


CLARKSON COLLEGE OF TECHNOLOGY 

• DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING 

A Study of Welded Bracket to Connections of Rolled 

I-Sections with Low Web Slenderness Ratios 

A Thesis 

by 

Bruce E. Hopper 

-
~ Submitted in partial fulfillment of the requirements for the 

• 

degree of 

Master of Science 

(Civil and Environmental Engineering) 

December 1983 



VI 

'. 

• 

• 

The undersigned have examined this thesis entitled 

"A Study of Welded Bracket to Web Connections of Rolled 

I-Sections with Low Slenderness Ratios" sUbmitted in partial 

fulfillment of the requirements for the degree of Master of 

Science (Civil and Environmental Engineering) and deem it 

worthy of acceptance . 

/ 4 p .... c Ie; ; 3' 
Date 

xamihing Commi 

~ '-=' / \ ,<-< --~ 
Examining Committee 



en 

• 

IN MEMORY OF MY FATHER 

• 

• 



• 

• 

• 

TABLE OF CONTENTS 

Acknowledgments. 
.fM..e. 
ii 

Abstract iv 

Vita v 

List of Figures. vi 

List of Tables . ix 

List of Symbols . xii 

Chapter I 

Chapter II 

Chapter III 

Chapter IV 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Bibliography 

Introduction. 
Topic . . • 
Background. 
Objectives. 
Theory. . • 

Testing Program 
Descr iption • • 

• 

Presentation and Discussion 
Membrane Strains ..• 
Yield Line Patterns • 
New Failure Mechanism 
Comparison of Results 
Suggested Design Procedure. 

1 
1 
3 
5 
5 

10 
10 

of Results 22 
22 
27 
49 
56 
60 

Conclusions and 
Conclusions • • 
Recommendations 

Recommendations 72 
72 
74 for Further Study 

Test Procedure. • .. . 
Test Specimen Preparation . 
The Data Acquisition System 
The Data Reduction System 

Alternative Approximation to the 
Flange Capacity 

RaYl Strain Data 

Principal Strains and Directions. 

Deflection Data 

i 

75 
75 
82 
90 

92 

94 

135 

175 

206 



• 

• 

• 

ACKNOWLEDGMENTS 

Deserving special thanks is the American Institute of 

Steel Construction for the Fellowship which has made this 

research possible. 

I am also grateful to the Clarkson College Graduate 

School for their financial assistance. 

The author wishes to thank Dr. Heino Ainso for 

initiating the project. His suggestions during the testing 

were greatly appreciated. 

Many thanks go to Dr. Gordon Batson, my advisor. His 

guidance in both professional and personal matters and his 

support throughout my graduate experience is greatly 

appreciated. 

Thanks also go to other faculty includinq Dr. Levon 

Minnetyan and Dr. John Dempsey for suggestions offered and 

for serving on the thesis committee. The suggestions 

offered by Dr. William Bradley are also appreciated. 

Many graduate students are to be thanked for their 

assistance especially Thomas Glebas and his wife Marie. My 

gratitude is also extended to Ronald Berry, Charles Alguire, 

Rodney Bascom, Thomas O'Brien and James Bonner. 

Engineering technicians Carl Davey and Ray Smith are 

also thanked for thier assistance in the preparation of the 

ii 



• 

• 

• 

test specimens . 

The author is also grateful for the assistance offered 

by Janet Demers , Nina Dibble and Kathy Hewitson . 

Deserving special thanks are my wife Robin and both our 

families . Their unending support is truly appreciated . 

iii 



• 

• 

• 

ABSTRACT 

This experimental study of welded bracket to web 

connections examines sections with web slenderness ratios 

between 7 and 15. Two collapse mechanisms are possible for 

sections with low web slenderness ratios. One collapse 

mechanism, defined by Abolitz and Warner involves the 

development of yield lines in the web in the region around 

the bracket connection. The other mechanism involves the 

formation of plastic hinges in the flanges. A suggested 

design procedure which conforms to the AISC Specification 

for the Design, Fabrication and Erection of Structural Steel 

for Buildings has been developed for this type of 

connection. 
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CHAPTER I 

INTRODUCTION 

TOPIC 

Bracket to web connections as illustrated in Figure 1.1 

are common structural connections. This experimental 

program funded by an American Institute of Steel 

Construction Fellowship investigated the load carrying 

capacity of these connections. The sections tested had a 

range of web slenderness ratios from 7.67 to 14.84, where 

the web slenderness ratio is the T distance of a section 

divided by the web thickness. Previous experimental data 

indicates that the ultimate loads of sections with a ratio 

greater than 15 correlate very well with the yield line 

theory developed by Abolitz and Warner [1]. However, those 

sections with a slend~rness ratio of less than 10 developed 

a new collapse mechanism. The scope of this work was to 

define the geometry of this new mechanism and determine the 

critical web slenderness ratio for the mechanism. 

Part 4 of the eighth edition of the ~ Manual 2i 

Steel Construction [2] (hereafter referred to as the Steel 

Manual) provides design guidelines for welded bracket to 

flange connections. However there are no design guidelines 

for welded bracket to web connections. Previous research 

has suggested that serious structural failure may occur for 

1 
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• Figure 1.1 A typical IVelaed bracket to web connection . 
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web slenderness less than 15 [3,5]. Twenty percent of the 

wide flange sections listed in the eighth edition of the 

Steel Manual have a web slenderness ratio less than 15. It 

is hoped that research in this area will lead to the 

development of efficient design guidlines for the welded 

bracket to web connections. 

BACKGROUND 

Joseph Hoptay [3] completed a study at Clarkson College 

in January of 1979 which investigated the ultimate load 

carrying capacity of sections with web slenderness ratios 

between 36 and 45. The testing program consisted of a total 

of eight tests on two sections: WlOxlS ( J.J =36) and W12x16.S 

( IJ =45) . Each section was tested with two bracket lengths, 

8 inches and 12 inches. 

Hoptay concluded that the elastic solution based on 

first yield of the material and the Mises yield criterion 

gives a very conservative load capacity. He proceeded to 

correlate his data with two theories: a yield line theory 

posed by Abolitz and Warner [1] and a deflection criterion 

posed by Save and Massonnet [4]. The data indicated that 

these sections could safely support the loads predicted by 

Abolitz and Warner's theory if the flanges acted like simple 

supports to the web and the plastic moment capacity is 

substituted for the elastic moment capacity. The data 

3 
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further indicated that membrane effects were a significant 

factor in the load capacity of the connection, and Hoptay 

posed that these effects would decrease as the slenderness 

ratio decreased. 

As a result of Hoptay's conclusions, James Walsh (5) 

undertook a study of bracket to web connections on sections 

with web slenderness ratios between 8 and 25 which was 

completed at Clarkson College in December of 1980. The 

testing program consisted of a total of eight tests on three 

sections: W4x13 ( ~ =8.9), W5x16 ( ~ =13 . 8) and W8x24 

( ~ =24.3); each section was tested with the same bracket 

lengths as Hoptay used, 8 inches and 12 inches, to allow the 

data to be compared. 

Walsh also correlated his data with the theories of 

Abolitz and Warn~r, and Save and Massonnet. He found that 

if the shape factor was based on simply supported edges, the 

yield line theory predicted the ultimate load of sections 

with a web slenderness ratio between 13 and 25. His data 

also indicated that the effects of membrane strains were 

less significant than the bending strains at the lower 

values of the web slenderness ratios. Walsh also concluded 

that Save and Massonnet's theory correlated well with 

Abolitz and Warner's if 1 . 5\ of the T distance was used for 

the failure criterion. Finally, Walsh's data indicated that 

a new failure mechanism had developed for the W4x13 section, 

but he was unable to define the geometry of this new 

4 
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mechanism. He recommended that the theory posed by Abolitz 

and Warner not be used for sections with a web slendeness 

ratio less than 13. 

OBJECTIVES 

The purpose of this study is to experimentally 

investigate the new failure mechanism which develops for web 

slenderness ratios less than 13. The geometry of the new 

mechanism as well as the web slenderness ratio at which it 

becomes significant is to be determined . The ultimate load 

as determined from the deflection limits proposed by Save 

and Massonnet is to be compared to the ultimate load 

calculated from the expression developed by Abolitz and 

Warner for each section. The question of whether these 

theoretical ultimate loads represent a reasonable design 

load will be examined. The last topic to be investigated is 

the effect of membrane strains on the capacity of the 

connection as compared to the effects of the bending 

strains . 

THEORY 

The data from this study and the studies by Hoptay and 

Walsh have been correlated with two theories . The first is 

a theory by Abolitz and Warner which suggests that portions 

5 
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of the web of the section form plastic hinges at the 

ultimate load and the resulting mechanism is responsible for 

failure. The second theory, by Save and Massonnet, relates 

the failure of laterally loaded disks to the deflection at 

the center of the disk . The limiting loads as determined by 

each theory are compared with the data and the capacity of 

the bracket is evaluated. 

The expression developed by Abolitz and Warner for the 

ultimate load of a bracket to web connection is: 

P = (kmL)/e (1.1) u 

where: 

Pu = ultimate load 
k = shape factor 
m = plastic moment capacity 
L = bracket length 
e = eccentricity 

Equation (1 . 1) is derived from work principles and the yield 

line pattern shown in Figure 1.2 (See reference 3) . To 

maintain equilibrium in the bracket to web connection, the 

work done by the external forces must be equal to the work 

done by the internal forces. In this case, the external work 

is equal to the product of the applied load (P) and the 

distance through which the bracket deflects ( 0 ). By 

assuming small deflections, 0 is given by equation (1.2); 

and the external work may be expressed by equation (1 . 3). 

6 
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IS = (2 II e) /L (1. 2) 

where : 

IS = deflection of the bracket at the point of load 
application 

fl = deflection of the web at the corner of the bracket 

We = (2P fl e)/L (1.3 ) 

where: 

We = external work 
P = the applied load 

The internal work is equal to the summation of the product 

of the moment capacity per unit length (m) times the 

relative angle of rotation ( $ ) between the plate segments 

of the collapse mechanism times the length of the yield line 

(1) for all the yield lines in Figure 1 . 2 . The internal 

work may be written as shown in equation (1 . 4). 

Wi = l: (m 1) (1. 4) 

where : 

Wi = internal work 
m = ultimate moment capacity per unit length 
$ 
1 

= 
= 

relative angle of rotation between plate segments 
length of the yield line 

When the external work is equated to the internal work, 

an expression for the ultimate load is obtained in terms of 

the unknows u and v . The values of u and v which minimize 

the value of Pu must be determined . This is done by setting 

the partial derivative with respect to u and the partial 

derivative with respect to v equal to zero . The two 
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resulting equations are solved simultaneously for the values 

of u and v which correspond to the minimum Pu ' These values 

are substituted back into the original equation to obtain an 

equation for Pu ' The equation derived using the work 

principles is the upper bound solution for the ultimate 

load. 

Save and Massonnet show from experimental work on 

circular plates that the ultimate load of a transversly 

loaded plate is very difficult to define. Typical 

load-deflection diagrams do not show a sharp break between 

the regions of small deflections and large permanent 

deflections for an additional small increment of load. From 

their experimental data they conclude that failure occures 

when the deflection of the plate is 2% of the span . 

Save and Massonnet define a plate in terms of a 

slenderness ratio. The slenderness ( ~ l is a nondimensional 

ratio of the span to the thickness. If this ratio is small 

then the body has a thickness comparable to the span and 

acts like a beam. If the slenderness is large, the body is 

thin and acts as a membrane. Save and Massonnet limit the 

slenderness of plates to 10< ~ <40. When applying Save and 

Massonnet's theory to rolled I sections; the slendeness 

ratio is equivalent to the web slenderness ratio of the 

section • 

9 
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DESCRIPTION 

CHAPTER II 

TESTING PROGRAM 

An experimental testing program was undertaken to meet 

the objectives in Chapter I . Five sections with a web 

slenderness ratio less than 15 were chosen: W4x13, W5x16, 

M5x18 . 9 , W6x25 and S4x9 . 5 . The properties of these sections 

are given in Table 2 . 1 . 

Two test specimens were prepared from each section to 

allow each section to be tested with two bracket lengths. 

The first specimen was tested with an 8 inch bracket, and 

the second was tested with a 12 inch bracket. The thickness 

of the b racket w'as chosen to be comparable to the web 

thickness . The W4x13 and the W5x16 with web thicknesses of 

. 280 and . 240 inches re3pectively were tested with brackets 

1/4 (.250) inch thick . The other sections , M5x18.9, W6x25 

and S4x9.5 with web thicknesses of .316, . 320 and .326 

inches respectively, were tested with brackets 5/16 (.3125) 

inches thick. 

The grade of steel ordered for each of the sections was 

A36 . Tension tests were conducted on two test coupons cut 

from the web of each section according to ASTM Standards, A 

370-77. The yield stress for each section was taken as the 

average of the values obtained from the two coupons. Table 

10 
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Section Web Bracket Eccentricity Yield T Web Ultimate 

Slenderness Length Stress Distance Thickness Load 
Ratio (Inches) (Inches) (psi) (Inches) (Inches) (Pounds) 

W4x13 9.82 8 10.5 47380 2.75 .280 8350 
12 18.9 8550 

W5x16 14.58 8 10.8 42500 3.50 .240 4890 
12 18.9 4950 

M5x18.9 10.28 8 10.8 41470 3.25 .316 8450 
12 18.9 8700 

Wbx25 14.84 8 14.25 44600 4.75 .320 6310 
12 18.9 SOSO 

S4x9 .52 7.67 S 10.5 44170 2.50 .326 11010 
12 18.9 11420 

1. Ultimate loaa based on simply supported edges 
2. Tests on this section were terminated before the ultimate load was reached due 

to flange yielding 

Table 2 .1 Section Properties 

a9sea 
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2 . 1 shows that the yield stresses varied from 41470 psi to 

47380 psi . The use of steels with different yield stresses 

was not intended , but it could not be avoided. Hereafter, 

any references to Fy will be to the experimental value of 

the yield stress and not the nominal 36000 pSi, unless 

otherwise stated . 

The eccentricity was varied in the tests of different 

bracket length due to the limited capacity of 15 kips of the 

load cell used to measure the load . Since the ultimate load 

is inversely proportional to the eccentricity (Equation 

1 . 1) , the eccentricity was increased until the calculated 

ultimate load was under 10 kips . For tests with the 8 inch 

brackets , the eccentricity was maintained at approximately 

10 . 75 inches for four of the five sections . The 

eccentricity was increased to 14 . 25 inches for the test on 

the W6x25 . The eccentricities for the tests involving a 12 

inch bracket were held constant for all five sections . The 

value chosen , 18 . 9 inches , was the largest required for any 

of the tests with this bracket length . 

The bracket was welded to the web midway between the 

flanges of the section . However , due to the dimensions of 

the test frame , the bracket was not centered along the 

length of the test specimen. The center of the bracket was 

offset 2 inches in the length direction with respect to the 

center of the section. A fillet weld, which had a throat 

dimension equal to the bracket thickness, was used around 

12 
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the entire perimeter of the bracket. The weld proved to be 

sufficient for all loads. 

Two forms of data were collected from each test and 

used to establish the geometry of the failure mechanisms. 

The data consisted of strain readings from several points on 

the web and deflections for both the web and flanges. Each 

test section was loaded in 500 pound increments and the 

strain and deflection data were recorded for each load 

increment. 

The strain readings were used primarily to verify the 

yield line pattern posed by Abolitz and Warner . Strain 

gages (gage locations 1-4) were placed on the web at 

locations where the proposed lines would develop (See Figure 

2 . 1). Additional gages (gage locations 6-10) were placed 

down the centeriine of the section to monitor the extent of 

the yielding ; and on some tests , gages (gage locations 11-12 

in Figure 2 . 2) were placed near the supports to determine 

the r~actions . 

tach strain gage location shown i n Figure 2.1 except 

locations 11-12, consisted of a pair of similar strain 

gages: one on top of the web and the other on the bottom of 

the web. The top of the web refers to the s i de to which the 

bracket is attached. These gages were positioned directly 

over each other and they were oriented such that their axes 

coincided. The gages were paired in this manner to provide 

strain profiles through the web. 

13 
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Strain rosettes were placed at locations where the 

principal strain direction was unknown. These locations 

included positions 1, 2, 3 and 4 in Figure 2.1. A strain 

rosette was not included at gage location 4 until the tests 

on the W4x13, W5x16 and the S4x9 . 5 with the B inch bracket 

were completed . 

A strain rosette was substituted for the single axis 

gage at location 5 on the W4x13 section with the B inch 

bracket . Doing this required gage locations 1 and 3 to be 

moved . These gages were moved to the same position on the 

opposite side of the centerline as that given in Figure 

2 . 1 . Relocating these gages should not have had any effect 

on establishing the yield line pattern since this pattern is 

symmetrical with respect to the centerline of the section . 

Similarly , a strain rosette was substituted for a 

single axis gage in gage location 6 for the test on the 

W5x16 with the B inch bracket . However , this substitution 

did not affect the location of any other gages. 

Two single axis gages were placed on the flanges of the 

S4x9 . 5 section with the 12 inch bracket (gage locations 

13-14 in Figure 2 . 3) . These gages were placed at the 

extreme edges of the flanges even with the corners of the 

bracket . The strain readings from these gages were used to 

confirm the geometry of the failure mechanism for this 

section. Throughout the text, positive values of strain will 

be used to indicate a tensile strain • 

14 
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The reference axes for the strain rosettes are oriented 

such that the x axis is parallel to the longitudinal axis of 

the section. The principal strain directions are given with 

respect to the x axis: positive angles are measured 

counterclockwise (See Figure 2.4). 

y 

Gage Location 
Number 

3-15 

1-13 

2-16 --7-- Stra in Gage 
Numbers 
top-bottom 

Figure 2.4 The distinction between gage location numbers 
and individual strain gage numbers. 

A distinction should be made between a gage location 

number and a strain gage number. A gage location is the 

number referring to the position of either a rosette or a 

single axis gage on the section. Each strain rosette is 

composed of three individually numbered strain gages 

oriented at -45, 0 and +45 degrees respectively. These 

gages are numbered consecutively from lowest to highest in 

the same counterclockwise order. For example in Figure 2.4, 

strain gage number 1 is oriented at -45 degrees, strain gage 

number 2 at 0 degrees, and number 3 at +45 degrees. The 

strain data in the appendicies is listed with both the 
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strain gage number and the gage location number. 

The deflections of the web and flanges were measured 

with dial gages. These dial gages were mounted on an 

independent test stand shown in Figure 2.5 to avoid any 

interaction with the loading frame. The sign convention is 

as follows: positive deflections on the web indicate that 

the top of the web moved upward out of its plane. Positive 

deflections of the flanges indicate a deflection outward 

from the center of the section. 

The dial gages were generally placed in groups of three 

(See Figure 2.6). By using three dial gages, rigid body 

rotations and translations could be separated from the 

relative deflections of the section. Three groups of dial 

gages were used on the web in the region of the bracket; at 

the leading corner of the bracket (dial gages 4 and 1), at 

the centerline of the bracket (5, 2 and 7), and at the far 

corner of the bracket (6, 3 and 8). Groups of dial gages 

were also placed across the width of both flanges at cross 

sections through the centerline of the bracket, at the 

leading corner of the bracket and 15 inches from the leading 

corner. No symmetry in the bending of the flanges was 

assumed, so the deflections of both flanges were measured at 

each cross section. 

The centerline deflection of the section was measured 

usihg dial gages 27-30. These dial gages were not placed in 

groups, since the rigid body rotations of the web outside 
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the bracket region were of no interest . 

The strain data was used to verify the existence of the 

yield lines posed by Abolitz and Warner. The strain 

rosettes were used to determine the directions of the yield 

lines . The single axis gages along the centerline were used 

to determine the extent of the collapse region, because 

Walsh postulated that the new failure mechanism involved a 

large portion of the length of the section . The deflection 

data was used to confirm the collapse mechanism and to 

evaluate the web-flange interaction • 
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Figure 2.5 The test set-up. 
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CHAPTER III 

PRESENTATION AND DISCUSSION OF RESULTS 

Membrane Strains 

The strain data collected from each test was used to 

determine if the failure mechanism proposed by Abolitz and 

Warner actually occurred. The strain data represents the 

total strain at a point: a combination of bending and 

membrane strain . Since the yield lines in the failure 

mechanism involve only bending strains, the data must be 

resolved into its component bending and membrane strains. 

The reason for placing strain gages on both sides of 

the web was to obtain a strain profile. If a linear strain 

distribution is assumed to exist through the thickness of 

the web, the values of the bending and membrane strains can 

be determined from the top and bottom strain readings . 

Figure 3.1 shows that the membrane strains can be 

represented by equation (3.1), and the bending strains by 

equation (3.2). 

(3 .1) 

where: 

= membrane strain 
= measured strain on top of the web 
= measured strain on the bottom of the web 
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(3.2) 

where: 

Eb= bending strain 

Once the membrane strains can be separated from the bending 

strains , their relative importance must be determined . 

Then , the bending strains are used to verify the locations 

of the yield lines 

Small deflection theory assumes that the effects of 

membrane strains are negligible [6] . This assumption is 

known to be valid if the deflections of the plate are small 

when compared to the thickness of the plate . The maximum 

deflection for this theory to be valid is limited to two 

tenths of the thickness of the plate ( 6 A 0 . 2h). If the 

deflection data indicates that the maximum deflections of 

the webs are less than 20% of the web thickness, then the 

effects of the membrane strains can be assumed to be 

negligible . Table 3 . 1 lists the maximum deflection and the 

ratio of the maximum deflection to web thickness for each of 

the sections at their corresponding ultimate loads . This 

table shows that the assumptions of small deflection theory 

do not apply to these tests , because many of the ratios of 

maximum deflection to web thickness either approximate or 

exceed 0 . 2 . 

Membrane strains become more significant as the maximum 

deflection increases beyond the two tenths of the plate 
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Section 

W4x13 

W5x16 

M5xHL9 

W6x25 

• 

Bracket . Ultimate Deflection T I:::. IT 
Length Load ( I:::. ) Distance 
(Inches) (Pounds) (Inches) (Inches) 

8 8350 0.043 2.75 0.0157 
12 8550 0.070 0.0255 

8 4890 0.042 3.50 0.0121 
12 4950 0.060 0.0173 

8 8450 0.036 3.25 0.0111 
12 8700 0.06) 0. 0195 

8 6310 0.067 4.75 0.0141 
12 8080 0.080 0.01 69 

Table 3. 1 Rat ios of maximum deflecti ons at ultimate load 
t o t he T distance and the web thickness. 

STSGe 

• 

I:::./tw 

0.154 
0.250 

0.175 
0.250 

0.114 
0.1 99 

0. 204 
0.250 



• 

• 

• 

thickness . Membrane action is responsible for a large 

portion of the load capacity of a plate at deflections 

approximately equal to the thickness of the plate. In 

membranes the flexural stiffness is negligible; and lateral 

loads are resisted by the axial and central shear forces 

[6) . This action is analagous to a system of stretched 

cables . Because of this relationship between deflection and 

membrane action , the maximum deflections may be used to 

judge the significance of the axial strains. 

In the tests performed by Boptay, the deflections 

ranged from .73h to . 95h at ultimate load . Boptay concluded 

that the e f fects of the membrane strains become less 

significant as the web slenderness ratio decreases. Walsh's 

tests verified that the effects of membrane strains are 

reduced for sections with web slenderness ratios between 8 

and 25 . The maximum deflections for these sections ranged 

from . 18h to .46h at ultimate load . Table 3 . 1 indicates 

that Boptay's conclusion is again verified for sections with 

a web slenderness ratio between 8 and 15 . The range of 

maximum deflections at ultimate load for the test sections 

in this program is . llh to . 25h . 

A comparison of the maximum bending and maximum 

membrane strains reveals that the magnitudes of the membrane 

strains are often comparable to the magnitudes of the 

bending strains . The ratio of maximum bending strain to 

maximum membrane strain at ultimate load for each section is 

26 



• 

• 

• 

given in Table 3.2. This table shows that in the region 

around the bracket the membrane strains are not negligible, 

however they are not as large as the bending strains . The 

result is that membrane action is responsible for a portion 

of the load capacity of this type of connection. 

Table 3.2 Ratios of maximum absolute bending strain to 
maximum absolute membrane strain. 

Section 

W4x13 

W5x16 

M5x18.9 

W6x25 

Bracket 
Length 
(in. ) 

8 
12 

8 
12 

8 
12 

-8 
12 

Yield Line Patterns 

1 

2:1 
2:1 

4:1 
4:1 

1:1 
6:1 

5:1 
4:1 

Gage Number 

2 

4:1 
13:1 

3:1 
1:1 

2:1 
2:1 

2:1 
0.4:1 

3 

2:1 
1:1 

6:1 
7:1 

2:1 
4:1 

23:1 
8:1 

4 

17:1 

8:1 

17:1 
12:1 

23:1 
7:1 

The bending stiffness is responsible for most of the 

load capacity of plates. For this reason, the bending 

stresses and strains are of primary concern. 

The bending strains are used to verify the existence of 

the yield lines which were predicted by Abolitz and Warner. 

The principal bending strains are superimposed on the 

predicted yield line patterns for each section in Figures 

3.2-3.5. In these figures, the load is applied in the 
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negative x direction and as a result the corner of the 

bracket on the positive x axis is deflected upward out of 

the page. 

Gage locations 3 and 4 lie directly on a yield line. 

The principal strain directions which are expected for these 

gages are oriented along and perpendicular to the yield 

line . For the given loading, the principal strain acting 

perpendicular to the yield line under gage 3 should be a 

tensile strain; and the strain acting perpendicular to the 

yield line under gage 4 should be a compressive strain. As 

the figures illustrate, the alignment of the strains is 

generally as expected, within a small angle . Figures 

3 . 2-3 . 5 indicate the direction of the maximum tensile strain 

for gage 3 is nearly perpendicular to the direction of the 

yield line while the minimum strain is in the direction of 

the yield line for all the sections. The principal 

compressive strain for gage 4 always acts nearly 

perpendicular to the yield line, while the principal tensile 

strain acts in the direction of the yield line, again for 

all the sections. These gages do verify the directions of 

the corresponding yield lines. 

Unlike gages 3 and 4, gages I and 2 do not lie directly 

on a yield line . The principal strain directions for these 

gages are not as consistent as are the principal strain 

directions of gages 3 and 4. As the locations of gages I 

and 2 approach a yield line, their principal strains tend to 
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(a) 8 inch bracket 

(b) 12 inch bracket 

Figure 3.2 Superposition of the principle strains 
on the yield line patterns for the W4x13 
at ultimate load . 

29 



• 

• 

• 

(a) g inch bracket 

(b) 12 inch bracket 

Figure 3.3 Superposition of the principle strain 
directions on the yield line patterns for 
the W5x16 at ultimate load • 
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(a) a inch bracket 

y 

(b) 12 inch bracket 

Figure 3 .4 Superpos ition of the principle strain 
directions on the yield line patterns for 
the M5x18.9 at ultimAte load • 
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(a) 8 inch bracket 

(b) 12 inch bracket 

Fi~ure ).5 Superposition of the principle strain 
directions on the yield line pa tterns for 
the W6x25 at ultimate load. 
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be oriented perpendicular and in the direction of the yield 

line. For example, gage 2 is located closer to a yield line 

for tests with an 8 inch bracket than it is for tests with a 

12 inch bracket. This is true for all the sections. In 

each of the figures, the directions of the principal strains 

for gage 2 seem to coincide with the direction of the yield 

line for the tests using the 8 inch bracket. The principal 

strain directions for this same gage location on tests with 

the 12 inch bracket are disoriented with respect to the 

direction of the yield line . The reason for this is 

explained as follows. 

There is a redistribution of stresses within the plate 

segments of the collapse mechanism as the yield lines 

develop. Only bending moments exist along the yield lines: 

no transverse shears or twisting moments are present . In 

theory , all the bending occurs at the yield line and not 

within the plate segments. In reality , bending is 

distributed over a small region on both sides of the yield 

line. For this reason, the principal strains in the 

vicinity of the yield lines are oriented in the direction of 

the yield line . Points near the center of the plate segment 

are affected by the strain directions from other yield 

lines, and as a result their principal directions do not 

coincide with anyone yield line. 

The directions of the yield lines have been verified by 

the data, but the question of whether a fully plastic cross 
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section develops still remains. A fully plastic section, 

with a rectangular stress block extending inward to the 

neutral axis, is only a theoretical case. To achieve a 

strain equal to the yield strain at the neutral axis would 

require an infinite strain at the most extreme fibers . In 

actuality , a strain reading over twice the value of the 

yield strain indicates that over half of the cross section 

is plastic . In this case, a yield line has formed. 

The values of the bending strains for each section are 

given in Table 3.3. The table shows that the strains for 

gages I and 2 generally were just over the value of the 

yield strain. These two locations are far from forming 

plastic hinges at the ultimate load if the extreme fibers 

were just reaching yield. The strain values at l ocation 3 

indicate that the strain at the extreme fibers is almost 

always greater than twice the value of the yield strain. 

This means that over half of the cross section has reached 

the yield stress, or over half of the cross section is 

plastic. As a result , this cross section has undergone 

considerable rotations, and a yield line can be assumed to 

exist . Table 3 . 3 also shows that although the principal 

strain directions for gage 4 do correspond to the direction 

of the proposed yield line, no yielding has occurred in any 

of the sections. The above results show that at the 

calculated ultimate load, the collapse mechanism is not 

fully developed. The lack of yielding may be explained by 

34 



w 
<J'I 

• • • 
Bending Strains Membrane strains 

(Micros train) (Micros train) 

* * Section Bracket Gage Maximum Minimum Theta Maximum Minimum Theta 
Length Number Strain Strain Strain Strain 
(in. ) (Deg. ) (Deg .) 

W4x13 8 1 2870 640 132. 600 -1460 7. 
2 1680 80 106 450 40 8l. 
3 3360 -800 34. 1140 -1370 -14. 

12 1 3360 1520 57. 1880 440 -16. 
2 2120 360 82. 160 -80 37. 
3 4380 1940 -38. 3830 -2020 16. 
4 1390 -490 73. 50 -80 -34. 

W5x16 8 1 1590 -150 3. 450 -50 -3. 
2 1550 50 114. 470 -70 -38. 
3 3490 -1190 124. 300 -560 40. 

12 1 2280 -280 33. -10 -510 9. 
2 3430 530 76. 1340 -2960 -2l. 
3 4460 -1540 12l. 550 -670 3l. 
4 1140 -510 73. 20 -130 -5. 

* Theta is measured to the direction of the maximum strain. 

Table 3.3 Maximum and minimum bending and membrane strains and their directions at ultimate load. 



• • • 
Bending Strains Membrane Strains 

(Microstrain) (Micros train) 

* * Section Bracket Gage Maximum Minimum Theta Maximum Minimum Theta 
Length Number Strain Strain Strain Strain 
( in. ) (Deg. ) (Deg • ) 

M5x18.9 8 1 5390 740 66. 1590 -5000 -18. 
2 3090 520 112. 1120 - 1430 -32. 
3 3420 10 37. 1460 -30 24 . 
4 860 -450 -17. -10 -50 -11. 

12 1 2180 -270 23. 370 180 5. 
2 2630 550 90. 850 -1570 -29 . 
3 4640 -1510 121. 1210 -800 30. 
4 1290 -470 74. 40 -110 -41. 

W6x25 8 1 2360 -820 21. 520 -110 62. 
2 1780 -340 -45. 780 -420 -11. 
3 3600 -1730 122. 160 -150 24. 
4 700 -450 67. 10 -30 35. 

12 1 2430 -1330 21. 690 -150 75. 
2 1250 700 106. 790 -3300 -19. 
3 4050 -2030 121. 480 -490 18. 
4 970 -470 71. 50 -140 104. 

* Theta is measured to the direction of the maximum strain . 

Table 3.3 Continued 
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considering the interaction between the web and flange which 

is described later. 

The deflection data should also indicate whether or not 

the failure mechanism posed by Abolitz and Warner exists. 

Most of the deflection out of the plane of the web should be 

confined to a small region around the bracket connection. 

The deflection data does support the existence of the 

failure mechanism. Figures 3.6-3 . 9 show the deflections 

along the centerline of each section. In each of the 

figures, the distance along the centerline is measured with 

respect to the center of the bracket: the 8 inch brackets 

extend from -4 to +4 inches, and the 12 inch brackets from 

-6 to +6 inches. As shown in Figures 3.6-3 . 9, the extent of 

the failure mech~nism is generally restricted to within 3 

inches from the corner of the bracket except in Figure 3.9 . 

The plot of centerline deflection for the w6x25 still shows 

a considerable deflection 3 inches out . The data shows that 

the extent of the failure mechanism is somewhere between 3 

and 6 inches from the corner of the bracket. This result is 

expected since only the W6x25 has a u+v distance greater 

than 3 inches as shown in Table 3.4. The distance u+v is 

the furthest extent of the collapse mechanism along the 

centerline of the section. The break in the centerline 

deflection curves at approximately 20 inches in Figures 

3 . 6-3 . 9 does not represent a plastic hinge, but results from 

assuming a zero deflection at the support. 
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Table 3 . 4 u and v distances for each section. 

Section u v u+v 

W4x13 1.559 0 . 520 2.079 
W5x16 1.984 0 . 661 2.646 
M5x18.9 1. 843 0 . 614 2 . 457 
W6x25 2.693 0 . 898 3 . 591 
S4x9 . 5 1.417 0 . 472 1. 890 

The plots of the centerline deflections also indicate 

that there are significant deflections down the length of 

the section . This can be explained in part by considering 

the interaction between the web and flanges. The support 

which the flanges provide to the web is neither fixed or 

simple as Abolitz and Warner assume in their theory. 

Typical cross sections through various points along the 

length of the section are given in Figure 3.10. Figure 3.10 

Section A-A shows that as the bracket is loaded, the web 

forces the flanges to rotate . Figure 3.10 Section B-B shows 

that a similar action occurs at the other end of the 

bracket, except the deflections are in the opposite 

directions. As a result, the flanges undergo a reversal in 

rotation over the length of the bracket. At these cross 

sections, the action is the web deflection , the reaction is 

the flange rotation . This reversal in flange rotation can 

be seen in Figure 3 . 11 for the W4x13 section with the 12 

inch bracket . 

The flanges develop resistance to this rotation in part 

due to their torsional stiffness. The remaining resistance 
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is derived from that region of the web which is outside the 

collapse mechanism. Section C-C of Figure 3.10 shows how the 

internal moments in the web resist the flange rotation. At 

any cross section outside of the collapse region, the action 

is the rotation of the flanges; the reaction is the 

deflection of the web. It is assumed that the web is 

deflected into a circular arc by the rotation of the 

flanges. This arc provides the deflection which was measured 

along the centerline. The interaction between the flanges 

and the web produced the bending strains which were measured 

along the centerline. However, due to the uniform 

distribution of bending across the width of the web, no 

yield line exists along the centerline of the section 

outside the collapse mechanism. 

These internal moments are also responsible for the 

lack of the predicted yield line under gage location 4 which 

was discussed previously. The internal bending moments 

developed in the web by the flange rotations outside the 

collapse mechanism (negative bending) opposed the internal 

moments being developed at the theoretical yield line 

(positive bending). The value of the positive bending 

strains may have been greater than the value of the yield 

strain, but combined with the negative bending strains, the 

total is less than the yield strain. Hence, no yield line. 

With this understanding of the flange-web interaction, 

Figures 3.12-3.14 can be used to illustrate how the support 
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given to the edge of the web by the flanges differs from 

either a fixed support or simple support. The d i fference 

between a simple edge support and the flanges is obvious. 

The simple support provides no resistance to rotations of 

the plate segments of the web (See Figure 3.14). The fixed 

support, unlike the flanges, restrains all rotations. In 

this case, the value of the reaction is equal to the plactic 

moment capacity of the web. Figure 3.12 shows how a plastic 

hinge must exsist along the entire length of the boundary 

between the flange and web. For the case of the actual 

flange support, the value of the reaction along this 

boundary can change as shown in Figure 3.13 due to the 

rotation of the flanges. The unique feature of the support 

from the flange is the moment applied to the web outside the 

failure region. 

The question of which type of support the flanges 

approximate can be answered by examining the ratio of the 

angle of web rotation to the angle of flange rotation (See 

Table 3.5). If the flanges acted as a fixed support ( ~1=0), 

the ratio of web to flange rotation would be i nfinite. In 

the case of the simple support ( Wl =W2)' the ratio would 

equal one. Table 3.5 shows the ratio of web rotation to 

flange rotation for all the sections. This Table indicates 

that the flanges provide some resistance to rotation of the 

web, but not enough to be considered as fixed supports. For 

this reason, the ultimate load is determined using the 
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expression developed for a plate with simply supported 

edges. 

Table 3.5 Ratio of angle of web rotation to the angle of 
flange rotation at ultimate load. 

