

�a
�d

� �d
�a

� 
�a

� 
�a

�a
� 

�
a
�
 

�W�w�)� 
�N�H� 

�
 
�
 

�
 
�
 

�o
�e

� 
�o�n� 

�o�e� 
�o�e� 

�a�o�o�o�e�e!"� 
�p�e�e�n�c�o�r�e� 

�
e
�
e
�
 

�T� 
�
o
�
y
�
 

�e�e� 
�"�t�o�e�s�,� �h�a� �T

�
T

�
T

�
 

�T�T� �T�Y�)� 
�p�o�n�t�?� 

�e
�o

� �m
�r�e

� 
�a

�n
� 

�-� �~�~� �~� �m�e�w� 

� � 
� � �
 
�
 

�s�j�p�s�o�d�o�i�g� 
�W

�o�o�d�}� �p�e�j�o�p�s�j�x�q� 
�S

�L�U
�N

�W
�I�X

�D
�W

� 
�s�o�u�p�y� �A�j�i�o�o�d�p�y� 

�:�¢�#� �a�t�u�p�l� 
�4� 

�e� �e� �e�o� �o�e� �o� �e� �e� �e� �a� �o� 

 ��  ��= �� �=� �=� �=� �_ ��  ��  ��_�  �� �_� �C�O� 

�U�O�H�O�D�A�S�4�U�]� �Q�S�V� �4�8�P�4�Q� �4�S�4�l�y� �$�0� �S�I�G�H�I�N�W



�1�0�8� 
�
 
�
 

�d�p�a�y�g� �-�-�-�-�-�-�-� �A�y�o�o�d�o�y� 
 � �� 

�A�y�i�i�q�o�y�s� 
� � 

� � �
 
�
 

�J�O�Q�L�U�I�N�N� 
�J�a�q�u�u�a�y� 

�9�9� 
�1�9� 

�9�6� 
�1�G� �O�V� �I�F� 

�G�E� 
�I�E� 

�
G

�
O

�
 

�t�e
� �G

�b
� �V�l� 

�G�9� 
�|� 

�L
�i� �b

�i� 
�t�i�t�e

� �e
�t�e

� �t�e
�t� 

�e�e� �e
�t�e

� �t�e
�e

�d
� �e�t� 

�E
�e

�e
� 

�y
�e

�n
� �e�s� 

�t�p� 
�e

�a
�t� �p

�e
�e

� �t� 
�e

�a
�e

� �e
�e

�e
� �
t
�
a
�
 
�
t
�
h

�
 

�
 
�
 

� � 

�f�~
�7

� 
 ��=

� 

�¢� 
�N� 

�7� 
�4� 

 � �� 
�f� 

 �� 
�,� 

�\� 
�.� 

�f� 
�s� 

�v�a� 

�a�e� 
�o�e� 

�~� 
�N�n� 

�a
�n

�e
� �e

�
e

�
e

�
 

 ��- ��-�-�4
� 

�r� 
 ��a� 

�7
�~

�-�-�r� 
�t� 

�'� 
�4� 

 �� 

�,� 
�.� 

�t� 
�A� 

 �� 
 �� 

 �� 
 �� 

 �� 
 �� 

�a
�f� 

�:� 
�:� 

�a� 
�s�e�e�r� �e�e� �e�e�e� 

�a� 
�X

�s
� 

�A
�n

� 
�\�2

� 
 ��o�o� 

�f�y
� 

�\� 
�3� 

�/� 
�5� 

�\�,� 
�\�y� 

�i�x
� 

�.� 
�7� 

 �� 
 ��y� 

 ��,� 
�*� 

�v� 
�\� 

 �� 
�:� 

�x� 
�x� 

�
e
�
%

�
 

�7
�:
� 

�E�A�X� 
�i�t� 

 ��2� 
�
y
�
e

�
t
�
 

�<� 
�s�o �� 

�-� 
�
-
�
 

�~
� 

�2
� 

�~� 
�é� 

�¥� 
�:� 

�.� 
�:� 

�.� 
�f� 

�.� 
�:� 

�5� 
�:� 

�p
�i�t�a

�s
� 

�>� 
 ��e�e�e�,� �/� 

�*� 
�e

�e
� �f�o

� 
�e

�e
�e

� 
�m

�o�e� 
�P�T�A� 

�e�t�n�a� �s�e�e�s�a�n�e� 
�~� 

�7� 
 ��e� 

�_� 
�S� 

�m�a�t�e�r�e�m�e�e�e�e� 
 �� 

�*� 
�=

� 
�*� 

�.� 

�;� 
�2� 

�3� 
�f� 

�:� 
�-� 

�~� 
�2� 

�3
� 

�3� 

�f� 
�*� 

�.� 

�0�0�°�0� 

�F�O
�C

� 
�0� 

�F� �O
�V

�O
� 

�F
�0

�9
�0

� 

�-� �O
�8�0� 

�L�b� �0�0�}� 

� � 
�O

�c
� 

�|� 
�
 
�
 

�S�I�S�A�J�O�U�W
� 

�L�U�O�J�}� �P�a�y�o�D
�4�X

�y� 
�S

�L�U
�N

�L�W
�I�X

�D
� 

�S�O�H�D�Y� 
�Q�S�V� �4�8�P�4�Q� 

�4�S�4�l�4� �i�y�i� �e�W
�D�A�4�4� 

�}�O�D�4�9�4�U�]� �Q�S�Y� �4�8�P�4�C� �4�S�4�l�4� �U�O�!