Angle of Angle of 
Section Bracket Flange Web Ratio 

Length Rotation Rotation 
(in. ) (rad.xlOOO) (rad.xlOOO) 

W4x13 8 9.89 31.1 3.15 
12 13.8 16.3 1.18 

W5x16 8 10.1 11.9 1.17 
12 13 .5 19.1 1. 42 

M5x18.9 8 6.24 10.1 1.61 
12 10.8 17.0 1.61 

W6x25 8 4.25 22.3 5.24 
12 10.0 22.0 2.20 

tjl l 

The flange also differs from both the simple support or 

fixed support in the type of lateral support given to the 

web (support against forces appl ied perpendicular to the 

plane of the web). Both the simple support and the fixed 

support restrain all lateral motion while the flanges do 

not. The flanges act like continuous elastic supports. If 

the flanges have the flexural stiffness to resist the 
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~ lateral forces applied to it by the web, then the collapse 

mechanism may develop. Otherwise, the flanges will fail 

• 

• 

before the collapse mechanism can fully develop in the web. 

Flange failure occurs for the S4x9.5 section with 8 and 12 

inch brackets. 

New Failure Mechanism 

Up to this point the discussion has included all the 

sections tested except the S4x9.5 sections. The reason for 

this is that the webs of the 5 sections (the S4x9.5 with an 

8 inch bracket, and the S4x9.5 with the 12 inch bracket) 

lacked the lateral support from the flanges necessary to 

fully develop th~ collapse mechanism posed by Abolitz and 

Warner. Instead, a new collapse mechanism developed in the 

flanges . 

The new mechani3m is composed of two plastic hinges in 

the flanges even with the corners of the bracket. The 

mechanism is illustrated in Figure 3 . 15 . This new mechanism 

first became evident in the test on the S4x9.5 section with 

the 8 inch bracket (Figure 3.16). To verify the new 

mechanism, strain gages were placed at the extreme edges of 

the flanges as shown in Figure 2.lb (gages 37 and 38). The 

data indicates that yielding in the flanges occurs at about 

3350 pounds which is considerably below the value of 11420 

pounds, the ultimate load for the web . 
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TO understand the new mechanism, Figure 3.17 

illustrates a test section with an approximately equivalent 

loading, and the corresponding shear and moment diagrams. 

Abolitz and Warner show that the load transmitted to the web 

by the bracket cannot be the normally assumed linear 

distribution. Instead, a major portion of the load is 

transferred within the first inch from the corner of the 

bracket. For simplicity, the load is assumed to be 

transferred to the web in two concentrated loads located at 

the corners of the brackets as shown. The approximate load 

which corresponds to yielding of the outer edges of the 

flanges may be determined by substituting the expression for 

the maximum moment into the flexure formula. The axial 

stresses must be included to obtain the actual load. For the 

case of the S4x9.5, this load corresponds to 3410 pounds 

(See Table 3.6). By using a linear interpolation between 

the data points, the data shows the first yield occuring at 

3350 pounds. 

Both the strain data and the deflection data confirm 

that failure begins at 3000 pounds. Figure 3.18 is a plot 

of load versus curvature derived from the strain data for 

the flanges. This figure shows that the load-curvature curve 

becomes nonlinear at approximately 3000 pounds indicating 

the onset of failure. Similarly, the plot of load versus 

maximum deflection of the web (Figure 3.19) becomes 

nonlinear at 3000 pounds. Here are two independent forms of 
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data which yield the same value when failure begins. 

The difference in the failure patterns between the 

S4x9.5 sections and the other sections can be seen in the 

plots of the centerline deflection versus load. Figure 3.20 

is a plot of the centerline deflection versus load for the 

S4x9.5 sections. The sharp peak at the end of the bracket 

(a characteristic of the web failure mechanism) which is 

evident in Figures 3.6-3 . 9 is missing in Figure 3.20. This 

result is expected since the failure mechanism develops a 

Smooth S shaped deflection pattern. 

Comparison of Results 

Once both f~ilure mechanisms are understood, the 

results of each test can be compared on a deflection versus 

load diagram. Several parameters are varied for each test, 

including the T distance, the web thickness, the yield 

stress, the bracket length and the eccentricity. Before the 

comparisons can be -made, the results must be normalized. 

The parameter chosen to normalize the load is the value of 

the ultimate load give in equation (1.1) because its value 

is a function of each of these parameters. The maximum 

deflection of the web for each section must also be 

normalized, because the T distances of the sections varied. 

The normalizing factor chosen is 2% of the T distance. This 

parameter is used by Save and Massonnet as the limiting 

56 

-------------- ------------ -- -~------



4It deflection at failure for plates. The normalized 

load-deflection diagram is shown in Figure 3.21. 

• 

• 

The normalized load-deflection curves clearly indicate 

the different load capacities of the two failure 

mechanisms. The two S4x9.5 sections (with 8 inch and 12 

inch bracket) are represented by the curves numbered 5. 

This section, which exhibited a flange failure, plots 

considerably lower than the others. The curve for the test 

of the W4x13 section with the 12 inch bracket also plots 

lower than the other curves. The reason for this became 

evident when the applied load reached about 1.4Pu during the 

test. At this point, the W4x13 section clearly showed the S 

shape characteristic of the flange failure. Based on this, 

some of the deflection in excess of 2%T at the calculated 

ultimate load is due to the elastic deflections of the 

flanges and not the web failure mechanism. 

The remaining sections: W5x16, M5x18.9, W6x25 and the 

W4x13 section with the 8 inch bracket, all have a maximum 

deflection less than 2%T at the calculated ultimate load. 

This indicates that Abolitz and Warner's theory based on 

yield lines is slightly more conservative than Save and 

Massonnet's deflection theory for predicting the ultimate 

load. This may be in part due to the effects of membrane 

strains in increasing the load capacity of the connection. 

The web slenderness ratio of the W4x13 section (9.82) 

should have excluded it from the above discussion, because 
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both Save and Massonnet's theory and Abolitz and Warner's 

theory are based on plates . with a slenderness ratio greater 

than tert. The reasons for including it are that the web 

slenderness ratio for the W4x13 section is deemed 

sufficiently close to 10, and its normalized load deflection 

plot is consistent with the others. 

Suggested Design Procedure 

The first question in the design of this type of 

connection is whether the failure will occur in the flanges 

or the web. This can be done by comparing the load which 

can be resisted by the flanges to the ultimate load of the 

web. The equati~ns below for determining the ultimate load 

of the flanges are designed to be in compliance with 

sections 1.5 and 1.6 of the eighth edition of the ~ 

Specification ~ ~ Design. Fabrication anQ Erection Qf 

Structural Steel ~ Buildings referred to he r eafter as the 

AISC Specifications. The load calculated from these 

equations must be compared to the load calculated from the 

expression developed by Abolitz and Warner, equation (1.1). 

The smaller of these two loads is to be used as the capac i ty 

of the connection. 

The capacity of the flanges will be designed for the 

loading given in figure 3.17. As the figure shows, the 

maximum moment (Mmax)is given by equation (3.3) if x<b/2 or 
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equation 3.4 if x>b/2. At x=b/2 either equation applies. 

Mmax = (Pe/b) (b-x-L/2) x<=b/2 (3.3) 

Mmax = (Pe/b) (X-L/2) x>=b/2 (3.4) 

The capacity of the flanges is not determined by the bending 

stresses alone; the stresses due to the axial load must also 

be considered as given in Section 1.6 of the AISC 

specifications. The axial stresses are assumed to act 

uniformly over the entire cross section. 

The sections tested in this study are subjected only to 

the bracket load, and therefore the sections are assumed to 

fall into the category where f a /Fa =<O.15. By making this 

assumption, equation 1.6-2 of the AISC specifications may be 

used. Equation 1.6-2 provides a simple means for 

determining the first approximation of the ultimate load for 

the flanges. If this equation is multiplied by Fy on both 

sides, equation 3.5 results. The second term has been 

eliminated since there is no bending about the x axis. Once 

a value is calculated for P, the requirements of section 1.6 

will be re-examined. 
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where: 

fa = axial stress 
fb = bending stress 
Fa = allowable axial stress 
Fb = allowable bending stress 

If the requirements of Section 1.5.1.4.3 of the AISC 

(3.5) 

specifications are met, Fb in equation (3.5) may be replaced 

with O.75Fy or equation 1.5-5b. In this study, O.75Fy is 

the appropriate value. RFy may be substituted into equation 

(3.5) if equation 1.5-1 of the AISC specifications is placed 

in the form of Fa=RFy where R is given by equation (3.6). 

This substitution is possible only if b/r<Cc ' The value of 

the axial stress . (fa=P/A) may also be substituted into 

equation (3.5). with these substitutions, the allowable 

bending stress may be expressed by equation (3.7). 

R = [1-(Kl/r)2/(2C~)1 / 

[5/3+3(Kl/r)/(8Cc)-(Kl/r)3/(8C~)1 

(3 .6) 

(3.7) 

This expression can be substituted into the flexure formula 

in place of the bending stress. If the expressions for the 

maximum moment are also substituted into the flexure 
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4i' formula, the following equations (3.B) and (3.9) result. 

4i' 

• 

This value of P represents the load at which the flanges 

will fail. 

P = (0.75FySb)/{e[b-x-L/2+Sb/(RAe»)} x=<b/2 (3.B) 

where: 

S = section modulus 

P = (0.75FySb)/{e[x-L/2+Sb/(RAe)]} x=>b/2 (3.9) 

Equations (3.8) and (3.9) only provide an approximation 

to the load capacity of the flanges (A similar derivation 

based on equations 1.6-la and 1.6-lb of the AISC 

Specifications is shown in Appendix B). The load P derived 

from the appropriate equation «3.B) for x<b/2 or (3.9) for 

x>b/2) must be examined to insure that it meets the 

requirements of sections 1.5.1.4.3 and 1.6.1 of the AISC 

Specifications. The requirements of section 1.5.1.3 are 

based on geometric properties and the yield stress of the 

material and hence they need not be re-examined. 

To determine the capacity of the connection, the value 

of the load obtained from either equation (3.B) or (3.9) 

must be compared to the value of the ultimate load obtained 

from equation (1.1). The shape factor k and the moment 

capacity in equation (1.1) are given by equations (3.10) and 

(3.11) respectively. For x<b/2, the design capacity of the 

section is the smaller value of load given by (3.B) or 
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(1.1). Similarly for x>b/2, the design capacity is the 

smaller value of load given by (3.9) or (1.1). If the 

smaller 'value of the load is given by (3.8) or (3.9) then 

failure will occur in the flanges, whereas if (1.1) yields 

the smaller value the failure will occur in the web. 

k = 2a/L + 2L/a + 2/7 (3.10) 

(3.11) 

The values of the ultimate load based upon the nominal 

yield stress of 36 ksi and the experimental values of the 

yield stress determined from equations (3.9) and (1.1) are 

shown in Table 3,6. This table clearly indicates that web 

failures could be expected to occur first in all but the S 

sections and the W4x13 with the 12 inch bracket. 

The values determined in the above procedure represent 

resonable estimates of a design load for sections subjected 

only to bracket loads. This can be seen by examining 

Figures 3.22-3.26. Both the values of the ultimate load, 

from equation (1.1) and equation (3.8) or 3.8 are 

superimposed on the load deflection curves. These curves 

indicate that the lower value of the ultimate load 

intersects the load-deflection curve at the point where it 

becomes nonlinear. This is the case irregardless of which 

equation yielded the smallest value for the ultimate load. 
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Figure 3.22b illustrates how the two values of ultimate load 

are independent of each other . Both values intersect the 

load deflection curve at the end of the linear region • 
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Section 

W4x13 

W5x16 

M5x18.9 

W6x25 

S4x9.5 

• • 
Nominal Yield Stress Experimental Value of 

(36000 psi) the Yield Stress 

Bracket Ultimate Load Ultimate Load Ultimate Load Ultimate Load 
Length for the Flanges for the Web for the Flanges for the Web 

( in. ) (pounds) (pounds) (pounds) 

8 
12 

8 
12 

8 
12 

8 
12 

8 
12 

9090 6340 11690 
6070 6490 7910 

13720 4140 16110 
9320 4190 11070 

14610 7340 16670 
9870 7540 11400 

20090 5100 24630 
16980 6520 20910 

3310 8980 4050 
2100 9300 2610 

Table 3.6 Ultimate loads for the flanges and web based upon 
the nominal yield stress and the experimental 
value of the yield stress. 

(pounds) 

8350 
8550 

4890 
4950 

8450 
8700 

6310 
8080 

11010 
11420 
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CHAPTER IV 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Four conclusions relating to the objectives of the 

experimental study have been drawn. These conclusions are 

based upon the data collected on two tests on each of five 

sections of different sizes. Each section size was tested 

with two bracket lengths, 8 inches and 12 inches. 

1) Membrane action is responsible for a significant 

portion of the load carrying capacity of welded bracket 

to web connections of sections with low web slenderness 

ratios. As Joseph Hoptay proposed, the membrane 

strains become less significant when compared to the 

bending strains as the web slenderness ratio 

decreases. 

2) The collapse mechanism proposed by Abolitz and Warner 

does not fully develop in sections with low web 

slenderness ratios. The interaction between the web 

and the flanges transfers some of the bending to 

portions of the web outside the collapse region thereby 

interferring with the development of the yield lines. 

The ultimate load determined by the expression proposed 
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by Abolitz and Warner does represent a reasonable 

estimate of the design capacity of the connection. 

Even though the flanges do partly restrain the rotation 

of the plate segments in the web, the shape factor 

based on simply supported edges should be used. 

3) The new failure mechanism which developed at low web 

slenderness ratios is comprised of two plastic hinges 

in the flanges of the section. The data indicates that 

there is no critical web slenderness ratio at which 

this new mechanism occurs. The new mechanism is a 

function of both the web slenderness and the moment of 

inertia of the section about the Y-Y axis. 

4) The ultimate load determined using Abolitz and Warner's 

theory based on plates with simply supported edges 

compares very well to the value of the ultimate load 

determined from a theory developed by Save and 

Massonnet. Save and Massonnet's theory defines the 

ultimate load of a simply supported plate as the load 

which causes a maximum deflection of 2% of the plate 

thickness. Abolitz and Warner's theory which does not 

account for membrane effects is slightly more 

conservative than Save and Massonnet's theory. 
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RECOMMENDATIONS FOR FURTHER STUDY 

Further studies in welded bracket to web connections 

may consider: 

1) the effects of eccentricity on the load capacity of 

welded bracket to web connections. The load capacity 

may be altered due to the changing effects of membrane 

strains. 

2) the effects of different bracket lengths on a section. 

3) 

It is speculated that the bracket length compared to 

the T-distance is a significant factor in determining 

which failure mechanism will occur. 

how heavier sections will respond to the same load 

configuration. Many of the larger WID, W12 and W14 

sections have web slenderness ratios between 7 and 15. 

These sections have heavier flanges which may act more 

as fixed supports to the edges of the web. With the 

heavier flanges, the web collapse mechanism may fully . 
develop. 

4) performing a finite element analysis of welded bracket 

to web connections. 
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APPENDIX A 

TEST PROCEDURE 

Test Specimen Preparatjon 

The test procedure involved applying a static 

concentrated load to the bracket of a test specimen and 

recording strain and deflection data from predetermined 

points on the web and flanges. The load was increased by 

500 pound increments and the strain and deflection data were 

recorded at each load increment until the specimen had 

failed . The values of the strains and loads were recorded 

and stored on a floppy disk by a North Star Horizon 

microcomputer. The deflection data had to be recorded by 

hand before it could be entered into the computer and stored 

On the disk. 

The load was applied to the bracket with an Enerpac 

model RCH-202 20 ton hydraulic ram and an Enerpac model 

PM 621 hydraulic pump. A two inch ball and socket joint was 

placed between the ram and the bracket to accomodate the 

bracket rotations. (see Figure All. A 15000 pound capacity 

Thwing-Albert model 3000F load cell was placed between the 

ram and support to measure the applied load. The load cell 

was interfaced to the microcomputer through a Measurements 

Group 2100 Strain Gage Conditioner and Amplifier System. 

~ The details of the interfacing are given in the section on 
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Figure Al Load cell, hydraulic ram and ball and socket 
joint. 

76 



• 

• 

• 

- ----------- --------

the Data Acquisition System. 

The strains were measured on both sides of the web 

using two types of strain gages: rectangular strain rosettes 

or single axis strain gages. Strain rosettes were used 

wherever the principal strain directions were unknown. The 

strain gages for these tests were purchased from two 

manufacturers: BLH Electronics and Precision Measurements. 

The strain gages used on the W4x13 with the B inch bracket 

were BLH FAER-2SR-l2-S6EL strain rosettes, and BLH 

FAE-2S-12-S6ES single axis gages. The strain rosettes used 

in the remaining tests were manufactured by Precision 

Measurements, however several sizes were used: F 040 R, 

F 096 R, F 200 R. If more than one size was used on a test 

section, like str;ain gages were paired at a strain gage 

location (top and bottom of the web) • Only one style of 

single axis gage was purchased from Precision Measurements, 

the F 320, which was used on all but the first test. 

The deflections were measured using three types of dial 

gages . Approximately half of the dial gages were 

manufactured by the L. S. Starrett Co. with graduations of 

.0001 inches and a range of .200 inches . One quarter of the 

dial gages were manufactured by Soil test Inc. with 

graduations of .001 inches and a range of 1.000 inch, and 

the remaining dial gages were manufactured by Central Tool 

Co . Two styles of dial gages manufactured by Central were 

used; one style had graduations of . 001 inches with a range 
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~ of 1.000 inch, and the other style had graduations of .01 

millimeters and a range of 25.4 millimeters. 

• 

~ 

The preparation of each test spec i men began by cutting 

the section to a length of 58 inches. A line, centered 

between the flanges and used to locate the strain gages, 

dial gages and the bracket was scribed down the entire 

length of the specimen on both sides of the web. One end of 

the specimen was chosen to be the reference point for 

measurements along the length. Two 7/8 inch diameter holes 

were drilled using a drill press, both centered on the 

scribed centerline; the first was two inches from the 

reference end, and the other was 55 11/16 inches from the 

same end. These holes were used to secure the specimen in 

the test frame. -Two more holes whose use will be described 

later were drilled using a No. 28 drill in a drill press to 

assure that they were drilled perpendicularly through the 

web. These holes were located in one inch from the , 
• 

reference end and 3a/8 inches on ~ither side of the scribed 

centerline. 

The next step was to determine the locations of the 

strain gages and to transfer this information to the test 

specimen. The strain gages were placed on both sides of the 

web so that strain profiles could be determined. To insure 

that one gage was positioned directly over another and that 

both were properly aligned, their positions were drawn very 

accurately on a piece of thin aluminum flashing. This 
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~ template was used to roughly locate the position of the 

strain gages on the specimen with respect to the center of 

~ 

• 

the 7/8 inch diameter hole nearest the reference end and the 

scribed centerline. The strain gage locations were 

transferred to the web through 1/16 inch diameter holes in 

the template using a permanent felt tip marker. 

Once the general locations were transferred to the web, 

the job of removing the rust and mill scale began. The rust 

and scale were removed with a grindstone in a model 250-5 

Dremel Moto-Tool. When the pits had been removed, the 

surface was polished using the flat side of an emery 

grinding disk. It was found that further polishing with a 

rubber polishing wheel was unnecessary . All the strain gage 

locations were then covered with several layers of masking 

tape to protect them from welding splatter or any marring 

while the bracket was being attached. 

The size of the bracket was determined next. The 

bracket thickness was chosen to be comparable to the web 

thickness. The W4X13 and W5X16 sections, with web 

thicknesses of 0.280 inches and 0.240 inches respectively, 

had brackets of 1/4 (.25) inch plate steel. The remaining 

sections; M5X18.9, W6X25 and S4X9.5, with web thicknesses of 

0.316 inches, 0.320 inches and 0.326 inches respectively, 

had brackets of 5/16 (.3125) inch plate steel. The bracket 

length was either 8 inches or 12 inches, and the width was 

the desired eccentricity plus 2 inches. 
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The bracket was centered between the flanges; but due 

to the dimensions of the test frame, the bracket was 

centered about a point 30 inches from the reference end of 

the specimen. This meant that the corner of the 8 inch 

bracket was 26 inches from the reference end while the 

corner of the 12 inch bracket was 24 inches from that same 

end. The bracket, centered between the flanges and 

positioned perpendicular to the web, was welded around its 

perimeter with a fillet weld of the same dimension as the 

plate thickness using a 6013 electrode. At this time a 

lxlx3/16 angle was welded to both sides of the bracket, from 

the pOint of load application to the opposite corner, to act 

as stiffeners for the plate . Also, a 3x4xl/2 inch plate was 

welded perpendicular to the bracket to serve as a bearing 

surface for the load. When the welding was finished, the 

specimen waR ready for the strain gages to be applied. 

Once the masking tape had been removed, the final 

strain gage locations were transferred to the web. The 

template was positioned one end with respect to the center 

of the 7/8 inch diameter hole nearest the reference end and 

the the other with respect to scribed centerline. The 

locations of the two small holes were transferred to the 

template and then drilled with the No. 28 drill Two headless 

No. 6 x 1 1/4, inch screws were placed in the holes in the 

web and nutted on both sides such that equal portions 

protruded from each side. The headless screws and the 
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~ scribed centerline provided the three reference points 

needed to accurately locate the template on either side of 

~ 

• 

the web . The positions of the strain gages were lightly 

etched into the web and cleaned with cotton balls saturated 

with acetone . The strain gages were glued in place using 

Elmer's Epoxy and weighted as the epoxy cured for 12 hours . 

After all the strain gages were glued in place, the 

test specimen was placed in the test frame and secured with 

two 3/4 inch diameter A-325 bolts. The bolt at the tension 

support (at the reference end) was not tightened so that the 

locations where the strains were measured would be nearly 

free of axial strains . All the reaction for the axial load 

was taken at the compression end. 

Once the specimen was secured , the lead wires were 

soldered to the strain gages and connected to the Model 225 

BLH Switching znd Balancing Unit. The wiring configuration 

is described later under the Data Acquisition System. The 
I , 

strain gages were then balanced to insure that they were 

functioning before the dial gages were mounted. 

The dial gages were mounted on an independent test 

stand to avoid any interaction with the load frame (see 

Figure 2 . 5). These dial gages were used to measure the 

absolute deflections of various points on the web and 

flanges . The contributions to the deflections due to the 

load frame were assumed to be insignificant. Each indicator 

was placed perpendicular to the plane of either the web or 
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~ flange to avoid measuring any deflections in that plane. 

~ 

• 

The deflection readings were recorded by hand during the 

test, and typed into the computer after the testing was 

finished. 

The Data Acquisition System 

A data system, based on a microcomputer, was developed 

for this testing program. A North Star Horizon 

microcomputer was responsible for reading and recording the 

values of the load and the strains. The deflection data, 

which was entered into the computer at a later time, was 

also stored on a floppy disk with the strain data. 

The North Star Horizon, which utilizes a Zilog Z-80 

microprocessor, is equipped with two disk drives (for 5 1/4 

inch floppy disks) and 64 kilobytes of random access 

memory. The North Star is interfaced with a Lear-Siegler 

ADM3 Interactive Display Terminal. To enable the North Star 

to be interfaced with the strain gage signal conditioners, a 

Cromemco D+7A Input/Output Analog/Digital interface was 

installed. This A/D interface has an 8 bit resolution with 

an accuracy of 20 millivolts and an I/O voltage range of 

-2.56 to +2.54 volts on the analog ports. The D+7A 

interface is equipped with 7 analog input ports, 7 analog 

output ports, 1 digital input port and 1 digital output 

port. 
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~ Other components of the data system include a Vishay 

• 

~ 

Measurements Group 2100 System Strain Gage Conditioner and 

Amplifier System and four BLH Model 225 Switching and 

Balancing Units . The transducers (load cell and strain 

gages) have already been descibed in the section on the test 

procedure. 

The description of the system begins with the strain 

gage connections to the switching and balancing unit. This 

switching and balancing unit allows ten strain gages to be 

connected to one conditioner channel. The active gage is 

connected between the black and white terminals of the 

channel inputs, and the compensating gage is connected 

between the white and green terminals. One compensating 

gage is used for ·all the strain gages connected to one 

switching and balancing unit . The switching and balancing 

unit includes internal resistors to complete the Wheatstone 

bridge between the black and red, and the red and green 

terminals . To include these resistors in the circuit, the 

gage resistance dial must be set to the appropriate value 

(120 ohms); and the bridge selector set for the two arm 

bridge . 

The connection between the BLH switching and balancing 

unit and the strain gage conditioner is as shown in 

Figure A2. With this connection, the excitation voltage is 

supplied to the black and green terminals (from pins Band C 

On the strain gage conditioner), and the output from the 
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~ strain gage is supplied to the conditioner from the white 

and green terminals (to pins A and D on the stra i n gage 

conditioner). Shielded cable is used for this connection 

~ 

~ 

with the shield being connected to pin F on the strain gage 

conditioner . This configuration give positive voltages for 

tensile strains. 

The load cell is connected directly to one of the six 

conditioner channels as shown in Figure A3. With this 

configuration, the conditioner yields positive voltages for 

compressive loads. 

Each of the five conditioner channels (one is connected 

to the load cell, four are connected to switching and 

balancing units) is connected to one port of the AID 

interface. The output voltage from each conditioner channel 

must be matched to the input voltage range of the AID 

interface by adjusting the bridge excitation voltage and the 

amplifier gain on that channel. 

The output voltage may be determined by multiplying the 

transducer output by the gain setting . The output of a 

transducer is equal to the excitation voltage (Vex) times 

the output of the transducer at the rated maximum (Ro). The 

output voltage from the conditioner is given by equation 

(AI). There are two unknowns in equation (AI): Vex and G. 

One value must be assumed and the other calculated using the 

assumed value in equation (AI). To minimize the effects of 

electrical interference in the signal, the gain should be 
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BLH Switching and 
Balancing Unit 

Strain 
Co n d i tioner "'-, White 0 ______ ./..1_-4-1 ------------00 A 

I I 

Block 

Red 

Green 

I I 
I I 
I 8 

D 

C 

Shield 
~------~~~--------o F 

Figure A2 Schematic of the connection between the BLH 
Switching and Balancing Units and the 2100 
System Strain Gage Conditioner and Amplifier. 

Load Cell Strain 
Function Pin Cond i t ioner 

,-, 
I \ 

A o~I---+I--------------------~o A 
I I 

Output (-) 

I I 
I I 

B o~I-~I------------o C 
I i 

Excitat ion (-) 

I I 

Output (.) 

C o,......JIL--~I------------o B I I 
I I 
I I 

D o~\--~I------------------~o D 

'1
1 

Sh ield 
o F 

Excitation (.) 

Figure A3 Schematic of the connection between the l oad 
cell and the 2100 System Strain Gage Conditioner 
and Amplifier System. 
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~ minimized as much as possible. This can be done by 

increasing the excitation voltage, however do not allow the 

excitation voltage to exceed the maximum excitation voltage 

for the transducer. 

~ 

• 

(AI) 

For example, the rated output of the load cell is 0.3 mV/V, 

and the desired gain setting is 120. To achieve the desired 

conditioner output voltage of 2.56 volts at 15000 pounds, 

the excitation voltage must be 7.11 volts. 

The bridge excitation voltage and the amplifier gain 

for strain gages are determined in a similar manner from 

equation (A2). The value of Ro in equation (AI) is be 

replaced with the value of the maximum strain reading 

divided by the gage factor. Since there ~re three unknowns 

in the equation, the value of two variables must be given 

from which the value of the third may determined. In this 

case, the maximum strain reading is 15000 microstrain and 

the bridge excitation voltage is 3.00 V, and the value of 

the gain is calculated. 

Vout = Vex ( E )maxG/(Gf) (A2) 

The scaling of the input from the conditioner to the 

real units begins with the A/D conversion. The Cromemco 

86 



... converts the analog input signal into its equivalent digital 

signal in two's compliment binary notation. The digital 

equivalent is then input into the microcomputer. Any inputs 

digital inputs over 127 must have 256 subtracted form them 

because of the 2's compliment notation. This inputting 

sequence is done several times to obtain an average value of 

the input signal . The averaging, which is equivalent to 

placing a capacitor in the input line is done to reduce the 

effects of electrical interference in the data. 

The actual scaling of the average of the input to real 

units of microstrain is done using linear interpolation. 

The ratio of the value of the strain reading to the maximum 

strain reading must equal the ratio of the average of the 

tt inputs to the absolute value of the maximum input value as 

... 

shown in equation (A3). Equation (A3) can be solved for the 

value of the strain reading. 

Average of N5 inputs = value of strain (A3) 
Absolute maximum input maximum strain value 

The program lines listed in Figure A4 are the lines 

from the testing program which perform the inputting of the 

digital signal from the AID interface and scale it to the 

strain value. The summation of N5 inputs for averaging is 

done in the FOR-NEXT loop (lines 21800-22200). The actual 

scaling is done in line 22300. The average of the inputs is 

given by A/N5 which is divided by the absolute maximum of 
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4t the inputs (the values of the inputs range from -128 to +127 

therefore the absolute maximum is 128) . Equation (A2) can 

4t 

4t 

be solved to give the maximum strain value . In the program 

the conditioner output voltage (Vout ) is replaced with its 

value of 2.56. The constant 1 .O E6 is included to convert 

the strain readings to units of microstrain . 

21700 A=O 
21800 FOR J=l TO NS 
21900 B=INP(P) 
22000 IF B>127 THEN B=B-2S6 
22100 A=A+B 
22200 NEXT 
22300 A=«A/NS)/128)*2 . S6*1.OE6*GS/(G2*E) 

where: 

A = the sum of NS inputs 
B = value of an individual input 
E = value of the excitation voltage 
G2= value of the gain setting on the conditioner 
GS= value of the gage factor 
NS= number to average over 

Figure A4 Subroutine which scales the input to units of 
micros train. 

The interval between the minimum strain value and the 

maximum strain value was broken into 256 increments due to 

the 8 bit precision of the A/D interface . In the testing 

program, the strain interval which could be measured had 

values between -15000 and +14882 microstrain . Therefore, 

the actual value of the strain could lie within a range from 

-60 to +60 micros train from the recorded value of the 
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tt strain. However the accuracy of the measured strain was 

generally much less than the plus or minus 60 microstrain. 

Often the digital value of the input would vary as much as 3 

due to electrical interference. This meant that the value 

of the strain could lie anywhere within an interval of 350 

microstrain. Averaging the input values reduces the effects 

of the electrical interference. The strain data listed in 

Appendix C is rounded to the nearest microstrain. The 

actual strain value is within the interval of approximately 

Plus or minus 60 microstrain from the recorded strain value . 

Since the recorded strain value is the midpoint of the 

interval, its value without rounding to the nearest 10 or 

100 is used as the best approximation of the real strain 

However , the values which are stored in the data files are 

stored with the 8 bit precision to which they were 

recorded. Any processing which was done by the 

microcomputer was done with the 8 bit precision and the 

results were then rounded off. 

The computer system was calibrated in a Tinius Olsen 

Universal Testing Machine with a 12000 pound capacity. The 

load cell was calibrated in compression only by applying a 

load to it directly using the Tinius Olsen. The load 

displayed by the computer was compared to the value of the 

load dtsplayed on the Tinius Olsen . The values of the 

excitation voltage and the gain settings were modified until 

the two values of the load were in agreement. 
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The strain measuring equipment was also calibrated in 

the Tinius Olsen. A sample of A36 steel of known constant 

cross sectional area was placed in the Tinius Olsen. The 

sample was loaded in tension and the strain was read from 

two single axis gages fixed to the sample. The measured 

strain was compared to the strain value determined using 

Hook's law (E=29,000,000 psi), and the system was modified 

as for the load cell until the strain values were in 

agreement. 

Data Reduction System 

The microcomputer also played an important role in the 

data reduction. ·The data which was stored on a floppy disk 

was readily available for processing and presentation in 

both tabular and graphi~al form. The computer provided fast 

and consistent processing of the data from each test. 

Software was written in North Star Basic to enable the 

North Star to drive both a Tektronix 4662 Interactive 

Digital Plotter and a Lear-Siegler terminal enhanced to 

emmulate a Tektronix 4010 graphics terminal. The graphics 

routines were assembled in a program which would produce 

line plots of data files containing x-y coordinate pairs. 

All of the line plots of data throughout the text were 

produced using the North Star graphics. 

The North Star was used to resolve the strain data into 

90 



• 

• 

• 

principal strains and directions. This information is 

tabulated in Appendix D. Software was also developed which 

produced polar plots of strain at a point and plots of load 

versus measured strain values. None of these type of plots 

are included in this presentation. 

The deflection data was also processed using the North 

Star. Programs were developed which would plot 

load-deflection curves for any dial gage location. The 

graphic routines were also used to plot the deflections of a 

cross section at any level of loading. Cross sections could 

be chosen which would display the flange and web rotations 

(perpendicular to the longitudinal axis) or display the 

deflections out of the plane of the web along the 

longitudinal axis. Examples of these plots are given in 

Figures 3.6-3.9. 

The system presented above by no means utilizes the 

North Star to its capacity. The system can be expanded to 

control the loading and other phases of testing. The 

processing abilities and the tabular and graphical forms of 

data presentation have made the North Star Horizon a 

valuable tool in this study. 

Copies of the software developed for this study [7] are 

available by contacting Dr. Gordon Batson, Dept. of Civil 

and Environmental Engineering, Clarkson College, Potsdam, 

New York 13676. 
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APPENDIX B 

ALTERNATIVE APPROXIMATION TO THE FLANGE CAPACITY 

Equations (3.8) and (3.9) provide a first approximation 

to the load capacity of the flanges of sections with welded 

bracket to web connections. These two expressions were 

developed from equation 1.6-2 of the AISC Specifications 

without the restriction of fa/Fa<O.lS. The value of the 

load derived from the appropriate equation (3.8) or (3.9) 

must be examined with respect to the requirements of 

sections 1.S.l.4.3 and 1.6.1. The value of P from the 

expressions is reduced until it conforms to the requirements 

of these two sections. 

An alternative approach is to use equations 1.6-la and 

1.6-lb of the AISC Specifications to develop the expressions 

for the load capacity of the flanges. These alternative 

expressions shown below (Bl)-(B4) are again only 

approximations for the load capacity. The value of P from 

these expressions must be reduced until it again conforms to 

the requirements of sections 1.S.1.4.3 and 1.6.1. Since 

(B1)-(B4) are cumbersome and because they yield only an 

approximation of the load, it is suggested that equations 

(3.8) and (3.9) are used instead. 
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APPENDIX C 

STRAIN DATA 

The strain data is listed with the following sign 

convention. Tensile strains are represented by positive 

strain readings. 

The gage location is given by the gage location 

number . This number refers to a location shown in Figures 

2.1 , 2.2 or 2 . 3. In the case of strain rosettes, the 

individual gages are numbered as shown in Figure 2.4. The 

lower gage number corresponds to the strain gage on top of 

the web (on the side with the bracket), and the higher 

number corresponds to the strain gage on the bottom of the 

web . The number 'of a strain gage in a rosette on the bottom 

of the web is 12 more than the number of the corresponding 

gage on top. For example, the strain gage lying directly 

under strain gage number 1 is 13 . This is always the case 

except on the S4x9.5 section with the 8 inch bracket . This 

section was tested with only 3 strain rosettes on a side so 

the top and bottom numbers differ only by 9 (for example 

gage 1 lies directly over gage 10). Similarly for the 

single axis gages, the gage with the higher of the two 

strain gage numbers at a single strain gage location is on 

the bottom side of the web. 
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GAGE LOCATION NUMBER 

5 5 5 1 1 1 2 2 2 3 

LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 3 4 ~ 6 7 8 9 10 J 

O. O. O. O. O. O. O. O. O. O. O. 
586 . 31. 12. 3 1. 64 . ~;6 • 73. 68. 3. 19. 50 . 

1055. 55. 32 . 56 . 81. 70 . 130. 11 7. - 0. 39 . 98 . 
1523 . 81. 48. 82. 66. 180. 2 11. 164. 1 • 50 . 174. 

2109. 119. 80 . 120 . 46. 431. 335 . 239 . - 13. 64 . 312. 
2109 . 120. 82. 121. 8. 432. 282 . 203. -14. 64. 279 . 
2577. 150. 104. 150. 82. 519 . 359 . 281. -228 . 79. 476. 
2578. -358 . - 125. -159 . 121. 519 . 362. 282. -28 . 79. 496. 
2567 . 333. 82 . -185. 102. 517. 360 . 282 . -47. 49 . 480. 
3047. -458 . 112. -198. 123. 596 . 478. 324. -45 . 70 . 906 . 
3454 . -538. 149. -207. 123. 695. 558 . 399. -46. 87. 1068 . 

~ 3984. 644. 187. -230. 122. 910. 677. 517 . -54. 110. 1290 . 
\11 

4570 . -758 . 192 . -253. 84. 1067. 832. 627. -61 . 149. 1381. 
4570. -784. 200. -277. 86. 1107 . 832. 634. -7 1. 150. 1376 . 
5039 . -901. 228 . -282. 46. 1223. 950. 713 . -47. 226 . 1443. 
5508 . -1026 . 268. -314. 5. 1229. 1146. 832 . -31. 306. 1580 . 

6094 . -1217. 308. -350. - 35. 1264. 1381 . 1074. -29 . 425. 1694 . 
6557. - 1386. 346 . -351. -76 . 950. 1611 • 1225 . 3"-'" . 578. 1825. 

7031. - 1611. 387. -396 . - 106. 951. 1851 . 1301 . 101. 618. 1900 . 
7610. -2036 . 455. - 473. - 113. 4993. 2166. 1424. 211. 738. 2047. 
7616. -2078 . 431. -482 . - 113. 9205. 2118 . 1415. 210. 733 . 2003 . 
8084. -2392. 502 . -589 . -1 16. 2345. 2241. 1417. 232. 762. 2098 . 
8555. -3017 . 504. -902 . -225 . 3615. 2706 . 1532. 266. 777 . 2232. 

9079. -3841. 505 . - 1338 . - 123. 7503. 3056. 1534. 268. 738 . 2489. 
9170. -3988 . 462. -1435. - 114. 6358. 3070 . 1533. 237. 697. 2570 . 
9492. -4803. 462. -1877 • -133 . 7602. 3413. 1533. 127. 580 . 2825. 

10254. -6679 . 462. -3049 . -229 . 14921 . 4239. 1647. 125. 580. 3489. 

TABLE C1 STRAIN DATA FOR THE W4 X 1:3 SECTION WITH THE 8 INCH BRACKET. 
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• • • 
GAGE LOCATION NUHBER 

3 3 5 5 5 1 1 1 2 2 
LOAD STRAIN GAGE NUHBER 
(LBS) 11 12 1:3 14 15 16 17 18 19 2 0 

O. O. o. o. o. o. O. O. o. o. O. 
586. 49. 76 . 61. 31 • 20. -27 . - 45. - 118. 49. - 1 • 

1055. 98. 121. 125. 57. 31 • -27 . -68. -220. 98 . - 18. 
1523. 179. 200. 186. 81 • 413. - 11. -77 . -306. 179. -2 1 t 

2109. 314. 272 . 275. 119. 73. 43. ·-44. -369. 310 . - 37. 
2 109. 64. 249. 280 . 120. 73. 48. -36. - 423. 63. -39. 
~577 . 101. 323. 345. 150. 102 . 74. -59 . -579. 102. -48 . 
2578 . 1004. 320. 349 . -69. 94. 78. -53 . -580. -266 . - 57 . 
2567 . 14 20 . 321. 311. -93 . 66. 39. -47 . -580. -268 . -79 . 
3047. 1577 . 355. 392 . -8 4. 112. 41. -85 . -664. -344 . -79 . 
3454. 1617 • 400. 468. -82 . 151. 69. - 124. -858. -385 . -83. 

'l) 3984 . 1738. 4 75 . 561 . -82. 202 . 115. - 16 2 . -1051. -463 . -87 . 
0-

4570. 1916. 524. 626 . - 90. 249 . 155. -202. - 1208. -541 . -90 . 
4570. 1931. 556. 626 . -86 . 238. 167. -203 . - 1208. -543 . -11 3. 
5039 . 2008. 560, 738 . -89 . 282 . 230 . .- 26 7. - 1327. -6 19 . -109 . 
5508. 2 166. 596. 821. - 91. 356. 272 . ·-32 1. - 1600. -698 . -1 14. 
6094. 2245. 631. 977. -89 . 435. 468. - 438. ·- 1992. -779. - 114. 
6557 . 2255. 599. 1141. ·-87 . 518. 625. -517 . 2359. -855 . -11 6. 
7031 . 2284. 597. 1487 . -9 1. 600. 7 41. -635. -2693. -932 . -121. 
7610 . 2284. 595. 2194. -125 . 867. 896 . -831. -3250 . -1003 . - 152. 
7616 . 2253 . 480 . 2264 . - 124 . 906. 891. -841 . -3279. -1018. -1 48. 
8084 . 2243. 482. 2789. 142. 1137. 1017. -949 . -3630 . -1073 . - 150. 
8555 . 2200 . 473. 3813 . - 149. 1453. 1177 . -1169 . -4 100. -1136. - 145. 
9079 . 2166 . 368. 4982. - 125. 1881. 1409. -1341. -4689 . -1244. - 147 . 
9170 . 2120 . 361. 5516 . -122 . 1882. 1405. -1416 . -4835 . -1283. -112 . 
9492 . 2115 . 359. 6799 . - 122. 2247 . 1641. -1533. -5391 . -1401 . -112 . 

10254. 2106 . 360. 9860 . -122. 3286. 2345 . -1885. -6920 . -1751. -109 . 

TABLE C1 CONTINUED . 
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• • • 
GAGE LOCATION NUMBER 

2 3 3 3 6 7 8 9 6 7 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. O. O. O. O. O. O. o. O. o. O. 
586 . -18 . 32 . -60 . -78. 128. 72. 32. 22. -150 . -79 . 

1055. -45 . 57. - 106. - 155. 229. 132. 57. 42. -276 . - 150. 
1523. -61. 82. -120. - 182 . 331. 182 . 82. 55 . -377 • -205 . 
2 109. - 103. 120 . -178 . - 306. 446. 262 . 120. 81. 66 1. -295. 
2109 . - 108. 121. - 181. - 311. 411. 268 . 121. 83. -681 . -308 . 
2577 . - 134. 150. -233 . - 397. 517. 317. 151. 102. 869. -348 . 
2578 . -146. -630 . -243 . - 409. 5 16. 316. 152. 103. -876. -361. 
2567 . - 17 1. - 654. -260 . - 429. 516. 306. 116. 72. -893 • - 383. 
3047. - 191. -789. -309. - 530. 636. 347. 154. 110. -1048 . - 464. 
3454. -2 18. -910. -35 6. - 592. 753. 424. 191. 112. -1210. -503. 

>i) 3984 . -263 . - 1005. - 421. - 680. 910. 503 . 2 31. 150 . -1484. -6 18. 
-..J 

4570. -300 . - 1005. - 466. -789. 1067. 58 1. 270. 185. -1680. -661 . 
4570 . - 308. - 1316. -4b8 . - 811 • 1066. 58 1. 283. 18 7 . -1680. -662. 
5039 . -351. -1529 . -540. -83 1. 1222 . 659. 321. 189. -1876. -772 . 
5508 . - 438. - 1728 . -600. -859 . 1422 . 738 . 348. 228. -2110 . -857 . 
6094 . - 465. -2037 . -660. -856 . 1696. 857. 395. 264. -2504. -943. 
6557 . - 4 72 . -2309. -736. - 859. 1890. 934. 439. 305. -2756. -1053 . 
7031 . -417 . -2580 . -781 . - 853. 2091. 102 0. 470. 317. -3053 . - 1169. 
7610 . -307 . -2980. -930 . - 814. 2480. 1133. 543. 361. -3604. -1329. 
7616 . -305 . -3017 . -932. - 81 5. 2 473. 11 35 . 544 . 347. -3634 . -1 401. 
8084 . -226 . -3297 . -1010. -817 . 2708 . 1213 . 594 . 385 . -3983. -1519 . 
8555 . - 101. -3761. -1160 . - 810. 31 78. 1362. 648. 424 . -4 452. -1640 . 
9079 . 44. - 4232. -1322 . -853 . 3647. 1480. 704 . 464. -5041. -1872 • 
9 170 . 7. - 4337. -1397 . - 927. 3761. 1505 . 601. 462. -5161. -1874. 
9 492. - 105. - 4919. -1515. - 927. 411 7 . 1541. 700. 462. -5628. -2107 . 

1025 4. 357 . - 6677. -HIM. -928. 5176 . 1870. 817. 580. -7155. -2575 . 

TABLE Cl CONTINUED . 



s a 

• • • 
GAGE LOCATION NUMBER 

8 9 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 

O. o. O. 
586. -')" --. -27 . 

1055. -55. -44. 
1523. -78. -5 7. 
2109. -112 . -82. 
2109. -112 . -82. 
2577. -142 . -100 . 
2578. -142 . - 100. 
2567. -142 . -100 . 
3047. -178. -124. 
3454. -198. -141 . 

\,C) 3984. -238. - 170. 
~ -'1570. -272. - 190. 

4570. -272. -190. 
5039. -310. -217. 
5508. -34b . -~! 45. 

6094. - 393. -27S . 
6557. -4 40. -310. 
7031. -480. -343. 
7610. -546. - 385. 
7616. -546. -385. 
a084. -592 . -4 18. 
8555. -651 . -458. 
9079. -714 . - 498. 
9170. -714 . - 498. 
9492. -770. -540. 

10254. -868. -606. 

TABLE C1 CONTINUED. 



6 ·OG 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 ;3 4 ". 

" 6 7 8 9 10 

O. O. O. O. o. O. O. o. O. O. O. 
1055. 721. ".".". 

..J..J..J. 206. 234. -38. 92. 263. 573. 505. 19. 
1523. 1089. 853. ""'::::1Ir'-

...;;.)..:1 . 221. -119. 1<43. 354. 890. 693. 13. 
1992 . 1566. 1211. 316. 232. - 163. 190. 503. 1316. 1031. 21. 
2461. 1850. 1458. 358 . 287. - 197. 266. 657. 1595. 1229 . 22. 
3047. 2233. 1790. 426. 331. -294. 360. 827. 2004. 1525. 25. 
3516. 2468. 1988. 544. 335. - 322. <417. 971. 2291. 1756 . 25. 

3984. 2627. 2147. 693. 448. -198. 542. 1134. 2624. 1985. 27. 
4570. 2734. 2303. 934. 662. -61. 626. 1361. 2976. 2 183. 24. 
5039. 2778 . 2461. 1243. 777. 114. 730. 1567. 3391. 2459 . 29 . 
5508. 2780. 2580. 1589. 828. 233. 855. 1790. 3724. 2658. 2 8. 

-0 6108. 2774. 2781. 2119. 863. 309. 1055. 2152. 4307. 3013. 29. 
-0 6563. 2785. 2944. 2469. 866. 345. 1209. 2 438. 4799. 3287. 28. 

7032 . 2792 . 3046. 2796. 810. 348. 1288. 2697. 5164. 3515. -10. 
7605 . 2931. 3298. 3278. 810. 348. 1403. 3050. 5862. 3865. - 10. 
8613. 3166. 3870. 4109. 927. 466. 1641. 3755. 6928. 4<456. -15 . 
9082. 3284. 4124. 4593. 927. 508. 1758. 4226. 7398. 4846. -100 . 
9492. 3510. 4575 . 5285. 1045. 583. 1994. 4816. 8339. 5394. -109 . 
996 1. 3728. 5274. 6447. 1184. 715. 2229. 5630. 9280. 5984. - 104. 

10723. 3990. 5986. 7757 . 1<423. 936. 2685. 6667. 10339. 6803. -119 . 
11074. 4225. 6577 • 8928. 1630. 1054. 2935 . 7401. 11150. 7288. -107. 
11484. 4578. 7633. 10928. 1868 . 1392. 3523. 8568. 1 2220. 8104. -231 . 
12070. 5380. 9515. 1409 1 • 2576. 1877 . 4461. 10675. 14104. 9513. -342 . 
12773. 5754. 10446. 14929 . 2926. 2112. 5051. 11755. 14925. 10218. -356 . 
13125. 6579. 12436. 14929 . 3397. 2580. 5962. 13987. 14925. 11627. -471. 

TABLE C2 STRAIN DATA FOR THE W4X13 SECTION WITH THE 12 INCH BRACKET. 



G6SGG 

• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. O. O. O. O. O. O. O. O. O. O. 
1055. -17. 90. 97. 332. -363 . -131. -63 . -208 . -270. 308. 
1523. -40. 114. 105. 858, -493 . -192. -106 . -312. -384. 416. 
1992. -51. 153. 91. 1113. -629 . -306 . -155. -454. -557. 477. 
2461 . -74. 203. 53. 1183. -821 . -355 . -205. -584. -635. 533. 
3047 . - 88. 249. 41. 1111. -1511. -464. -253. -677 • -802. 674. 
3516. -109 . 278 . 15. 1043. -1753. -515 . -15 1. -781. -915. 563. 
3984. - 132. _320. -25. 958. -1920 . -585. -168. -1172 • -1093. 571. 
4570. -154. 385. - 35. 869. -201'5 . -677 • -75 . -13 19. -1361. 508. 
5039. -171. 431. -25. 730. -2078. -712. -36. -1628. -1649. 452. 
5508 . -192. 490. -3 . 626. -2150. -743 . -46 . -1602 . -1921. 372. 

0 6108. - 213. 559. 11. 433. -2223. -787. -87. -1532 . -2422. 249. 
0 6563. -236. 623. 20. 307. -2259. -809. -109. -1462 . -2805. 181. 

7032 . - 271. 703. 12. 159. -23 18. --871. -151. -1433. -3262. 113. 
7605 . -283. 746. - 33. -21 . - 2358. - 925. -202. -1367. -3898. 28. 
8613. -326. 898. -53. -312 . -2511. -1089. --324. -1313 . -5041. -84. 
9082. -366. 954. -49. --508. --2571. -1210. - 427. -1282 . --5041. -166 . 
9492 . -472. 942. -122. -821. -2708. -1394. -584. -1289 . -6537 . - 238 . 
9961 . -500. 1058. - 122. -1272. -2956. -1528. -705. -1201. -7544. -366 . 

10723. -597. 1171. -122. - 1765. -3548. --1779. -941. - 1175. - 8960. -484. 
11074. -599. 1272. -6. - 2240 . -4131. -1984. -1059 . -1166. -9914. -474. 
11484. -734. 1298. 123. -3007. -5063. - 2128. -1295. -1090. -11320. -474. 
12070. - 937. 1522. 586. -4361. - 6913. - 2449. -1750. -1055. --14039. -467. 
12773. -967. 1603. 940. -5190. -8145. - 2593. --1991. - 1057. -15096. - 352. 
13125. - 1182. 1758. 1627. -6424. -- 10144. -2711. -2248. -1116 . -15096. - 170. 

TABLE C2 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS ) 21 22 23 24 25 26 27 28 29 30 

O. O. O. O. O. O. O. o. O. O. O. 
105 5. 15. - 9. 13. -83. - 231. 327. 130. 84. 55. - 3. 
152 3. 9. - 28. 11. -132. -330. 410. 179. 114. 80. -5. 
1992. 25. -28. 24. -169. -472. 572. 247. 158. 110. 1 • 
2461. 24. - 33. ..,~ 

.:.o .Jt -209. -610. 706. 302 • 197. 137. O. 
3047. 73. - 42. 36. -253. -780. 882. 370. 244. 168. 2. 
3516. 113. - 39. 32. - 300. -927. 1013. 430. 271. 187. 78. 
3984. 165. - 49. .., ~ 

.:....1. - 353. --1104. 1176. 475 • 311. 211. -14. 
4 570. 213. -43. 50. - 410. --1296. 1399. 555. 354. 250. 93. 
5 039. 255. -50. 81. -451. - 1490. 1655. 642. 425. 2 75 . -12. 
5508. 303. - 48. 8 7 . - 511. - 1685. 1859. 705. 465. 316. -13. 

0 6108. 361. - 38. 128. - 595. - 2050. 2210. 826. 543. 363. - 12. 
~ 6 563. 384. - 34. 144. - 650. --2314. 2463. 907. 603. 401. 92. 

7032. 408. - 34. 180. -706. - 2653. 2782. 997. 662. 440. 181. 
7605. 441. -29. 231. -780. --3184. 3193. 1101. 704. 501. - 6. 
861 3 . 461. 122. 355. - 1052. -4388. 3956. 1304. 830. 579. - 133. 
9 082. 461. 348 . 491. - 1179. -- 5 173. 4443. 1316. 940. 591. - 17. 
9492 . 49 7 . 517. 772 . -1313. -5167. 4950. 1450. 997. 677. 17. 
9961. 5 72 . 5 22 . 837 . - 1402. -7476. 5665. 1557. 1070. 711. - 5. 

10723. 600. 734. 1060. -1574. - 9293. 6l37. 1791. 1193. 8 2 5. - 5. 
11 0 74. 711. 946. 1286. - 1767. - 10613. 7467. 1836. 1309. 931. -5. 
1148 4. 906. 990 . 1528 . -- 1993. - 12541. 8445. 2027. 1425. 94 5 . - 5. 
120 70. 1287 . 14 2 1. 2 006 . - 2463. - 15432 . 10387. 2270. 1641. 1073 • 96. 
12773. 1 7 55. 1767. 247 4. - 3042. -15432. 11919. 2516. 1793. 1292 . 101 • 
13 125 . 2 461. 2228. 2'9 42. -3714. -15432. 14008. 2761. 1943. 1420. 115. 

TABLE C2 CONTINUED . 



lSSOO 

• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 37 38 

O. O. O. o. O. O. O. O. O. 
1055. 231. -330 . -108 . -68 . -43. 9. 6. -13 . 
1523. 318. -627 . -150. -90. -61. 10. 9. -19. 
1992. 444. -887. -201. -127 . -84. 13. 12. -29 . 
2461. 553. -1038 . -249 . -160. -110. 15. 13. -33. 
3047. 703. - 1038. -3 14. -200. -137. 17. 18. -40 . 
3516. 821. -1656. --365. -241. -162. -1 . ~ 

.J. - 47. 
3984. 970. - 1953. -435. -28 1. -183. 2. 5. -52. 
4570. 1173. -2244. -502. -323. -213. 6. 6. -55. 
5039. 1355. -2603. -576. -364. -246. 10. 7. -77. 
5508. 1616. -2948 . - 640. -407 . ·-286. 6. 12. -·89. 

~ 6108. 2060. -3 477 . ·-749. -482. -323 • 9. 10. -94 • . 
0 6563. 2469. - 3887. -81 8. -526. ·-359. 6. 10. -111 . N 

7032. 3013. -4309. -908 . -58 1. -392. 1 • 16. -123. 
7605. 3770. -4881 . -1008. -643. -440. 1 • 20. - 129. 
8613. 5700. --6065 . -1295. -833. -59 4. -121. -110. -128. 
9082. 6915 . -6671. -1307. -840. -596. -108. -25. -128. 
9492. 8629. -7398. -1418. -95 1. -604. -108. -4. - 128. 
9961. 10793. - 8250. -1550. -956. -7 14. -121. -6. -130. 

10723. 13824. - 980}. - 1833. -1078. -832 . -123 . -4. -138. 
11074. 15403. -10}99 . ·-1915. -1194 . -837 . - 123. -6. -140. 
11484. 15403. - 12276. -2122. -1304. -950. -123. -4. -160. 
12070. 15403. - 15283. -2478. -1540. -1068. -123 . -9. -240. 
12773. 15403. - 15523. -21341 . - 1689. - 1186. - 123 • -4. -249. 
13125. 15403. - 1552 ~3. -3418 . -1894. -1303 . -123 . -4. -249. 

TABLE C2 CONTINUED. 



6SGG 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 6 6 6 3 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 :3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 
582 . 108 . 102. 131. 123. 31. 50. 110. 36. 119. 167. 

1055. 215. 204. 250 . 233. 49. 100. 207. 69. 230. 316 . 
1496. 296 . 282. 343. 330 . 66. 122. 247. 54. 314. 444. 
1992. 4 25 . 487. 455. 475 . 119. 150. 272. -21. 382 . 687 . 
2461. 45 7 . 722 . 478. 901. 190. 182. 291. -80. 415. 884. 
2998 . 525. 996. 610. 1354. 303. 2 48. 332. - 176. 479. 1230. 
3516 . 568 . 1208. 719 . 1562. 423. 266 . 412. -290 . 524. 1556. 
3984 . 647. 1474. 84 1. 1665. 497. 265 . 469. -412. 557. 1982. 
4570. 757. 1792. 920 . 1759 . 549. 24 1. 549. -538 . 640 . 244 9. 
5039 . 875. 21 40. 1032. 1858. 582. 164. 629. -649 . 760 . 2927 . 

~ 

5508 . 1068. 2605 . 1147. 2106 . 654. 98. 729. -813 . 906 . 3576 . 
0 
\"J 5508 . 1094. 2615. 1144. 2136 . 661. 102. 72 3. -808 . 911. 3570. 

5959 . 1224. 2935. 1250. 2352 . 693. 49. 876. -889 . 1055. 4118. 
6444 . 1505. 3481. 1429. 2573 . 767. -2 5. 1066. - 1040. 1257. 4966. 
7207. 1973. 4478. 1737. 2919. 812. -27. 1381. -1306. 1733. 6325 . 
7557 . 2 441. 5500. 1974. 3388. 925. -2 46. 1618. -1419 . 2083 . 7600 . 
8222 . 3166. 7162 . 2561 t 4210. 1063. -253. 2067 . -1546 . 2792 . 9413 . 
9006 . 4319. 9727 . 3529 . 5619. 1503. -3 65. 2912. -1647 . 3964 . 12469 . 
9844. 6191. 13602. 5605 . 7782. 2224 . -382 . 4439. -1433. 5831. 14895. 

TABLE C3 STRAIN DATA FOR THE W5 X16 SECTION WITH THE 8 INCH BRACKET. 



v sea 

• • • 
GAGE LOCATION NUMBER 

3 3 1 1 1 2 2 2 6 6 
LOAD STRAIN GAGE NUMBER 
(LDS) 11 12 13 14 15 16 17 18 19 20 

O. O. o. o. o. o. O. o. O. O. O. 

582. 65. 71 • -70 . -94. -129. -103. -34. -56. -98. - 13. 
1055. 123. 140. - 157. -201. -261. -220. -62. -112. - 190. - 18. 
1496. 125. 122. -220 . -268. - 329. -283. -65. -148. -259. 23. 
1992. 87. 8. -:!99. - 337. -374. - 396. -66. -212. -348. 164. 
2461. 71. -74. -343. -436. - 451. - 460. -49. -310. -365. 360. 
2998 . 72. -212. -371. -561. -502. -540. -15. -426. -379. 699. 
3516. 63. -338. -413. -707. -565. - 629. -25. - 477 • -376. 949. 
3984. 96. -491. - 428. -853. -607. -737. -36. - 466. -339. 1274. 
4570. 164. -632 . -433 . -1010. - 638. -832. -36. -373 • -304. 1672 • 
5039. 278. -774. -373. '-1186. - 650. -923. -32. -273. -266. 2097. 

~ 5508. 407. -968. 210. -1442. -690. -1005. -7. -120. -219. 2691 . 
0 
~ 5508. 401. -972. 388. -1440. -711. -991. - 18. - 124. -229. 2687 . 

5959. 516. - 1071. 649. -1601 • -705. -1095. -8. -43. -2 18. 3086. 
6444. 685 . . - 1283. 526. -1898. -703. -1255. -6. 154. -171. 3856. 
7207. 1019. - 1590. 659. -2347. -678. -1584. -25 . 425. -79. 4957. 
7557 . 1272 • -1829. 909. -2970. -702. - 1860. -58. 669. -9 . 4970. 
8222 . 1724. -2 153. -63 . -3950. -895. -2248. -73. 1062. 125. 4970. 
9006. 2482. -26 14. 12653. -5657. - 1419. -3079. -153. 1726. 329. 11598. 
9844. 3612. -2851. 1012. -7751. -2161. -4251. -278 . 2545. 799. 14898. 

TABLE C3 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

6 3 3 3 S 7 8 9 10 S 
LOAD STRAIN GAGE NUMBEr, 
(LEIS) 21 22 23 24 25 26 27 28 29 30 

O. O. O. O. O. O. O. O. O. O. O. 
582. - 101. - 169. 4~ - '"'. -60. -191. 89. 37. 29. 21. 175. 

1055. -209. - 348. ~~ 92 • -- 113. -382. 163. 73. 52. 22. 348. 
1496. -277 • -494. -113. -108. -545. 221. 106. 76. 29. 499. 
1992. - 303. - 839. - 220. -22. -805. 309. 155. 111 • 39. 732. 
2461. -341. -1194. - 258. 10. -1031. 368. 183. 131. 33. 946. 
2998. -405. -1669. --264. 137. -1343. 470. 262. 167. 26. 1238. 
3516. -466. -2 127. -291. 287. - 16S0. 559. 294. 198. 24. 151·4. 
3984. -497. - 2686. -323 . 568. -2026. 661. 346. 244. 23. 1860. 
4570. -566. -3418. -356. 106', • --2498. 762. 433. 304. 54. 2293. 

S039. - 646. - 4109. -358. 1440. - 3059. 861. 475. 333. 62. 2825. 
~ 5508. - 752. -5020. - 342. 1904. - 3896. 974. 537. 362. 71. 3690. 
0 5508. -769. -5062. -37 1. 1884. -3890. 949. 472 • 348. 8. 3744. 
Vl 

5959. -870. - S649. - 366. 2222. -4608. 1051. 586. 345. 4284. 4467. 
6444. -1067. -6774. -254. 2911. -5899. 1087. 593. 461. 49. 6035. 
7207. -1410. - 8S87. - 80. 3974. -8353. 1317. 709. 488. 126. 9050. 
7557. - 1755. - 10116. --14 • 5005. -10487. 1428. 811. 582. 126. 11482. 
8222. -2253. - 12225. 207 . 6546. -- 13804. 1558. 828. 589. 126. 15349. 
9006 . -3020. -15928. 909. 9381. - 17961. 1669. 966. 686. 139. 17805. 
9844. - 3690. - 17448. 2574. 14009. -17961. 2095. 1246. 10S3. 338. 17805. 

TABLE C3 CONTINUED. 



6SeG 

• • • 
GAGE LOCATION NUMBER 

7 8 9 10 11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 

O. O. o. O. O. O. O. 
582. '-66. '-33. -25. O. 4. 8. 

1055. ,,-:138. -- 65 t - 41. O. 2. 16. 
1496. - 195. -<'5. - 66. -3. 7. 18. 
1992. -- 271 • -133. -91. - 6. 5. 25. 
2461. - 344. --169. -119. - 16. 4. 27. 
2998. - 435. - 211 • - 153. -21. 6. 29. 
3516. --519. -260. -185. -26. 5. 3!. 
3984. - 620. -305. -223. -35. 5. 35. 
4570. - 746. - 367. - 2 65. - 46. 5. 40. 
5039. --868. -421. -301. -52. 6. 42. 

~ 5508 . - 992. -480. -341. -64. 7. 49. 0 
a- 5508. - 992. -480. -341. - 64. 4. 46. 

5959 . - 1097. - 522. -376. -70. 7. 49. 
6444. - 1247. - 588. -418. - 80. 3. 48. 
7207. - 1485. - 692. -490. - 97. 1 • 49. 
7557. ·--:1660 • --754. -533. - 106. -1. 53. 
822 2. - 1925. - 843. - 582. - 125. O. 62. 
9006 . -2604. -1020. -680. - 150. - 2. 71. 
9844. -3410. - 1197. - 764. - 175. - 1. 76. 

TABLE C3 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 :2 3 4 5 6 7 8 9 10 

- 1. O. O. O. O. O. O. O. O. O. O. 
1050. 67. 206 . 371. 496. 284. 106. 408. 40. -7. -26. 
1523. 32. 302. 549. 849. 538. 127. 637. 29. -52 . - 43. 
1992. -53 . 390. 727. 1166. 801. 75. 893. -12. - 124. -83. 
2 461. -92. 509. 897. 1364. 1026. 76. 1219. -15. -204. -97 . 
3047. -141. 662. 1110. 1495. 1117. 196. 1629. -6. -290. -98 . 
3509. -207. 815. 1289. 1564. 1198. 225. 2025. 39. -372 . -97 . 
3984. - 340. 1038. 1544. 1674. 1316. 323. 2578. 118. -528. -133 . 
4453. - 416. 1263. 1747. 1775. 1395. 389. 3157. 228. -632. -180 . 
5036. - 528. 1533. 2032. 1930. 1523. 436. 3805. 368. -729. - 183. 
5508. -612. 1864. 2315. 2083. 1612. 473. 4495. 515. -851. -219 . 

~ 

5918. -651. 2117. 2509. 2162. 0 1752. 438. 5041. 562. -1010. -248 . 
--.J 6563. -774. 2829. 3112. 2483. 1998. 559. 6335. 796. -1131. -275 . 

7031. -892. 3431. 3716. 2731. 2273. 675. 7327. 1030. -1372 • - 412. 
7617. -895. 4290. 4633. 3214. 2717. 800. 8816. 1279. -1497. - 538. 
7969. -912. 4746. 5132. 3458. 2843. 921. 9712. 1515. -1613. -548. 

TABLE C4 STRAIN DATA FOR THE W5X16 SECTION WITH THE 12 INCH BRACKET. 



saG 

• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

- 1. O. O. O. O. O. O. O. O. O. O. 
1050. -42. 124. -150. -2 16. -400. -211. - 14. -405. -481. 13. 
1523. - 67. 195. - 190. - 325. -615. -18 1. 16. -650. -795 . 41 • 
1992. - 127. 258. -232 . - 464. -843. - 141. 130. -1088. -1181. 154. 
2461. - 146. 301. -237 . - 579. -1018. - 147. 262. -1808. - 1580. 83. 
3047. - 171. 406. -29 4. -739. -1262. -277 • 301. -2830. -2095. 91. 
3509. -2 15. 486. -294. -899. -1420. -345. 299. -3510. -2634. 116. 
3984. -235 . 580. -236 . -1102. - 1704. - 454. 256. -4153. -3437 . 133. 
4453. -297. 655. -21 4. - 1298. - 1997. -555 . 200. -4525. -4168 . 167. 
5036 . -376. 698. -152 . - 1573. -2 411. -727 . 98. -4947. -5019 . 106. 
5508 . -384. 816. - 152. -1931. -2789. - 864. - 15. -5421. -5912 . 200. 

~ 5918. -39 1. 893. -34. -2160. -3253. -985 . -32 . -5789. -6756 . 207. 
0 6563. -504. 1028. 209. -2776. - 4083. - 1247. -143. -6523. -8318. 332. ~ 

7031. -523 . 1062. 450. - 3257. -4817. - 1466. -261. -7233. -9518. 453. 
7617 . -627. 1196. 823. -4015. -6020. - 1827. - 405. -8245. -11236. 705. 
7969. -732. 1297. lO56. - 447'7. - 6737. -2060 • -506. -8811. -12287. 917. 

TABLE C4 CONTINUED. 



6SSGa 

• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STf(AIN GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

-1. O. O. O. O. O. O. O. O. O. O. 
1050. 61. -3. 41 • -114. -288. 421. 185. 105. 71. -1 • 
1523. 164. -4. 60. --179. -469. 653 . 266. 160. 111. O. 
1992. 291. 1 • 80. -·248. -665. 916. 363. 221. 156. 6. 
2461. 420. - 3. 90. --331. -86B. 1174. 437. 255. 169. - 3. 
3047. 586. 11 • 226. - 413 . - 1142. 1566 . 570. 342. 241. -4. 
3509. 764. 16. 277. -498. -1339. 1891. 654. 387. 274. -6. 
3984. 1087. 31. 325. - 611. -1674. 2439. 785. 471. 350. 30. 
4453. 1351. 57. 365. -719. -1988. 2932. 902. 552. 396. 33. 
5036. 1711. 98. 400. -856. -2424. 3570. 1013. 622. 463. 34. 
5508. 2036. 163. 485. -1010. -2940. 4284. 1138. 715. 519. 36. 

~ 

5918. 2403. 226. 518. --1152. -3497. 4860. 1190. 809. 570. -7. 0 
~ 6563. 3218. 357. 760. -1336. -4472 • 6108. 1385. 831. 599. -7. 

7031. 3813. 575. 992. -1492. -5421. 6985. 1462. 944. 702. 10. 
7617. 4802. 835. 1243. -1798. -·6748. 8521. 1649. 1057. 829. 101. 
7969. 5486. 1048. 1458. -1922. -7606 . 9460. 1788. 1069. 834. 106. 

TABLE C4 CONTINUED. 



aS9GO 

• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 37 38 

-1. O. O. O. O. O. O. O. O. 
1050. 373. - 694. -178. - 86. -60. 6. 13. -13. 
1523. 567. - 1051. - 262. -128. -92. 10. 19. - 15. 
1992. 785. 790. -347. -183. - 122. 13. 21. - 17. 
2461. 979. -2080. -442: -230. -155. -9. 6. - 45. 
3047. 1272. - 2731. - 565. -308. - 223. -16. -2. - 53. 
3509. 1545. -3268. - 670. -352. - 242. -12. -11. - 53. 
3984. 1971. -4077. -804. -425. -310. - 21. 19. -63. 
4453. 2440. - 4870. - 942. -489. - 349. -26. -6. - 63. 
5036. 3113. - 5701. -1122. - 588. - 401. - 138. -29. - 143. 
5508. 3973. - 6665. - 1243. - 644. - 507. - 140. -34. - 143. 

~ 5918. 5054. - 7511. - 1381. -752. -515. -142. -22. - 143. 
~ 

0 6563. 7447. - 9097. --1613. -873. -626. -142. -22. -143. 
7031. 9525. - 10417. -1847. -936. -628. - 142. -22. -143. 
7617. 13142. -12466. -2108. -1006. -747. - 142. - 22. - 143. 
7969. 15196. - 13673. -2333. - 1115 . -800. - 142. -22. -143. 

TABLE C4 CONTINUED. 



'a90G 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 

LOAD STRAIN GAGE NUMBER 
(LOS) 1 2 3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 
952. 256. 221. 133. 236. -11. 51. 190. 90. 69. - 15. 

1523. 433. 444. Ilt. 703. -6. 63. 435. 182. 121. -23 . 

1992. 526. 543. 103. 980. -5. 51. 553. 330. 266. -32 . 

2461. 667. 711. 69. 1374. 137. 52. 72t. 508. 393 . -37. 

3047. 934. 905. 69. 1766. 354. 121 . 931. 666. 507. -59. 

3507. 944. 1013 • 82. 2004. 47:5. 122. 1078. 806. 586. -67 . 

4102. 1059. 1205. 132. 2368. 625. 87. 1295. 979. 688. -71 . 

4570 . 1140. 1329. 190. 2652. 737. 19. 1526. 1138. "183. -77 . 

4978. 11"11. 1452. · 262. 2872. 828. -10 7. 1685. 1256. 867. -85 . 

5508. 1228. 1559. 341. 3039. 926. - 311. 1928. 1421. 948. -122 . 
~ 5977 • 1259. 1693. 453. 3153. 985. -387 . 2151. 1572. 1014. -115 . 
~ 

6548. 1321. 1881. 616. 3306. 1094. - 465. 2474. 1792 • 1110. - 126. 
~ 

7031. 1377 • 2002. 728. 3389. 1137. -463. 2674. 1924. 1182. -128. 

7673. 1452. 2229 . 915. 3503. 1222. - 470. 3057. 2157. 1261. -159 . 

9086. 1492 . 2379 . 1051. 3587. 1257. -4 19. 3300. 2300. 1300. -153. 

8555. 1559. 2518. 1211. 3689. 1296. -355 . 3573. 2471. 1377 • -187. 

9023. 1614. 2741. 1399. 3770. 1373. -306. 3928. 2616. 1438. -193 . 

9492. 1691. 2970. 1603. 3921. 1443. -229. 4301. 2833. 1493. -228 . 

10137. 1805. 3256. 1856. 4062. 1532. - 144. 4762. 3067. 1558. -265. 

10608. 1876. 3525. 2107. 4129. 1524. -111. 5173. 3225. 1530. -323 . 

11017. 1981. 3746. 2340. 4351. 1644. - 12. 5525. 3406. 1638. -36 0. 
11719. 2153. 4233. 2768. 4593. 1762. 122. 6332. 3649. 1669. -353 . 

12070. :?602 . 5520. 3763. 5294. 2115. 480. 7948. 4347. 1760. -5 13. 
12719. 2709 . 5525. 3871. 5 409. 2117. 501 . 8063. 4364. 1859. -5 18. 
13418. 3404. 7 169. 5466. 6453. 2585. 1068. 10227. 5173. 1998. -708 . 
14239. 3894. 8467. 6813 . 7307. 2938. 1656. 1211t. 5878. 2231. -857. 

TABLE C5 STRAIN DATA FOR THE M5X18.9 SECTION WITH THE 8 INCH BRACKET. 



lG9Ga 

• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAn STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. O. O. O. o. O. O. O. O. O. O. 
952. -12. 67. - 175. 53. -2 12. - 149. -51. -128. -154. -49. 

1523. -33. 100. - 172 • 268. - 368. -254. -111 • -245. -293. -73. 
1992. -28. 139. -240. 301. - 472 • -347. - 141. -322. -398. -92 . 
2461. -47. 163. -252 . 433. -576. -433. -186. -407. -511. -103. 
3047. -72. 199. -320. 546. -734. -510. -222 . -525. -685 . -87. 
3507. - 80. 220. -37 9. 581. - 884. -582. -236. -608. -808. - 76. 
4102. -110. 250. -491. 604. - 1246. - 676. -272. -78 4. -1035. -59. 
4570. -122. 275. -557 . 580. - 1770. -80 3. -314. -891. -1218. - 43. 
4978. -141. 314. -611 • 513. -2 489. -935. -378. -954. -1378. - 47. 
5508 . -154. 360. - 681. 409. -3488. --954. -478. - 1036. -1592. -25. 

~ 5977. - 182. 387. -750 . 290. -4324. -917. -5 74. -1127. -1800. -10. 
~ 

N 6548 . -235. 357. -847. 38. -5505. -939. -595. -1278. -2116. -20. 
7031. -233. 392. -941. -68. -6088. -1054. -578. -1318. -2349. -15. 
7673 . -256. 463. -1023. -212. - 7166. - 1289. -461. -15 15. -2704. -13. 
8086. - 317. 477. -1056. -341. -7789. -1506. -447. - 1776. -2935. -10. 
8555 . -350. ~~" ~.J.J. -1150. . - 572. -8577 • -1748. -435. -2338. -32 64 • -13. 
9023. -350 . 585. -1204. -807. - 9414. - 1974. -458. -3159. -3643. -3. 
9492. -355. 604. -1289. -1000. -1 0341. -22 33. -461. -3877 • -3922 . 74. 