�1�0�9� 
�
 
�
 

� � 
� � 

�4�4�]� �-�-�-�-�-�-�-� 
�d�\�G�S�Y�¥� 

 � �� 
�O

�S�\�C�S�V� 
�s�m

� 
�
 
�
 

�J�I�Q
�U�I�N�N� 

�J�a�q�u�U
�a�y� 

�9�9� 
�1�9� 

�9�S� 
�1�G� 

�9�F� 
�I�h� 

�9�F� 
�I�E� 

�
9
�
2
�
 

�I�e
� 

�G
�E

�L
� 

�G�9� 
�|� 

�P
�e

�d
�e

�r
� 

�t� 
�P

�e
�t�t� �e

�e
�e

� �t�e
� �e�t� �p

�p
� �e�t� 

�t�p
� 
�
t
�
a

�
 �
P

�
t
�
 �E

�
t
�
 

�
E

�
t
�
 

�
 
�
 

� � �
 
�
 

�
 
�
 

�T� 
�a�)� 

�a�f� 
�©� 

�
 
�
 � � 

�
 
�
 

�
 
�
 

�s�j�p�s�o�d�o�i�g� 
�W

�o�d�}� �p�e�j�o�p�s�y�x�q� 
�S

�L�U
�N

�W
�I�X

�D
�W

� 

�S�O�N�D�Y� 
�A�f�I�I�G�D�S� 

�p�f� �S
�U

�D
�A

� 
�4� 

�f�o� 
�w�o� 

�U�d�!�I�}�O�D� �4�8�j�u�|� �G�S�Y� �4�E�P�4�Q� �4�S�4�l�4� �J�O� �S�|�d�y�i�N�W



�1�1�0� 

�9�9� 

�
 
�
 

� � 
�G

�a�d� �-�-�-�-�-�-� � �d�\�G�S�V�¥� 
 � �� 

�O
�S�\�C�S�V� 

� � 
�
 
�
 

�J�8�Q
�L�U�N�N� 

�J�a�q�u�u�a�y�\� 
�1�9� 

�9�9� 
�1�G� 

�9�V� 
�I�h� 

�B�Y� 
�I�E� 

�Y�S� 
�L�e� 

�J�t� 
�|�b� 

�Y� 
�l� 

�L
�i�t�i�d

�r� �t�i� 
�t�_

�i�t�p
�t�p

�e
� 

�e
�t� 

�i�p�e�e� �t�e
�t� �t�r� 

�r�i�t� 
�d

�e
�e

�r� �t�d� 
�e

�r�a
�t� �e

�t�d
� �t�t� 

�p
�e

�e
� �e

�t
�t
� 

�a�t� 
�a�t� �t�h

� 
�t�t� 

�
 
�
 

� � 

�
 
�
 

�
 
�
 

�F� 
�x� 

�Y� 
 �� 

�
a

�
 

�.� 
�
e

�
e

�
 

�4
� 

�p
�e

�d
�e

� 
�
e

�
e

�
 �n

�
e

�
 

�e
�e

�t�e
�m

�m
�e

�m
�a

�r
�t�o

�m
�e

�n
�s

�o
�m

�e
�m

�a
�n

�e
�n

�e
�e

�m
�e

�m
�e

�n
�e

� 
�
m

�
i
�
s
�
e

�
d

�
 

�2� 
�l�i�m

�e
� 
�S

�e
�e

�s
�,� 

�
i
�
 

�a
�e

� 

�L
�e

�e
� 

�~
� 

�w�f� 
�t�y�e� 

�t� 
�a�y� 

�"�S
�e�n�a�y� 

�.� 
�'� 

�*� 
�y

�e
�e

�?
� 

�.� 
�'� 

�\� 
�i� 

�\�,� 
�f� 

�y� 
�f� 

�\� 
�*�*�M

�i�m
�e�e�s�,� 

�.� 
�o�n�e�?� 

�|� 
�'� 

 �� 
�i� 

�'� 
�:� 

�\� 
!"� 

 � �� 
�o

�y
� 

�'� 
�\� 

�,� 
�t� 

 ��_
�-� 

�a �� 
 ��N

�o�e� 
 �� 

�A� 
�1

�7
� 

�~� 
�v

�n
� 

 �� 
 ��a� 

�\� 
 �� 

�
V

�
e

�
r
�
t
�
 

�8� 
�;� 

 �� 
�~

�~
� 

�A
�Y

� 
�/� 

 �� 
�v� 

�1� 
 �� 

�'� 
�'� 

�v� 
�N ��N� 

�t� 
 �� 

 �� 
 �� 

�'� 
�}� 

�'� 
 �� 

�.� 
 �� 

�i� 
 �� 

�i� 
�'� 

�;� 
 �� 

 �� 
 �� 

�\� 
 �� 

�}� 
�1� 

�)� 
�[� 

�4� 
�'� 

�4� 
�6� 

 �� 
�v� 

�'� 
 �� 

�'� 
 �� 

 �� 
�\� 

�¢� 
�t� 

�'� 
 �� 

 �� 
�i� 

 �� 
�'� 

�t� 
�?� 

�\� 
�t� 

 �� 
�.� 

�'� 
 �� 

 �� 
 �� 

�'� 
�'� 

 �� 
�t� 

 �� 
�;� 

�1� 
�?� 

 �� 
�t� 

�4� 
�'� 

�'� 
�t� 

�!� 
�'� 

 �� 
 �� 

�1� 
�t� 

�'� 
 �� 

�,� 
�t� 

�4� 
 �� 

�'� 
 �� 

�'� 
�»� 

�9� 
�t�o

�y� 
�}� 

�1� 
�)� 

 ��4� 
�'� 

�'� 
�y

�!� 
�t� 

�'� 
 �� 

�5�s� 

�i� 
�J� 

�L�t� 
 �� 

 �� 
�+� 

 �� 
�1� 

�(� 
 �� 

�'� 
�'� 

�f� 
�'� 

 �� 
�(� 

�t� 
�'� 

�1� 
�t�h

� 
�'� 

�'� 
 �� 

�4� 
�1� 

 �� 
�;� 

 �� 

 �� 
�'� 

�t� 
 �� 

 �� 
�i� � � 

�
 
�
 

�s�j�o�s�o�d�o�u�g� 
�W

�O
�d�}� �p�a�y�o�o�4�l�x�y� 

�s�l�u�N�W
�U�I�X�D�W

� 
�S

�O
�W

�D
�y� 

�A�j�l�o�p�d�p�y�)� 
�:�p�#� �e

�w
�i�D

� 
�4� 

�0�6�°�0� 

�O
�O

�'�l� 

�|� 

�O
�C

� 
�|� 

�O
�F

�}� 

�O
�V

� 
�|� 

�O
�S

�I� �U�O�H�}�I�D�4�B�4�U�]� �G�S�Y� �4�8�P�A�C� �4�8�4�1�4� �4�O� �a�j�d�y�I�N�W



�1�1�1� 
�
 
�
 

�A�D�B�U�G
� 

�-�-�-�-�-�-� �~� �A�p�t�O
�D

�A�O
�D

� 
 � �� 

�A
�N

�D
�Y

� 
�S� 

�e�s�r�s�r�s�r�a� � � 
� � �
 
�
 

�J�I�Q
�L�U�N�N� 

�J�a�q�u�u�a�y�y� 
�S�L� 

�£�9� 
�1�9� 

�G�G� 
�6�h� 

�F�b� 
�L�E� 

�I�E� 
�G�E� 

�6�b� 
�E�b� 

�Z�£� 
�|� 

�P
�E

�L
�L

�N
�E

�T
�P

�E
�E

�L
�E

� 
�P

�E
�)� �t�e� 

�t�e
�t� �h

�a
� 

�t�t� 
�t
�t
� 
�
E

�
E

�
 

�
a

�
 
�
e
�
t
�
 