10137. -383 . 708. -1343. -1291. --11421. -25 90. -473. -4813. -4456. 105. 
10608. - 449. 797. -1 407. - 1630. - 12573. -2943. -578. -5676. -4901. 110. 
11017. -468. 827. ..... 1515. -1872. -13288 . -3289 • -581 . -6335. -5289. 107. 
11719. -505. 891. -1599. -2451. -14928 . -3877 • -696 . -7520. -5995 . 215 . 
12070. - 599. 1060. -1762 . - 3556. -15045 . -5276 . -931. -9858 . -7524. 326. 
12718. -604 . 1063. -1879 . -3634. - 15045. -5 410. -93 4. -9983 . -7648 . 328. 
13418. - 821. 1296. -2011 • -5158. - 15045. -7 400. -1284. - 12671. -9603 . 549. 
14238. - 941. 1416. -2242. -6 452. - 15045. -9301. -1555. -15012. - 11346. 787. 

TABLE C5 CON1INUED. 



• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. O. O. O. o. O. O. O. O. O. O. 
952. 88. C' 

.J. 16. -67. -17. 180. 65. 27. 24. -8 • 
1523. 178. 9. 17 • -87. -33. 304. 115. 72. 41. - 14. 
1992. 208. C' 

.J. 28. -131. -50. 412. 159. 88. 56. -15 • 
2461. 255. 6. 38. -150. -49. 530. 208. 116. 87. 6. 
3047. 319. 2. 46. -202. -63. 679. 247. 140. 95. 4 • 
3507. 349. -2. 34. -248. -80. 782. 280. 162. 106. -11. 
4102. 420. 3. 54. - 293. -99. 969. 334. 192. 132. -9. 
4570. 457. -18. 33. -349. -119. 1082. 346. 186. 119. -25. 
4978. 502. -26. 36. -384. -143. 1232. 368. 209. 139. -38. 
5508. 589. - 18. 77 • -430. -167. 1386. 414. 243. 152. - 34. 

~ 5977 • 659. 1 • 94. -450. --163. 1580. 489. 273. 168. -25. 
~ 

w 6548. 767. 34. 138. -502. - 199. 1799. 527. 303. 198. -29. 
7031. 828. 60. 166. -513. -216. 1993. 579. 317. 211. -38. 
7673. 964. 118. 248. -560. -226. 2310. 642. 353. 256. - 25. 
8086. 1087. 127. 279. -585. - 249. 2528. 672. 385. 261. - 19. 
8555. 1219. 138. 338. -624. -282. 2761. 740. 426. 281. -25. 
9023. 1381. 196. 394. -681. -327. 3084. 803. 460. 316. -26. 
9492. 1545. 267. 460. -787. -360. 3395. 857. 485. 328. -21. 

10137. 1778. 358. 508. -931. -398. 3833. 913. 517. 355. -21. 
10608. 1984. 460. 585. -1048. -462. 4283. 973. 553. 373. -19. 
11017. 2166. 542. 657. - 1141. - 518. 4642. 1038. 589. 402. - 13. 
11 7 19. 2478. 737 . 747. --1316. -596. 5114. 1123. 630. 438. -17. 
12 070. 3313. 1064. 996. -1715. - 820. 6673. 1216. 713. 478. - 21. 

12718. 3328. 1064. 1036. -1757. -847. 6873. 1312. 713. 485. - 25. 
13 418. 4461. 1544. 1476. -1994. -1081. 8759. 1420. 831. 599. - 25. 
14238. 5536. 1915. 186'1. -2241 . - 1329. 10581. 1615. 928. 656. - 16. 

TABLE C5 CONTINUED. 



- 96 

• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 3" ~ 33 34 35 36 37 38 

O. O. O. O. O. O. O. O. O. 
952. 144. -180. - 63. -32. -23. -3. 6. -5 . 

1523. 280. -370. -104. -50. -36. O. 13. -12. 
1992. 380. - 536. - 141 • -73. -20. -2. 17. -16. 
2461. 475. -704. -- 168. - 87. -63. O. 19. -24 . 
3047. 607. -920. --208. -- 11 0 • -81. ~ - .... 19. -32. 
3507. 708. -1078. -236. -126. -90. -4. 21. 3~ - .... 
4102. 858. --1302. -288. ~~ 155. -112. -6. 24. -43. 
4570. 984. - 1485. --319. -172. -125. -6. 23. -5 0. 
4978. 896. -1656. -354. -186. -136. -7. 29. -57. 
5508. 1250. - 1894. -396. -215. - 157. -9. 27. - 64. 

~ -- 5977 • 1401. - 2115. -438. -2 40. -174. -11 • 28. -68. 
-I'" 6548. 1599. -2389. - 493. -266. -191. -9. 30. -76. 

7031. 1754. -2597. -~)35 • -289. -210. - 12. 33. 8 ~ - .... 
7673. 2024. -29 47. -602. -324. -2 33. - 17. 32. -93 . 
8086. 2220. -3176. - 645. -350 . -250. -18. 37. -97. 
8555. 2471. -3453. --696. -- 373. -270. -18. 34. -108. 
9023. 2791. -3769. -758. - 404. -294. -22. 38. -112. 
9492. 3158. -4096. ---813. -432. -313. -25. 39. - 119. 

10137. 3695. - 4553. -893. -472 • - 344. -33. 40. -130 . 
10608. 4242. - 4983. -366. - 514. - 371. -34. 39. -137 . 
11017. 4731. -532 0. -1016. -537. -388. -38. 42. -141. 
11719. 5846. - 6104. -11:36. -60 1. - 436. -50. 45. - 154. 
12070. 8259. - 7406. -1283. -67 1. - 484. -59. 43. -162 . 
12718. 8647. -7802. -1365. -709. -5 10. -65. 47. -167. 
13418. 12295. - 9503. -1613. -799. -573. -80. 46. -175 . 
14238. 16190. -11432. --1905. -906. - 644. -96. 51. - 179. 

TABLE C5 CONTINUED. 



S3gee 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 147. 169. 208 . 185. 17. 79. 234. 73. 61. 16. 
1523. 176. 253. 313. 317. 21. 73. 346. 78. 50. 18. 
1992. 194. 331. 401. 579. 61. 62. 460. 79. 17. 21. 
2461. 230. 432. 491. 881. 149. -36. 625. 81. -13 . 24 . 
3043. 281. 537. 592. 1145. 226. -172 . 791. 118. -32. - 3. 
3516. 296. 660. 705. 1301. 282. -207 . 958. 166. -41. - 6. 
3984. 326. 773. · 823. 1440. 346. -222 . 1147. 224. -34. -7 . 
4570. 324. 893. 927. 1546. 389. -209. 1349. 293. -27. -6. 
5039. 330. 1018. 1071. 1651. 457. - 172 • 1580. 361. -5 . -6 . 
5470. 333. 1127. 1179. 1703. 475. - 138. 1743. 450. O. -11. 

~ 5977 • 326. 1256. 1304. 1779. 505. -92 . 2023. 491. -9. - 11. 
~ 

\.11 6563. 328. 1438. 1464 • 1861. 590. -11 . 2317. 566. -19. - 8. 
7031. 319. 1572. 1617. 1942. 635. 66. 2586 . 643. -25. -6 . 
7617. 308. 1763. 1776. 2017. 706. 109. 2932. 727. -46. - 11. 
8086. 326. 1907. 1895. 2101. 749. 140. 3177. 788. -69. -6. 
8578. 326. 2116. 2092. 2222. 826. 201 • 3571. 874. -93. -13 . 
9023. 323. 2279. 2221 . 2279. 865. 234 . 3836. 923. - 121. - 12. 
9466. 326. 2521. 2389. 2374. 947. 275 . 4271. 998. -163. -41. 
9961. 352. 2797. 2641. 2497. 1031. 328. 4705. 1105. -236. -52 . 

10547. 327. 3062. 2835. 2605. 1066. 341. 5194. 1186. -300. -125. 
11016. 443. 3415. 3076 . 2806. 1184. 341. 5684. 1292. -369. -125 . 
11484. 445. 3773. 3536. 3040. 1303. 459. 6375. 1368. - 473. - 125. 
12070. 563. 4483. 4019. 3315. 1532. 573. 7336 . 1534. - 608. - 134. 
12656. 682. 5075. 4615. 3670. 1658. 696. 8288. 1659. -759 . -222 . 

TABLE C6 STRAIN DATA FOR THE M5X18.9 SECTION WITH THE 12 INCH BRACKET. 



9090El 

• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. O. o. o. o. o. o. o. o. o. O. 
1055. - 17. 85. B~ - ..J. -93. -129. -172. -51. -159. - 238. - 33. 
15 2 3. -33. 108. -102. -131. -170. -214. -64. -286. -400. - 22. 
1992. -44. 140. -117. -191. -241. - 143. -100. -548. - 544. -25. 
2461. -68. 173. - 133. -262. -334. -164. -89. -973. - 764. -1. 
3043. -115. 203. -153. -349. -463. -232. -100. -1389. -1060. 30. 
3516. - 119. 245. - 150. -- 416. -553. -271. -92. - 1698. -1312. 59. 
3984. - 126. 287. - 136. -488. -665. -339. -67. -1995. -1602. 130. 
4570. -138. 328. -117. -565. -746. -387. -69. - 2239. -1913. 161. 
5039. -166. 402. - 106. -658. -828. -458. -82. -2405. -2223. 208. 
5470. -191. 435. - 102. -716. -895. - 517. -98. -2527. -2457. 248. 

~ 5977 • -218. 479. - 84. -801. -989. -574. -102. -2643. - 2810. 2B1. 
~ 

'" 6563. -249. 533. - 34. --930. -1070. -659. -105. -2742. -3189. 350. 
7031. - 276. 592. 27. -1031. -1162. -716. -131. -2802. - 3570. 405. 
7617. -287. 670. 77. --1143. -1290. - 791. - 171. - 2869. - 4036. 469. 
8086. -310. 709. 129. -1251. -1379. - 834. - 194. -2917. -4328. 536. 
8578. - 343. 764. 199. - 1387. -1532. -888. -238. -2959. - 4842. 563. 
9023. -406. 758. 170. -1553. - 1609. -1004. - 303. -3023. -5250. 531. 
94 66. - 432. 867. 278. -1716. - 1843. -1025. -308. -3025. - 5722. 626. 
9961. -439. 881. 2B6. - 1865. --2062. - 1129. - 421. - 3044. - 6220. 756. 

10547. -442. 992. 404. -2082. - 2294. -1240. -428. - 3134. -6786. 770. 
11016. - 456. 1093. co c:-c.-

..J..J..J. --2360. - 2546. - 1360. -537. - 3141. -7449. 857. 
1148 4. - 557. 1124. 7 58. - 2674. - 2893. - 1483. - 652. - 3190. - 8200. 10 20. 
12 070. - 576. 1244. 994. - 3151. -3377. -1604. -766. -3259. - 9264. 1348. 
12656. - 675. 1355. 1319. -3670. - 3955. - 1865. - 905. - 3372 • -10441. 1584. 

TABL E C6 CONTINUED. 



l 9Sa 

• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 2 1 22 23 24 25 26 27 28 29 30 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 192 . - 10. 17. -5 9. -142. 253 . 103. 6 2 . 44. -1 . 
1523. 316. -29 . 26 . - 92. -214. 362. 153. 91. 64. 7 . 
1992 . 391. -41. 30. - 120. -297. 458. 199. 124. 88. 8. 
2 461. 493. -33. 38 . - 16 2 . -397. 602. 257 . 161. 109. 7. 
3043. 623. -35. 56. -197. -524. 769. 332 . 2 03. 146. 13. 
3516. 714. -54. 69. -250 . - 652. 915. 381. 231. 160. 2 . 
3984. 852. -55 . 69. -293. -762. 1093. 44 7 . 28 1. 196. 2. 
4570. 982. -52 . 87 . -3 4 2 . -905. 1275. 512. 318. 220 . 3. 
5039 . 1114. -52 . 103. -395 . -1040. 1477. 581 . 358. 247 . -5 . 
5 470 . 1176. -53. 11 9 . - 436. - 1184. 1641. 636. 387. 275 . 4. 
5977. 1341. -38 . 138. -5 11. - 1336. 1880. 72 1. 4 28 . 306. 5. 
6563 . 14 72 • -::?4. 186. -597. - 1544. 2 134. 796 . 480. 345 . -1. 

~ 7031. 1637. - 12. 225 . - 660. -1738. 2392 . 877. 545. 381. O. 
~ 

~ 76 17 . 1820 . 15. 261. -76 9. - 1991. 2738 . 954. 598. 4 24 . 12. 

8086 . 1973. 23. 254 . - 844. -2 160. 296 4. 1008. 638. 454. 19. 
8578. 2190. 85. 29 1 • - 966. -2508 . 3363. 1108. 709. 491. 32. 

9023 . 2354. 101. 345. -- 104 5 . -27 12. 3625. 1157. 731. 540 . 40. 
9466 . 2624. 146. 405. - 1203. - 3072 • 4032. 1229. 792. 573 . 41. 
9961. 2898 . 228. 472. - 133 2 . - 3478. 4489. 1323. 861. 626. 44. 

10547 . 3217. 292. 532. - 1444. - 3912. 4904. 1393. 906 . 663 . 7 . 
11016. 3587 . 315. 635. - 1655. --4496. 5582. 1508. 926. 677. 67. 
11484 . 4007. 472. 76 4. - 1786. -52 11. 6199. 1621. 1029 . 788. 72. 
12070 . 4644. 653. 890. - 1999. - 6181. 7190 . 1753. 1132. 792. 79 . 
12656. 5341. 875. 1108. -2264 . - 7368. 8345 . 1875. 1274 • 910 . 79. 

TABLE C6 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 

O. O. O. o. o. o. O. 
1055. 151. -3 11. -106. -61. -45. -1 • 
1523. 230. -449. -148. - 86. -65. - 0. 
1992. 313. - 614. - 194. -108. -84. -3. 
2461. 416. --825; -2 44. -137. -109. -1 • 
3043. ~;33 • -1132. -3 19. -187. -132. - 17. 
3516. 618. -1372 • -359. -218. - 159. -17. 
3984. 768. -1649. - 437. - 241. -190. -17. 
4570. 904. - 1938. - 494. -276. -212. -21. 
5039. 1045. -2250. -553. -- 324. _?C"'") 

....J""t -18. 
5470. 1178. --2509. - 611. -355. -255. -17. 

~ 5977. 
~ 

1347. -2 956. - 714. -396. -291. -23. 
ex. 6563. 1553. -3 381. -787 . -437. -336. -20. 

7031. 1740. -3818. - 872 • - 491. -371. -26. 
7617. 1996. - 4357. - 970. - 557. -408. - 47. 
8086. 2118. -4687. -1044. - 560. - 450. -56. 
8578. 2 481. -5286. -1165. -- 676. -455. -56. 
9023. 2724. -5662. -1182. -676. -523. -95. 
9466. 3088. -6256. -1328. -766. -572. -121. 
9961. 3582. -6863. -1415. -810. - 574. - 124. 

10547. 4179. -7590. -1536. -919. -688. - 175. 
11016. 4785. -8320 . -1656 . - 926. -693. -177 • 
11484. 5726. -9288. -1893 . - 1040. -705 . - 177 • 
12070 . 7089 . --10612. -2014. - 1161. - 814. -177. 
1 2656. 8666. -- 12077 . -2266 . -1275. - 936. -177 • 

TABLE C6 CONTINUED . 



• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 24. 166. 240. 403. 141. 26. 298. 41 • -22 . -30. 
1523. - 0. 258. 378. 535. 205. 22. 450. 45. -54 . - 45. 
1992. -47. 360. 533. 691. 304. 1 • 638. 34. -115. - 64. 
2463. -122. 462. 698. 926. 548. 36. 839. 10. -194. -89. 
3047. - 172. 560. 829. 1180. 675. -40. 1027. -22. -261. -105. 
3514. -219. 654. 942. 1330. 779. - 63. 1187. -31. -331. -141. 
3984. -288. 797. 1137. 1526. 950. -71. 1448. -49. - 452 . - 145. 
4511- -370. 907. 1414. 1673. 1050. -107. 1689. -59. -565. -179. 
5036. -449. 1104. 1576. 1795. 1161. -147. 1967. -62. -728 . -215. 
5508. -444. 1455. 1834. 1917. 1251. -222 . 2358. -67. -919 . -255. 

~ 5977. -370. 1774. 2119. 2082. 1339. -320. 2847. -100. -1150. -291 . 
~ 

'" 6547. -332 . 2126. 24:!7. 2267. 1575. -422. 3465. -183. -1449. -339. 
7031. -249. 2801. 2766. 2524. 1793. -53 1. 4097. -290. -1760. -41 4. 
7617. - 101. 3571. 3290. 3185. 1919. -695 . 4953. -420. -2253 . -482 . 
7969. - 132. 4079. 3601. 3595. 1958. -848. 5489. - 495. -2715. -580. 
8580. -238. 5082. 4540. 4426. 2426. -984. 6679. -726. -3556. -727 . 
9023. -480. 6540. 6055. 5603. 3015. -1200. 8070. -960. -4366. -805 . 
9492. -837. 7611. 7575 . 7125. 3823. -1 435. 9361. -1306 . -5301. -962 . 

TABLE C7 STRAIN DATA FOR THE W6X~5 SECTION WITH THE 8 INCH BRACKET. 



fH G 

• • • 
GAGE LOCATION NUHBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUHBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. O. O. O. O. O. O. O. O. O. O. 
1055. -34. 82. -73. -207. -236. -329. -24. -92. -387. -52. 
1523. -50. 114. - 70. -286. - 284. -397. 91. -136. -593. - 70. 
1992. -71. 164 • - 72. - 395. -380. -492. 173. -100. -764. -93. 
2463. -87. 214. -70. - 539. -459. -557. 223. -86. -1011. - 124. 
3047. -109. 244. -28. - 676. -549. -630. 245. -120. -1573. -149. 
3514. - 134. 263. - 2. - 764. - 625. - 685. 253. -112. -1880. - 182. 
3984. -170. 323. 14. - 903. - 701. - 764. 241. -86. - 2202 . - 38. 
4511 • -191. 369. 50. - 1066. -758. - 830. 218. - 46. -~621. 83. 
5036. -220. 416. 52. -1235. -851. - 907. 200. 18. - 2235. 120. 
5508. -229. 480. 95. - 1485. - 1055. - 1075. 125. 116. -2328, 158. 

~ 5977 • - 269. 531. 97. -1727. -1143. - 1227. 54. 216. - 2876. 272. 
N 
0 6547. -285. 563. 336. - 2078. - 1538. - 1488. - 29. 360. -3817. 443. 

7031. - 343. 641. 475. - 2417. -1885. -1777. - 116. 516. - 4993. 647. 
7617. -381. 688. 580. -3064. -2460. -2226. - 369. 691. - 5639. 905. 
7969. -477 • 690. 804. -3761. - 2937. - 2554. - 493. 808. -5754. 1188. 
8580. -531. 774. 1387. - 4826. - 4117. - 3265. - 961. 1152. -7858. 2047. 
9023. - 618. 802. 2188. ·-5959. - 5510. -4213. - 1312. 1435. -7860. 3105. 
949:? - 735. 805. 3524. ·-6919. - 7499. -5367. - 1780. 1978. -959 2 . 4983. 

TABLE C7 CONTINUED. 



t [<HI 

• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 "I~ 

L.J 26 27 28 29 30 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 13. 20. 20. -66 . -389. 400. 175. 75. 51. -11 . 
1523. -1 4. 28. 33. -99. -582. 601. 237. 107. 73. - 4. 
1992. 1 • 35. 46. -131 . --790 . 845. 329. 149. 96. 1 • 
2463. 17. 35. 49. - 178. - 1048. 1143. 417. 183. 110. - 10. 
3047. 24. 44. 59. -204 . -1274 . 1421. 516. 227. 153. 9. 
3514. 48. 63. 76. -244. - 1467. 1703. 604. 269. 168. 12. 
3984. 78. 72. 107. --294 • - 1751. 2054. 673. 310. 203. 13. 
4511 • 218. 101. 120. -329. - 2036. 2460. 774. 364. 232. 11. 
5036. 669. 131. 179. -395. - 2341. 2919. 876. 390. 272 . 21. 
5508. 1031. 183. 204. -447. -2759. 3556. 1001. 447. 316. 38 . 

~ 

'" 5977 • 1314. 228. 237. - 500. - 3157. 4069. 1112. 473. 314. 42. 
~ 6547. 1747. 281. 301. - 548. - 3823. 5012 . 1236. 541. 359. 42. 

7031. 2116. 353. 341. - 598. - 4512. 5986. 1339. 583. 354. 82. 
7617 . 2900. 463. 456. -827. -5676. 7304. 1539. 590. 386. 84 . 
7969. 3609. 704 . 575. -, 949. -6661 . 8395. 1667. 621. 453. 94. 
8580. 5482. 941. 690. --1167. -8916. 10696. 1821. 706. 472 • 62 . 
9023. 7795. 1290. 809. - 1410. - 11072. 12847. 2023. 725. 501. 91 • 
9492. 10847. 1758. 1031. -1525 . - 13183. 15273. 2151. 819. 581 • 94. 

TABLE C7 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 37 38 

O. O. O. O. O. O. O. O. O. 
1055. 438. -551. -172 • -74. -40. -7. 4. -20. 
1523. 621. -790. -215. -90. -55. -5. 14. - 20. 
1992. 842. - 1033. -290. - 122. -75. -10. 15. -29. 
2463. 1085. -1502. -374. --173. - 109. -38. -9. - 37. 
3047. 1330. --1864. -462. --207. -126. -40. -3. - 39. 
3514. 1571. - 2143. -529. -221. -134. -39. -2. - 39. 
3984. 1885. - 2598. -<'>29. - 282. -174. -40. 3. - 76. 
4511. 2187. -3089. -726. -303. -205. -41. 7. - 80. 
5036. 2545. -3641. -828. -347. -215. -45. 8. -84. 
5508. 3070. - 4327. - 971. -407. -254. -45. 24. -115. 

I\) 5977 • 3510. -4847. -1102. - 488. -261. - 120. - 22. -117. 
I\) 6547. 4359. -5817. -1228. -490. -368. -120. -0. - 117. 

7031. 5450. -6787. --1437. -609. -368. -120. -0. -117. 
7617. 7148. ·-8242. - 1587. -609. - 382. -120. - 5. - 119. 
7969. 8725. -9455. -1829. -728. -390. -120. -0. -117. 
8580. 5315. - 12135. -2315. -852. -489. -120. -0. - 117. 
9023. 4597. - 14912. -2800. -871. -494. -120. -0. -119. 
9492. 4214. - 18002. --3387. -988. -567. -140. -0. -136. 

TABLE C7 CONTINUED. 



t980 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 
938. 115. 167. 202. 18~). 43. 50. 254. 57. 5. 5. 

1523. 107. 254. 319. 245. 132. - 103. 393. 56. -46. 18. 
1992. 79. 315. 422. 267. 145. -761. 512. 55. - 84. - 12. 
2461. -8. 355. 537. 286. 190. - 1175. 643. 53 . - 149. 30: - ,.J. 

3047. -54. 417. 669. 359. 29:3. -1446. 811. 18. -197. - 52. 
3516. - 97. 481. 793. 4'76. 425. - 1585. 960. 37. - 248. - 58. 
3984. - 176. 556. 952. 524. 486. -1590. 1147. 50. -318. - 61. 
4570. - 263. 648. 1117. 561 • 551. -1583. 1390. 48. - 406. -65. 
5039. - 305. 719. 1206. 604. 603. - 1576. 1574. 54. -485. - 76. 
5508. -363. 811. 1366. 615. 644. - 1585. 1779. 50. -578. -69. 

~ 6035. - 459. 935. 1520. 646. 728. -1586. 2030. 9. - 723. - 77. 
I\) 6563. -545. 1121. 1672. 680. 802. - 1623. 2316. 7. -87 2. - 106. 
\.oJ 

7 031. - 573. 1293. 1844. 935. 901. - 1618. 2590. -21. - 1004. - 144. 
7601. - 619. 1587. 2112. 1011. 1010. - 1660. 3039. -20. -1202. -152. 
8029. - 664. 1809. 2273. 1094. 1081. - 1694. 3351. -36. - 1366 • - 188. 
8555. -702. 2 072. 2556. 1391. 1207. - 1673. 3799. -34. -1613. - 196. 
9023. -706. 23 78. 2843. 1 ~j36 • 1301 . - 1700. 4156. - 48. -1824. -223. 
9492. - 743. 2735. 3161. 1786. 1446. -1737. 4655. -72. -2137. -27 0. 
9 609. -785. 2737. 3203. 1772. 1409. -1827. 4683. -144. -2219. - 267. 

10020. - 787. 2 976. 3440. 1846. 1525. - 1755. 5038. -144. -2453. - 366. 
10664 • - 1021. 37 00. 4169. 2254. 1887. - 1854. 6095. - 267. - 316 2 . -516. 
11133. - 1142. 4183. 4 772. 2496. 21 29. - 1854. 6855. - 385. -35 5 1. -5 16. 
11 602. - 1408. 4909. 5b20 . 2979. 2604. - 1854. 8091. - 506. - 4 26 3 . -600. 

TABL E C8 STRA IN DATA FOR THE W6 X2 5 SECTION WITH THE 12 INCH BRAC KET. 



l a 

• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. O. o. o. o. o. o. o. o. o. O. 
938. - 17. 61. - 71. -138. - 194. -160. -47. -89. -239. 7. 

1523. -52. 94. -77 . -215. -230. -212. - 5. -291. -5 90. -8. 
1992. -71. 120. -89 . -307. -307. -289. -32. -1037. - 808. 98. 
2461. - 114. 128. -91. -336. -398. -356. -50. -2255. -1038. 146. 
3047. - 135. 145. - 113. -462. -52 9. -471. -49. -2994. -1275. 200. 
3516. - 150. 171. - 103. -564. -590. -519. -74. -3404. -1417. 230. 
3984. -197. 236. -45. -701. -661. -565. - 111. -3584. -1636. 297. 
4570. -213. 275. -25 . -884. - 705. -622 . -128. -3602. -1893. 339. 
5039. -258. 316. 3. -933. -782. -678. -169. -3579. -2077 • 411. 
5508. -301. 344. - 12. -1030. -805. -733. -205. -3555. -229 1. 415. 

~ 6035. -324. 396. 36. -1185. -928. -777 . -222. -3504. -2575 . 488. 
N 
~ 6563. -332 . 435. It:"~ -1328. -986. -894. -255 . - 3474. -2877 • 576. "'1. 

7031. -373. 483. 398. -1515. - 1106. -9 16. -287. -3428. -3199. 680. 
7601. -406. 559. 607. '-1764. - 1191. -999 . -3 31. -3388. -3631. 737. 
8029. - 452. 591. 762. - 1979. -1312. -1095. -385. -3358. -3951. 788. 
8555. - 470. 646. 990. -2472. -1580. -1253. -440. -3292 . -4399. 880. 
9023. -505 . 691. 1187. -2891 • - 1904. - 1328. - 499. -3233. -4844. 1029. 
9492. -600 . 702. 1305. -3272. -2388. -1562. -608. -3254. -5434. 1162. 
9609. -607 . 700. 1315. -3375. -2453. - 1572 • -610. -32 42. -5564. 1212. 

10020. -607. 717. 15::!2. -36 18. -269 1. -1692 . -716. -3148. -5983 . 1422. 
10664 • -725 . 801. 2008 . -4338 . -363 1 • - 1935. -870 . -2984 . -7200. 1908. 
11133. -795 . 830. 2400. -4819. - 4319. -2164. - 1000. -2789. -8097 . 2389. 
11602. -872. 837. 3143. -5531. -5197 . -2416 . -1209. -2602. -9514 . 3111. 

TABLE C8 CONTINUED. 



Stgee 

• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 ... ~ 

"-.J 26 27 28 29 30 

O. O. o. o. O. O. O. O. O. o. O. 
938. 17. 7. 16. -57 . -277. 323. 152. 68. 48. 2. 

1523. 68. 6. 13. -92. -402. 489. 216. 104. 71 • 4 • 
1992 • 76. 9. 27. -123. - 493. 649. 285. 145. 99. 7. 
2461. 118. 10. 29. -157 . -568. 822. 360. 176. 119. 8. 
3047. 237. -2. 9. -208. -6'}0. 1063. 431. 223. 148. -7. 
3516. 328. -6. r ,? .:-_t -220. -784. 1234. 511. 261. 171. 4. 
3984. 484. 20. 40. -284 . -898. 1500. 592. 311. 197. 13. 
4570. 652. 22. 50 . -339 . -1047. 1786. 708. 343. 237. 13. 
5039. 771. 32. 48. -371. - 1122. 2027. 788. 397. 269. 1"" J. 

5508. 853. 51. 76. -439 . -1274. 2317 . 866. 441. 313. 11 • 
~ 6035. 1037. 72. 98. -493. -1435. 2690. 997. 508. 347. -6. 
I\) 

6563. 1209. 84. 104. -567. -1625. 3078. 1106. 556. 392. 42. 
V1 

7031. 1388. 104. 132. -635. -1789. 3517. 1195. 599. 431. 46. 
7601 . 1661. 147. 156. -707 . -1989. 4092. 1293. 666. 467. 51. 
8029. 1912. 187. 199. -758. -2207. 4663. 1396. 687. 509. 61. 
8555. 2364. 214. 182. -901. -2435. 5404 . 1510. 771. 490. 78 . 
9023 . 2733. 317. 231. -960. -2787. 6120. 1554. 822. 577. 86. 
9492. 3213. 324. 330. - 1073. -3156. 7033. 1763. 827. 591. 91. 
9609. 3318. 350. 327. --1078. - 3269. "1206. 1783. 834. 591. 88 . 

10020 . 3692. 439. 334. -1111. --3536. 7926. 1790. 933. 603. 91. 
10664 • 4999. 670. 450. - 1383. - 4348. 9717. 2026. 947. 702. 93. 
11133. 5966. 682. 908. -1430. -4953. 11179. 2158. 1051. 784. 93. 
11602. 7522. 8"12. 1400. - 1541. -5909. 13224. 2281. 1068 . 830. 93. 

TABLE C8 CONTINUED. 



o 

• • • 
GAGE LOCATION NUMBER 

5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 33 34 35 36 

O. O. O. O. O. O. O. 
938. _ _ ?84. ·-392. - 134. -68. - 44. -4. 

1523. 445. -613. - 205. - 108. - 70. -12. 
1992. 608. - 859. - 270. - 138. - 90. -12. 
2 461. 765. -1096. - 346. - 177 • - 129. - 44. 
3047. 950. - 1341 • - 440. -218. - 146. - 44. 
3516. 1099. -1580. - 497. -258. - 186. -44. 
3984. 1296. -1891. - 603. -291. - 192 • - 45. 
4570. 1542. - 222-4. - 693. - 345. - 232. - 44. 
5039. 1737. -2491. - 783. -377 • - 264. - 44. 
5508. 1944. - 2913. - 896. - 'ISS. - 304. - 47. 

~ 6035. - 3491. - 1011. - 1014. - 493. - 332. - 44. 
IV 
0- 6563. 2 483. - 4015. - 1145. - 541. - 362. - 49. 

7031. 2789. -4467. -1297. - 614. - 395. -78. 
7601. 3199. - 5100. -144 2 . - 667. - 464. -89. 
8029. 3519. - 5578. - 1573. - 736. -505. - 125. 
8555. 4121. -6303. - 1816. -854. - 507. - 12 5. 
9023. 4732. -7016. -1937. -866. - 617. -125. 
949 2 . ~558B • - 7758. -2063. - 976. -626. -125, 
9609. 5818. - 7889. -2180. - 976. - 6 26. -125. 

10020. 6670. - 8607. - 2301. -985. - 6 29. - 125. 
10664. 8976. - 10062. -2786. - 1114. - 748. - 130. 
11133. 11159. - 10928. - 302 9. - 1298. -83 7 . - 130. 
11602. 14554. - 12502. - 35 04. - 1441. - 869. -242 . 

TABLE C8 CONTINUED. 



l 

• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 1 
LOAD STRAIN GAGE NUMBER 
(LItS) 1 2 3 4 5 6 7 8 9 10 

O. O. O. O. O. O. O. O. O. O. O. 

938. -13. 26. 108. 90. 85. 69. 148. 104. 109. -35. 
1523. -6. 47. 183. 150. 146. 114. 246. 176. 186. -60. 
2108. -22. 61. 254. 228. 225. 157. 373. 231. 227. -85. 
2578. -23. 81. 318. 284. 285. 187. 492. 262. 244. -106. 
3047. -34. 98. 385. 346. 355. 221. 640. 322. 278. -130. 
3511. - 45. 113. 441 • 430. 428. 249. 774. 364. 310. -150. 
4102. -60. 143. 511. 556. 547. 287. 978. 452. 379. - 174. 
4102. - 62. 136. 498. 553. 543. 260. 1007. 448. 379. -170. 
4570. - 70. 140. 571. 613. 608. 299. 1124. 492. 417. -183. 
5039. -97. 178. 667. 753. 709. 298. 1306. 595. 509. -199. 

~ 5508. - 100. 215. 724. 814. 776. 299. 1439. 731. 580. -108. 
l\) 

-..J 5977 • - 134. 262. 815. 964. 904. 291. 1653. 883. 669. -212. 
6563. -142. 297. 961. 1038. 1003. 302. 1833. 1046. 809. -248. 
7031. -168. 329. 1090. 1174. 1124. 259. 1997. 1172. 891. - 248. 
7395. - 185. 412. 1245. 1288. 1241. 222. 2300. 1365. 1009. - 251. 
8027. - 193. 453. 1361. 1402. 1357. 181. 2462. 1515. 1128. -255. 
8555. - 217. 495. 1555. 1522. 1514 • 153. 2832. 1751 • 1247. -252. 
9082. -264. 565. 1685. 1676. 1800. 143 • 3268. 2002. 1405. - 271. 
9609. - 336. 573. 1832. 1806. 2303. 274. 3957. 2526. 1677 • - 371. 

10009. - 485. 649. 2117. 2159. 3476. 658. 4988. 4047. 2388. -724. 
10500. - 696. 730. 2548. 2798. 4988. 1562. 4988. 4991. 3811 • - 1558. 
10547. - 730. 690. 2580. 2935. 5987. 1754. 9185. 7600. 3993. - 1706. 

TABLE C9 STRAIN DATA FOR THE S4X9.5 SECTION WITH THE 8 INCH BRAC~ET. 



• • • 
GAGE LOCATION NUMBER 

1 1 2 2 2 3 3 3 5 6 
LOAD STRAIN GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 :!o 

O. O. o. o. O. o. o. O. O. O. O. 
938. - 86. - 111. -113. -46. -17. - 174. -73. -94. - 44. 143. 

1523. -146. -202. - 189. -65. -30. -272. -128. -152. -79. 240. 
2108. -203. -243. -251. -102. --42. -385. - 152. -175. - 110. 334. 
2578. -240. -288. -312. -111. -54. - 455. -175. - 186. - 134. 426. 
3047. -296. - 333. -:379. - 125. -58 . -673. -58. -196. - 168. 525. 
3511 • - 337. -375 . - 426. - 140. -65. - 888. 11. -192. -212 . 619. 
4102. - 410. - 440. -5 16. -156. -64. -983. 77. -105. -281 . 761. 
4102. -421. - 457. -527 . -171. -92. - 1241. 61. - 87. -292 . 714. 
4570. - 480. -500. -603. -182. -84. -1439. 35. -63. -336 . 859. 
5039. -546. -563. - 668. -220. -83. -1739. 61. 29. - 41 2 . 948. 

~ 5508. -576 . -59:! . -72 1. -206. -64. - 1970. 98. 104. - 462. 1078. 
N 
~ 5977. -641. -602 . -803. -2 14. - 18. -2500. 181. 261. -575 . 1256. 

6563. -712. -641. - 916. -212. -27. -2896. 283. 325. -669. 1417. 
7031. -767. -657. -979. -2 12. 14. - 3202. 381. 452. -789 . 1572. 
7395. -846. - 683. -1071 • -239. 70. -367 4. 478. 685. -932 . 1798. 
8027. -921. -717. -1130. -250. 128. -39 49. 494. 814. -1019. 1988. 
8555. -1038. -762. - 1230. -260. 201. - 4423. 454. 999. -1194. 2253 . 
9082. -1197. -798 . - 1331. ·-285. 286. -5005. 376. 1123. -1396. 2544. 
9609. -1480. -873 . -1451. - 303. 375. -5009. 180. 1275. -1657. 2915. 

10009. -2103. - 1030. -1738. - 401. 493. -7400. -564. 1323. -2196. 3330. 
10500. -3505. -1265. -2091 . -570 . 726. - 10211. -1860. 1325. -3080 . 4235. 
10547. -3795 . -1312. -2 194. -566 . 785. -10682 . -2093 . 1323. -3225 . 4296. 