�t�a�h� 
�O

�L
� 
�O� 

�
 
�
 

�n
�N

� 
�i�n� 

 �� 
 �� 

�,� 
 �� 

�)� 
�7� 

�'� 
 �� 

�f�r�?� 
�O�N� 

 ��A� 
�.� 

�.� 
�N�s� 

 �� 
 �� 

�n� 
�O

�Z
� �Q

� 
�o�n� 

�"� 
 �� 

�f�e� 
�J

� 
�\� 

�i� 
�a�4� 

�/� 
 ��\� 

�o�e� 
�t�e� 

�/� 
 �� 

�a
�t� 

�.� 
�m

�y
� 

�r� 
 �� 

 �� 
�A

� 
�t�e� 

�O
�¢

�g
� 

�0
� 

�t�s
� 

�N�N� 
 �� 

 �� 
�'� 

�~� 
�i� 

�-�~� 
�f�t� 

�.� 
�7� 

 �� 
�-� 

�e�o�.� 
�;� 

�'� 
�i�f� 

�~�,� 
�I� 

�V�v� 
�v� 

�\� 
�f� 

 �� 
�p�o�t� 

�o
�t� 

�t�r �� 
�V

�e
� 

�~ �� 
�c

�n
� 

�p
�o

�y� 
�p�e� 

�i�f� 
�N�\� 

�r�o�w
� 

 ��e�y� 
�c�y� 

 ��N
�t� 

�°� 
�r�r� 

�3� 
 �� 

�r�o� 
�v�e� 

 �� 
 �� 

�1� 
�-�-� �7�4� 

�P� 
�-�_�- �� 

�y� 
�v� 

�=�,� 
�r�z� 

�v� 
�\� 

�_
�- �� 

�+� �O�S�'�0� 
�+� �0�9�'�0� 

�|� 
�-�O�L�°�0� 

�f� 
�¥� 

�-� �O
�8�0� 

�h�s� 
�b�n� 

�p�e�n�t� 
�
a

�
a

�
 

�:� 
�A

� 
�4� 

�+� �0
�6

�0
� 

�w�d� 
�w�e�r�"� 

 ��7� 
�L�a�g� 

�F�r� �O
�l�}� 

�*�S�u�e�e�s�e�n�y� 

�U�O�l�}�O�D�4�B�4�U�|� �G�S�Y� �4�8�P�4�O� �4�8�4�1�4� 

� � 
� � 

�O
�c�}� 

�
 
�
 

�S�I�S�A�|�D�U�W
� 

�L�U
�O

�U
� 

�P
�a�l�o�D

�4�L�X
� 

�S�L�U�N�L�W
�I�X�D�Y�\� 

�S�O�H�U�D�Y� 
�G�S�Y� �4�e�P�4�Q� �4�S�4�l�4� �i�G

� �S�U�I�D�.� 
�4



�1�1�2� 
�
 
�
 

� � 
� � 

�O
�4�1� �-�-�-�-�-�-�-� 

�d�\�G
�S�V�¥� 

 � �� 
�O

�S
�\�S

�V
� 

�-� 
�
 
�
 

�J�O
�Q

�U�I�N�N� 
�J�s�q�u�u�a�y�y� 

�F�i� 
�L�9� 

�1�9� 
�G�S� 

�6�4� 
�S�r� 

�L�E� 
�I�E� 

�G�e� 
�6�b� 

�F�l� 
�L�£� 

�|� 
�L�U

�V
�P

�Q
�E

�D
�L�E

�L�D
�L�E

�L�L�I�L�D
�A

�L�I�T
� 

�L
�I�E

�D
� �I�L

�P
�I�V

�E
�D

�L
�E

�L
�E

�L
�L

�I�L
�I�L

�L
� 

�E
�P

� �P
�e�t� �e�e� 

�E�t� �E
�D

� �
E

�
t
�
 �e

�t� 
�P

�t� �t�h
�t� �a� 

�t�a
� 

�O
�/�'�0

� 
�
 
�
 

�~� 

�>� �e�r�e� �o�e� 

�T� 

�i�w�)� 
!"� 

�©� 

�-� �0�8�0� 
�S

�8�0� 
�-� �0�6�0� 

 ��L� �G�6�0� 
�l�e�m

� 
�S

�O
�s� 

�O�N�Y� 
�w

�s� �f�l�o�u�t� 

�O�2�1� 

�
 
�
 

�J�O�D� �4�a�j�U�]� �G�S�V� �4�8�P�4�O� �4�S�4�l�y� �4�O� �s�|�d�y�i�N�W� 

� � 
� � 

�
 
�
 

�u�d�o�l� 

�s�j�p�s�o�d�o�u�g� 
�W

�o�O�u�}� 
�p�a�y�o�o�4�l�x�y� 

�s�u�u�n�w�u�i�x�o�y�p� 

�S�O
�N�D�Y� 

�A�L�I�G
�D�I�S� 

�:�G�#� �e�l�u�D
�I�4



�1�1�3� 
�
 
�
 

�G�4�4�7� �-�-�-�-�-�-�-� � �d�\�G
�S�¥� 

 � �� 
�O

�S�\�C�S�V� 
�s�m

� 
� � 

� � 
�
 
�
 

�J�E�Q
�U�I�N�N� 

�J�I�q�u�i�a�y�y� 

�S�i� 
�£�9� 

�1�9� 
�G�S� 

�6
� 

�S�h� 
�L�E� 

�I�E� 
�G�e� 

�6�b� 
�F�t� 

�Z�L� 
�|� 

�P�L� �L
�I�E

� �P
�E

�L
�E

� 
�P

�t�e
� �t�e

�t� �t�e� 
�t�e

�i� 
�t�e� �d

�a
�t� �e

�a
� �P

�e
�e

�p
� 

�t�a
�e

� �e
�d

�a
� 
�r�e

�a
�t� �

e
�
t
�
 �t�h� 

�
a

�
 

�G
�L�£�Q

� 
�
 
�
 

� � 
�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�t� 
�'� 

�1� 
�J� 

 �� 
�4� 

�t� 
�8� 

�»� 
�t� 

�a� 
�4� 

�u� 
�h�e� 

�a� 
�"� 

�t�e� 
�t�e� 

�a� 
�1� 

�t�e� 
�4�a� 

�o�r� 
�a�)� 

�t�s� 
�t�e� 

�e�q� 
�t� 

�t�a� 
�o�e� 

�e�t� 
�"�4� 

�i�s� 
�Y�e� 

�o�t� 
�e�f� 

�t� 
�'� 

�v�u� 
 �� 

 �� 
�r�s�.� 

�t�a� 
�'� 

�'� 
�7�%

� 
�m

�4
� 

�4� 
�4� 

�»� 
�¢� 

�f�o
�s� 

�a� 
�a�)� 

�,� 
�!� 

�o�y� 
 ��f�t� 

�*�4� 
�'� 

 �� 
�:� 

 �� 
�'� 

�'� 
�t�e� 

�,� 
 �� 

�4� 
�4� 

�a�e� 
�i� 

�h� 
�'� 

�t� 
 �� 

 �� 
�7�?� 

�m
�A

� 
�a�n� 

�1
�\� 

 �� 
�}� 

 �� 
�y�r �� 

�i� 
�b�a� 

�m
�e�s� 

�/� 
�1� 

�\� 
 �� 

�4� 
�4� 

�o�t� 
�:� 

 �� 
�?� 

�t� 
�'� 

 �� 
�t� 

�'� 
�p�o� 

�t�o�e� 
�i� 

 �� 
�'� 

�:� 

 �� 
�\� 

�!� 
�'� 

�s�o�t� 
�m

�4� 
�:� 

�\� 
�J� 

�1� 
 �� 

�.�-
�%

� 
 �� 

�'� 
�'� 

�1� 