TABLE C9 CONTINUED. 
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• • • 
GAGE LOCATION NUMBER 

7 8 9 10 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. O. o. o. o. o. o. o. o. o. O. 
938. 53. 27. 21. 1 • 39. -155. -45. -14. -10. 7. 

1523. 95. 44. 20. 4. 74. -282. -84. -31. -14. 11. 
2108. 131. 63. 41. - 6. 109. -406. -125. -47. - 16. 12. 
2578. 169. 86. 47. 1 • 141. -510. -149. -56. -25. 14. 
3047. 209. 102. It:' '") 

~.:... --5. 184. -628. -180. -64. -27. 19. 
3511. 238. 113. 65. 1 • 224. -748. -208. -79. -32. 20. 
4102. 290. 141. 78. 2. 293. -949. ~'~I:' - ... ~..J. -97. -42. 27. 
4102. 277. 137. 64. -19. 299. -973. -258. -97. -47. 14. 
4570. 311. 147. 66. -22. 346. -1109. -299. -121. -43. 21. 
5039. 343. 173. 86. -18. 392. -1307. -321. -126. -44. 16. 

~ 5508. 397. 189. 104. - 17. 450. -1508. -354. -138. -47. 18. 
N 5977 • 464. 224. 109. -22. 587. -1830. -408. --172. -62. 8. 
-0 

6563. 512. 259. 115. -21. 6"13. -2093. - 458. -180. -95. 20. 
7031. 573. 265. 132. -28. 751. -2330. -512. - 208. - 94. 20. 
7395. 631. 308. 149. -19. 918. -2712. -586. - 258. -109. 16. 
8027. 693. 323. 156. -15. 1021. -2995. -624. -279. - 114. 24. 
8555. 786. 356. 185. -19. 1199. -3390. -698. -299. -134. 24. 
9082. 860. 401. 193. - 13. 1396. - 3799. -784. -341. - 169. 22. 
9609. 935. 432. 217. -16. 1700. -4150. -863. -380. - 177. 21 • 

10009. 953. 464. 229. ,.,.-
-"",,:;). 2121. - 4579. -975. -385. -132. -19. 

10500. 1066. 469. 220. - 25. 2878. -5314. -980. -491. -165. -14. 
10547. 1066. 469. 220. - 25. 2904. -5440. -980. -491. -173. - 17. 

TABLE C9 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

11 12 
LOAD STRAIN GAGE NUMBER 
(LBS) 31 32 

O. o. O. 
938. 15. -8 . 

1523. ?'I 
-~. -13 . 

2108. 28 . -21. 
2578. 37. -22 . 
3047. 46. -25 . 
3511. 50. -32 . 
4102. 58 . -37 . 
4102. 58. -37 . 
4570. 65. -45. 
5039. 65. - 45. 

~ 5508. 76. - 55. 
\oJ 
0 5977. 84. -60. 

6563. 94. -67. 
7031. 98. -73. 
7395. 104. -79 . 
8027. 109. -86 . 
8555. 115. -90. 
9082. 125. -97 . 
9609. 132. -101. 

10009. 140. -104. 
10500. 139. -113. 
10547. 139. - 113. 

---
TABLE C9 CONTINUED . 
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• • • 
GAGE LOCATION NUMBER 

1 1 1 2 2 2 3 3 3 4 
LOAD STRAIN GAGE NUMBER 
(LBS) 1 2 3 4 5 6 7 8 9 10 

O. O. o. o. o. o. O. o. o. o. O. 
1055. 127. 207. 214. 190. 53 . -0. 285. 188. 156. -8. 
1523. 154. 331. 355. 289. 88. -6. 446. 710 . 530. - 11. 
1992. 155. 427. 463. 376. 101. -25 . 572. 1043. 769. - 32. 
2461. 168. 554. 607. 462. 136. -27. 769. 1385. 1142. -32 . 
3047. 182. 661. 764. 593. 180. -54. 1004. 1691. 1432. -37 . 
3511. 178. 759. 882. 711. 222. -60. 1209. 1932. 1666. O. 
4102. 153. 913. 1044. 851 • 290. -105. 1443. 2305. 1991. -66 . 
4570. 176. 1048. 1165. 932. 305. - 130. 1705. 2558. 2231. -64. 
5039. 174. 1225. 1281. 1133. 334. -172 • 2043. 2971. 2586. -82 . 
5509. ~65. 1466. 1382. 1244. 3(,5. - 195. 2470. 3552. 3056. -92. 

\.oJ 5977 • 658. 2488. 1589. 1326. 368. -322 . 3502. 5018. 4441. -66 . 
~ 6680. 2355. 5559. 2109. 1624. 441. -6 12. 7203. 10884. 7781. 85. 

TABLE Cl0 STRAI N DATA FOR THE S4X9 . 5 SECTION WITH THE 12 INCH BRACKET. 
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• • • 
GAGE LOCATION NUMBER 

4 4 1 1 1 2 2 2 3 3 
LOAD STRAIN GAGE NUMBER 
(UIS) 11 12 13 14 15 16 17 18 19 20 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 51. 147. - 55. -111. -80. -145. - 18. -27. - 340. 317. 
1523. 76. 221. - 69. -153. - 72. - 215. - 30. - 39. - 638. 822. 
1992. 73. 271. - 72. - 194. -71. - 283. - 48. -61. - 825. 1048. 
2461. 111. 339. - 98. -220. -70. - 348. - 49. -61. - 1005. 1033. 
3047. 120. 437. - 118. - 291. -70. - 429. - 53. - 66. -1274. 1077 • 
3511. 148. 503. - 144. - 339. -66. - 507. -55. - 88. - 1462. 1099. 
4102. 165. 606. -192 . 4 c · e: - ~U. -70. - 627. - 83. -128. - 1846. 1064. 
4570. 167. 712. - 245. -576. -94. -697. -87. - 178. - 2104. 1001. 
5039. 203. 816. - 345. - nl. -115. -829. -122. - 255. -2448. 875. 
5509. 269. 944. - 529. -1070. -188. - 953. - 178. - 337. -2889. 607. 

~ 5977. 507. 1259. -9~jl. - 1734. - 290. -1075. - 193. - 464. - 3670. - 116. 
w 6680. 1449. 2056. -2274. -4008. -487. - 1360. - 189. - 687. -5055 . -2 457. N 

TABLE Cl0 CONTINUED. 



• • • 
GAGE LOCATION NUMBER 

3 4 4 4 5 6 7 8 9 10 
LOAD STRAIN GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. O. O. O. O. O. O. O. O. O. O. 
1055. 14. - 0. - 7. -113. - 68. 222. 83. 40. 14. - 18. 
1523. 5. 38. -5. ·-176. - 141. 289. 126. 61. 18. - 23. 
1992. 57. 51. - 4. -232. -196. 404. 168. 80. 31. - 22. 
2461. 35. 66. - 2. ·-291. -264. 518. 213. 93. 33. - 34. 
3047. 23. 83. - 5. -365. -339. 683. 275. 122. 41. -39. 
3511. 98. 93. - 9. -417. -402. 808. 316. 143. 59. - 40. 
4102. 146. 104. - 12. -506. -487. 999. 393. 167. 66. - 50. 
4570. 189. 108. - 46. - 576. -566. 1180. 442. 191. 77. - 65. 
5039. 214. 99. - 80. -646. -656. 1368. 513. 215. 80. -72 . 
5509. 128. 55. -176. - 757. -744. 1664. 592. 249. 90. - 74. 

~ 5977 • - 172. - 61. - 413. - 926. -909. 1989. 679. 265. 105. - 76. w 
w 6680. - 957. - 333. -1225. -1475. - 1728. 2810. 722. 268. 108. - 87. 

TABLE C10 CONTINUED. 
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GAGE LOCATION NUMBER 

5 6 7 8 9 10 13 14 
LOAD STRAIN GAGE NUMBER 
(LBS ) 31 32 33 34 35 36 37 38 

O. O. O. O. O. O. O. O. O. 
1055. 65. -329. - 83. - 40. - 14. 13. - 375. -320. 
1523. 118. - 5 2 A1. - 117. - 55. - 16. 23. - 546. - 483. 
1992. 168. - 683. -158. -71. - 24. 25. - 717. ·' 636. 
2461. 230. - 840. - 199: - 87. - 35. 30. - 875. - 801. 
3047. 294. - 1088. - 262. - 129. -51. 24. - 1187. - 1053. 
3511. 355. - 12'72. - 306. - 134. - 65. 26. - 1697. - 1206. 
4102. 466. - 1635. ·-341 • - 171. - 67. 28. - 2578. -2388. 
4570. 541. - 1839. - 391. - 190. - 76. 29. - 4136. -3207. 
5039. 586. - 2030. - 477 • -2 47. - 136. - 9. - 6122. - 4 565 . 
5509, 701. - 2316. - 499. - 255 . - 136. - 9. -8878. -6857 . 

~ 5977. 708. -2455. -528. - 3 2 5. - 136. - 29. - 13559. - 10398 . w 
~ 6680. 1555. - 3053. - 601. - 372. - 145. -73 . - 15634. - 1564 7 . 

TABLE C10 CONTINUED. 
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APPENDIX D 

PRINCIPAL STRAINS AND DIRECTIONS 

The sign convention used in this appendix is the same 

as used throughout the thesis, positive strain readings 

indicate tensile strains. 

The maximum strain is given as El and the minimum 

strain as E2 • The angle theta is measured clockwise (in 

degrees) from the x axis of the gage to the maximum strain. 

The locations and the orientations of the strain rosettes 

are shown in Figures 2.1-2.4. As stated before, the top of 

the web refers to the side to which the bracket is 

attached • 

135 



• 
LOAD 
(LBS) 

586. 
1055. 
1523. 
2 109. 
2109. 
2577. 
2 578. 
2567. 
3047. 
3454. 
3984. 
4570. 

~ 4570. 
~ 

'" 5039. 
5508. 
6094. 
6557. 
7031. 
7610. 
7616. 
8084. 
8555. 
9079. 
91 70. 
9 492. 

10254. 

• 
GAGE LOCATION 5 TOP GAGE LOCATION 5 

El E2 B El 

50. 12. 90. 63. 
79. 32. 89. 129. 

115. 48. 90. 19~j • 

160. 80. 90. 289. 
159. 82. 90. 295. 
196. 104. 90. 366. 
- 92. - 425. 18. 540. 
333. - 185. 136. 496. 
131. - 787. 8. 617. 
175. - 921. 9. 732. 
644. - 231. 134. 878. 
236. - 1247. 10. 998. 
242. - 1303. 10. 985. 
285. - 1468. 10. 1151. 
333. - 1673. 10. 1307. 
391. - 1959. 11. 1547. 
451. - 2188. 12. 1798. 
514. - 2520. 12. 2261. 
625. -3135. 12. 3314. 
608. - 3168. 12. 3425. 
697 . - 3677 • 12. 3962. 
721. - 4640. 12. 5655. 
748 . - 5928. 11 • 73 11. 
709. - 6 133. 11. 7930. 
734. -7414. 11. 9696. 
763. - 10492. 9. 14031. 

TABLE Dl PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
W4 X13 SECTION WITt! THE 8 INCH BRACKET. 

E2 

18. 
26. 
40. 
59. 
58. 
82. 

-96. 
- 118. 
- 112. 
- 113. 
- 115. 
- 122. 
- 121. 
- 131. 
- 130. 
-134. 
- 138. 
- 174. 
-253. 
-254. 

- 36. 
- 389. 
- 448. 
- 53 2 . 
- 6 5 0. 
- 886. 

l eo 

• 
BOTTOM 

B 

123. 
123 . 
121. 
121. 
121. 
119. 
102 . 
10 2 . 
101 • 
101 • 
101. 
100. 
100. 
100. 

99. 
99. 
99. 

101 • 
101. 
101. 
102 . 
101. 
10 2. 
103 . 
103 . 
103. 



• • • 
LOAD GAGE LOCATION 1 TOP GAGE LOCATION 1 BOTTOM 
(LBS) E, £ 2 

8 E, £2 8 

586. 82. 55. 80. -20. -125. 151. 
1055. 149. 63. 72. -12. -234. 150. 
1523. 222. ~~ 

...J.J . 30. 10. -327. 149 • 
2109. 471. - 90. 16. 75. -401. 150. 
2109. 463. - 173. 13. 92. -- 468. 151 • 
2577. 550. - 109. 12. 127. -632. 150. 
2578. 544. - 61. 12. 133. -635. 151. 
2567. 545. -83. 12. 111. -653. 153. 
3047. 645. - 44. 15. 107. -730. 151. 
3454. 756. -7 6. 16. 142. - 931. 150. 
3984. 980. - 181. 14. 190. -1127. 149. 
4570. 1172. -~57. 16. 228. - 1281. 148. 

~ 4570. 1206. -289. 15. 237. -1278. 147. w 
-..J 5039. 1352. - 357. 16. 279. -1376. 145. 

5508. 1443. - 292. 21 • 333. - 1661. 145. 
6094. 1595. - 249. ,25. 510. -2034. 142. 
6557. 1631. - 96. 39 . 3679. - 696. 78. 
7031. 1855. --110. 43. 775. -2727. 141. 
7610. 5153. -3101. 8. 925. - 3278. 140. 
7616. 9280. - 7275. 4. 921. -3309. 140. 
8084. 2804. --680. 21. 1044. -3658. 139. 
8555. 4031. -1550 . 16. 1193. -411 7. 138. 
9079. 7709. - 4777. 7. 1423. -4704. 138. 
9170. 6612. -3656. 9. 1419. - 4849. 138 . 
9492. 7860. - 4580. 8. 1657. -5408. 138. 

10254. 15113. - 11102. 5. 2363. -6937 . 1.37. 

___ TABLE [11 CONTINUED. 



• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E, E2 e E, E2 8 

586. 90. - 4. 106. 53. - 22. 122 . 
1055. 166. -9. 103. 111. - S8. 119. 
1523. 228. -13. 104. 203. -85. 118. 
2109. 338. - 35. 104. :~ 54 • -, 146. 118. 
2109. 297. - 30. 103. 65. -109. 129. 
2577. 601. - 241. 97. 106. -138. 127 . 
2578. 412. - 51. 103. -45. -367. 11. 
2567. 408. - 77. 104. - 71. -369. 9. 
3047. 471. - 76. 104. - 64. -471. 11. 
3454. 572. - 86. 104. -67. -535. 10. 
3984. 734. - 107. 104. - 69. - 657. 10. 
4570. 896. - 120. 104. - 69. -773. 10 . 

~ 457 0. 914. - 130. 104. - 92. - 758. 10. 
w 5039. 1041. - 102. 103. - 86. - 884. 10 . 
~ 

5508. 122 4. - 86. 102. - 96. - 1040. 8 . 
6094. 1593. - 94. 101. - 90. - 1154. 9. 
6557. 1826. -23 . 100. - 83. - 1244. 10. 
7031. 1883. 36. 101. - 64. - 1285. 12. 
7610. 2016. 146. 101. - 43. - 1267. 17 . 
7616. 2002. 146. 101. -36. - 1288. 17 . 
8084. 2007 . 172. 100. 5. -1305. 20 . 
8555. 2 120. 189. 102. 83. - 1320. 24. 
9079. 209 1. 181. 10 2 . 18 7. -1387. 27 . 
91 70. 2 087 . 143. 103. 195. - 1471. ,.,~ , .... . 
9492 . 2 101. 1'1 , . 104. 159. - 16 64. 23 . 

10254. 22 3 7 . - 10. 104. 5 10. - 1904. 30 . 

TABLE Dl CONTINU ED . 
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• • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) E, E2 8 E, E2 8 

586. 82. 44. 69. 43. -90. 118. 
1055. 125. 93. 68. 72. -170. 121. 
1523. 202. 172. 61. 99. -199. 121. 
2109. 321. 263. 159. 136. -322. 124. 
2109. 465. 63. 92. 137. -327. 124. 
2577. 707. 92. 97. 171. -418 . 124. 
2578. 1010. --194. 176. -222. -817. 11. 
2567. 1423. -623. 178. -238 . -845. 11 • 
3047. 1616. ~~ 355. 172. -286. - 1033. 10. 
3454. 1678. -210. 170. -325. -1178. 11 • 
3984. 1830. - 66. 167. -391. -1295 . 11 • 
4570. 2007. -102 . 168. -453. -1342. 7. 

~ 4570. 2014. - 83. 168. -417. -1710. 11. w 
-0 5039. 2101. - 98. 168. -451. -1909. 14. 

5508. 2273. - 97. 168. - 475. -2 112. 16. 
6094. 2369. -43. 167. -463. -2430. 18. 
6557. 2422. ~ . 165. - 469. - 2700. 20. 
7031. 2472. 2 5. 164. -443. -2 990. 21 • 
7610. 2527. 116. 161. - 445. - 3348. 24. 
7616. 2508. -24. 162. -440. -3392. 24. 
8084. 2540. 41. 160. -435. -3679 . 25. 
8555. 2574. 131. 157. - 430. -4141. 26. 
9079. 2720. 137. 152. -459 . -4627. 27. 
9170. 2750. 182. 150. -527 . - 4738. 27. 
9492. 2932. 253. 146. - 480. -5366. 27. 

10254. 3500. 349. 138. -337 . -7269 . 28 . 

TABLE Dl CONTINUED. 



• 
LOAD 
(LBS) 

1055. 
1523. 
1992. 
2461. 
3047. 
3516. 
3984. 
4570. 
5039. 
5508. 
6108. 
6563. - 7032. .,.. 
7605. 0 
8613. 
9082. 
9492. 
9961. 

10723. 
11074. 
11484. 
12070. 
12773. 
13125. 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

E1 E2 8 E1 £2 

737. 190. 145. 386. -652. 
1127. 217. 147. 900. -1288. 
1622. 260. 147. 1159. -1697. 
1930. 278. 148. 1242. -2010. 
2344. 316. 148. 1267. -2737. 
2582. 429. 148. 1237. -2976. 
2742. 577. 148. 1178. - 3123. 
2849. 820. 149. 1112. -3162. 
2901. 1120. 150. 1004. -3107. 
2899. 1470. 152. 937. -3089. 
2915. 1977 • 158. 796. -3007. 
2981. 2273. 167. 706. -2945. 
3046. 2542. O. 602. - 2908. 
3365. 2845. 21. 457. -2847. 
4163. 3112. 32. 284. - 2848. 
4619. 3258. 37. 184. -2804. 
5302. 3492. 39. 8. - 2838. 
6459. 3716. 41. -97. - 2981. 
7760. 3986. 43. -121. - 3550. 
8928. 4225. 45. 1 • --4138. 

10930. 4575. 46. 178. - 5118. 
14097. 5374. 46. 772. --7100. 
14930. 5752. 44. 1209. - 8414. 
15255. 6 2 53. 34. 2012. - 10530. 

TABLE D2 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
W4X13 SECTION WITH THE 12 INCH BRACKET. 

• 
BOTTOM 

8 

167 . 
172. 
173 • 
172 • 
169. 
168. 
167. 
166. 
165. 
164. 
162. 
161. 
159 ", 
158. 
154. 
151. 
147. 
140. 
136. 
133. 
129. 
126. 
125. 
12 5. 



t aa 

• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E, -" " .f: 2 8 E, E2 8 

j 055. 376. -50. 100. - 56. -282. 170. 
1523. 486. - 121. 94. - 94. - 410. 169. 
1992. 586. - 163. 92. -1 43. -617 . 17l. 
2461. 750. - 197. 91. - 181. -758 . 168. 
3047. 985. -294. 89. -236 . -905. 17 l. 
3516. 1075. - 323. 88. - 133. -1163. 173. 
3984. 1190. -200. 88. - 110. -1647. 169. 
4570. 1349. - 62. 9l. -21 . - 1975. 170. 
5039. 1393. 114. 91 • 53. - 2394. 169 . 
5508. 1450. 233. 89. 33. - 2378. 170. 
6108. 1616. 302 . 86. -24. -2295 . 170. 
6563 . 1751. 324. 83. - 58. -22 13. 17l. 

~ 7032. 1789. 308. 81. - 113. -2191. 172 . 
~ 7605. 1921. 292. 79. - 176. -2116 . 173. ~ 

8613. 2177 • 391. 78. - 317. -2085 . 176. 
9082. 2275. 410. 77. -426 . - 2066. 179. 
9492. 2569. 470. 77. - 583. -2100. 2. 
9961. 2827. 586. 76. -685 . -2045. 7. 

10723. 3338. 770. 75. -862 . -2092 . 15. 
11074. 3674. 891. 76. -916 . -2233. 19. 
11484. 4239. 1152. 74. - 1003. -2 216. 29. 
12070. 5411. 1626. 75. - 1055. -2449. 45. 
12773. 6146. 1832 . 75. - 1040. -2 611 • 51. 
13125. 7139. :l2"O. 74. - 1049. -2778. 56. 

TABLE D2 CONTINUED. 



• • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(UIS) E 1 E2 8 E 1 E2 8 

1055. 608. 160. 16. 331. -585. 9. 
1523. 927. 120. 12. 447. -822. 9. 
1992. 1376. 159. 13. 532. -1063. 11. 
2461. 1655. 231. 1"' 4' 595. -1206. 11 • 
3047. 2075. 277. 11 • 762. -1491. 11. 
3516. 2370. 357. 11 • 691. -1494. 14. 
3984. 2706. 414. 11. 747. -1675. 16. 
4570. 3044. 499. 9. 764. -1913. 18. 
5039. 3462. 56 4. 9. 795. -2189. 20. 
5508. 3786. 663. 8. 813. --2431. 22. 
6108. 4360. 805. 7. 860. -2921 • 24. 
6563. 4845. 881. 6. 906. -3326. 24. 
7032. 5204. 1008. 6. 968. -3822. 25. 

~ 7605. 5897. 1018. .- 1063. -4~j20 • 26. I\J .J. 

8613. 6950. 1261. 4. 1236. -5816. 26. 
9082. 7415. 1657. 3 • 1186. -5766. 26. 
9492. 8352. 1858. 3. 1464. --7503. 26. 
9961. 9285. 2330. 1 • 1633. -9605. 26. 

10723. 10339. 3131. 1 • 1863. -10223. 26. 
11074. 11150. 3538. 180. 2126. -11329. 26. 
11484. 12227. 4444. 178. 2524. - 12939. 26. 
12070. 14146. 6042. 176. 3301. -16052. 2 6. 
12773. 14999. 6974. 174. 3861. - 17202. 27. 
13125. 15232. 10383. 165. 4399. - 17035. 2 7. 

TABLE D2 CONTINUED. 



• • • 
LOAD GAGE LOCATION 4 TOP GAGE LOCATION 4 BOTTOM 
(LBS) E, E2 8 E, E2 8 

1055. 134. -25. 77 • 23. -116. 164. 
1523. 179. -52. 77. 25. -184. 165. 
1992. 240. -66. 77. 43. -239. 165. 
2461. 320. -95. 77. 50. -292 . 164. 
3047. 388. - 114. 77. 64. -359. 165. 
3516. 441. - 138. 7'7. 70. -409. 164. 
3984. 512. - 166. 77. 72. -47 4. 163. 
4570. 606. - 196. 77. 105. -558. 163. 
5039. 678. - 218. 77 • 136. - 637. 164. 
5508. 766. -248. 76. 154. -713 . 164. 
6108. 866. - 278. 76. 208. '-840. 164. 
6563. 961. - 310. 76. 234. - 917. 164. 

~ 7032. 1060. -367. 75. 274. -1014. 164. 
~ 
VJ 7605. 1120. - 385. 75. 333. - 1143. 165. 

8613. 1335. - 452. 75. 543. -1473. 162. 
9082. 1379. - 525. 73. 770. -1600 . 160. 
9492. 1448. - 616. 75. 1087. -1884. 161. 
9961. 1613. -660. "75. 1159. -2039. 161. 

10723. 1821. - 769. 7~j • 1457. -22 97. 16 1. 
11074. 1951. - 786. 75. 1762. -2583. 161 . 
11484. 2013. -947. "74. 2018. -3020. 162. 
12070. 2379. -1199. 74. 2666 • -3 708. 161. 
12773. 2491. - 1245. 74. 3295. - 4570. 161. 
13125. 2783. - 1496. "74. 3990. -5477. 161 • 

TABLE £12 CONTINUED. 



• 
LOAD 
(LBS) 

582. 
1055. 
1496. 
1992. 
2461 . 
2998 . 
3516. 
3984. 
4570. 
5039 . 
5508. 
5508. 

~ 5959. 
~ 
~ 6444. 

7207. 
7557. 
8222 . 
9006. 
9844. 

• 
GAGE LOCATION 1 TOF' GAGE LOCATION 1 

El E2 e E, E2 

141 • 98. 74. -b9. -130. 
266. 199. 75. -157. -262. 
364. 275 . 74. -220 . -329. 
490. 391. 9. -299. -374. 
723. 212. 1. -331. -4b4. 
999. 137. 3 . -295. - 577. 

1213. 74. 4. -258. -720. 
1480. 9. 4 • -169 . -865. 
1795. - 118. 2 . -50. - 1021. 
2143. -236. 2. 177 • -1200 . 
2606. - 391. 1 • 1044. - 1523. 
2615. - 377. O. 1231. - 1 ~j54 • 
2935. - 462. O. 1684. -1741. 
3482. - 547. 179. 1822. - 2000. 
4481. - 771. 179. 2422. -2441. 
5508. -1093. 178. 3280. - 3074. 
7173. - 1446. 178. 3016. -3974. 
9740. - 1892. 178. 18906. -7672. 

13607. - 1812. 179. 6775. - 7925. 

TABLE D3 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
W5X16 SECTION WITH THE 8 INCH BRACKET. 

---

• 
BOTTOM 

8 

140. 
139. 
139. 
135, 
117. 
104 . 
100. 
97. 
96. 
96. 

100. 
102 . 
102. 

99. 
98. 
97. 
93. 

106. 
96 . 



• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E1 - - - £ 2 B E1 E2 a 

582. 153. 20. 107. -28. -131. 14. 
1055. 301. 31. 105. -49. - 283. 14. 
1496. 416. 35. 107. -50. - 380. 12. 
1992. 565. 60. 110. - 49. - 560. 11. 
2461. 1044. 39. 113. - 41. - 730. 6. 
2998. 1546. 57. 114. - 12. - 954. 3. 
3516. 1727. 102. 116. - 20. - 1086. 4 • 
3984. 1806. 123. 118. - 20. - 1184. 7. 
4570. 1883. 117. 120. 8. - 1213. 11. 
5039. 1961. 61. 122. 55. - 1251. 15. 
5508. 2 201. 2. 123. 148. -1273. 19. 
5508. 2235. 4. 123. 134. - 1249. 19. 

~ 

~ 5959. 2458. - 58. 123. 200. - 1337. 22. 
VI 6444. 2669. - 120. 124. 340. - 1441. 2 6. 

7207. 3049. - 158. 123. 568. - 1726. 31. 
7557. 3500. - 357. 125. 779. - 1969. 33. 
8222. 4391. --433. 124. 1142. -2328. 36. 
9006. 5824. - 570. 125. 1782. - 3135. 3 9. 
9844. 8041. - 641. 125. 2594. - 4299. 40. 

TABLE D3 CONTINUED. 



9£988 

• • • 
LOAO GAGE LOCATION 6 TOP GAGE LOCATION 6 BOTTOM 
(LBS) E, E2 8 E, E2 9 

582. 193. 36. 88. -13. -186. 179. 
1055. 368. 69. 88. -18. - 380. 178. 
1496. 509. 52. 86. 23. -558. 179. 
1992. 679. -25. 85. 164. --816. 1 • 
2461. 790. - 85. 86. 360. -1066. O. 

2998. 991. -181. 86. 699. -1482. 180. 
3516. 1228. - 292. 88. 949. -1791. 179. 
3984. 1439. -413. 89. 1276. -21.12. 179. 
4570. 1728. - 539. 89. 1676. -2546. 178. 
5039. 2040. - 650. 89. 2104. - 3015. 178. 
5508. 2450. -815. 88. 2702. -36"74. 1"78. 
5508. 2444. - 811 • 88. 2698. -3696. 178. 

~ 

5959. 2823. -891. 89. 3101. -4189. 1"77 • {:-
a- 6444. 3364. - 1042. 89. 38"78. -5116. 1"77 • 

7207. 4426. -1312. 88. 4996. -6485. 1"77 • 
7557. 5129. - 1427. 88. 5035. -6799. 176. 
8222. 6421. - 1562. 87. 5086. -7215. 174. 
9006. 8550. -1674. 87. 11706. - 14397. 176. 
9844. 11740. - 1470. 87. 15051. -17942. 176. 

TABLE 03 CONTINUED. 



l 9 a 

• • • 
LOAD GAGE LOCATI ON 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) E1 E2 9 E1 E2 9 

582. 192 . 46. 111. -26. -204. 19 . 
1055. 365. 91. 110. - 49. - 412. 20 . 
1496. 508. 57. 113. - 32. -570. 23. 
1992 . 775. -80. 116. 29 . -89 1. 31 • 
2461. 989 . - 179. 118. 97. -1281. 31. 
2998 . 1353. - 334. 119. 267 . -1799. 30. 
3516. 1702. -484. 120. 441. -2281 . 31 • 
3984. 21 4 3 . - 652. 121. 726. -2845 . 33. 
4570. 26 19. - 803. 122. 1213. -3562 . 35. 
5039. 3093. - 939. 123. 1607. - 4276. 35. 
5508 . 3746. -1139 . 124. 2 111. -5227. 35. 
5508 . 3742. -1143. 124. 2092 . -5269 . 35. 

~ 5959. 4307. -1259 . 124. 2447. -5873 . 3 6. 
~ 
--:J 6444. 5172. - 1490. 125 . 3193. - 7057 . 35 . 

7207 . 6549. - 1814 • 126 . 4357. -8970 . 35. 
7557. 7869 . - 2098 . 126 . 542 1. -10532. 36. 
8222. 9719. - 2459. 126 . 7028. - 12707. 36. 
9006 . 12855. - 3000 . 126. 10054. -16601. 36. 
9844. 15216. - 3172 . 127. 14585 . - 18024. 37 . 

TABLE D3 CONTINUED. 



• 
LOAD 
(LBS) 

1050. 
1523. 
1992. 
2461. 
3047. 
3509. 
3984. 
4453. 
5036. 
5508. 
5918. 
6563. 

~ 7031. ~ 
~ 7617. 

7969. 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

E 1 E2 a E, E2 

372. 67. 47. - 137. - 414. 
549. 32. 44. - 176. - 628. 
731. -57. 41. - 224. - 852. 
909. - 103. 39. - 234. - 1022, 

1134. - 166. 37. -293. - 1264. 
1338. - 255. 35. - 293. -1421. 
1640. - 436. 33. -225. - 1716. 
1901. - 569. 31 • --193. - 2018. 
2251. - 747. 29. - 115. --2448. 
2631. - 928. 28. - 73. - 2867. 
2906. - 1048. 27. 47. -3334. 
3 725. - 1387. 2<-..... 367. - 4241. 
4475. - 1652. 24. 660. -5027. 
5543. - 1805. 2 4. 1104. - 6301. 
6120. - 1900. 2 4. 1386. - 7066. 

TABLE D4 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
W5X 16 SECTION WI TH THE 12 INCH BRACKET. 

• 
BOTTOM 

a 

148 . 
145. 
14 2 . 
139. 
137. 
133. 
130. 
12 9. 
128. 
125. 
126 . 
1 2 4. 
124 . 
12 4. 
124 . 



• • • 
LOAD GAGE LO CATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E, _ •. -E '2 9 E, E'2 e 

1050. 497 . 106. 132. 2. -618 . 171. 
1523. 852. 123. 139. 76. - 907. 166. 
1992. 1195. 46. 144. 268. -1 496. 164. 
::!461. 1433. 7. 148. 514. -2469. 163. 
3047. 1550. 141. 146. 698. -3805 . 163. 
3509 . 1629 . 159. 147. 804. -4659. 162. 
3984. 1745. 253 . 148. 854. -5461 . 162. 
4453 . 1842. 322 . 147. 843. -5924. 162 . 
5036. ::!004. 362. 147 . 778. -6 452. 162 . 
5508 . 2 150. 406. 146. 727. -70 12. 162. 
5918 . 2273. 327 . 149. 739 . -7513 . 162 . 
6563 . 2595. 447. 148. 694. -8463. 162. 

~ 703 1 • 2879. 527. 150. 65 4. -9352 . 162 . 
.j:-
>D 7617 . 3408 . 607 . 150. 598 . -10671. 163. 

7969 . 3616 . 762 . 149. 539 . -11410 . 163. 

rABLE D4 CONTINUED . 



t9 e 

• • • 
L.OAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) E, E2 8 E1 E2 9 

1050. 463. -62. 116. 141. -561. 25. 
1523. 726. -141. 116. 282. - 914. 27. 
1992. 1029. - 261. 116. 504. - 1394. 2 5. 
2461. 1390. - 375. 117. 620. - 1781. 28. 

3047. 1842. - 504. 117. 830. --2340. 2 9 . 
3509. 2260. - 607. 118. 1062. - 2932. 2 9. 
3984. 2824. - 773. 120. 1438. - 3788. 30. 
4453. 3421. - 896. 121. 1769. - 4585. 30. 
5036. 4089. -1013. 121. 2143. - 5452. 31. 
5508. 4797. - 115Jl. 122. 2575. -6451. 31. 
5918. 5372. -1341. 122 t 2986. - 7340. 31. 
6563. 6749. - 1544. 122. 3898. - 8998. 32. 

~ 7031. 7743. - 1788. 123. 4587. - 10293. 3 2 . 
VI 
0 7617. 9339. - 2020. 123. 5710. - 12144. 3 2 , 

7969. 10253. - 2154. 123. 6479. - 13281. 3 2 . 

TABLE D4 CONTINUED. 



• • • 
LOA[I GAGE LOCATION 4 TOP GAGE LOCATION 4 BOTTOM 
(LBS) El E2 9 E, E2 €I 

1050. 167. - 69. 70. 55. - 172 • 165. 

1523. 262. - 110. 70. 83. - 267. 1654 

1992. 361. - 187. 71. 115. - 363. 164. 

2461. 420. - 216. 71. 138. - 472 • 164. 

3047. 566. - 258. 71. 276. - 678. 167. 

3509. 697. - 308. 72. 337. - 819. 167 . 

3984. 804. - 357. 71. 404. - 984. 166. 

4453. 916. - 'I'll. 71. 465. - 1127. 1 6 5. 

5036. 1029. - 515. 73. 534. - 1292. 164 • 

5508. 1155. -558. 71 • 658. -1504. 164. 

5918. 1236. - 591. 71. 736. -1663. 162. 

6563. 1472 • - 719. 72. 1020. - 1999. 163. 
~ 7031. 1448. - 799. 69. 1322. - 2239. 162. 
Vl 
~ 7617. 1620. - 961. 69. 1688. -2650. 161. 

7969. 1816. - 1066. 70. 1970. -2844. 161. 

TABLE 04 CONTINUED. 



• 
LOA[I 
(LaS) 

952. 
1523. 
1992. 
2461. 
3047. 
3507. 
4102. 
4570. 
4978. 
5508. 
5977. 
6548. 

~ 
7031. 
7673. 
8086. 
8555. 
9023. 
9492. 

10137. 
10608. 
11017. 
11719. 
12070. 
12718. 
13418. 
14238. 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

E, E2 8 E, E2 

261. 128. 147. 53. - 441. 
508. 36. 158. 277. -817 • 
626. 3. 159. 311. -1023. 
823. -87. 159. 449. -1277 . 

1045. - 142. 160. 566. -1620. 
1173. - 147. 160. 607. -1870. 
1361. -171. 161. 652. -2388. 
1481. -152. 162. 683. -3009. 
1581. -148. 164. 717. -3817. 
1676. -108. 165. 777. -- 4946. 
1785. --73. 167. 808. -5882 . 
1947. -1 0. 169. 793. -7145. 
2056. 49. 171. 787. -7816. 
2262. 105. 173. 856. -9045. 
2400. 143. 1"7 -4- 868. -9713. 
2531 . 239. 176. 812. -10539 . 
2746. 267. 178. 784. -11402 . 
2971. 323. 179. 794. -12424. 
3256. 405. 1. 781. -13545. 
3530. 453. 2. 750. - 14730. 
3756. 565. 3. 675. -15478 . 
4260. 661. 5. 579. - 17107. 
5591. 774. 7. -181. - 16626. 
5599. 980. 7. -298. -16626. 
7356. 1514. 10. -1191. -1~;;865 • 
8794. 1904. 13. - 1877. -15410. 

TABLE [15 PRINCIPAL STRAINS AN[I [lIRECTIONS FOR THE 
M5X18.9 SECTION WITH THE 8 INCH BRACKET. 

• 
BOTTOM 

e 

178. 
175. 
175. 
175. 
175. 
174. 
173. 
170. 
168. 
165. 
164. 
162. 
162. 
161. 
160. 
160. 
159. 
158. 
158. 
157. 
157. 
156. 
153. 
153. 
149. 
144. 