�o

�s
� 

�v
�n

� 
�'� 

�'� 
 �� 

�\� 
�t�o� 

 �� 
 �� 

�~� 
 �� 

�)� 
 �� 

�t�o� 
 �� 

�w
�e

�e
� 

 
�� 

 ��7
�7

� 
�\� 

�t�o
�s� 

 �� 
 �� 

�/� 
�7� 

 �� 
�N

�e
�s� 

�\� 
�
B

�
g
�
 

�N� 
�©� 

�4� 
 �� 

�V
�e

� 
�4� 

�4� 
�4� 

�'� 
 �� �a

�k
� �t� 

�s� 
�
1
�
-
�
1
�
 

�T
�T

� 
 �� 

�4� 
�A� 

�p
�e

�a
�t� 
�e

�s
�e

�e
�e

�c
�e

�e
�m

� 
�o

�a
�,� 

�t� 
�'� 

 �� 
 �� 

�'� 
�'� 

�'� 
�'� 

�s�r�r� �t�e
�M

� 
�r

�e
�a

�r
�s

� 

�s�e�e�e�c�e�e�m
�e �� 

�w�e�r� �m�e�e� 
�'� 

�y�o
�n

� �G
�o�s�s� 

�t�e�c�s�e�e�n�t� 
�o�s� 

�t�e�r�e�s�s�r�e�d�e!"� 
�¢�:�.�!� 

�§� 
�w

�e
�e

� 
�S�e� �m

�r� 
�m�e�w�e�s� 

�T�a�b� �u�e� 
�|� 

�P�o�P� 
�p�a�n�e� 

�a
�y� 

�1� 
�'� 

�a�n� 
�|� 

�W
�e�g�g�h�l �� 

�\� 
 �� 

�\� 
 �� 

�\� 
�|� 

�'� 
�}� 

�1
�!� 

 �� 
 �� 

�'� 
�v�t� 

 �� 
�}� 

�0� 
�!� 

�'� 
�/� 

�Y
�o

�w
� 

�O�F� 
�'� 

�'� 
 �� 

�(� 

�-� �O
�8�0� 

�-� �S
�8�0� 

�-� �S
�6�0� 

�T� 
�©� 

�c�S� 

�-� �G
�O

�|� 

� � 
�
 
�
 

�s�j�p�o�s�o�d�o�u�g� 
�W

�o�d�}� �p�e�p�o�o�4�y�x�q�Z� 
�s�t�u�n�u�u�i�x�o�w� 

�s�o�i�l�p�y� �A�j�l�o�n�d�o�y� 
�:�G�#� �e�t�u�p�s�4� 

�©� 

�U�d�l�}�S�D�4�a�j�u�U�]� �G�S�V� �4�8�p�4�O� �4�S�4�l�4� �4�O� �S�I�C�H�I�N�W



�1�1�4� 
�
 
�
 

�A
�D

�U
� 

�-�-�-�-�-�-� �~� �A�y�y�o�o�d�p�y� 
 � � �� 

�A�f� �I�I�Q
�D�Y�S� 

�a�s�e� � � 
� � �
 
�
 

�J�I�Q
�U

�N
�N

� 
�J�E�q�u�i�a�,�)� 

�1�9� 
�G�S� 

�6�r� 
�C�r� 

�¢�e� 
�t�E� 

�G�e� 
�6� 

�F�h� 
�i� 

�4� 
�
 
�
 

� � �L
�i�b

�i�t�i�t�t�r�p
�e

�p
�t�i�t� 

�t�t� 
�t�a

�r�t� �r�y
�t� 

�t�t�t�r�e
�r�t�s

�i�e
�t�i� �p

�e
�t�s

� �p
�e

�d
� �t�p

� 
�e

�t�t� 
�p

�e
�e

�p
�e

�e
� 

�t�t� 
�t�a

� 
�a

� 
�t�t� �t

�t
� 

�O
�0

�'�O
� 

�4� 
�L� �O

�7�0� 

�-�0�F�'�0� 
�+� �0�9�'�0� 
�-� �0�8�0� 
�/� �0�0�°�!� 
�0�2�1� 
�O

�r�"� 
�0�9�"� 
�+� �0�8�"� 

�0�0�2� 
�
 
�
 

� � 
�
 
�
 

�s�i�s�A�j�o�u�y� �W
�O

�}� �p�a�j�o�p�4�l�x�y� 
�S�L�U

�N
�L�W

�I�X�D
�W

� 

�S�O�H�D�Y� 
�Q�S�V� �4�e�P�4�O� �f�S�4�l�4� �:�Q�#� �S

�W
�I�;� �U�O�I�}�O�D�4�B�j�U�]� �G�S�Y� �4�8�P�4�O� �4�S�u�l�4



�1�1�5� 
�
 
�
 

�4�4�1� �-�-�-�-�-�-�-� 
�d�\�d�S�¥�  � �� 

�O
�S�\�C�S�V� 

� � 
� � 

�
 
�
 

�J�B�Q�L�U�u�N�N� 
�J�e�q�u�U�U�u�a�y�\� 

�1�9� 
�G�S� 

�6�r�h� 
�b�v� 

�¢�e� 
�I�E� 

�G�e� 
�6�h� 

�|� 
�l� 

�|� 
�L

�i�t�t� �t�p
�t�t�t�t� �b

�p
�p

� �t�t�t� 
�P

�e
�r�r�e

�t� �d�p� �d
�e

�t�e
� �t�p

� �p�p� �p
�e

� �p
�a

�t�e
� �e�e� 

�e�t� �t�t�e� 
�t�t� 

�a
�a

� 
�1� 

�p
�d

�t� �t� 
�t�p

�t� 
�f�t� 

�t�i� 
�O

�r
� �'�O

� 
�
 
�
 

� � 
� � 

�
 
�
 

�
 
�
 

�s�j�p�s�o�d�o�i�g� 
�W

�o�d�}� �p�e�j�o�p�4�y�x�q� 
�s�u�u�n�u�I�x�D

�y� 

�S�O�I�M�D�Y� 
�A�L�I�I�G�D�I�S� 

�:�9�f�#� �a�l�u�D�I�4� 

�U�O�!�I�}�O�D� �4�B�}�L�|� �G�S�Y� �4�8�P�4�O� �4�S�4�!�4� �4�0� �S�I�C�H�I�N�A



�1�1�6� 
�
 
�
 

� � 
� � 

�G�4�y�1� �-�-�-�-�-�-�-� 
�d�\�G

�S�¥� 
 � �� 

�O
�S�\�d�S�V�v� 

�
 
�
 

�J�I�Q
�U�I�N�N� 

�J�a�q�u�u�a�y�\� 

�1�9� 
�G�S� 

�6 �� 
�S�r� 

�L�e� 
�4�6� 

�G�e� 
�6�b� 

�F�I� 
�l� 

�|� 
�L

�i�i�t�b
�b

�h
�L

�i�t� 
�p

�p
�e

�p
�d

�i�t�i�y
�t�i�d

�r� 
�d�e�d� �p

�i�d
�t�p

�e
�t�i�e

�t�i� 
�t�t� 

�p
�r�i� �p

�p
�p

� �t�r� �t�i�t�i� 
�t�s

� �s
�p

�i�t� �i�d
� �p

�i�t�t� �t�t� 
�p�t� 

�a� 
�0�6�0� 

�
 
�
 

�
 
�
 

�_ �� 
 �� �T�e�e�t�e�r� 

�r�d
�s

� 
�S

�h
�h

� 
�
W

�
T

�
 

�*� 
 �� 

�T�r�e� 
�~�~� 

�w
�e

� 
�*� 

�w
�e

� �r�a
� 

 �� 
 �� 

 ��4
� 

 ��S�e�q� 
�.� 

�t�e� 
�s�e�e�e�e� 

�p
�r�a

�c
�e

�n
�e

�s
�e

�e
�e

�®
� 

�m
�a

�y
� 

�p�e�n�s�e�m
�a�r�e�e�r�e� 

�n�e�s�s� �e�e�n�s� �g�e�t� 
�:� 

 �� 
�i� 

�,� 
�a�y� �g

�d
�B

�O
�T

�m
�e

�P
�e

�e
�T

�@
�t�r�v�e

�g
�n

�g
�,� 

�o
�e

� 
�T

�e
�a

�t�e
�s�e

�e
�r�e

�e
�e

� 
�a�s� 

�=� 
�e�t �� 

�!� 
�V

�o
�L

� 
�.� 

 ��a� 
�o�F� 

�w
�e

� 
�!� 

�2
� 

�c�o� 
�'� 

 �� 
�f� 

�/� 
�\� 

 �� 
 �� 

�,� 
�A� 

�'� 
�t� 

�¢� 
 �� 

�'� 
 �� 

�/� 
�\�  �� 

�A� 
�i� 

 �� 
�A� 

�a
�n

� 
�'� 

�\� 
�t�a�y� 

�J�s� 
�A� 

�
P

�
Y

�
 

�,� 
�r�o

� 
�1� 

 �� 
�1� 

 �� 
�\� 

�"�\� 
�¢� 

�'� 
�t� 

 �� 
�j� 

�x� 
 �� 

�,� 
�p�e� 

 ��7� 
�/� 

�\� 
�3� 

 �� 
�!� 

�\� 
�r�a

�e
� 

�a
� 

�~� 
�\� 

�-�~� 
 �� 

 �� 
 �� 

 �� 
�¢� 

�L
�e

� 
�r

�e
� 

�O�N� 
�7� 

�v�!� 
�f�o

�f� 
�;� 

�v� 
�\� 

 �� 
 ��,� 

�\� 
�'� 

�~� 
�\� 

�'� 
 �� 

�f� 
 ��f�t� 

�v�f� 
�\� 

�!� 
�'� 

 �� 
�'� 

�!� 
�t�u� 

�x� 
�'� 

 �� 

�'� 
 �� 

�'� 
�q� 

�.� 
 �� 

�!� 
 �� 

�;� 
�\� 

�'� 
�\� 

�/� 
 �� 

�i� 
 �� 

�!� 
 �� 

�'� 
 �� 

 �� 
 �� 

�:� 
 �� 

 �� 
 �� 

�i� 
�\� 

�!� 
 �� 

�U� 
�1� 

�4� 
�i� 

�i� 
�1� 

�J� 
 �� 

�t� 
�.� 

�?� 
�»� 

�3� 
 �� 

 �� 
�s

�f� 
�i�!� 

 �� 
�'� 

�'� 
�s� 

 �� 
 �� 

 �� 
�'� 

 ��o
�t� 

�.� 
�J� 

�t� 
�\� 

�;� 
�1� 

�i�s� 
�r�f� 

�'� 
 �� 

�Y
� 

�"�4� 
�s�!� 

�V�e� 
 �� 

�'� 

�i�!� 
�!� 

 �� 
 �� 

�?� 
�i�f� 

�e� 

�1�0�0�1� 

�H
�O

�L�L� 

�-� �O
�Z�)� 

�L� �O
�o�h� 

�L� �O
�r� 

�L�O
�S �� 

�L�O
�S�I� 

�L�O
�L�I� �U�O�!�}�O�D� �J�9�8�4�U�|� �G�S�Y� �4�8�P�4�O� �4�S�4�l�4� �y�O� �a�i�d�i�y�i�N�W� 

� � 
� � 

�0�8�}� 
�
 
�
 

�s�j�p�s�o�d�o�i�g� 
�W

�o�d�}� �p�a�y�o�p�4�x�q� 
�S�l�U�N�L�U�I�X�D�)�\� 

�s�O
�W

�p�Y
� 

�A�j�l�o�p�d�o�y�)� 
�:�Q�#� �a�L�l�u�i�D�i� 

�4



�1�1�7� 
�
 
�
 

�A�D�Y�S� 
�-�-�-�-�-�-�-� �A�y�j�o�p�d�p�g� 

 � �� 
�A�y�I�q�D�4�s� 

� � 
� � 

�
 
�
 

�J�I�Q
�U�I�N�N� 

�J�E
�q�u�a�y� 

�v�9� 
�L�S� 

�O�S� 
�o�P� 

�9�¢� 
�6�2� 

�C�C� 
�P

�i�t�t� 
�t� 

�p
�e

�t� �p
�t� �t�t� 

�p�e�t� �p
�e

�t�e
�r� �t�t�e� 

�i� 
�d

�i�t�t� �a� �t�t� 
�p

�e
�e

�p
�e

�e
� 

�e
�t�e

� �p
�e

�p
�e

� 
�p

�t� �t�e� 
�
t
�
a
�
 

�l�t� 
�a� 

�t�l� 
�t�h

� �a�t� 
�G�l� 

�8� 
�|� 

�
 
�
 � � 

� � 

�-� 
�r� �\� 

 ��A� 
 �� 

 ��\� 
�1� 

�4� 
�r� 

�4� 
�f�d� 

 �� 
 �� 

�4� 
 �� 

 �� 
�,� 

�'� 
�?� 

�Y� 
 �� 

�1� 

�i� 
�4� 

�r�?� 
 ��5� 

�f�o
�s� 

�a� 
�'� 

�'� 
 �� 

�L
�n

� 
�r� 

�u�A� �a
� 

�!� 
�\� 

�r� 
�J

� 
�\� 

�T
�a

� 
�_� 

�(� 
 �� 

�'� 
�;� 

�r�o
�a

� 
 �� 

 �� 
 �� 

 �� 
�\� 

�!� 
 �� 

 �� 
�\� 

�J� 
�1� 

�)� 
�'� 

 �� 
�\� 

 �� 
 �� 

 �� 
 �� 

�\� 
�'� 

�r�T� 
�'� 

 ��:� 
 �� 

 �� 
 �� 

�t� 
�s� 

�A� 
 �� 

�L� 
�)� 

 �� 
�r�7

� 
 �� 

�t� 
�-� 

 �� 

 �� 
 ��e�e� 

�\� 
�!� 

�\�t� 
�\� 

�A� 
�1� 

 �� 
�}� 

�v�e� 
 �� 

�4�K� 
 �� 

�a� 
 ��s� 

�.� 
 �� 

�x� 
�t� 

 �� 
 �� 

 
� 
�� 

�'� 
�,� 

�X�Y� 
 ��~� 

�,
� 

�'� 

�N� 
�v� 

�\� 
�'� 

�~� 
 �� 

�,� 
�a�t� 

�%
� 

�>� 
�S�e�t� �b�E�O� �w�h�y� 

�=� 

�t� 
�4� 

�
y
�
 

�Z�z� 
�=

� 
�3

� 

�s� 
�e� 

�e� 
�«� 

�W
�e

�?
� 

�i� 
�=� 

�2� 
 ��n�e� 

�F�y� 
�.� 

�*� 
�a

�f� 
�T�h�e�e� 

�-� 
�:� 

�é� 
�4� 

�0�0�°�0� 

�-� �O
�6�0� 

�-�}� �O
�V

�O
� 

�{�0
�9

�0
� 

�i�+� �0�8�°�0� 

�O
�O

�}� 

�F� �O
�d�}� 

� � 
�
 
�
 

�S�I�S�A�j�D�U�W
� 

�L�U
�O

�}� �p�a�j�o�D�4�}�x�X�q�Z� 
�S�L�U�N�L�W

�I�X�D�Y�\� 
�O

�r� 
�|� 

�S�O�U�D�Y� 
�G�S�V� �4�e�P�4�Q� 

�f�S�4�l�4� �L�f� �S�w�W
�D�s�;� �U�O�I�J�O�D� �4�B�y�U�]� �G�S�Y� �4�8�P�s�Q� �{�S�4�1�4