,,90S 

• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION .., [(OTTOH 4 

(US) E, E2 8 E, E2 8 

9~2. 323. - 37. 105. -50. - 227. 4. 
1523. 887. -121. 110. -111. -389. 1 • 
1992. 1213. - 182. 111. -141. - 528. 2. 
2461. 1589. - 163. 114. - 185. -655. 2. 
3047. 1955. - 69. 117. -222. -813. 179. 
3507. 2173. - 47. 119. -235. -954. 179. 
4102. 2517. - 62. 121. - 269. - 1191. 177. 
4570. 2782. - 111. 123. - 312. - 1383. 178. 
4978. 2972. - 207. 125. - 378. - 1511. 180. 
5508. 3095. - 367. 128. - 476. - 1514. 178. 
5977. 3197. -431. 129. - 562. - 1482. 173. 
6548. 3334. - 493. 130. - 568. - 1649. 171. 

~ 

\J' 7031. 3416. - 491. 130. -564. -1808. 17 4. 

"" 7673. 3525. - 491. 131. - 454. -2351. 177 • 
8086. 3613. - 445. 130. - 439. -2843. 177 • 
8555. 3723. - 389. 130. - 408. - 3678. 17 5. 
9023. 3802. - 338. 130. - 377. - 4757. 172 • 
9492. 3960. - 268. 130. - 334. -5776. 171. 

10137. 4105. - 187. 129. - 287. - 7116. 17 1. 
10608. 4184. - 166. 129. - 336. - 8283. 170 . 
11017. 4413. -74. 128. - 315. - 9308. 170. 
11719. 4671. 44. 128. - 375. - 11 022. 170. 
12070. 5414. 359. 126. - 547. - 14588. 170 . 
12718. 5548. 3 62 . 126. - 558. - 14836 . 171. 
13418. 6699. 8 2 2. 12 3. -896. - 19 176. 172 • 
14238. 7701. 1 2 6 2 . 12 1. - 1177. -23136. 172 • 

TABLE £15 CONTI NUED . 



• • • 
LOA[I GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) E, E2 8 E, E2 8 

952. 202. 57. 118. 89. - 155. 49. 
1523. 462. 94. 119. 178. -294. 47. 
1992. 574. 245. 121. 208. -398 . 45. 
2461. 728 . 386. 127. 256. -512. 43. 
3047. 937. 501. 12B. 328. -694. 40. 
3507. 1079. 585. 132. 369. -828 . 38. 
4102. 1296. 68B. 134. 462. -1077 • 36. 
4570. 1526. 783. 134. 522. - 1283. 34. 
4978. 1686. 867. 134. 581. - 1456. 34. 
5508. 1929. 948. 134. 688. -1692 . 33. 
5977. 2151. 1014. 134. 7B1. -1922. 33. 
6548. 2474 . 1110. 135. 908. -2258. 33 . 

~ 7031. 2674. 1182. 13~) • 994. -2515. 32. 
VI 7673. 3057. 1261. 135. 1154. -289 4. 32. -I'"-

8086. 3300. 1300. 135. 1284. - 3132. 33. 
8555. 3573. 1377. 135. 1436. - 3481. 33. 
9023. 3930. 1436. 133. 1622. -3884. 33. 
9492. 4303. 1491. 134. 1823. - 4200. 33. 

10137. 4765. 1555. 133. 2096. - 4775. 33. 
10608. 5177 • 1525. 133. 2324. -5241. 33. 
11017. 5533. 1630. 132. 2523. -5645 . 33. 
11719. 6359. 1642. 131. 2915. -6432. 33. 
12070. 7989. 1719. 130. 3834. -8044. 33. 
12718. 8120 . 1802. 130. 3865. -8 186. 33. 
13418. 10333. 1892. 129. 5122. -10~!64 • 33. 
14238. 12278. 2064. 128. 6308. -12118. 33. 

TABLE [15 CONTINUED. 



• • • 
LOAD GAGE LOCATION -4 TOP GAGE LOCATION -4 BOTTOM 
(LBS) E, E2 a E, E2 e 

952. 82. -30. 67. 28. -90 . 161-
1523. 132. -56 . 70. 35. - 113. 160. 
1992. 172. -65 . 67. 50. -176 . 162. 
2-461 . 211 . - 86. 69. 63. -206. 162. 
3047. 262. - 122. 69. 78. -278. 162. 
3507 . 289. - 136. 69. 76. -326. 161. 
4102. 345. -166 . 71. 103. -393 . 162. 
-4570. 382. - 184. 71. 89. -456 . 161. 
4978. 439. - ::!10. 71. 95. -505. 16::!. 
5508. 484. - 245 . 69. 140. -589 . 163. 
5977 . 541. - 269 . 71 • 165. -61-4 . 162. 
6548. 541. - 310. 73. 22-4. -692 . 162. 

~ 7031. 580. - 316. 72. 260. -713. 16::!. 

'" 7673. 665. -361. 71. 358. -800. 162. 
'" 8086. 735 . - 411. 7.5. 391 . -8-49 • 162. 

8555. 834. - 466. 73 . -452. - 938. 163. 
9023. 867. - 475. 72. 530. -1016. 163. 
9492. 872. -496. 71 . 632. -1152. 162. 

10137. 997. -555. 71. 737. -1310. 160. 
10608. 1123. - 6-48 . 70. 864. -1452. 160. 
11017. 1153. -685. 70. 975. -1573 • 159. 
11719. 1262. - 724. 71. 1169. - 1748. 158. 
12070. 1449 . - 902. 69. 1592. -2243. 157. 
12718. 1453. - 908. 69. 1628. -2321. 157. 
13418. 1792. - 1205. 69. 2229. -2680. 157. 
14238. 1946. - 1388. 69 . 2743 . - 3070 . 157. 

TABLE D5 CONTINUED. 



• 
LOAD 
(LBS) 

1055. 
1523. 
1992. 
2461. 
3043. 
3516. 
3984. 
4570. 
5039. 
5470. 
5977. 
6563. 

~ 7031. 
V1 7617. 0-

8086. 
8578. 
9023. 
9466. 
9961. 

10547. 
11016. 
11484. 
12070. 
12656. 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

El E2 e E, E2 

209. 146. 53. -80. - 133. 
313. 176. 42. -101. -170. 
407. 189. 36. -116. - 242. 
509. 212. 31. -129. - 338. 
622. 252. 29. -147. -469. 
760. 241. 26. -140. -563. 
893. 257. 26. -122. - 679. 

1029. 222. 24. -90. -773. 
1189. 212. 25. - 59. -875. 
1318. 194. 24. - 46. - 951. 
1473. 157. 24. - 12. - 1061. 
1681. 110. 23. 90. -1193. 
1855. 82. 24. 187. -1321. 
2071. 13. 23. 262. -1476. 
2229. -8. 22. 355. -1605. 
2475. -56. 22. 460. - 1792. 
2656. -111. 22. 499. -1939. 
2912. -198. 21. 631. -2195. 
3229. - 236. 21 • 638. - 2415. 
3522. -360. 20. 819. - 2709. 
3875. - 356. 19. 1069. - 3061. 
4349. -369. 20. 1364. - 3499. 
5082. -500. 19. 1743. - 4126. 
5772. - 475. 20. 2216. - 4851. 

TABLE D6 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
H5X18.9 SECTION WITH THE 12 INCH BRAC KET. 

• 
BOTTOM 

8 

151 • 
139. 
130. 
127. 
128. 
126. 
126. 
124. 
121. 
121. 
120. 
117. 
116. 
116. 
115. 
115. 
113. 
114. 
115. 
115. 
114. 
114 • 
114. 
114. 



9 

• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LEtS) E1 E2 9 E1 E2 9 

1055. 259 . 6. 102. - 51. -280 . 2 . 
1523. 408. - 18. 107. -60. - 440. 174. 
1992. 686. - 45. 112. -27 . -663. 160. 
2461. 956. - 111. 120. 59. -1196 . 160. 
3043. 1195. - 222 . 12 4. 106. -1728 . 160. 
3516. 1346. - 253 . 125. 159. - 2127 . 161. 
3984. 1481. - 263. 126. 2 10. -2544 . 16:!. 
4570. 1589. - 252 . 126. 238. -2864 . 162 . 
5039 . 1694. - 2 15. 126. 232. -3095. 16 2. 
5470 . 1753 . - 188. 126. 22 1. - 3265. 162 . 
5977 . 1839. - 151. 125. 219. - 3436 . 163. 
6563 . 19:!0. - 69 . 125. 205. -3605. 163. 

~ 7031. 2012. - 4. 124. 174. -3692 . 164. 
\.n 
~ 7617 . 2.081 . 45. 125. 128. -3787 . 164. 

8086. 2 169. 72. 125. 102 . - 3853 . 164. 
8578. 2293 . 130. 125, 54. - 3901. 164. 
9023. 235 1. 161. 125. -28 . -3999 . 165. 
9 466 . 2 440. :!09 . 125 . -38 . -40 12 . 165 . 
9.961 • 2562 . 263 . 125. - 166. -4007 . 165. 

10547. 2676 . :!70 . 125. -190 . -4184. 166. 
11 016. :!866. 281 . 126. - 319. - 4182 . 166. 
11484. 3116. 38 4. 125. - 449. - 4225 . 167. 
1:!070. 3376 . 512 . 127. - 571 . - 4291 • 167. 
12656. 3760. 606. 125. - 74 7 . - 4491. 168. 

TABLE D6 CONTINUED . 



gee 

• • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) El E2 8 El E2 f) 

1055. 261. 33. 115. 192. -239. 46 . 
1523. 388. 8. 116. 317. - 400. 43. 
1992. 5 11. - 34. 117. 394. -547. 42. 
2461. 697. - 85. 117. 507. -778 . 39. 
3043. 868. - 108. 119. 659. -1095 . 37 . 
3516. 1038. - 120. 120. 775 . -1374 . 35 . 
3984. 1234. - 121. 120. 952. - 1701 . 34. 
4570. 1442. - 120. 121. 1112. - 2043 . 33. 
5039. 1688. - 11 2 . 121. 1280. -2388 . 33 . 
5470. 1839. -96 . 122 . 1381. -2662 . 32. 
5977. 2 146. - 132. 122. 1576. - 3045 . 32. 
6563 . 2 455. - 156. 122. 1767. - 3484. 31. 

~ 703 1. 2733 . - 172. 1"') 1976. -3909 . 31. 
\.11 ~-. 

C4 7617. 3095. - 209 . 122. 2218 . - 4434. 31 • 
8086 . 3349 . - 241. 122. 2409. - 4764. 31 . 
8578. 3765. - 287 . 122. 2665 . -5318 . 31. 
9023. 4046. - 331 . 1 ~!2 . 2838 . -5734. 31. 
9466. 4510. - 401. 122. 3157 . - 6254. 31. 
9961. 4951. - 482. 123. 3 499. - 6820. 3 1. 

10547. 5469. -576. 123. 3831. - 7401. 31 . 
11016. 5978. - 662. 123 . 4251. - 8113. 3 2 . 
11484. 6723. - 821 . 123. 4756. - 8949 . 3 1. 
12070. 7738. - 1009 . 123. 5548. -10167 . 3 1 • 
12656. 8754. - 1225 . 123. 6358. - 114 59. 31. 

TABLE D6 CONTINUED. 



0---------
~ 9lHl 

• • • 
LOAD GAGE LOCATION 4 TOP GAGE LOCATION 4 BOTTOM 
(LBS) E, E2 B E, E2 8 

1055. 125. -25. 76. 22. -92. 167. 
1523. 168. - 43. 77. 31 • -153. 170. 
1992. 219. -57. 77. 36. -197 . 170. 
2461. 281. - 84. 78. 53. -247. 167. 
3043. 339. - 139. 77. 74. - 306. 167. 
3516. 390. - 150. 76. 90. -394. 168. 
3984. 444. -164. 76. 96. -444 . 167. 
4570. 503. - 181. 75. 122. -516 . 166. 
5039. 616. - 219. 75. 145. - 592. 166. 
5470. 673. -249. 76. 166. -656 . 166. 
5977. 748. -280. 76. 201. - 749. 165. 
6563. 841. --316. 76. 263. --884. 165. 
7031. 937. - 350. 76. 311. -983. 165. 

\Jl 
7617. 1033. -37 5. 76. 372. -1126. 164. 'Cl 
8086. 1104. -401. 76. 383. -1203 . 163. 
8578. 1192. - 441. 76. 460. - 1341. 162. 
9023. 1242. -496. 77 • 525. -1470 . 162. 
9466. 1372. -546. 76. b23. -1680. 162 . 
9961. 1387. -559. 76. 736. -1839. 161. 

10547. 1472. - 605. 74. 831. - 1983. 161 • 
11016. 1604. -636. l4. 965. -2305. 161. 
11484. 1727. -728. 75. 1158. -2472. 161 • 
12070. 1880. - 770 . 74. 1377. -2724. 160 . 
12656. 2038. -904. 7 4. 1696. -3085. 159. 

TABLE D6 CONTINUED. 



• 
LOAD 
(LBS) 

1055. 
1523. 
1992. 
2463. 
3047. 
3514. 
3984. 
4511. 
5036. 
5508. 
5977. 
6547. 

~ 7031. a-
0 7617. 

7969. 
8580. 
9023. 
9492. 

• 
GAGE LOCAHON 1 TOP GAGE LOCATI ON 1 

E, E2 e E, E2 

246. 18. 36. · ,57. -25 1. 
391. - 13. 35. -25. -330. 
555. -69. 34. 2. ·- 455. 
734. -157. 33. 72. -601. 
880. -223. 33. 178. -755 . 

1012. -288. 32. 234. -861 . 
1228. - 379. 31. 321. -1 007. 
1494. - 449. 33. 465. -1172. 
1711. -58 4. 31. 550. -1349 . 
2064 . -674. 28. 678. -1638 . 
2410. - 661. 27. 831. - 1877. 
2798. -703. 26. 1148. -2350. 
3415. --899. 22. 1374. -2784. 
4199. - 1010. 20. 1672. - 3552. 
4731. - 1262. 19. 2214. -4347 . 
5932. -1630 . 20. 305/. -5787 . 
7764 . - 2188. 21. 4109. -743 1. 
9343. -2605. "., ~~. 5408. -9383. 

TABLE D7 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
W6 X25 SECTION WITH THE 8 INCH BRACKET. 

• 
BOTTOM 

e 

119. 
112. 
111. 
108. 
107. 
107. 
106. 
105. 
104. 
105. 
104. 
106. 
107. 
108. 
107. 
109. 
111. 
114 • 



lS90G 

• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E, E2 8 E, E2 8 

1055. 416. 12. 124. 11 • -432. 16. 
1523. 545. 12. 127. 114. - 646. 10. 
1992. 694. -2. 131. 212. - 804. 11 • 
2463. 932. 31. 139. 272. - 915. 12 . 
3047. 1189. - 49. 140. 296. -1046. 11 • 
3514. 1345. - 78. 141. 313. -1110. 12. 
3984. 1556. - 101. 143. 323. -1172. 13. 
4511. 1713. -146. 143. 326. - 1203. 15. 
5036. 1852. - 204. 145. 349. - 1237. 18. 
ssos. 1991. - 296. 145. 369. -1328. 22. 
5977. 2167. - 404. 145. 407. -1418. 26. 
6547. 2417. - 572 . 148. 504. - 1632. 30. 

~ 7031. 2719. - 726. 149. 626. -1887. 33. a-
~ 7617. 3298. - 809. 145. 745. - 2280. 37. 

7969. 3671. - 924. 142. 850. -2596. 39. 
8580. 4517. - 1075. 142. 1154. - 3267. 44. 
9023. 5699. - 1296. 142. 1436. -·4214. 44. 
9492. 7235. -1546. 141. 1979. -5368. 46. 

TABLE D7 CONTINUED. 



59 • • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) El E2 e El E2 8 

1055. 325. -49. 119. 54. - 428. 28. 
1523. 493. -96. 119. 69. -676. 26. 
1992. 701. -178. 119. 98 . -861. 26. 
2463. 926. -281. 119. 138. -113~!. 27. 
3047. 1144. - 378. 119. 240. -1789. 26. 
3514. 1315. - 459. 119. 296. -2129. 26. 
3984. 1594. - 598 . 120. 471. - 2595. 2 4. 
4511. 1848. - 725. 121 • 713. -3116. 24. 
5036. 2129. - 890. 122. 927. - 2493. 29. 
5508. 2537. - 1098. 122. 1214. - 2512. 32 . 
5977. 3060. - 1364. 122 . 1564. - 31 26. 3 2 . 
6547. 3738. - 1722. 122. 2 116. - 4185. 31. 
7031. 4440. - 2103. 122. 2683. - 5560. 30. a- 7617. 5364. - 2665. 122. 3468. - 6207. 31. I\) 

7969. 5900. - 3126. 123. 4127. -6271. 3 2 . 
8580. 7167. - 4044. 123. 6225. -8601. 32 . 
9023. 8676. - 4972 • 123. 8400. - 84{'6. 34. 
9492. 10084. - 60 24. 123. 11736. -10-48 2 . 33 . 

TABLE D7 CONTINUED. 



• • • 
l.OAD GAGE LOCATION 4 TOP GAGE LOCATION 4 BOTTOM 
(LBS) El E2 8 El E2 9 

1055. 109. -56. 69. 38. -84. 158. 

1523. 151. -81. 68. 58. -130. 159. 
1992. 216. -116. 68. 77. -174. 159. 
2463. 275. - 150. 67. 90. -232. 15(7. 

3047. 319. - 180. 68. 106. -265 . 159. 
3514. 342. -220 . 67. 136. - 317. 159. 
3984. 438. -260 . 69. 174. -395 . 160. 
4511. 491. -301. 68. 203. -431 . 159. 
5036. 550. - 350. 68. 275. -539. 160. 
5508. 614. - 389. 66. 329. -593 . 158. 

5977. 686. -446. 67. 385. -657 . 158. 
6547. 713. - 489. 66. 467. -734 . 158. 

~ 7031. 811. - 584. 65. 542. - 786. 157 . 
0-
w 7617. 862. - 656. 65. 725. - 1089. 157. 

7969. 884. - 773. 65. 959. -120 4. 155. 
8580. 957. - 910. 63. 1212. -1437 . 154. 
9023. 1011. -1014. 64. 1545. - 1666. 151. 

9492. 1021. - 1179. 63. 1996. - 1763. 150. 

TABLE D7 CONTINUED . 



• 
LOAn 
(LBS) 

939. 
1523. 
1992. 
2461. 
3047. 
3516. 
3984. 
4570. 
5039. 
5508. 
6035. 
6563. 

~ 7031 . a-
~ 7601. 

8029. 
8555. 
9023. 
9492. 
9609. 

10020. 
10664. 
11133. 
11602 . 

• 
GA6E LOCATION 1 TOP GAGE LOCATION 1 

El E -.- 2 
9 El E2 

203. 114. 40. -71 . -194. 
327. 100. 35. - 55. '-252 . 
434. 67. 35. -44. - 352. 
552. - 22. 36. - 67. - 423. 
696. - 70. 37. -70 . -572. 
812. -116. 37. -20. -673 . 
976. - 201. 37. 112. --818. 

1152. -297. 36. 256. -985. 
1252. - 352. 35. 281. - 1060. 
1420. - 417. 35. 329. -1146 . 
1599. -539. 34. 436. -1328. 
1804. - 677. 32. 660. -1492. 
2012. -741 . 31. 1030. -1738. 
2350. - 857. 29. 1432. -2017. 
2583 . - 974. 28. 1719. -2269 . 
2918. - 1064. 27. 2233. -2823. 
3274. -1136. 27. 2608. -3326 . 
3687. -1269. 26. 2755 . - 3838. 
3721. -1303 . 26. 2811. -3949 . 
4007. - 1355. 26. 3109. -4278 . 
4929. - 1781. 25. 3703. -5326. 
5603. - 1973 • 26. 4157. -6076. 
6601. -2389. 26 . 5111. - 7165. 

TABLE D8 PRINCIPAL STRAINS ANn nIRECTIONS FOR THE 
W6 X25 SECTION WITH THE 12 INCH BRACKET. 

• 
BOTTOM 

8 

132. 
116. 
113. 
120. 
118. 
114. 
111. 
107. 
108. 
106. 
107. 
106. 
106. 
106. 
106. 
105. 
106. 
107. 
107. 
107. 
109 . 
111. 
111. 



• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
CLBS) E1 E2 8 E1 E2 8 

938. 218. 17. 111. - 39. - 211. 12 . 
1523. 256. - 114. 145. - 2. - 501. 175 . 
1992. 400. - 894. 154. 70. - 1397. 165 . 
2461. 523. - 1413. 156. 268. - 2880. 16 1-
3047. 687. - 1774. 156. 371. - 3837. 162 . 
3516. 878. - 1967. 156. 414. - 4336. 16 1. 
3984. 935. -2002. 157. 403. - 4551. 161 • 
4570. 998. -20 20. 157. 370. -4594. 16 2 . 
5039. 1054. -20 2 6. 157. 309. - 4566. 162 . 
5508. 1091. - 2062. 158. 254. -4542. 162 . 
6035. 1167. -2 10 / . 159. 214. -4495. 162 . 
6563. 1:!46. -2189. 159. 137. - 450S. 163. 

~ 7031. 1440. -2123. 157. 93. -4437. 163. 

'" v. 7601. 1564. - 2212. 157. 19. - 4406. 164 • 
8029. 1662. -2262. 157. - 65. -4388. 164. 
8555. 1900. - 2182. 156. - 176. - 4369. 165 . 
9023. 2046. - 2210. 11:"c' ..!J. - 260. - 4301. 166. 
9492. 2 288. -2239. 154. - 419. - 4397. 167 . 
9609. 2275. -2331. 154. - ., 25. - 4388. 168. 

10020. 2376. - 2 285. 155. - 567. - 4273. 168 . 
10664. ::?S58. -2458. 155. - 785. - 4134. 171. 
11133. 314 9 . - 2507 . 155. - 967. - 3986. 17 4. 
11 60 2 . 3726 . - 2601. 155. - 1206. - 3812. 178 . 

TABLE D8 CONTINUED. 



9S9G 

• • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) E, E2 8 E, E2 9 

938. 273. - 15. 120. 63. - 285. 24. 
1523. 423. - 76. 121- 154. -676. 26. 
1992. 551. - 124. 121- 275. - 1007. 22. 
2461. 689. - 194. 122. 377. -1296. 22. 
3047. 888. - 274. 120. 525. - 1562. 23. 
3516. 1039. - 327. 121. 622. - 1712. 24. 
3984. 1233. - 404. 122. 797. -1949. 25 . 
4570. 1493. - 510. 122. 973. -22 15. 26. 
5039. 1686. - 596. 122. 1125. -2430. 27 . 
5508. 1901. - 700. 122. 1219. -2658. 27. 
6035. 2174. - 866. 122. 1431. -2969. 28. 
6563. 2469. - 1025. 123. 1648. -3316. 28. 

'" 
7031. 2766. - 1180. 123. 1883. -3693. 28 . 

'" 7601. 3237. - 1400. 123. 2172. -4143. 28. 
8029. 3566. - 1581. 123. 2 425. -4464. 29 . 
8555. 4025. - 1839. 124. 2860. -4895. 30. 
9023. 4393. -2061. 124. 3269. -5379. 31. 
9492. 4907. -2389. 124. 3774. -5995. 31 • 
9609. 4947. - 2483. 124. 3895. -6141. 31. 

10020. 5304. -27J9. 125. 4331. -6621. 31. 
10664. 6409. - 3476. 125. 5701. -7901. 32. 
11133. 7240. -3936. 124. 6768. -89 00. 32 . 
11602. 8548. - 4720. 124. 8460. - 10453. 32. 

TABLE 08 CONTINUED. 



t.59SB 

• • • 
LOAn GAGE LOCATION " TOP GAGE LOCATION 4 BOTTOM 
(LBS) El E2 8 E, E2 8 

938. 90. -25. 75. 27. -77. 161. 
1523. 170. -59. 80. 32. -118. 159. 
1992. 195. -87. 76. 50. -163. 161. 
2461. 226. -133 . 7b. 59. -206. 161. 
3047. 252. - 160. 76. 49. -259. 159. 
3516. 293. -180. 75. 60. -286 . 161. 
3984. 408. -234. 76. 97. -362 . 159. 
4570. 466. -256 . 76. 117. -434. 160. 
5039. 546. -305 . 76. 127. -466. 159. 
5508. 623. -347. 77. 171. -558. 159. 
6035. 698. -379 . 77. 208. -628. 159. 
6563. 730. -401 . 76. 234. -716. 158. 

~ 7031 . 796. - 457. 75. 277. -808. 159. 
0-
-...J 7601. 909. ~- 503 • 75. 330. -891 . 158. 

8029. 963. -560. 75. 391. -963 . 158. 
8555. 1037. - 588. 74. 422. -1110 . 157. 
9023. 1103. -634. 74. 523 . -1166. 1SS. 
9492. 1166. -734. 7·' ... 617. - 1366. 158 • 
9609. 1172. - 739 . 75. 630. -1357 . 157. 

10020. 1127. -776. 73. 689. -1360. 155. 
10664. 1232. -947 . 71 • 949. -1662. 154. 
11133. 1323. -1009 . 72. 1287. -2036. 160. 
11602. 1342. - 1105. 72. 1778. -2447. 163. 

TABLE D8 CONTINUED. 



• 
LOAD 
(LBS) 

938. 
1523. 
2108 . 
2578 . 
3047 . 
35 11. 
4102. 
4102 . 
4570. 
5039. 
5508. 

~ 
5977 . 

m 6563. a- 7031 . ~ 
7395. 
8027 . 
8555. 
9082 . 
9609 . 

10009. 
10500. 
10547. 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

E, E2 9 E, E2 

112. - 17. 55. -33 . -113 . 
192. --15. 57. -~5 9. -204. 
265 . - 32. 56 . - 76. -252 . 
330. - 35. 56. - 97. -298. 
399. - 48. 55. -111. -352 . 
456. - 59. 55. -128 . -398. 
523 . - 7 1. 53. - 138. -476 . 
510. -73 . 53. -134. - 493. 
589 . -88. 55. -13 1. -552 . 
681. - 112. 53 . - 135. -627. 
735. - 112. 52. -19. -68 1. 
822 . - 140. 50. -102 . -7 12. 
973. -153. 51. -113 . -776 . 

1104. - 181. S!. -77 . -828. 
1255. - 195. 50. -30. -903. 
1372. --204. 50 . 7. - 978. 
1572. -23 4. 51. 82. - 1096. 
1695 . -275 . 49. 178. -1247. 
1846. - 350. 50 . 272 . - 1516. 
2127. -4 96. 49. 359 . -2 113. 
2560 . -708 . 48. 687 . -3510. 
2596. -746 . 49. 784 . -3803. 

TABLE D9 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
S4X9.5 SECTION WITH THE 8 INCH BRACKET. 

• 
BOTTOM 

9 

125. 
129 . 
122. 
122. 
119. 
118. 
116. 
117. 
114 . 
114. 
113 . 
110. 
108. 
106. 
105. 
104. 
103. 
101. 
98. 
94. 
88. 
88. 



6S9 

• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION 2 BOTTOM 
(LBS) E1 E2 e E1 E2 e 

938. 91. 68. 149. -1 4. -116. 34. 
1523. 155. 110. 153. -19. -201. 30. 
2 108. 241. 145. 156. -33. -260. 34. 
2578. 305. 166. 158. -35 . -3 31. 30. 
3047. 379. 189. 159. -33 . -405. 30. 
3511. 466. 21 4. 157. -36. - 454. 30. 
4102. 606. 237. 156. -28. -553 . 30. 
4102. 607. 206. 157. -52. -567. 29. 
4570. 674. 238. 157. -38 . -649. 29. 
5039. 818. 233. 154. -45. -707. 31. 
5508. 895. 218. 155. - 15. -770 . 30. 
5977. 1063. 192. 155. 29. -849. 32. 

~ 6563. 1166. 173. 156. 43. -986. 30. 
a- 7031 . 1329. 104. 156. 83. -1048. 31. -D 

7395 . 1476. 34. 156. 127. -1128 . 33. 
8027. 1624. -4 1. 156. 177 • - 1178. 34. 
8555. 1799. - 125. 157. 245. -1274 . 35. 
9082. 2085. -265 . 160. 320. -1365. 37. 
9609. 25 18. -437. 164. 405. -1481 . 38. 

10009. 3608. -791 . 170. 515. -1760. 39. 
10500. 5055. - 695. 174. 731. -2095. 43 . 
10547. 6034. - 1345. 175. 791. -2201 . 42. 

TABLE D9 CONTINUED. 



• • • 
LOAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) El E2 B E, E2 B 

938. 160. 97. 109. -61. -207. 17. 
1523. 265. 166. 109. -108. -315. 18. 
2108. 400. 199. 113. -115. -445. 20. 
2578. 531. 205. 115. - 123. -~j19 • 21. 
3047. 686. 232. 116. 1!. -880. 16. 
3511. 835. 25 0. 116. 112. -1193. 16. 
4102. 1054. 303. 116. 217. -1305. 18. 
4102. 1092. 295. 116. 262. - 1591. 19. 
4570. 1221. 321. 116. 294. - 1796. 2 1. 
5039. 1414. 401. 116. 418. -2129. 2 2. 
5508. 1521. 498. 119. 529. -2395. 23. 
597.7 • 1726. 596. 120. 777. -3016. 2 3. 

~ 

6563. 1903. 740. 121. 963. -3533. 23 . -..J 
0 7031. 2060. 828. 122. 1159. -3910. 23 . 

7395. 2362. 947. 123. 1445. - 4434. 2 4. 
8027. 25 18. 1072. 124. 1582. - 4717. 2 5. 
8555. 2883. 1196. 125. 1758. - 5181. 26. 
9082. 3327. 1347. 125. 1901. - 5783. 26. 
9609. 3994. 1640. 128. 1883. - 5617. 2 8. 

10009. 5 037. 2339. 143. 1976. - 8054. 30. 
10500. 5 234. 3565. 158. 1877 • - 10763. 33. 
10547. 9375. 3804. 146. 1856. - 11215. 33 . 

TABLE D9 CONTINUED. 



• 
LOAD 
(LEIS) 

1055. 
1523. 
1992. 
2461. 
3047. 
3511. 
4102. 
4570. 
5039. 
5509. 
5977 . 
6680. 

--.J 
~ 

• 
GAGE LOCATION 1 TOP GAGE LOCATION 1 

E, E2 8 E, E2 

228. 114. 25. -22 . -113. 
381. 129. 26. 12. -153 . 
503. 114. 26. 51. -194 . 
663. 112. 26. 52. -220. 
820. 126. 29. 105. -292. 
950. 111. 28. 132. -3 42. 

1144. 53. 27. 199. -461 . 
1293. 49. 26. 244. -583 . 
1472. - 17. 24. 324. -783. 
1675. -27 . 21. 374. -1090. 
2565. -318 . 9. 541. -1782 . 
5561. -1096 . 179. 1395. -4156 . 

TABLE Dl0 PRINCIPAL STRAINS AND DIRECTIONS FOR THE 
S4X9.5 SECTION WITH THE 12 INCH BRACKET. 

• 
BOTTOM 

e 

98. 
91. 
90. 
87 . 
87. 
85. 
85. 
85 . 
84. 
83. 
82. 
81 • 



• • • 
LOAD GAGE LOCATION 2 TOP GAGE LOCATION .., BOTTOM ~ 

(LBS) E, E2 8 E, E2 8 

1055. 199. -9. 123. 4. - 176. 20. 
1523. 299. -16. 125. 4. -259. 21. 
1992. 389. - 39. 125. -6. -338. 21. 
2461. 475. - 40. 126. 7. - 416. 2 1. 
3047. 605. - 66. 127. 18. - 513. ..,..., ........ . 
3511. 725. - 74. 127. 23. -618. 20. 
4102. 858. - 112. 130. 8. -764. 2 0. 
4570. 941. - 138. 130. - 1 • - 874. 18. 
5039. 1149. - 188. 129. -34. - 1050. 17. 
5509. 1262. -212. 129. -86. -12 04. 17. 
5977. 1337. -333. 130. -117. -1 422. 14. 
6680. 1626. -614. 133. -123. - 1924. 11. 

~ 

-.J 
IV 

TABLE 010 CONTINUED. 



9999 

• • • 
l.OAD GAGE LOCATION 3 TOP GAGE LOCATION 3 BOTTOM 
(LBS) El E2 8 El E2 8 

1055. 293. 148. 122. 349. -674. 10. 
1523. 714. 263. " 866. -1499. 8. v. 

1992. 1056. 286. 7. 1115. - 1882. 9. 
2461. 1424. 488. 12. 1120. -2089. 9. 
3047. 1738. 698. 12. 1197. -2447. 10. 
3511. 1982. 893. 12. 1263. - 2626. 12. 

4102. 2365. 1068. 12. 1307. -3008. 14. 
4570. 2614. 1322. 12. 1312. - 3227. 15. 
5039. 3024. 1605. 11 • 1279. -3513. 17. 
5509. 3605. 1922. 10. 1115. -3876. 19. 
5977. 5119. 2824. 12. 592. - 4434. 22. 

6680. 10896. 4088. 2. -885. '-5127. 37. 

--J 
w 

TABLE Dl0 CONTINUED. 



,,99 C:l 

• • • 
LOAD GAGE LOCATION 4 TOP GAGE LOCATION 4 BOTTOM 
(LBS) E, E2 8 E, E2 8 

1055. 150. -11. 52. 18. -132 . 156. 
1523. 225. - 15. 52. 55. -193. 150. 
1992. 278. -39 . 54. 76. -257. 151. 
2461. 344. -37. 51. 97. -322. 151. 
3047. 450. - 50. 54. 121. -404. 151. 
3511. 524. -20. 56. 135. --459 . 151. 
4102. 622. -82. 54. 158. -559 . 151. 
4570. 743. -94. 56. 157. -624. 149. 
5039. 845. - 111. ~~ 

.J.J. 146. -693 . 149 • 
5509. 968. - 115. 53. 91. -793. 147. 
5977. 1265. -7 2. 49. -54. - 933. 140. 
6680. 2126. 15. 34. -249. - 1559. 120. 

~ 

....:J 
~ 

TABLE Dl0 CONTINUED. 



• 

• 

• 

APPENDIX E 

DEFLECTION -DATA 

The locations of the dial gages are shown in Figure 

2.6. Figure 2.6 is drawn as seen from the bottom side of 

the web (the bracket is attached to the top of the web) • 

Positive readings for dial gages on the web indicate 

deflections upward out of the page or plane of the web (away 

from the top of the web). Positive readings for dial gages 

on the flanges indicate deflections outward from the center 

of the section. 
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• 
LOAD 
(LBS) 1 

O. .0000 
586. - .0020 

1055. - .0030 
1523. - .0050 
2109. - .0070 
2577. -.0090 
3047. -.0110 
3453. -.0130 
3984. -.0170 
4570. -.0200 
5038. - .0230 
5508. -.0270 
6094. -.0305 

~ 6556. - .0350 --l 
(]\ 7031. -.0390 

7610. - .0450 
8084. - .0500 
8555. - .0570 
9078. -.0630 
9492. -.0710 

10254. -.0830 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 

.0005 .OO:!O - .0005 .0010 .0020 .0002 .0020 

.0006 .0040 -.0010 .0015 .0040 .0002 .0030 

.0006 .0060 -.00 15 .0020 .0050 .0002 .0040 

.0007 .0080 - .0025 .0020 .0080 .0002 .0060 

.0009 .0100 - .0035 .0025 .0095 .0002 .0080 

.0009 .0120 - .0045 '.0030 .0110 .0002 .0090 

.0006 .0125 - .0065 .0020 .0120 - .0005 .0100 
-.0003 .0140 - .0085 .0020 .0140 -.0016 .0115 
-.0029 .0160 - .0095 .0010 .0150 - .0024 .01 20 
-.0017 .0170 - .0125 .0010 .0160 - .0036 .0130 
- .0027 .0190 -.0145 .0000 .0180 -.0047 .0140 
- .0037 .0205 -.0165 - .0010 .0200 - .0062 .0150 
-.0052 .0220 -.0190 -.0020 .0210 -.0075 . 0160 
- .0064 .0230 - .0215 - .0030 .0220 -.0091 .0170 
- .0084 .0250 - .0255 -.0050 .0235 - .0110 .0185 
-.0097 .0270 - .0285 -.0060 .0250 - .0126 .0190 
-.0114 .0300 -. 032~j - .0070 .0270 -· .0146 .0210 
-.0134 .0330 -.0365 -.0090 .0290 - .0168 .0240 
-.0150 .0360 -.0405 - .0100 .0315 -.0188 .0250 
-.0181 .0415 -.0465 -.0130 .0350 - .0230 .0295 

TABLE El DEFLECTION DATA FOR THE W4X13 SECTION 
WITH THE 8 INCH BRACKET. 