�1�1�8� 
�
 
�
 

�Q�4�u�1� �-�-�-�-�-�-� �-� 
�d�\�a�g�S�v� 

 � �� 
�O

�S
�\�d�S

�V
� 

� � 
�o�o�c�a�e�e�e�e�e�e�e�n�n� 

� � 
�
 
�
 

�J�O
�Q

�U�I�N�N� 
�4�a�q�u�e�y �� 

�v�9� 
�L�S� 

�O�S� 
�c�v� 

�9�¢� 
�6�2� 

�G�C� 
�G�l� 

�
P

�
E

�
t
�
i
�
t
�
t
�
i
�
i
�
e
�
t
�
t
�
 

�p
�p

� 
�a

�p
�t� 
�t�t� 

�p�e�t� �p
�
t
�
 �t�e� 

�
a

�
 
�
t
�
t
�
 

�a� 
�
a

�
t
�
 

�8� 
�|� 

�L
�t�L

�i�t�i�e
�f�t�e

�t� 
�t�y

� 
�
 
�
 

� � � � � 

� � 

�A� 
�\� 

�f�y� 
�p�y� 

�t� 
�4� 

�.� 

�+� 
�1

�4
� 

�'� 

�3� 
�t� 

�l� 
 �� 

�'� 
�2� 

�r�o� 
�,� 

�/�3
� 

�f� 
�:� 

�-� 
�x

�"� 
�'� 

 �� 
�o

�h
�,� �\� 

�s
�a

�e
� 

�'� 
 �� 

�c
�7

� 
�.� 

�\� 
�'� 

 �� 
�F

�a
�e

� 
 �� 

�V�e�s� 
�p

�a
�y

� 
�a

� 
�>� 

�s
�y

� 
�O�y� 
�
T

�
A

�
 

�p
�a

�v
�e

�s
� 

�i�f� 
�=� 

�.� 
�,� 

�e�d� 
�-� 

�4� 
�S�e�c�e�n�e�w

�e�s�e� 
�,� 

�'� 
 �� 

�y
�o

� 
�M

�s� 
�a� 

�2� 
�t�e

� 

�T�A�A� 
�x

� 
�a�h�a�h� 

�f� 
�\� 

�f�t� 
�'� 

�;� 
�*

� 
�P

�e�r�s� 
�3

� 
 ��,� 

�e� 
�F�e� 

�g�e�n�t�e� 
�P

�e
�a

� �j�e�e�e�e�d� 
�,� 

�f�o
�!� 

 �� 
�3� 

�t�e�a� 
�e�e�e�r�e�e� 

�M
�e�a� �F

�S
� 

 �� 
�t�s�,� 

�o�s� 
�'� 

�2�)� 
�:� 

�i� 
�4� 

�1�:� 
 �� 

�a�y� 
�e�t�e� 

 �� 
 ��a

�y
�e

� 
�a� 

�8� 
�t� 

 �� 
�e

� 
�'� 

�t� 
�L�n� 

�i�:� 
�e�o� 

�S
�e

�e
�!� 

 �� 
�7

�°
� 

�Z� 
 �� 

�w
�y

� 
�1

�,� 
�*� 

�3� 
�A� 

 �� 
�_

�-� 
 ��~� 

 �� 
�\� 

�~� 
 �� 

�{� 
�2� 

�\� 
�{� 

�-� 
�N

� 
�+� 

�A� 
�4

� 
�a

�e
� 

�W�w� 
 �� 

 �� 
�a

�!� 
�v�w� 

�t�a
� 

�Z�s� 
�f�a� 

�4� 
�é� 

�~
� 

�\�s �� 
�f� 

�,� 
�t�y� 

�v�s� 
�V�v� 

�:� 

�'� 
�,� 

�v�y� 
�i�?� 

�v�2� 
 �� 

�§� 
 �� 

 �� 
�v� �¢� 

�.�?� 
�a�f� 

�s�f� 
�'� 

 �� 
�3� 

�i�/� 
�?� 

�d� 
�t� 

 �� 
�i�t� 

�?� 
�'� 

�¥� 
�§� 

�{� 
�{� 

�t� 
�.� 

�o�f� 
 �� 

�|� 
�a�r� 

�t� 
�i� 

�'� 
 �� 

�4� 
�'� 

�'� 
�'� 

�1� 
�f� 

�,� 
�3� 

�1� 
�'� 

�»� 
�?� 

�.� 
�r

�t� 

�!� 
�'� 

�i�!� 

�1� 
�f� 

�»� 
�é� 

�i�!� 
�v�y� 

�7� 
�'� 

 �� 
�é� 

�i�}� 
�M�y� 

�s� 
�,� 

�r�a�d� 
�r� 

�1� 
�i� 

�'� 
�4� 

 �� 
�i�!� 

�}� 
 �� 

�0�6�0� 

�f ��L�O�O�'�U� 

�-� �O
�l�t� 

�-� �O
�d

� 
�|� 

�F� �O
�F

�}� 

�-� �O
�F

� 
�|� 

� � 
�
 
�
 

�s�j�p�s�o�d�o�u�g� 
�W

�o�d�}� �p�a�p�o�d�4�l�x�X�y� 
�S�L�U�N�L�W

�I�X�D�W
� 

�S�O
�N�D�Y� 

�A�L�I�G
�D�I�S� 

�:�/�#� �a�u�D
�4�4� 

�o�O� 
�a� 

�U�O�I�}�S�D� �4�a�j�u�U�|� �G�S�V� �4�8�p�4�O� �4�S�4�!�4� �4�O� �s�i�C�y�I�N�A



�1�1�9� 
�
 
�
 

� � 
� � 

�G
�4�1� �-�-�-�-�-�-�  �� �d�\�G

�S�¥� 
 � �� 

�O
�S�\�C

�S�V� 
�w

�s� 
�
 
�
 

�J�O
�Q

�L�U�N�N� 
�J�a�q�u�u�E�W

� 
�¥�9� 

�L�S� 
�Q�S� 

�c�P� 
�9�f� 

�6�2� 
�G�C� 

�G�I� 
�8� 

�|� 
�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � 

�
 
�
 

�D
�E

�t�t�e
�_

�t�e
�_

�p
�t�e

�p
�t�e

�t� 
�y

�p
�e

� �p�e�t�b�p�e�t�p�e�p� 
�p

�p
�p

� 
�p

�e
�t�p

�e
�p

�e
�p

�t�e
�t�e

� 
�p�e�r�p� �a�r� �t�p

�e
�r�i�t�i�t�r�i�r�p

�i�p
�r�r�r�t�r�r�t�r�i�t�i�p

�t�r�i�p
�i�t�r�i�r�t� 

�0
�6

�0
� �=� 

�r
�y

� 
�o

�y
� 

�
=

�
 

�t�y� 
 �� 

�e� 

�r�e�A�N� 
�/� 

 �� 
�s� 

�G
�6

� �0� 

�'� 
�\� 

�b� 
�4� 

�f� 
�1� 

�'� 
�\� 

 �� 
 �� 

�°� 
 �� 

�\� 
�~

� 
 �� 

�1� 
�}� 

�\� 
�O

� 

�
w

�
e
�
 

�R
�o

�v
�e

�r�r�w
�e

�n
�s

�e
�r�e

�f�o
�a

�y
�,� 

�g
�e

�t�t�e
�r� 

�e
�t�n

�a
�,� 

�3� 
�t� 

�p
�e

�e
�e

�n
�g

�e
�e

�e
�e

�e
�m

� 
�t�a

�y�,� 
�w

�e
�p

�t�e
�e

�t�e
�s

�e
�n

�e
�n

�a
�l�l� 

�
o

�
e

�
,
�
 

�Q
� �0

� 
�|� 

�=
�,� 

�t�e
�g

�u
�e

�n
�t�?