9 _ a 

• 
9 10 

.0000 .0000 
-· .0005 -.0003 
-.0015 -.0005 
-.0020 -.0008 
-.0025 - .0011 
-.0035 - .0018 
-.0045 -.0018 
- .0045 -.0018 
-.0055 -.0018 
-.0065 - .0018 
-.0070 - . 0018 
-.0085 - .0018 
-.0095 -.0018 
-.0105 -.0017 
-.0125 - .0017 
-.0155 - .0017 
-.0165 -.0017 
-.0185 -.0017 
-.0215 - .0017 
-.0235 - .0017 
-.0265 - .0017 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
586. .0000 .0010 - .0003 -.0020 - .0014 .0002 .0015 .0008 .0003 - .0004 

1055. .0000 .0024 - .0005 -.0040 - .0027 .0005 .0033 .0011 .0004 - .0004 
1523. .0005 .002 5 - .0013 - .0055 - .0032 .0010 .0046 .0017 .0006 - .0004 
2109. .0010 .0045 - .0010 - .0070 - .0044 .0013 .0066 .0022 .0008 - .0004 
2577. .0010 .0056 - .0011 - .0080 -.0055 .0018 .0083 .0029 .0011 - . 0004 
3047. .0020 .0085 - .0007 - .0090 - .0071 .0017 .0095 .0033 .0011 - .0010 
3453. .0030 .0085 - .0008 - .0100 - .0082 .0019 .0107 .0036 .0010 - .0015 
3984. .0050 .0102 - .0008 - .01 20 - .0094 .0022 .0127 .0044 .001 2 - .002 0 
4570. .0060 .0117 - .0007 - .0130 - .0112 .0021 .0142 .0044 .0008 - .0032 
5038. .0050 .0125 - .001 2 -.0150 - .011 5 .0021 .0157 .0051 .0009 - .0036 
5508. .0060 .0138 - .0015 - .0160 - .0145 .0020 .0173 .0057 .0010 - .0044 
6094. .0080 .0156 - .0014 - .0180 -.0168 .0017 .0190 .0064 .0010 - . 005 4 - 6 556. .0090 .0168 - .00 14 -.0190 - .0185 .0017 .020 7 .0071 .0011 - .00 6 1 

-..J 
-..J 7031. .0100 .0179 - .0014 - .0200 - .0198 .0019 .0223 .0079 .00 11 - . 0071 

7610. .0120 .0194 - .0014 - .0210 - .0222 .0017 .024 2 .0095 . 001 2 - . 0 084 
8084. .0140 .0203 - .0015 - .0220 - .0237 .0016 .02 55 .0104 .0011 - .0093 
8555. .0160 .0215 - .0016 - .0240 - .0244 .0018 .0275 .0116 .0010 - .0108 
9078. .0180 .0215 -.0031 - .0270 - .0278 .0018 .0294 .0225 .0008 - .0119 
9492. .0210 .0225 - .0036 -.0290 - .0285 .0019 .0316 .0235 .0005 - . 0 134 

10254. .0235 .0255 - .0036 - .0320 - .0341 .0019 .0361 .0257 .0002 - . 0 156 

TABLE El CONTINUED. 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 

O. .0000 .0000 .0000 
586. -.0010 - .0010 - .0009 

1055. - .0020 - .0025 - .0021 
1523. - .0030 - .0035 -.0030 
2109. -.0050 - .0050 -.0045 
2577 • -.0050 - .0070 -.0058 
3047. - .0050 - .0080 - .0075 
3453. -.0050 - .0090 -.0089 
3984. - .0120 - .0120 -.0111 
4570. - .0120 - .0140 - .0129 
5038. - .0120 - .0170 - .0148 
5508. - .0120 -.0190 - .0169 
6094. - .0220 - .0220 - .0192 

~ 6556. - .0240 - .0240 - .0211 
-...] 7031. - .0240 - .0270 - .0232 C» 

7610. - .0240 - .03 10 - .0261 
8084. - .0330 - .0350 - .0280 
8555. -.0340 -- .0370 - .0305 
9078. - .0340 -.0400 - .0329 
9492. - .0370 - .0440 - .0352 

10254. -.0430 - .0490 - .0390 

TABLE E1 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
1055. - .01 20 
1523. -.0160 
1992. -.0210 
2461. -.0250 
3047. -.0290 
3516. -.0340 
3984. - .0380 
4570. -.0430 
5039. -.0480 
5508 . -.0540 
6108. -.0620 
6563. -.0670 

~ 7032. -.0720 
-..J 
\Q 7605. -.0850 

8086. -.0880 
8613. -.0940 
9082. -.1020 
9492. -.1100 
9961. -.1210 

10723. -.1360 
11074. -.1470 
11484. - .1630 
12070. -.1940 
12773. -.2160 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
-.0045 .0030 - .0110 - .0030 .0020 -.0040 .0015 
-.0057 .0040 -.0140 -· .0040 .0030 -.0060 .0025 
-.0072 .0060 -.0180 -.0050 .0050 -.0080 .0035 
-.0081 .0080 - .0220 -'.0060 .0070 -.0090 .0045 
-.0093 .0100 -.0244 -.0070 .0090 -- .0100 .0065 
-.0103 .0110 -.0300 ':'.0080 .0100 -.0110 .0075 
- .0110 .0140 -.0340 ·- .0080 .0130 -.0120 .0095 
-.0113 .0170 - .0380 -.0090 .0150 -.0140 .0115 
-.0126 .0190 ·-.0430 -.01.00 .0170 -.0150 .0135 
-:0144 .0210 -.04130 '-.0120 .0190 -.0170 .0145 
-.0161 .0;' 60 -.0530 -.0120 .0230 -.0190 .0175 
-.0176 .0280 - .0580 -.0140 .0250 - .0210 .0195 
-.0187 .0310 -.0620 -.0140 .0280 -.0220 .0205 
-.0206 .0350 -.0680 -.0150 .0310 - .0240 .0225 
-.0222 .0400 -.0750 - .0170 .0350 -.0260 .0255 
-.0234 .0440 -.0800 -.0170 .0390 -.0280 .0275 
-.0246 .0490 -.0860 -.0180 .0430 -.0300 .0305 
- .0258 .0540 -.0920 -.0190 .0480 -.0310 .0335 
-.0272 .0620 - .1010 -.0190 .0550 -.0330 .0395 
-.0284 .0750 -.1120 -.0200 .0660 -.0350 .0455 
- .0296 .0840 -.1200 -.0210 .0740 - .0370 .0515 
-.0308 .0970 - .1310 - .0220 .0850 - .0390 .0595 
- .0343 .1 2 10 - .1520 -' .0240 .1050 - .0450 .0735 
- .0370 .1400 - .1690 -.0260 .1 2 20 -.0530 .0805 

TABLE E2 DEFLECTION DATA FOR THE W4 X13 SECTION 
WITH THE 12 INCH BRACKET. 

• 
9 10 

.0000 .0000 
-.0030 - .0017 
-.0040 -.0018 
-.0050 -.0020 
-.0060 - .0021 
-.0080 -· .0021 
-.0100 - .0022 
-.0110 -.0022 
-.0130 -.0022 
-.0150 - .0022 
-.0170 - .0023 
- .0190 - .0027 
-.0220 -.0027 
-.023 0 - .0027 
- .0270 -.0027 
-.0290 - .0028 
- .0320 - .0032 
-.0331 - .0038 
-.03 7 0 - .0044 
-.0410 - .0048 
-.0460 - .0057 
-.0500 -.0065 
- .0550 -.0078 
- .0660 -.0101 
- .0760 - .0110 



9 a 

• • • 
LOA[I DIAL GAGE NUHBER 
( LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 . 0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. .0020 -.0020 -.0016 -.0009 -.0005 .0023 .0050 .0010 .0015 .0010 
1523. .0020 -.0020 -.0018 -- .0014 -.0015 .0023 .0060 .0020 .0017 .0010 
1992. .0040 -.0019 -.0018 - .0017 - .0035 .0020 .0080 .0010 .0015 .0010 
2461. .0050 - .0018 -.0018 -.0017 -.0055 .0020 .0090 .0010 .0015 .0020 
3047. .0070 -.0018 -.0020 -.0017 -.0085 .0020 .0100 .0010 .0013 .0020 
3516. .0080 -.0018 -.0021 - .0019 -.0105 .0022 .0110 .0000 .0011 .0020 
3984. .0100 -.0017 -.0021 - . 0021 -.0125 .0023 .0130 .0000 .0012 .0020 
4570. .0120 - .0016 -.0021 -.0024 -.0145 .0023 .0150 - .0010 .0012 .0030 
5039. .0130 - .0015 - .0021 -. 00~!7 -.0165 .0025 .0190 - .0020 .0012 .0030 
5508. .0150 -.0014 - .0021 -.0027 -.0185 .0025 .0200 -.0020 .0014 . 0030 
6108. .0160 - .0015 -.0021 -.0028 -.0205 .0024 .0240 - .0030 .0022 .0050 
6563. .0180 - .0016 - .0024 -.0031 -.0215 .0024 • 0~~ 70 - .0030 .0024 .0060 

~ 7032. .0190 -.0017 - .0025 -.0033 -.0235 .0023 .0290 -.0030 -.0046 .0070 
CQ. 7605. .0210 -.0017 -.0026 -.0036 -.0265 .0022 .0330 -.0040 -.0046 .0080 
0 

8086. .0240 -.0017 -.0027 - .0039 - .0305 .0020 .0370 -.0040 -.0046 .0080 
8613. .0260 -.0016 -.0028 ·- .0043 - . 0325 .0019 .0400 -.0050 -.0046 .0080 
9082. .0280 - .0013 -.0029 -.0044 - .0365 .0019 .0430 -.0050 -.0046 .0090 
9492. .0300 - .0009 -.0030 -.()048 - .0395 .0019 .0470 - .0050 -.0046 .0100 
9961. .0320 -.0001 -.0033 - .0057 -.0455 .0019 .0510 -.0060 -.0046 .0110 

10723. .0350 .0010 - .0033 -.0065 -.0515 .0015 .0580 - .0050 .0023 .0110 
11074. .0380 .0023 -.0028 - .0068 -.0565 .0008 .0630 -.0050 .0020 .0110 
11484. .0410 .0036 - .0022 -.0072 -.0635 -.0001 .0680 -.0050 .0017 .0110 
12070. .0480 .0077 -.0013 - .0078 - .0785 - .0016 .0800 - .0040 .0008 .0120 
12773. .0560 .0146 - .0003 - .0116 - .0885 - .0016 .0880 - .0050 .000 1 . 0 140 

TABLE E2 CONTINUED. 



1 9f1G 

• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. - .0002 - .0016 .0003 .0060 .0031 .0010 -.0110 - .0100 - .0090 -· .0072 
1523. .0000 - .0013 .0007 .0070 .0028 .0000 -.0140 - .0130 -.0120 -.0096 
1992. .0000 -.0015 .0007 .0080 .0030 .0000 -.0190 -.01 70 -.0160 - .0126 
2461. .0000 - .001 7 .0007 .0080 .0030 ·-.0010 -.0220 -.0200 - .0190 -.0148 
3047. .0000 - .0020 .0009 .0080 .0030 - .0020 -.0260 - .0240 -.0240 - .0180 
3516. .0000 -.0021 .0003 .0070 .0030 .0000 - .0290 - .0280 -.0260 -.0201 
3984. .0000 - .0021 .0001 .0070 .0029 .0000 -.0330 -.0310 - .0300 -.0224 
4570. .0001 -.0022 - .0002 , 0070 .0028 .0000 - .0370 -.0350 - .0330 - .02 52 
5039. .0002 -.0021 -.0003 .0070 .0026 .0000 -.0410 - .0390 -.0370 - .0278 
5508. .0001 -.0017 .0002 .0070 .0023 .0000 -.0460 - .0430 ·- .0400 - .0303 
6108. .0002 -.0015 -.0002 .0090 .0020 .0000 -.0520 ·-.0480 -.0450 -.0338 
6563. .0004 -.0010 - .0007 .0080 .0021 .0000 - .0560 - .0510 - .0490 - .0364 

~ 7032. .0003 -.0008 -.0009 .0080 .0023 .0000 -.0600 - .0540 -.0520 - .0387 
C4 
~ 7605. .0004 -.0001 -.0010 .()090 .0029 .0000 -.0650 -.0590 -.0560 - .0417 

8086. .0003 .0001 - .0011 .0090 .0030 .0000 - .0700 - .0630 - .0600 -.0447 
8613. .0002 .0007 -.0013 .0100 .0030 .0000 - .0730 -.0670 - .0630 - .0471 
9082. .0001 .0008 -. 0014 .0100 • OO:i 1 .0020 - .0780 - .0710 - .0670 - .0497 
9492. .0001 .0008 - .0019 .0100 .0037 .0030 - .0820 - .0750 -.0700 - .0520 
9961. .0002 .0009 -.0024 .0100 .0040 .0030 -.0870 - .0800 -.0740 -.0554 

10723. .0002 .0009 -.0031 .0100 .0040 .0040 -.0940 - .0860 - .0790 - .0589 
11074. .0002 .0006 -.0036 .0090 .0040 .0050 -.0980 -.0900 - .0830 ·- .0613 
11484. .0002 -.0002 - .0040 .0090 .0049 .0070 -.1050 -.0950 -.0880 -.0649 
12070. .0000 -.0012 -.0050 .0090 .0054 . 0090 -.1170 - .1070 -.0970 -.0707 
12773. - .0005 - .003 1 -.00'50 .0080 .0060 .0110 -.1270 - .1150 - .1030 - .0744 

TABLE E2 CONTIN UED. 



• 
LOAD 
(LBS) 1 

O. .0000 
582. -.0040 

10S5. - .0070 
1496. - .0090 
1992. - .0140 
2461. - .0180 
2997. -.0240 
3516. -.0290 
3984. - .0360 
4570. -.0430 
5039. - .0500 
5508. - .0600 
5959. - .0660 

~ 6444. - .0780 ro 
N 7207. - .0950 

7557 . - .1080 
8 221. -.1310 
9006. -.1650 
9844. - .2220 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
- .0008 .0020 - .0040 - .0010 .0020 .0000 .0020 
- .0007 .0060 - .0060 - .0010 .0050 .0000 .0040 
- .0007 .0080 - .0080 - .0010 .0080 .0000 .0060 
- .0011 .011 0 - .0110 -.0010 .0100 .0000 .0090 
- .0017 .0140 - .0150 - .0010 .0140 - .0010 .0110 
- .0027 .0180 - .0190 - .0020 .0160 - .0020 .0140 
-.0031 .0230 -.0230 - .0020 .0190 - .002 0 .0170 
- .0038 .02 80 - .0280 - .0020 .0220 - .0020 .02 00 
- .0048 .0330 - .0340 - .0030 .0270 - .0030 .0240 
- .0056 .0390 - .0390 -.0040 .0300 - .0040 .028 0 
- .0065 .0470 - .04t.O - .0040 .0360 - .0040 .0300 
- .0070 .0530 -- .0500 - .0040 .0400 - .0040 .0360 
- .0071 .062 0 - .0570 - .0050 .0470 - .00 50 .0430 
- .0073 .0790 - .0700 -- .0050 .0590 - .0049 .0540 
- .0075 .0910 - .0790 -.0050 .0680 - .0050 .0620 
- .0085 .1130 - .0940 - .0060 .0850 - .0060 .0760 
- .0086 .14'70 - .1170 - .0060 .1090 - .0060 .0970 
- .0102 .1980 - .1500 -.0070 .1430 - .0080 .1 2 70 

TABLE E3 DEFLECTION DATA FOR THE W5X1 6 SECTION 
WITH THE 8 INCH BRACKET. 

• 
9 10 

.0000 .0000 
- .0010 .0004 
-.0020 .0041 
-.0010 .0036 
- .0030 .0036 
- .0060 .0035 
- .0090 . 0035 
- .011 0 .0036 
-.0140 . 0036 
- .0180 .0038 
- .02 00 .0039 
-.024 0 .0040 
- .027 0 . 0 039 
-.0300 .0041 
-.03 60 .0041 
-.0380 .0044 
- .0430 . 0044 
-.0500 . 0038 
- .0560 . 0048 



• • • 
LOA [I [lIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
582. .0030 .0002 .0020 .0020 -.0020 .0001 .0010 .0000 - .0003 -. 0010 

1055. .0100 .0039 .0051 .0050 - .0050 - .0019 .0020 -.0020 - .0015 - .0020 
1496. .0100 .0038 .0037 .0040 - .0090 - .0038 .0020 -.0040 - .0035 - .0030 
1992. .0120 .0038 .0036 .0040 - .0120 - .0038 .0020 - .0040 - .0035 - .0030 
2461. .0140 .0039 .0039 .0040 :- .0140 - .0037 .0080 -.0050 -.003 5 - .0020 
2997. .0170 .0039 .0041 .0050 - .0170 - .0036 .0110 - .0060 - .0035 - . 0010 
3516. .0190 .0037 .0042 .0060 -.0190 -. 0036 .0140 - .0070 - .003 4 -.00 10 
3984. .02 20 .0033 .0042 .0060 -.0220 - .0036 .0170 - .0080 - .0034 . 0000 
4570. .0260 .0029 .0044 .0070 - .025 0 - .0036 .0200 - .0090 - .0035 . 0010 
5039. .0290 .0026 .0044 .0070 - .0300 - .0041 .02 30 - .0090 - .0035 .0010 
5508. .032 0 .0023 . 0 044 .0070 - .032 0 - .0041 .0270 - .0100 - .0035 . 0020 
5 959. .0350 .0022 .0044 .0070 - .0320 -.0041 .0290 - .0110 - .003 5 . 002 0 

~ 6444. .0440 .0013 .0044 .0080 - .0390 - .0041 .0330 -.0110 - .003 5 . 0030 
0:. 7207. .0440 .7231 .00 44 .0080 - .0430 - .0041 .0380 -. 0120 - .0035 .00.5 0 w 

7557. .0470 .0010 .0044 .0080 - .0450 - .005 3 .0400 - .0130 - .0035 .0030 
8221. .0520 .0003 . 0044 .0090 -.0450 - .0021 .0430 - .0130 - .003 7 .0040 
9006. .0580 .0001 .0045 .00'70 -.0620 -.0001 .0480 - .0140 - .0039 .0040 
9844. .0670 .0029 .0076 .0130 - .0780 - . 0 154 .0500 -.02 00 - .0078 . 0 0 2 0 

TABLE E3 CONTINUE[I. 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
582. .0020 .0026 .0030 .0000 - .0028 - .0030 -.0025 -.0021 -.0024 - .0023 

1055. .0040 .0052 .0060 .0000 - .0056 -.0060 - .0045 - .0034 -.0035 '-.0033 
1496. .0040 .0046 .0060 .0000 -.0057 - .0040 -.0060 -.00 45 -.0043 -.0033 
1992. .0040 .0046 .0060 .0000 - .0039 -.0040 -.0085 -.0067 -.0065 -· .0054 
2461 . .0030 .0037 .0050 .0000 -.0041 -.0030 -.0105 -.0083 - .0078 -· .0063 
2997. .0020 .0037 .0060 .0000 :".0038 -.0030 -.0133 -.0105 -.0098 - .0083 
3516. .0020 .0037 .0060 .0000 -.0039 -.0030 -.0156 -.0124 - .0115 - .0100 
3984. .0010 .0037 .0070 .0000 -.0039 -.0030 -.0183 -.0145 -.0134 - .0108 
4570. .0010 .0039 .0070 .0000 -.0041 -.0030 -.0215 -.0170 -.0156 - .0123 
5039. .0000 .0037 .0080 .0000 - .0041 -.0030 -.0244 -.0193 -.0175 - .0135 
5508. .0000 .0040 .0080 .0000 -.0042 - .0020 -.0278 -.0218 -.0197 -.0154 
5959. .0000 .0041 .0090 .0000 -.0045 -.0020 -.0295 -.0249 -.0207 -.0163 

~ 6444. .0000 .0047 .0100 .0000 -.0046 -.0020 -.0329 -.0254 -.0229 - .0179 
<» 
~ 7207. .0000 .0060 .01 2 0 .0000 -.0058 - .0030 -.0377 - .0286 -.0258 - .0200 

7557. .0020 .0045 .0170 -.0230 .6581 -.0080 -.0408 -.0310 -' .027<> - .0213 
8221. .0040 .0119 .0190 - .0260 -.0085 - .0050 -.0457 -.0336 - .0300 -.02 34 
9006. .0060 .0147 .0240 -.0290 -.0119 -.0080 -.0520 -.0380 - .0339 -.0262 
9844. .0100 .0045 .03 00 -.0360 -.0175 -.0130 -.0632 -.0449 -.0402 - .0310 

TABLE E3 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
1050. - .0150 
1523. -.0210 
1992. - .0270 
2461 . - .0330 
3047. -.0400 
3509. - .0460 
3984. -.0560 
4453. - .0640 
5036 . - .0730 
5508. - .0830 
5918. - .0920 
6563. - .1100 

~ 7031. -.1230 
C» 7617. -.1450 \on 

7969 . - .15BO 

• 
OIAL GAGE NUHBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
- .0049 .0040 - .0140 - .0080 .0010 -.0020 .0050 
- .0059 .0080 -.0190 - .0090 .0040 - .0030 .0080 
- .0069 .0120 - .0240 -.0100 .00lO - .0040 .0110 
- .0075 .0160 -. 0290 - .0100 .0100 - .0050 .0140 - --- .0080 .0220 - .0330 ~ .0110 .0140 -.0050 .0190 
- .0087 .0270 - .0370 -.011 0 .0170 -.0050 .0230 
- .0098 .0340 - .0440 -.0110 .0220 -.0060 .0280 
-.0108 .0400 - .0500 - .0120 .0260 - .0070 .0330 
- .0114 .0490 - .0570 -.0120 .0320 -.0080 .0390 
- .01 20 .0570 -.0630 - .0130 .0380 -.0090 .0450 
- .01 24 .0660 - .0690 - .0130 .0440 - .0100 .0510 
- .0127 . 0820 - .0810 -.0130 .0550 - .0100 .0620 
- .0128 .0960 - .0900 - .0140 .0630 - .0110 .0710 
-.0127 .1230 - .1040 - .0140 .07BO - .0110 .0B,s0 
- .01 22 .1 320 - .1120 -.0140 .0870 -.0110 .0940 

TABLE E4 DEFLECTION DATA FOR THE W5X16 SECTION 
WITH THE 12 INCH BRACKET. 

• 
9 10 

.0000 .0000 
- .0110 .0001 
- .0150 .0001 
-.0180 .0001 
-.0210 .0001 
- .0260 . 0001 
-.0290 .0001 
-.0340 .0001 
- .0380 .0001 
- .0430 .0001 
-.0480 - .0002 
- .0520 - .0005 
-.0600 -.0013 
- .0660 - .0020 
-.0750 - .0031 
- .0800 - .0039 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 

1050. .0120 -.0044 -.0001 -.0057 .0000 .0000 .0000 .0030 -.0009 - .0060 

1523. .0160 - .0045 .0001 -.0052 - .0030 .0000 .0030 .0030 -.0008 - .0060 

1992. .0190 -.0048 .0001 -- .0049 - .0060 .0000 .0070 .0030 -.0009 - .0050 

2461 . .0220 -.0048 .0005 -.0043 - .0100 .0000 .0100 .0030 - .0009 - .0050 

3047. .0260 -.0051 .0005 - . 00~57 ";" .0140 .0000 .0150 .0030 -.0009 - .0050 

3509. .0290 -.0054 .0005 -.0034 -.0170 .0000 .0190 .0020 -.0009 - .0040 

3984. .0340 - .0058 .0005 - .0029 -.0170 .0000 .0240 .0010 -.0009 - .0030 

4453. .0380 -.0062 .0007 -.0021 - .0260 .0000 .0280 .0000 - .0011 - .0030 

5036. .0430 - .0066 .0007 -. 0018 - .0310 .0000 .0320 .0000 -.0012 - .0030 

5508. .0480 -.0069 .0007 -.0014 - .0360 .0000 .0370 .0000 - .0012 - .0020 

5918. .0510 - .0070 .0007 -.0012 - .0410 .0000 .0410 .0000 - .0014 - .0020 

6563. .0570 -.0069 .0008 -.0012 -.0470 .0000 .0470 .0000 - .001 5 - .0020 
~ 

7031. .0620 - .0067 .0008 -.0010 - .0520 .0000 .0510 .0000 - .0020 
~ 

- .0015 

a- 7617. .0690 -.0058 .0008 - .0011 - .0600 - .0010 .0580 .0010 -.0016 - .0030 

7969. .0720 -.0051 .0007 -- .0011 - .0640 - .0010 .0610 .0020 - .0015 - .0030 

TABLE E4 CONTINUED . 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1050. .0013 .0000 .0094 .0090 - .0002 -.0100 - .0120 - .0110 - .0104 -.0095 
1523. .0012 .0003 .0095 .0080 - .0002 - .0110 - .0160 - .0140 - .01 :50 - .0112 
1992. .0012 .0000 .0094 .0080 - .0002 - .0100 - .0200 -.0 180 - . 0160 - .0135 
2461. .001 2 .0000 .0096 .0080 - .0002 - .0100 -.0230 - .020 0 - .0184 - .01 55 
3047. - .0090 - .0001 .009 4 .0080 .0008 - .0090 -.0270 - .0240 - . 0212 - .0175 
3509 . - .0092 - .0001 . 0094 .0070 .0008 - .0080 -.0300 - .0270 - .0236 -.0195 
3984. - .0093 - .0002 .0094 .0070 .0008 -.0070 - .0350 -.0300 -.0267 - . 0215 
4453. - .0094 -.0002 .0094 .0060 .0007 - .00 70 - .0390 -.0340 - .0297 - .0237 
5036. - .0097 - .0002 .0095 . 0050 .0008 -.0060 - .04 30 -.0380 - . 0325 - . 0257 
5508 . - .0099 - .0002 .0096 .0050 .0008 -.0050 - .04 70 -.0420 - .0355 -.0279 
5918. - .0103 - .0003 .0098 .0050 .0008 - .0050 - . 0505 - . 0440 -.0378 - .0295 
6563 . -.0114 - .0007 .0097 .0050 .0016 - .0030 -.0517 -.0490 - .0420 - .0324 

~ 703 1. - .0118 - .0009 .0095 .0040 .0018 -.0020 -.0522 - .0530 - .0450 - .0345 
00 
-...) 7617. -.0129 -.00 13 .0095 .0040 .0023 . 0000 - .0527 - .0580 - .0489 - .0370 

7969 . - . 013 1 - .0019 .0095 .0040 .0027 .0010 - .0531 -.0610 -.0516 - .0389 

TABLE E4 CONTINUED . 



• 
LOAD 
(US) 1 

O. .0000 
952. -.0030 

1523. -.0050 
1992. -.0070 
2461. -.0080 
3047. -.0110 
3507. -.0130 
4102. -.0160 
4570. -.0170 
4978. -.0190 
5508. -.0210 
5977. -.0230 
6548. -.0270 

~ 7031. -.0290 ex. 
ex. 7673. -.0330 

8086. -.0360 
8555. -.0380 
9023. -.0430 
9492. -.0460 

10137. -.0510 
10608. - .0560 
11017. -.0590 
11719. -.071 0 
12070 . - .0820 
12718. -.0880 
13418. -.1020 
14238. -.1230 

• 
DIAL GAGE NUHBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 

.0003 .0030 -.0020 .0010 .0015 .0000 .0030 
-.0004 .0040 -.0040 .0000 .0024 .0000 .0030 

.0000 .0060 -.0050 .0000 .0038 .0000 .0050 

.0000 .0070 -.0060 .0000 .0047 .0000 .0050 
-.0005 .0080 -.0090 -.0010 .0047 .0000 .0060 
-.0010 .0090 -.0110 ·-.0010 .0047 .0000 .0070 
-.0011 .0100 -.0140 -.0030 .0047 .0000 .0080 
- .0011 .0130 - .0130 .0010 .0094 .0000 .0100 
-.0010 .0140 -.0140 .0010 .0105 .0000 .0110 
-.0010 .. 01.60 -.0160 .0010 .0120 .0000 .0130 
-.0010 .0180 -.0180 .0010 .0134 .0000 .0140 
-.0012 .0200 -.0210 .0010 .0152 .0000 .0160 
-.0012 .0210 -.0230 .0010 .0166 .0000 .0180 
-.0015 .0240 -.0250 .0010 .0187 .0000 .0190 
- .0016 .0260 -.0270 .0010 .0201 .0000 .0210 
-.0016 .0280 -.0300 .0000 .0216 .0000 .0230 
-.0027 .0300 -.0330 -.0030 .021.7 .0000 .0240 
- .0028 .0330 -.0360 -.0020 .0241 .0000 .0260 
-.0028 .0360 -.0390 - .0020 .0272 .0000 .0290 
-.0029 .0400 -.0420 -.0010 .0295 .0000 .0310 
- .0028 .0430 - .0440 - .0020 .0317 .0000 .0340 
-.0027 .0520 -.0520 -- .0020 .0383 .0000 .0380 
-.0022 .0610 - .05<)0 - .0030 .0444 .0000 .0470 
- .0018 .06 70 - .0630 -.0030 .0488 .0000 .0490 
-.0007 .0810 -.0720 - .0020 .0578 .0000 .0610 

.0007 .1000 -.0860 - .0020 .0708 .0000 .0720 

TABLE E5 DEFLECTION DATA FOR THE M5X18.9 SECTION 
WITH THE 8 INCH BRACKET. 

90a 

• 
9 10 

.0000 .0000 

.0000 .0023 
-.0010 .0028 
-.0010 .0029 
-.0020 .002'7 
-.0030 .0030 
-.0030 .0030 
-.0040 .0030 
-.0050 .0030 
-.0060 .0030 
- .0070 . • 0037 
-.0070 .0037 
-.0090 .0039 
-.0100 .0039 
-.0120 .0039 
- .0140 .0040 
-.0160 .0040 
- .0170 .0040 
- .0190 .0040 
-.0200 .0040 
M-.0220 .0040 
- .0240 .0040 
- .0290 .0040 
- .0300 .0040 
- .0320 .0040 
-.0360 .0040 
-.0420 .0040 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
952. .0030 .0020 .0016 .0007 -.0040 -.0018 .0000 -.0020 -.0018 - .0010 

1523. .0060 .0020 .0018 .0017 '-.0040 -.0021 .0000 -.0020 -.0019 - .0010 
1992. .0060 .0020 .0018 .0015 -.0040 - .0020 .0020 -.0020 - .0019 - .0010 
2461. .0070 .0020 .0018 .0015 -.0040 -' .0020 .0020 - .0020 - .0018 - .0010 
3047. .0080 .0020 .0018 .0013 -.0050 -.0022 .0040 - .0030 - .0020 - .0010 
3507. .0090 .0030 .0019 .0011 -.0060 -.0022 .0050 -.0030 - .0021 - .0010 
4102. .0090 .0030 .0019 .0007 - .0070 -.0022 .0060 -.0040 -.0023 .0000 
4570. .0100 .0030 .0019 .0007 -.0090 -.0022 .0070 -.0040 -.0025 .0000 
4978. .0110 .0030 .0019 .0007 -.0100 -.0024 .0080 -.0040 - .0027 .0000 
5508. .0130 .0030 .0019 .0007 -.0110 -.0024 .0090 -.0040 - .0033 .0000 
5977. .0140 .0030 .0019 .0007 -.0120 - .0024 .0100 -.0050 -.0034 .00 00 
6548. .0150 .0030 '.0019 .0007 -.0140 - .0025 .0110 - .0050 - .0039 .0000 

~ 7031. .0160 .0030 .0019 .0007 -.0150 - .0025 .0120 -.0050 -.0041 .0000 
~ 

7673. .0180 .0030 .0019 .0009 -.0160 - .0026 .0130 -.0050 -.0043 .0000 '" 8086. .0200 .0030 .0020 .0013 -.0170 -.0027 • 0130 -.0050 - .0046 - .0010 
8555. .0210 .0030 .0021 .0017 -.0180 - .0029 .0140 - .0050 -.0049 - .0010 
9023. .0230 .0030 .0023 .0019 - .0190 - .0030 .0150 -.0050 -.0049 -' .0010 
9492. .0250 .0030 .0024 .0019 -.0230 -.0029 .0170 -.0050 -.0049 - .0010 

10137. .0260 .0030 .0024 .0017 -.0250 -.0029 .0180 - .0060 -.0049 - .0010 
10608. .0280 .0040 .0024 .0015 -.0270 - .0029 .0200 -.0060 - .0049 - .0010 
11017. .0290 .0040 .0024 .001 2 -.0290 -.0029 .0210 -.0060 - .0049 - .0010 
11719. .0360 .0070 .0024 - .0002 - .0310 - .0029 .0240 - .0060 - .0049 - .0010 
12070. .0360 .0060 .002 4 - .0001 - .0350 - .0029 .0280 - .0070 - .0049 .0000 
12718. .0380 .0070 .0024 - .0007 - .037 0 - .0029 .0300 - .0070 - . 0049 . 0 000 
13418. .0410 .0080 .0024 - .0012 - .042 0 - .0030 .0340 - . 0 070 - . 004 9 . 0 000 
14238. .0460 .0090 .0024 - .0022 - .0460 - .0029 .0390 - .0070 -.0049 .0010 

TABLE E5 CONTINUED. 



e .90Q 

• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 . 0000 .0000 .0000 .0000 .0000 .0000 
952. .0030 .0026 .0020 .0790 -.0026 -.0020 -.0020 -.0017 - .0013 -.0010 

1523. .0030 .0035 .0040 .0790 -.0032 - .0040 -.0040 -.0037 - .0030 - .0022 
1992. .0030 .0035 .0040 .0790 -.0032 -.0040 - .0040 -.0040 - .0033 - .0024 
2 461. .0030 .0037 .0040 .0790 - .0032 - .0040 -.0050 - .0048 - .0041 - .0030 
3047. .0030 .0040 .0040 .0790 -.0032 -.0040 -.0070 -.0055 - .0059 - .0047 
3507. .0030 .0040 .0040 .0790 - .0032 - .0040 -.0080 -.0077 -.0068 - .0050 
4102. .0030 .0041 .0040 .0780 -.0032 -.0040 -.OlOO -.0095 -.00B6 - .0065 
4570. .0030 .0041 .0050 .0780 -.0032 -- .0040 -.0110 -.0104 - .0096 - .0077 
4978. .0030 .0041 .0050 .07BO - .0032 - .0040 -.0120 - .0109 - .0102 -. 0080 
5508. .0020 .0037 .0050 .Ol80 - .0030 - .0040 -.0140 -.0120 -.0114 - .0090 

~ 5977. .0020 .0037 .0050 .0790 -.0030 --.0040 - .0150 - .0131 - .0126 - .0102 
-.0 6548. .0010 .0037 .0050 .0790 - .0030 - .0050 -.0160 - .0148 - .0144 - .0120 0 

7031. .0010 .0037 .0060 .0790 - .0030 - .0050 -.0180 -.0159 - .0154 - .0126 
7673. .0000 .0037 .0060 .0790 -.0026 -.0060 -.OlBO -.0178 -.01 7 4 -.0144 
8086. .0000 .0037 .0070 .0790 - .0023 -.0060 -.0210 - .0189 -.0185 - .0158 
8555. -.0010 .0036 .0070 .0790 -.0015 -.0050 -.0230 - .0189 -.0201 - .0170 
9023. - .0020 .0029 .0070 .0790 -.0008 - .0050 -.0260 -.0235 - .0226 -.0190 
9492. - .0020 .0029 .0080 .0790 -.0008 -.0050 -.0270 -.0249 - .0238 -. 02 00 

10137. -.0020 .0028 .0080 .0790 -.0007 -.0050 -.0300 -.0271 -.0257 - .0214 
10608. -.0020 .0028 .0090 .0790 - .0006 - .0050 -.0320 -.0285 - .0271 - .0224 
11017. -.0020 .0028 .009 0 .0790 - .0004 - .0040 - .0330 - .0290 - . 0279 -.02 2 5 
11 7 19. - .0030 .0014 .0080 .07'70 .0005 - .0020 -.0370 -.0337 - .0316 - .0 2 56 
12 0 70. - .0040 .0010 . 007 0 .0790 .001 2 .0000 - .0410 -.0370 - .0341 - .0276 
127 18. - .0040 .0009 . 007 0 .0790 .0014 .0000 - .0430 - .0381 - . 0 350 - . 0278 
13 418. - .0060 - .0014 • OO~jO .0800 .0053 .0050 - .04 7 0 - .0416 - .0 3 7 7 - . 030 5 
142 38. - .0060 - .0014 .0050 .0800 .005 3 .0060 -.0520 - .0457 - .0410 - .032 4 

TABLE E5 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
1055. -.0080 
1523. - .0110 
1992. - .0150 
2461. -.0200 
3043. -.0250 
3516. - .0290 
3984. -.0330 
4570. -.0360 
5039. -.0410 
5470. -.0440 
5977. -.0490 
6563. - .0550 

~ 7031. -.0600 
\0 
~ 7617. -.0660 

8086. -.0700 
8578. - .0770 
9023. -.0810 
9466. -. 0880 
9961. -.0950 

10547. - .1020 
11016. -.1080 
11484. - .1190 
12070. -.1340 
12656. - .14 20 

• 
DIAL GAGE NUMBER 

'I 
4 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
- .0010 .005() - .0070 - .0040 .0020 .0020 .0050 
- .0020 .0060 - .0100 -.0060 .0030 .0020 .0070 
-. 0031 .0075 -.0140 - .0070 .0040 .0010 .0080 
-.0045 .0090 -.0180 - .0090 .0040 .0000 .0080 
- .0060 .0110 - .0240 - .0120 .0050 .0000 .0100 
-. 0070 .0130 - .0270 -.0130 .0060 -.0020 .0120 
- .0077 .015 0 - .0300 - .0130 .0080 - .0030 .0140 
-. 0081 .0170 .- .0330 -.0140 .0110 - .0040 .0160 
-.0090 .0200 - .0360 -.0140 .0130 -· .0040 .0170 
- .0101 .0220 - .0390 -.0150 .0140 - .0050 .0180 
- .0108 .0250 -.0430 -.0150 .0170 -.0060 .0200 
-.0120 .0280 -.0470 -.0160 .0190 -.0070 .0230 
-.0129 .0310 -.0510 - .0160 .0210 -.0080 .0240 
- .0140 .0350 -.0560 - .01"70 .0240 -.0100 .02 60 
- .0140 .0380 -.0600 -.0170 .0260 - .0110 .0280 
-.0147 .0420 -.0650 - .0180 .0300 -.01.10 .0300 
-.0153 .0450 - .0670 -.0180 .0320 - .0130 .0320 
- .0162 .0500 - .0730 - .0190 .0360 -.0140 .0350 
- .0170 .0550 -.0770 - .0190 .0390 -.0170 .0370 
- .0177 .0600 -.0830 -.0200 .0430 -.0170 .0400 
-.0183 .0650 -.0880 -.0200 .0470 - .0180 .0430 
- .0196 .0720 -.0950 -.0210 .0520 -.0210 .0470 
- .0211 .0820 -.1060 -.0220 .0600 -.0230 .0520 
-.0226 .0930 - .1160 - .0220 .0680 -.0260 .0570 

TABLE E6 DEFLECTION DATA FOR THE M5X18.9 SECTION 
WITH THE 12 INCH BRACKET. 

t 9 a 

• 
9 10 

.0000 .0000 
-.0060 .0013 
-.0090 .0011 
-.0140 .0009 
-. 0150 .0008 
-.0190 .0006 
-.0210 .0003 
- .0230 .0003 
-.0240 .0003 
-.0260 .0003 
-.0280 .0003 
- .0310 .0003 
-.0330 .0003 
-.0350 .0003 
-.0370 .0003 
-.0390 .0000 
-.04 20 --.0003 
- .0440 - .0007 
-.0470 -.0010 
- .0500 - .001 1 
-.0530 -.001 4 
-.0570 -.0019 
-.0610 -.0030 
- . 0680 -.0041 
-.0750 -.0057 



<3 9 

• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 1 7 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. .0090 - .0028 .0011 .0050 .0010 - .0027 - .0050 .0030 -.0025 - .0080 
1523. .01 2 0 - .0038 .0010 .0060 .0010 - .002 9 - .0060 .0040 - .0031 - .0100 
1992. .0150 - .0049 . 00 10 .007 1 .0010 - .0030 - .0060 .0040 - .0033 - .0110 
2461. .0180 - .0061 .0010 .00B2 .0000 - .0033 - .0070 .0060 -.0035 - .0130 
3043. .02 10 -.0074 . 0010 .0095 .0000 - .0035 - . 0070 .0060 - .0038 - .0140 
35 16 . .0230 - .0076 . 0011 .0103 - .0010 - . 0037 - . 0060 .0060 -.0039 - . 0150 
3984 . .0250 -.0075 .0013 .0107 - .0040 - .0043 - . 0050 .0060 -.0046 - .0150 
4570. . 0260 - . 0073 .0013 .0106 - .0060 - . 0050 - .0030 .0050 - .0053 - .0160 
5039 . .0280 - .0072 .0014 .0105 - .0090 - . 0050 - .0010 .0050 - .0053 - . 0150 
5470 . .0300 - .0072 .0014 .0106 - .0110 - .0050 .0000 .004 0 -.0053 - .0150 
5977 . .0320 - .0070 .0017 .0109 - .0130 -.0050 .0030 . 0040 - .0057 - . 0150 
6563 . .0350 -.0069 . 0019 .0110 - .0160 - .0050 .0050 .0030 - .0057 - . 0150 

~ 7031. .0370 -.0067 .0022 . 0115 - .0190 - .0052 .0080 . 0030 -.0055 - .0140 

'" I\) 7617 . .0400 - .0064 .0025 .0118 -.0220 -.0052 . 0110 .0030 -.0056 - . 0140 
8086. .0420 - .0063 . 0026 .0118 - .0240 -.0052 .0130 .0040 - .0056 - .0130 
8578 . .0440 - .0061 .0027 .011B - .0270 - . 005 1 .0160 .0020 - .0056 - . 0130 
9023 . .0460 - .0061 .0027 .011 7 - .0290 - .0052 .0180 . 0020 - . 0054 - . 0130 
9466. .0480 - .0059 .0027 .011 7 - .0320 - . 0054 . 0200 .0020 - . 0055 - .0120 
9961 . .0510 - .0056 .0027 .011 5 - .0350 - .0053 .0230 .0020 - .0054 - .0120 

10547. .0540 - .0051 .0027 .011 2 - .0390 - . 0057 .0260 .0020 -.0053 - .0120 
11016. .0570 - .0044 .0027 .01 08 - .0430 - .0060 .0290 .0020 - . 005 4 - .0120 
11484. . 0590 - .0038 .0027 .0104 - .0470 - .0061 .0330 .0020 -.0054 - .0120 
12070. .0640 - .0021 .0027 .0104 - . 0530 - .0065 .0.s80 .0020 - .0054 - .0120 
12656. . 0690 -.0002 .00 28 . 0090 -.0580 - .0061 .0440 .0030 - .0 051 - .0120 

TABLE E6 CONTINUED . 



( gaa 

• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. - .0060 -.0075 .0010 .0060 - .0017 - .0100 -.0060 -.0070 -.0076 - .0076 
1523. -.0088 -.0076 .0030 .0090 --.0017 - .0130 - .0100 -.0100 -.0109 -.0108 
1992. -.01 16 -.0077 .0050 .0120 - .0017 - .0150 - .0120 -.0130 -.0140 -.0138 
2461. -.0117 -.0078 .0080 .0140 - .0023 -.0180 - .0160 -.0170 - .0178 - .0174 
3043. -.0182 - .0082 .0110 .0180 -.0007 - .0210 - .0200 -.0210 -.0220 - .0213 
3516. -.0194 - .0084 .0120 .0190 -.0007 -.0220 - .0230 -.0240 - .0252 -.0237 
3984. -.0195 -.0084 .0120 .0190 -.0007 - .0230 - .0260 - .0260 -- • 0271 -.0252 
4570. - .0195 - .0084 .0120 .01'70 - .0007 -.0230 -.0280 -.0280 -.0292 -.0272 
5039. -.0196 -.0084 .0120 .0190 -.0004 -.0220 -.0310 -.0310 - .0316 -.0291 
5470. - .0196 -.0084 .0120 .0190 - .0005 -.0220 -.0330 -.0330 -.0335 -.0307 
5977. -.0199 -.0084 .0120 .0190 - .0005 -.0220 -.0360 -.0360 -.0362 - .0332 
6563. -.0201 -.0085 .0120 .0190 -.0005 - .0210 -.0400 -.0380 - .0390 -.0353 

~ 7031. -.0204 -.0085 .0120 .0190 --.0007 - .0210 -.0430 -.0410 -.041 7 - .0384 
-0 
\.oJ 7617. -.0208 -.0088 .0110 .0190 -.0002 - .0210 -.0480 -.0440 - .0448 -.0399 

8086. - .0211 -.009 1 .011 0 .0190 .0000 -.0210 -.0500 - .0470 -.0466 - .0416 
8578. -.0214 - .0092 .0110 .0190 .0003 -.0200 -.0540 - .0500 -.0432 - .0441 
9023. -.0216 - .0094 .0110 .0190 .0003 -.0200 -.0560 -.0520 -.0514 - .0456 
9466. -.0218 -.0094 .0110 .0190 .0003 -.0200 -.0600 - .0550 -.0539 -.0479 
9961. -.0222 - .0095 .0120 .0190 .0003 -.0200 - .0630 -.0590 -.0568 - .0502 

10547. -.0224 - .0096 .0120 .0190 .0003 -.0200 - .0670 -.0620 -.0594 -.0522 
11016. -.0226 - .0096 .011 0 .0190 .0003 - .0200 - .0700 - .0600 - .0 621 - .0544 
11484. -.0237 - .0103 .0120 .0180 .0003 - .0200 - .0750 -. 0690 -.0661 -. 0576 
12070. -.0254 - .0115 .0120 .0180 .0003 - .0190 - .0810 - .0740 -.0706 - .060 9 
12656. - .0267 -.0121 .0100 .0200 .0033 -.0150 - .0870 - .0800 - . 0751 - .0639 

TABLE E6 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
1055. -.0080 
1523. - .0110 
1992. -.0160 
2463. - .02 10 
3047. -.0260 
3514. - .0290 
3984. - .0350 
4561. - .0410 
5036. - .0480 
5508. - .0550 
5977. - .0640 
6547. - .0760 

~ 

~ 7031. - .0870 
~ 7617. - .1050 

7969. - .1 200 
8580. - .1490 
9023. - .1820 
9492. - .2290 

• 
DIAL GAGE NUMBER 

2 3 4 " '" 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
- .0003 .0070 - .0078 .0050 .0020 .0010 .0050 
- .0018 .0090 -.0091 .0040 .0040 .0000 .0080 
- .0010 .0130 - .0121 .0040 .0070 .0000 .0100 
- .0030 .0170 - .0159 .0040 .0110 -· .0010 .0120 
- .0032 .02 10 - .0186 .0040 . 0 130 - .0010 .0150 
- .0032 .0250 - .0213 .0030 .0150 -.0010 .0170 
- .0036 .03 00 -.0243 .0030 .0190 - .0010 .0200 
- .0040 .0360 - .0243 .0030 .0220 -.0010 .022 0 
- .0044 .0420 - .0221 .0030 .0250 - .0020 .0250 
- . • 004 2 .0500 - .0344 .0030 .0310 - .00 2 0 .0300 
- .0043 .059 0 - .0411 .003 0 .0350 - .0030 .0350 
- .0039 .0700 - .044 5 .0030 . 0 410 - .00 30 . 0410 
- .0034 .0830 - .0537 .0020 .0490 -. 0030 .0480 
- .0028 .1010 - .0625 .0020 .0600 - .0030 .057 0 
- .0020 .1170 - .0699 .0020 . 0680 - .0030 .0650 
-.0004 .1 5 40 - .0840 .0020 .0860 - .003 0 .0800 

.0007 .1820 - .1010 .002 0 .1020 - .003 0 .0980 

.0004 . 222 0 - .1215 .0020 t 1220 - .003 0 .1160 

TABLE E7 DEFLECTION DATA FOR THE W6X25 SECTION 
WITH THE 8 IN CH BRA CKET. 

• 
9 10 

.0000 .0000 
-.0040 .0031 
- .0050 .0031 
-.0070 .0031 
- .0090 .0031 
- .0110 .0026 
- .0130 . 0 022 
-.0150 .0018 
- .0170 .00 14 
-.0190 .0011 
-.0220 .0008 
- .02 40 .0006 
- .0260 . 0 00 6 
- . 029 0 - . 0 001 
- . 03 10 - . 000 3 
-.0330 - . 0004 
-· .03 6 0 - . 00 09 
- .0390 - .001 7 
- .0430 '- . 003 4 



013 

• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. .0120 - .0010 .0029 .0163 .0000 -.0015 -.0020 .0020 -.0017 -. OO~iO 
1523. .0130 -.0020 .0028 .0165 -.0020 -.00 15 -.0020 .0020 -.0019 - .0050 
1992. .0140 - .0020 .0028 • 016 ~j - .0030 -. 0015 .0000 .0020 -.0020 -. 0050 
2463. .0160 -.0020 .0026 .0166 -. 0050 - .0015 .0020 .0020 -.0020 - .0050 
3047. .0180 -.0030 .0022 .0166 :- .0070 -.0014 .0040 .0010 - .0020 - .0050 
3514. .0190 -.0030 .0020 . 0166 - .0080 -' .0012 .0050 .0010 -.0020 - .0040 
3984. .0210 - .0040 .0017 .0166 - .0100 - .0012 .0070 .0020 - .0020 - .0030 
4561. .0210 - .0040 .0014 .0169 - .0120 -.0012 .0090 .0020 - .0024 - .0030 
5036. .0240 - .0050 .0010 .0170 - .0140 - .0006 .0110 .0010 -.0024 - .0030 
5508. .0260 - .0060 .0010 .0179 - .0140 - .0005 .0130 .0020 - .0 024 - .0030 
5977 • .0270 - .0060 .0013 .0186 - .0150 - .0005 .0150 .0020 -.0022 - .0030 
6547. .0290 - .0070 .0014 .0189 - .0180 - .0006 .0180 .0020 - .0021 - .0030 

~ 7031. .0300 - .0070 .0014 .0189 - .0200 '- .0006 .0200 .0030 -.0018 - .0030 
-.0 7617 . .0320 - .0080 .0014 .0189 - .0230 - .0007 .0230 .0040 -.0014 - .0030 V\ 

7969 . .0340 - .0080 .0014 .0189 - ,0250 - .0010 .0250 .0040 -.0014 - .0040 
8580. .0370 - .0090 .0014 .0197 _ . • 02BO ·- .0019 .0270 .0050 - .0014 - .0040 
9023. .0380 - .0110 .0013 .0199 - .0350 '-.0029 .0290 .0050 - .0018 - .0050 
9492 . .0390 - .0130 .0014 .0200 - .0390 -.00 40 .0310 .0050 - .0022 - .0050 

TABLE E7 CONTINUED. 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. -.0050 .0014 .0080 .0040 -.0013 -.0070 -.0050 .0002 -.0040 -.0055 
1523. -.0050 .0014 .0090 .0040 -.0013 - .0060 -.0070 -.0002 -.0050 - .0061 
1992. - .0060 .0014 .0090 .0040 - .0009 - .0060 -.0100 -.0022 -.0063 --.0069 
2463. - .0060 .0014 .0090 .0040 -.000<] -.0050 -.0120 -.0046 --.0085 - .0085 
3047. -.0070 .0013 .0020 .0040 -.0009 -.0050 -.0140 -.0059 -.0096 - .0096 
3514. -.0080 .0010 .0090 .0030 --.0009 -.0040 -.0160 -.0072 -.0108 - .0106 
3984. - .0080 .0007 .0090 .0030 ·-.0009 -.0040 -.0190 -.0091 -.0124 --.0123 
4561. -.0080 .0006 .0090 .0020 -.0009 - .0030 -.0210 -.0106 -.0138 -.0135 
5036. -.0090 .0004 .0090 .0020 - .000<] -.0030 -.0240 --.0130 -.0158 -.0153 
5508. -.0090 .0004 .0090 .0020 -.0009 - .0020 -.0270 -.0146 -.0171 -.0166 
5977 • -.0090 .0008 .0110 .0020 -.0009 - .0020 --.0300 -.0166 -.0188 - .0179 
6547. -.0100 .0007 .0110 .0010 - .000'7 -.0010 -- .0330 -.0183 -.0202 - .0193 

~ 7031. -.0100 .0005 .0120 .0010 --.0009 - .0010 -.0360 -.0201 -.0221 - .0208 
'Cl 7617. - .0110 .0004 .0120 .0000 - .0009 - .0010 -.0400 -.0222 -.0245 -.0224 C1' 

7969. -.0110 .0002 .0110 .0000 -.0009 .0000 - .0430 -.0235 - .0260 - .0233 
8580. - .0130 - .0001 .0120 .0000 - .0009 .0000 -.0470 -.0254 -.0276 - .0246 
9023. - .0130 -.0002 .0110 -.0010 -- .0008 .0000 -.0510 -.0272 -.0295 - ,0259 
9492. -.0150 - .0005 .0120 -.0010 --.0006 .0010 - .0570 -.0295 -.0316 - .0277 

TABLE E7 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
938. -.0090 

1523. -.0140 
1992. -.0190 
2461. -.0240 
3047. - .0300 
3516. -.0350 
3984. -.0420 
4570. - .0480 
5039. -.0550 
5508. -.0600 
6035. - .0670 
6563. - .074 0 

~ 7031. - .0810 
'" 7601. - .0890 --:J 

8029. -.0970 
8555. - .1070 
9023. -.1160 
9492. -.1290 

10020. - .1400 
10664 • -.1670 
11133. -.1860 
11602. - .214 0 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 B 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 
-.0024 .0040 - .0080 -. 0063 -.0010 .0020 .0050 
-.0041 .0060 -.0130 -.0091 -.0010 .0008 .0060 
-.0052 .0080 -.0170 ·- .0110 .0000 .0008 .0080 
-.0069 .0100 - .0220 - .0138 .0000 .0004 .0100 
- .0085 .0120 -.0280 -.0165 .0020 - .0004 .0120 
- .0096 .0140 - .03 20 - .0185 .0030 - .0004 .0130 
-.0114 .0170 - .0380 - .0209 .0050 - .0008 .0160 
-.0129 .0210 -.0430 - .0 228 .0070 -.0012 .0180 
- .0140 .0240 - .0480 -.0248 .0090 -.0020 .0200 
- .0143 .0270 ~M .0520 - .0248 .01 20 -.0020 .0225 
-.0152 . 0320 - .0570 ·-.0252 .0150 -.0031 .0250 
- .01 64 .0370 '- .0610 - .0256 .0190 -.0043 .0280 
- .0168 .0420 - .0650 - .0256 .0220 -.0051 .0305 
-.0173 • 0480 "" .0710 - .0256 .0270 -.0055 .0350 
- .0178 .0550 - .0760 - .0256 .0310 -.0059 .0380 
-.0192 .0640 -. 0810 - .0256 .0360 - .0071 .0440 
- .0185 .0730 -.0870 - .0256 .0420 -.0079 .0480 
- .0191 .0830 -.0930 - .0256 .0480 - .00B7 .0550 
- .0193 .0930 - .1000 - .0260 .0550 - .0094 .0600 
-.0199 .1150 '-.1130 - .0260 .0680 -.0102 .0730 
- .0202 .1320 - .1220 - .0260 .0780 - .0110 .0820 
- .0207 .1560 - .1360 .- .0260 .0920 -.0118 .0960 

TABLE E8 DEFLECTION DATA FOR THE W6X25 SECTION 
WITH THE 12 INCH BRACKET. 

• 
9 10 

.0000 .0000 
-.0100 .0006 
- .0140 .0004 
-.0180 .0003 
-.0220 .0003 
-.0270 .0002 
- .0300 .0004 
-.0340 .0008 
- .0380 .0009 
-.04 10 .0011 
- .0430 .0016 
-.0470 .0009 
-.0500 .0009 
-.0540 .0010 
- .0560 .0011 
-.0600 .0004 
- .0630 .0002 
-.0660 .0002 
- .0680 .0002 
-.0710 - .0003 
-.0720 .0012 
- .0760 .0012 
-.0800 - .0016 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 ~O 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
938. .0100 - .005 7 .0006 .0069 .0040 -.0030 -.0050 .0061 -.0007 - .0070 

1523. .0160 - .0080 .0008 .0089 .0040 -.0010 - .0050 .0079 -.0006 - .0090 
1992. .0200 -.0096 .0005 .0097 .0040 .0000 -.0050 .0093 - .0004 - .0100 
2461. .0230 -.0115 .0008 .0125 .0040 .0000 - .0050 .0108 - .0003 - .0115 
3047. .0280 -.0137 .0002 .0140 .0040 .0000 -.0050 .0123 -.0002 - .0130 
3516. .0320 - .0149 .0006 .0159 .0040 .0000 - .0050 .0131 - .0003 - .0150 
3984. .0360 - .0164 .0011 .0183 .0030 .0000 - .0050 .0141 -.0004 - .0160 
4570. .04~0 - .0182 .0014 .0206 .0015 - .0010 -.0040 .0149 - .0007 - .0200 
5039. .0450 - .0194 .0014 .0219 .0000 - .0010 -.0030 .0155 -.0008 - .0190 
5508. .0480 -.0190 .0023 .0237 - .0030 - .0020 -.0010 .0145 -.0008 - .0190 
6035. .0510 - .0196 .0022 .0239 - .0055 -.0020 .0020 .0141 - .0012 - .0180 
6563. .0540 - .0199 .00~2 .0252 -.0090 - .0040 .0060 .013~ - .0012 - .0170 

~ 7031. .0570 - .0202 .002 4 .0265 - .0120 - .0040 .0090 .0125 -.0013 - .0160 

'" ~ 7601. .0610 -.0205 .0028 .0279 -- .0160 - .0050 .0125 .0115 -.0016 - .0160 
8029. .0630 - .021 2 .0025 .0280 -.0190 - .0050 .0160 .0113 - .0014 - .0150 
8555. .0640 -.O2:?2 • .()Q23 .0282 - .02 35 - .0050 .0200 .0109 - .0013 - .0140 
9023. .0670 - .0228 .0024 .0289 - .0270 - .0060 .0240 .0105 - .0012 - .0140 
9492. .0690 -.0233 .002 4 .0290 - .0320 -.0065 .0270 .0100 - .0012 - .0130 

10020. .07 20 - .0239 .002 4 .02 89 - ,0355 - .007 0 .0310 .0096 -.00 1 2 - .0130 
10664. .0770 - .O2:!5 .0033 .0309 - .0430 - .0070 .0370 .0090 - .0010 - .0120 
11133. .0790 - .0235 .003 3 .0309 - .0510 - .0100 .0390 .0070 - .00 2 4 - .0130 
11 602. .0810 - .0263 .0033 .0318 - .0570 - .0110 .0460 .0073 - .0012 - .0110 

TABLE E8 CONTINUED. 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
938 . - .0075 .0017 .0130 .0100 - .0023 - .0120 -.0060 -.0070 -.0072 - .0077 

1523. -.0110 .0012 .0160 .0140 - .0017 - .0150 - .0110 -.0110 - .0105 - .0113 
1992. - .0138 .0012 .0190 .0170 - .0013 - .0170 -.0140 -.0140 - .0137 ·- .0148 
2 461. - .0174 .0007 .0210 .02 10 - .0005 - .0200 -.0170 -.0170 - .0171 ·- .0182 
3047. -.02 13 .0002 .0240 .0240 .0004 - .022 0 -.0210 - .0210 - .0209 -.0220 
3516. - .0235 .0003 .0270 .0260 .0005 - .0240 -.0250 - .0240 - .0234 - .0241 
3984. - .0264 .0003 .0300 .0290 .00013 -.0260 -.0280 -.0280 -.0269 - .0274 
4570. - .0291 .0002 .0330 .0320 .0010 -.0290 - .0320 -.0310 -.0300 - .0303 
5039. - .0308 .0002 .0340 .0340 .001 2 -.0300 -.0360 -.0340 - .0329 - .0330 
5508. - .0315 .0002 .0350 .0340 .0017 - .0300 -.0380 -.0360 - .0348 - .0348 
6035. - .0329 - .0007 .0340 .0350 .0034 -.0270 -.0410 - .0390 -.0369 - .0363 
6563 . - .0342 -.0015 .03 40 .0340 .0042 -.0260 - .0450 -.0410 - .039 2 - .0383 - 7031. -.0353 -.0021 .0340 .0340 .0047 - .0250 -.0 470 - .0430 - .0408 -.0399 

-c> 
-c> 7601. -.0363 - .0023 .0340 .0330 .0047 - .0~!40 -.0510 -.0450 - .0432 - .0409 

8029. - .0374 -.0030 .0330 .0320 .0056 -.0220 -.0530 -.0470 - .0453 -. 0435 
8555. - .0380 -.0035 .0330 .0310 .0057 -.0210 -.0570 -.0500 - .0474 - .0450 
9023 . - .0383 - .0036 .0330 .0310 .0059 - .0200 -.0600 - .0520 -. 0493 - .0466 
9492. -.0388 -.0037 .0330 .0310 .0062 - .0190 - .0640 -.0550 - .0515 - .0481 

10020. -.0400 - .0036 .0320 .0300 .0068 -.0180 -.0680 -.0570 -.053'] - .0499 
10664. -.0379 -.0017 .0360 .0270 .0037 - .0200 -.0730 -.0610 -.0565 -.05 07 
11133. -.0390 - .0027 .0350 .02130 .0047 - .0180 - .0770 - .0630 - .0586 -.0532 
11602. - .0406 -.0040 .0340 .0280 • 00~i9 - .0150 -.0810 -.06 60 - .0612 -.0554 

TABLE E8 CONT INUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
938. - .0020 

1523. - .0030 
2 108. - .0060 
2578. - .0080 
3047. - .0090 
35 11. - .0120 
410:!. - .0150 
4570. - .0180 
5039. - .0210 
5508. - .0240 
5977. - .0290 
6563. - .0330 

I\) 7031. - .0370 0 
0 7395. - .0420 

8027. - .0450 
8555 . - .0480 
9082. - .0530 
9609. - .0520 

10009. - .0630 
10500. - .0920 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 

.0038 .0090 -.0010 .0040 .0090 .0033 .0090 

.0058 .0150 - .OO:!O .0080 .0140 .0048 .0160 

.0072 .0210 -.0040 .0090 .0210 .0053 .0200 

.0079 .0250 -.0060 .0110 .0250 .0053 .0240 

.010:! .0300 - .0070 .0130 .0310 .0080 .0290 

.0113 .0350 - .0090 .0140 .0340 .0088 .0330 

.0122 .0400 - .0120 .0160 .0400 .0093 .0380 

.0128 .0450 -.0140 .0170 .0440 .0095 .0430 

.0133 .0480 - .0170 .0180 .0470 .0097 .0460 

.0137 .0530 - .0200 .0190 .0520 .0097 .0500 

.0140 .0570 - .0240 .0200 .0560 .0095 .0540 

.0147 .0630 - .02 70 .0200 .0620 .0097 .0600 

.0150 .0670 - .0310 .0210 .0650 .0098 .0650 

.0167 .0750 - .0360 .0220 .0720 .0116 .0730 

.0187 .0820 -.0380 .0240 .0790 .0138 .0810 

.0234 .0950 - .0420 .0290 .0920 .0180 .0940 

.0327 .1190 -.0450 .0370 .1140 .0245 .1140 

.0549 .1610 - .0410 .0610 .1580 .0496 .1590 

.0854 .2370 - .0530 .0910 .2320 .0801 .2340 

.1317 .3560 - .0820 .1370 .3490 .1245 .3500 

TABLE E9 DEFLECTION DATA FOR THE S4X9.5 SECTION 
WITH THE 8 INCH DRACKE'r. 

9 

• 
9 10 

.0000 .0000 

.0000 - .0008 

.0000 - .0008 

.0000 '- .0009 

.0000 - .0010 

.0000 - .0009 

.0000 - .0009 
- .0010 - .0009 
-.002 0 - .0001 
- .0020 .0000 
- .00 20 .0000 
- .0030 .0000 
- .0030 - .0001 
- .004 0 - .0001 
-.005 0 - .0002 
- .0060 - .0002 
-.007 0 - .0002 
-.0080 - .0003 
- .0100 - .0007 
- . 0 110 - .0007 
- . 0 1. ... 0 - .0022 



t69 

• • • 
-.-

LOAD I1IAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
938. .0000 - .0011 -.0017 -.0026 -.0010 .0010 .0030 .0000 .0010 .0010 

1523. - .0010 - .0008 -.0017 - .0031 - .0010 .0011 .0040 .0000 .0014 .0020 
2108. .0000 - .0004 -.0018 - .0036 - .0030 .0011 .0050 .0000 .0014 .0030 
2578. .0000 -.0002 ·· .0018 -.0038 -.0030 .0011 .0060 .0000 .0014 .0020 
3047. .0000 .0000 -.0018 - .0042 - .0050 .0010 .0070 .0000 .0014 .0030 
3511. .0000 .0001 -.0018 -.0044 :... .0050 .0010 .0080 - .0010 .0014 .0030 
4102. .0010 .0004 -.0018 - .0046 -.0060 .0010 .0090 -.0010 .0014 .0030 
4570. .0010 .0017 -.0008 -.0042 - .0070 .0010 .0100 - .0020 .0008 .0030 
5039. .0020 .0021 -.0008 - .0044 - .0080 .0004 .0110 -.0020 .0007 .0030 
5508. .0020 .0024 -.0008 -.0044 - .0090 .0004 .0110 -.0020 .0007 .0030 
5977 • .0020 .0030 -.0007 - .0049 - .0110 .0002 .0130 -.0030 .0007 .0030 
6563. .0030 .0031 -.0007 -.0052 - .0120 .0003 .0150 - .0030 .0007 .0030 

IV 7031. .0030 .0033 -.0006 -.0054 - .0130 .0003 .0160 -.0030 .0007 .0030 
0 7395. .0040 .0033 -.0005 -.0055 -.0140 .0002 .0180 -.0030 .0007 .0030 ~ 

8027. .0050 .0039 -.0005 - .0056 - .0160 .0002 .0190 - .0030 .0007 .0030 
8555. .0060 .0037 -.0005 -.0056 - .0170 .0002 .0210 - .0020 .0007 .0030 
9082. .0070 .0044 -.0014 -.()058 - .0200 - .0001 .0230 -.0020 .0007 .0030 
9609. .0080 .0049 -.0014 - .0066 - .0220 -.0007 .0250 - .0010 .0010 -.0050 

10009. .0080 .0059 -.0007 -.0078 - .0250 - .0008 .0280 -.0020 .0013 - .0150 
10500. .0080 .0067 -.0006 - .0097 - .0250 - .0008 .0310 .0020 .0013 - .0450 

TABLE E9 CONTINUED. 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 21 22 23 :! 4 2S 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 

938. - .0010 - .0010 - .0050 .0000 .0004 .0010 - .0030 - .0144 - .004 6 - .0042 
1523. - .0010 - .0010 - .0050 .0000 .0003 .0010 - .0060 - .0179 - .0088 - .0075 

2 108 . - .0010 - .0010 -.0()50 .0000 .0003 .0010 - .009() -.0220 - .0131 - .011 0 

::!578 . - .0010 - .0010 - .0050 .0000 .0003 .0010 - .0120 - .0253 -.0 168 - .0140 
3047 . - .0010 - .0006 -.0055 .0000 .0000 .0015 - .0140 - .0285 - .0198 - .0170 
3511 . - .0005 - .0006 - .0055 .0000 °- .000 2 .0020 - .0170 - .0318 -.0232 -.0199 

4102. - .0008 - .0007 -.0060 - .0002 - .0003 .0022 - .0220 -.0370 - .0 288 - . 0245 

4570. - .0010 - .0010 - . 0070 - .0010 .0000 .0020 - .0260 - .0410 - .03 29 - .0279 

5039. - . 0010 .0000 - . 0060 - .001 0 .0000 .0020 - .0290 -.0449 - .0371 - . 0313 

5508 . - . 0005 .0000 -.0070 - .0010 .0000 .00 20 - .0330 -.0494 - . 0417 - . 0360 

5977. - .0020 - .0010 - .0080 - .0010 - .0002 .0030 - .0400 .0000 - .0467 - .0395 

6563 . - . 0015 - .0010 -.0085 - .0010 - .0006 .0030 - .0430 .0000 - .0520 - .0438 
N 7031 . - .0015 - .0010 -.0090 - .0010 - .001 2 .0033 - .0490 . 0000 - . 0564 - . 0473 
0 
N 7395 . - . 0010 - .0010 -.0090 - .0016 - .001 2 .0035 -.0530 .0000 - . 0621 -.0518 

8027 . - .0010 - .0010 - .0095 - .0020 - .0012 .0040 - .0570 .0000 - . 0702 -.0554 

8555 . - .0005 - .0010 - . 0100 - .0028 - .001 2 .0040 -- .0620 .0000 - .0725 - . 0602 
9082 . .0008 - .0010 - .0100 - .0031 - .0011 .0042 - .0680 .0000 - .0789 - .0655 
9609. .0010 - .001 7 -.0110 - .0032 - .0014 .00 48 - .0720 .0000 - . 0856 - . 0725 

10009. . 0020 - .0018 - . 0105 - .0038 - .0013 .0041 -.0920 .0000 - • 1001 - . 0818 

10500. . 0022 - .0018 - . 0104 -.0044 - .0012 . 0039 - .1330 .0000 - . 1360 - . 1024 

TABLE E9 CONTINUED. 



• 
LOAD 
(LBS) 1 

O. .0000 
1055. - .0130 
1523. - .0180 
1992. - .0250 
2 461. - .0290 
3047. - .0380 
3511. - .0450 
4102. - .0570 
4570. - .0680 
5039. - .0840 
5509. - .1040 
5977. - .1360 
6680. - .2410 

I\) 

0 
\.oJ 

• 
DIAL GAGE NUMBER 

2 3 4 5 6 7 8 

.0000 .0000 .0000 .0000 .0000 .0000 .0000 

.0023 .0180 -.0130 .0020 .0130 .0020 .0180 

.0052 .0280 - .0180 .0040 .0270 .0060 .0290 

.0073 .0370 - .0230 .0050 .0350 .0080 .0390 

.0090 .0460 - .0290 .0070 .0430 .0110 .0480 

.0095 .0560 - .0370 .OOBO .0530 .0120 .0580 

.0098 .0630 - .0440 .0080 .0590 .0120 .0640 

.0096 .0720 - .0550 .0060 .0690 .0110 .0740 

.0092 .0810 - .0660 .0060 .0770 .0100 .0810 

.0092 .0920 - .0820 .0030 .0870 .0070 .0930 

.0092 .1120 - .1030 .0020 .1070 .0060 .1160 

.0169 .1840 - .1340 .0240 .1810 -.0720 .1890 

.081 2 . 3 970 - .2350 .0820 .3940 .0770 .3140 

TABLE E10 DEFLECTION DATA FOR THE S4X9.5 SECTION 
WITH THE 12 INCH BRACKET. 

• 
9 10 

.0000 .0000 

.0010 .0004 

.0000 .0006 
- .0020 .0001 
- .0030 - .0002 
- .0040 - .0001 
- .0040 .0000 
- .0040 .0000 
- .0040 .0000 
- .0040 .0000 
- .006 0 .0000 
- .01 50 - .0001 
- .01 5 0 - .0001 



• • • 
LOAD DIAL GAGE NUMBER 
(LBS) 11 12 13 14 15 16 17 18 19 20 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. .0020 .0009 .0007 .0003 - .0030 -.0003 .0010 .0000 -.0004 .0000 
1523. .0040 .0008 .0042 .0033 - .0040 - .0015 .0010 .0000 - .0013 -.0020 
1992. .0050 - .0006 .0035 .0031 - .0040 - .0015 .0010 .0000 - .0018 - .0040 
2461. .0060 -.0011 .0036 .0039 - .0040 --.00 12 .0010 .0010 - .0016 - .0040 
3047. .0070 - .0012 .0036 .0043 - .0040 - .0011 .0010 .0010 -.0016 - .0040 
3511. .0080 - .0012 .0037 .0044 :· .0040 -.0010 .0020 .0010 - .001 7 -.0040 
4102. .0090 - .0012 .0037 .00413 - .0040 -.0010 .0020 .0010 - .0017 - .0040 
4570. .0100 - .0012 .0037 .0051 ·· .0040 -.0010 .0030 .0010 -.0018 - .0040 
5039 . .0120 - .0012 .0033 .0053 -' .0040 · '.0010 .0040 .0000 - .0021 - .0060 
5509. .0120 - .0011 .0033 .0049 - .0040 -.0010 .0050 .0000 - .0027 - .0070 
5977. .0110 .0023 .0064 .0058 ·· .0200 -.00 10 .0040 -.0010 - .0031 - .0070 
6680. .0100 .0063 .0088 - .0050 - .0210 - .0008 .0040 -.0010 - .0140 - .0040 

IV 
0 
~ 

TABLE El0 CONTINUED. 



• • • 
LOAn DIAL GAGE NUMBER 
(LEtS) 21 22 23 24 25 26 27 28 29 30 

O. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 
1055. .0010 .0002 .0010 -.0015 -.0008 -.0016 - .0160 -.0150 - .0160 -.0103 
1523. .0020 .0021 .0030 - .0027 -.0020 -.0032 - .0220 -.0230 -.0230 -.0152 
1992. .0020 .00::?1 .0030 - .0029 - .0019 -.0046 -.0290 - .0230 -.0300 - .0202 
2461. . 0020 .0021 .0030 - .0029 -.00 18 -.0048 - .0360 -.0300 -.0360 -.0246 
3047. .0020 .0021 .0040 -.0035 -.0019 -.0056 -.0450 -.0400 - .04 60 - .0314 
3511. .0010 .0021 .0040 -.0042 -.0019 -.0058 - .0530 -.0480 -.0540 - .0267 
4102. .0010 .0020 .0040 - .00 53 - .0019 - .0065 -.0750 -.0600 -.0700 - .0440 
4570. -.0010 .0020 . 0040 -.0063 -.0019 - .0070 -.0770 -.0730 -.0760 - .0508 
5039 . -.0020 .0019 .0030 . • 0088 -.0019 -.0074 -.0930 -.0880 -.0890 - .0554 
5509. -.0060 .0019 .0030 -.0123 -.0020 -.0076 -.1170 - .1110 -.1070 - .0554 
5977. -.0100 .0019 .0030 -.0123 -.0019 -.0076 -.1500 -.1410 -.1330 - .0798 
6680. - .0100 .0018 .0040 - .01 23 - .0016 - .0087 -.2850 -.2490 -.2230 - .1309 

N 
0 

'" 

TABLE El0 CONTINUEn. 



• 

• 

• 
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