� 
�
w

�
e

�
y
�
 

�r� 
�i� 

 �� 
�
J
�
 

�i� 
�i� 

�"
� 

�2
� 

�a
� 

�'� 
 �� 

�r
�e

�r
�e

� 
�S

�o
�r�e

�t� 

�e
�a

� 
�|� 

�o
�N

�)� 
�p�e� 

�N�e� 
�y

�e
�e

� 
�y�o� 

�_� 
 �� 

 �� 
 ��e

� 
 ��c

�y
� 

�:� 
�\� 

�L�v�?� 
�\� 

�|� 
�i� 

�,� 
�n�e� 

�;� 
�'� 

�
y
�
s
�
 

�r�~� 
�G

�O
� �|� 

�~�y� 

�f� 
 �� 

�/� 
�L

�w
� 

�\� 
�'� 

�'� 
�'� 

�~
�-� 

 �� 
�;� 

�,� 
�W

� 
�1� 

�1� 
 �� 

 �� 
�i� 

 �� 
�§� 

 �� 
�i� 

�\� 
�_ ��-� 

�4� 
 �� 

�x� 
�e� 

�r�o� 
�,� 

�4� 
�1�}� 

�i� 
�,� 

�4� 
�,� 

�F
�O

�L� 
�}� 

 �� 
�;� 

 �� 
 �� 

�'� 
�'� 

 �� 
�,� 

 �� 
�
O

�
 

 �� 
 �� 

�i� 
 �� 

�'� 
�v�y� 

�'� 
�}� 

�\� 
�n�N� 

�i� 
�\� 

 �� 
�o�t� 

�t�)� 
 �� 

 �� 
�°� 

�7� 
�;� 

�'� 
 �� 

�;� 
 �� 

�;� 
 �� 

�;� 
�1� 

 �� 
�G

� �|� 
�l� 

�Q�O� 
�5� 

 �� 
�,� 

�'� 
�'� 

�'� 
�1� 

�e�H�]� 
�;� 

�i� 
�I� 

 �� 
�!� 

�{� 
�;� 

�\� 
�'� 

 �� 
 ��y� 

�'� 
 �� 

�}� 
�"

� 
 ��A

� 
�t� 

�'� 
�'� 

�.� 

�i�a� 
�i� 

�i�H� 
�t�i� 

�i�p� �O
�G

�h� �p� 
�i�t� 

�:� 
 �� 

 ��i� 
�U�V�)� 

�'� 
�¢� 

�.� 
�;� 

�;� 
�.� 

�t� 
�!� 

 �� 
 �� 

�'� 
�i�t� 

�G
� �6

� 
�|� 

�O
� 

�7� 
�i� 

 ��_ �� 
�*� 

�:� 
�3� 

�a
�a

� 
�'� 

�.� 
�v�i� 

�1� 
�F

�O
�L� 

�&� 
�V�W� 
�v�e� 

�u
� 

�A
� 

�¥
� 

�2� 

�H
�G

�S�}� �Q�  �� 

�,� 
�O

� 
�O�r� 

�Q� 
�S�I�D

�S�O
�d�o�u�g� 

�W
�O

�d�}� 
�p�a�y�o�D

�4�X
�q� 

�S�L�U
�N

�L�W
�I�X�D

�W
� 

�S�O�H�W
�D�Y� 
�A�J�I�O

�D
�d�D

�)� 
�:�/�#� �a�l�w�i�D�4�4



�1�2�0� 

�O
�0�1� 

�
 
�
 

�A�D�I�Y�S� 
�-�-�-�-�-�-�-� �A�y�o�o�d�d�g� 

 � �� 
�A�j�i�i�q�o�y�s� 

� � 
� � 

�
 
�
 

�J�I�Q
�L�U

�N
�N

� 
�J�a�q�u�U�a�y�;� 

�1�6� 
�¢ ¬�8� 

�¢�f�L� 
�+�9� 

�G�S� 
�9�F� 

�L�E� 
�8�2� 

�6�1� 
�L�E�L� �D�A�I�L� �T

�E
�P

� 
�T

�E
�E

�E
� 

�T
�I�R

�E
� �E� �A

�E
�E

� 
�T

�E
�E

� 
�E

�E
� 

�E
�R

� 
�
E

�
E

�
 

�
t
�
t
�
 

�O�l� 
�|� 

�
 
�
 

� � 

�m
�v� 

�s
� 

�a�s� 
�f�y� 

 �� 
�e

�o
�N

�L
� 

�a
� 

�1� 
�i� 

�
i�
n

�
e

�
 

�'� 
�+� 

�'� 
�t� 

�' �� 
�N

�n� 
�'� 

�S
�e

�e
� 

�I� 
 �� 

�;� 
�1� 

�'� 
 �� 

�1� 
�t� 

�Y� 
�a� 

 �� 
 �� 

�\� 

�4� 
 �� 

 �� 
�'� 

�{� 
 �� 

�1� 
 �� 

�'� 
�v�A

� 
�a�l� 

 �� 
 �� 

�+� 
�A�N� 

�:� 
�V

�u�e� 
�-� 

�e�y� 
�m�v�!� 

�-� 
�!� 

�r�e
�v

� 
 �� 

�w
�o

�t� 
�w

�e
�d

� 
 �� 

�7
�4

� 
�~� 

�v�d� 
�,� 

�4� 
�)� 

�v� 
 �� 

�'� 
�¢� 

 �� 
�;� 

�1� 
�A� 

�I� 
�V

�y� 
�y� 

 �� 
�t� 

�2� 
 �� 

�r�y� 
�:� 

�u�l� 
�4� 

�'� 
 �� 

�n�m� 
�\� 

�f�u� 
 �� 

�1� 
�N

�o� 
�~

� 
�o�r� 

�~�.� 
�o

�A
� 

 �� 
�.� 

�n�~� 
�A� 

�'� 
�v�t� 

�t� 
 �� 

�.� 
�3� 

�=� 
�a� 

�a�t� 
�e

� 

�2� 
�:� 

�e� 
�3� �:� �:� �:� 

�i� 
�i� 

�:� 
�:� 

�~� 
�i� 

�;� 
�*�,� 

�2� �6� 
�o�e� 

 �� 
�3� 

�:� 
�=� 

�.� 
�2� 

�a
� 

�-� 
�¢� 

�2� 
�3� 

�.� 
�2� 

�.� 
�.� 

�$� �m
�e

� 

� � � � 
� � �Q

�0�°�0� 

�-� �O
�2�'�0� 

�-�~� �Q
�F

� 
�0� 

�~�0�O
�9�'�0� 

�-� �0�8�°�0� 

�7�+� �0�0�4� 

�F
�O

�C
� 

�|� 

� � 
�
 
�
 

�S�I�S�A�|�D�U�W
� 

�L�U
�O

�U
� 

�p�a�l�O
�D�U�I�X�F� 

�S�L�U�N�L�W
�I�X�D�Y�\� 

�O
�V

�}� 

�S�O
�H�N�D�Y� 

�G
�S�V� �4�J�O�p�4�o� 

�4�S�4�l�4� �i� �Q�y�#� �e
�w

� 
�4� 

�Q�S�V� �4�8�P�4�0� �4�{�S�8�4�!�4� �U�O�I�J�O�D� �J�8�}�U�l



�1�2�1� 
�
 
�
 

�G�4�4�]� �-�-�-�-�-�-�-� 
�d�\�d�S�v�¥�  � �� 

�O
�S�\�d�S�V� 

�=
� � � 

� � �
 
�
 

�J�I�Q
�U�I�N�N� 

�J�I�q�U
�a�y�\� 

�O
�O

�l� 
�4�6� 

�¢ ¬�8� 
�¢�L� 

�%�¥�7�9� 
�G�S� 

�9
� 

�L�E� 
�B�E� 

�6�1� 
�O�I� 

�|� 
�L�E

�P
� �T

�E
�L� �E

�R
�E

� �L�T
�E

� 
�P� �E

�P
�A

�P
�E

�R
� 

�
T

�
E

�
E

�
 �
E

�
E

�
 

�
I
�
 

�
h
�
a
�
 

�O
�r

�'�o
� 

�
 
�
 

�~�t� 
�o�O� 
�©� 

�O�o� 

 ��L� �O
�8�0� 

�-� �0�0�°�}� 

�L�O
�Z

� 
�|� 

�-�H� �O
�V

�I� 

�
 
�
 

� � 
� � �
 
�
 

�-� 
�O�o� �o�O� 
�o�e� 
�=�  ��_� 

�s�j�p�s�o�d�o�i�g� 
�W

�O
�s�}� �p�a�p�y�o�p�4�x�q� 

�S�L�U�N�L�W
�I�X�D�W

� 

�S�O
�N

�D
�Y� 
�A�f�I�I�G

�D�I�S� 
�:�Q�#�f� �S

�U
�D

�,� 

�U�D�H�}�S�O�4�B�j�U�]� �S�Y� �J�E�P�4�O� �4�8�4�1�4� �J�O� �s�i�C�H�I�N�W



�1�2�2� 
�
 
�
 

� � 
�G�4�u�1� �-�-�-�-�-�-�-� 

�d�\�O�G�S�¥�V� 
 � �� 

�O
�S�\�d�S�V� 

�-� 
� � 

�
 
�
 

�J�O
�Q

�U�I�N�N� 
�J�I�q�u�i�a�y�y� 

�O�O�l�L� 
�1�6� 

�¢�é�8� 
�¢�f�L� 

�¥�9� 
�G�G� 

�9
� 

�L�F� 
�B�E� 

�6�1� 
�O�D� 

�|� 
�L�X�E� �T�E�P� �E

�R
�E

�E
�E

�L
�P

� 
�A

�P
�L�A

�R
� 

�T
�E

�V
�A

� �E
�E

� �
E

�
E

�
 

�A
� �
E

�
E

�
E

�
 

�
 
�
 

�
 
�
 

� � 

�7� 
�O

�6�0� �c� 
�v�o

� 
 
�
�
 

�=
�;� 

�1� 
�A� 

�N
�y

� 
�i� 

�:� 
�a� 

�A
�n

� 
�L

�o
�o

� �y�e
� 

�a
� 

�,�o
�c�o

�e
�e

�n
�e

�n
� 

�P
�e

�e
�t�e

� 
�T�R� �e�e�e�,� 

�r� 
 �� 

 �� 
�z� 

�p
�e

�n
�e

� 
�e

�e
� 

�o
�n

�y
�,� 

�
O

�
N

�
 

�,� 
�w

�D
� 

�e�e�e�e�p�s� 
�a�n�e� �\� 

�w�e�g� �n
�e

�t�t�?
� 

�'� 
�a

�o
�e

� 
�w

�e
�s

� 
�'� 

�s
�o

 �� 
 �� 

�4� 
 ��S

�e
�r�e

� 
�a

�t�t�e
�n

� 
�2� 

�N� 
�q�e�t�e�u�e�t�¥�a�g�,� �2� 

�t� 
�u�w� 

 �� 
 �� 

�a
� 

�1
� 
�
y
�
e
�
e
�
 

�e�t� 
�5� 

�:� 
�w

�e�r�e� 
�"

� 
�:� 

�\�e�H� 
�1

� 
�i� 

 �� 
�*� 

�'� 
�a�f� 

 �� 
�r�a

�n
� 

�e�e�s� 
�3� 

�O
� 

�°� 
�7� 

 �� 
�1� 

�;� 
 �� 

�'� 
 �� 

�4� 
�.� 

�¢� 
�v

�7
� 

�'� 
�{� 

�)� 
�'� 

�V
�s

� 
 �� 

�L
�O

�L
� �|� 

�>
� 

�"� 
 �� 

�V�v� 
�!� 

�,� 
�\� 

�i� 
�V�v�!� 

 �� 
�i�!� 

�"� 
 �� 

�'� 
�7

�N
� 

�'� 
 �� 

�w
�s

� 
�'� 

�\� 
�|� 

�r�y� 
�"� 

�i�?� 
�o�\� 

�.� 
�f�p� 

�O�N� 
�|� 

�7� 
�>� 

�'� 
 �� 

�\� 
�'� 

 �� 
�}� 

�t� 
�;� 

�.� 

�m�o� 
�,�f� 

�N�G� 
�b�e� 

�4�G� 
�1� 

�p
�O

�C
�h

�y� 
�r�h�o� 

�y�e� 
�h�e� 

�a�e� 
�+� 

�M�t� 
�:� 

�|� 
�v�i� 

�t�y� 
�\�!� 

�\� 
�m

�t� 
�1�?� 

�,� 
�i�!� 

�r�!� 
�M�4� 

�t�a
� 

�.� 
�p�i�o� 

�Y� 
�v�4� 

�"�i� 
�y� 

�+� 
�O�f� 

�-� 
�O

�F
� �|� 

�O
� 

�
_

�
 

�'� 
�:� 

 �� 
�'� 

�
4

�
 

�i�O
�N

� 
�p

�r�o
�f� 

�;� 
�i�!� 

�,�o
�r�e

� 
�m

�o �� 
�Q�O� 

�p�o�N
� 

�t�a� 
�i� 

�i�!� 
�V

�t� 
�o�s� 

�V�L� 
�o

�p
� 

�y� 
�8� 

�P
�o

�E
�?

� 
�f�t� 

�i� 
�V�r� �b

�e
� 

�A�R� 
�5� 

�;� 
 ��A� 

�N�e� 
�!� 

�"� 
�a� 

�a
� 

 �� 
�;� 

 �� 
 ��J� 

�4� 
�i� 

 ��-� 
 �� 

 �� 
�>

� 

 ��L�O
�G

�I� �W� 
�O� 

�'� 
 �� 

 
�
�
 

�\� 
�.� 

�'� 
�r�h� 

�»� 

�©� 
�i� 

�1� 
�O�L�L� �a� 

 �� 
�w�t� 

�Q
� 

�!� 
�o� 

�O
�s�!� �g� �J� 

� � 
�
 
�
 

�s�j�p�s�o�d�o�u�g� 
�W

�o�d�}� �p�a�y�o�n�s�y�x�y� 
�S

�L�U
�N

�W
�I�X

�D
�W

� 
�S�s�o�l�l�p�y� �A�j�l�o�p�d�o�y� 

�:�Q�f�#� �a�t�l�u�p�s�4


