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ABSTRACT

Several years prior to the initiation of the present work, a test 

frame was developed to provide a static tensile force of 500,000 pounds 

in the testing of undersea pipe couplings. Within recent years, work 

was done to increase the test capacity of this frame to 1,000,000 

pounds. This thesis presents structural details of the modified frame, 

a computer analysis of the frame, details and results of a 420,000 

pound fracture test and a static test to 980,000 pounds. Electric re­

sistance strain gages were used extensively to obtain strain data 

during the test work, and a comparison between the computer and ex­

perimental results is presented.
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CHAPTER I

INTRODUCTION

The primary purpose of this thesis was to perform a thorough strain 

gage study of a large test frame in the structural test laboratory of 

the Department of CiviJ Engineering at the University of Houston, and to 

determine safe load limits for both fracture and non-fracture static 

tests using the frame. A photograph of the 10-foot by 25-foot frame 

studied in this thesis essentially as it exists today is shown as Fig. 1 

on page 2. The frame consists essentially of four major elements, two 

horizontal members (top and bottom) made up of large car channels and 

one-inch plates, and two large box-type end members also made up of car 

channels and plates. The four sections were initially (in the 500,000 

pound capacity version) in four separate parts and the frame was broken 

down this way when it was disassembled to be taken out of the laboratory 

to be modified to obtain a 1,000,000 pound capacity. When it was re­

turned to the laboratory, however, it was in one five-ton piece, the 

source of a considerable problem of handling and transportation. It was 

assembled completely in the machine shop where the modification work was 

done because of the much greater ease of fitting up and replacing the 

high strength prestressed bolts which hold the four major sections of 

the frame together.

In both the old and new versions, the frame was designed to provide 

simultaneous static loadings in tension and bending, and the new frame 

can also be used for fracture or rupture tests up to several hundred 

thousand pounds. This is a highly significant feature of the modified

1
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Figure 1

1,000,000 Pound Test Frame
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frame in comparison with the old version, and is possible because of the 

"stay rods" which appear in the center of the photograph of page 2 and 

which parallel the test specimen. A set of four rods and two plates is 

used at each end of the frame, with the two large plates near the center 

of the frame holding the tensile specimen and the stay rods. The load 

is applied at the right end of the frame by a hydraulic cylinder which 

pushes between the end of the frame and the large plate held by the 

rods at that end of the frame. The stay rods are of the same size as 

the main pull rods and go through holes in the main pull plates holding 

the test specimen, and the nuts on these stay rods are kept slightly 

loose so that they carry no load until the test specimen breaks, at 

which time there is an almost instantaneous transfer of load to the 

stay rods. This feature of the frame is simple in concept, but makes 

the frame of much greater value in that fracture tests may be performed 

routinely, and there is no concern about the possible traumatic conse­

quences of the sudden unexpected change of an intended static test into 

a fracture test without the presence of the stay rods. Because of the 

size and mass of the frame and its deflection under loading, a tremen­

dous amount of elastic energy is stored in the frame v/hen loaded to 

1,000,000 pounds, and sudden release of this energy upon fracture of a 

specimen without the stay rods could be very dangerous and destructive. 

A crude measure of the elastic energy stored in the frame is provided by 

the observation that when a 1,000,000 pound load is applied to the frame 

the piston of the hydraulic cylinder moves outward about four inches, 

indicating a stored energy of about 2,000,000 inch-pounds of energy. 

Upon one occasion in years past, a static test was performed on a clarnp- 

sleeve type of pipe connection and at a load of 470,000 pounds. One of 
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the two clamps on the test pipe slipped approximately one inch, and the 

load dropped to about 270,000 pounds, releasing energy of approximately 

100,000 inch pounds. The sudden release of this energy resulted in no 

damage to the frame nor injury to test personnel, but the sound produced 

could be heard about two blocks away, resulting in an immediate and very 

curious audience. This incident led to the concern and considerations 

which finally resulted in the concept of the stay rods. Theoretically, 

if a specimen of zero length were being tested and the slack in the stay 

rod-nut system were essentially zero as well, there would be zero re­

lease of energy upon fracture of a specimen. The energy stored in the 

frame would then be released very slowly by opening a valve and re­

leasing the pressure in the hydraulic cylinder which applied the load. 

The energy suddenly released in a test is thus a function of the length 

of the test specimen and the slack in the stay rod system. Further de­

tails of the operation of the test frame as a whole (and the stay rod 

system, in particular) will be presented later in the description of the 

test work.



CHAPTER II

STATIC COMPUTER ANALYSIS

Prior to the final decision regarding installation of strain gages, 

a computer analysis of the frame was made to check on the approximate 

magnitude of the stresses at critical points on the frame. However, 

before this could be done, the geometric properties of the frame had to 

be determined, and these are summarized in Appendix A, along with the 

drawing of the frame and the details of the representative sections of 

the frame. A few comments regarding the computer analysis and graphical 

presentation of the results from that analysis are given in this portion 

of the thesis, and the entire computer input and output are given in 

Appendix B.

The following assumptions were made to simplify the computer 

analysis:

(1) Only five different sections (1, 2, 3, 11, and 13) were used 

in the analysis. Fig. 2 on page 6 shows the location and 

properties of these sections.

(2) The entire frame is supported in a vertical direction only at 

the center point of the lower beam when the major test load is 

applied.

(3) The 1,000,000 pound live load is applied uniformly through the 

loading plate underneath the hydraulic cylinder at the right 

end of the frame and through the corresponding plate at the 

left end of the frame.

5
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The input data for the computer analysis are listed as follows:

(1) Geometry of frame.

Coordinates of joints and lengths of members.

(2) Properties of members.

Sectional area (A).

Moment of inertia (I).

Edge distance (C).

Modulus of elasticity of material (E)j

Density of material (Z3) .

(3) Loads.

Load type, magnitude and direction of application. (The dead 

load of the frame is generated by the computer, based on sec­

tional area and material density, and is applied as downward 

loads at appropriate points in the frame.)

The output from the computer analysis is listed as follows:

(1) Reaction at support point.

(2) Deflection and rotation at each joint.

(3) Force, bending moment, and stress in the members at each joint.

The shear, axial force, bending moment, deformed shape, and the 

stress diagrams due to the live and dead loads are all presented on the 

following pages. The computer analysis indicated a maximum stress of 

21.5 and 10.3 ksi in the vertical and horizontal members, respectively. 

The diagrams are all self-explanatory, except for the different scales 

in Fig. 4 and the omission of the points of inflection in Fig. 5. These 

were not shown because of the extremely low coiner bending moments due 

to the ratio (1/20) of horizontal to vertical member section moduli.
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Table I on page 14 provides a detailed summary of the computer analysis 

of the frame.
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1 = 391 5. IN4

GEOMETRY FOR COMPUTER ANALYSIS

FIG. 2
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horizontal and vertical plotted 
values.

BENDING MOMENT DIAGRAM

(VALUES IN INCH-KIPS)

FIG. 4
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deformed shape

Fl G. 5
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10.3 9.8 10.3

STRESS DIAGRAM.
(VALUES IN KSI) 

FIG. 6



TABLE I

SUMMARY OF RESULTS, STATIC COMPUTER ANALYSIS OF FRAME

Section 
(Group No.) Member Joint No.

Force (Kips)
Moment 

(In.-K.)

Stress (ksi)

RemarksAxial Shear Axial Bending Combined

1
Vertical 61 3.2 590 17..880 -0.04 -21.46v -21.S

Maximum
Stressed
Point

Vertical 21 6.3 410 6,962 -0.08 - 8.36 - 8.4

2 Vertical 41 5.0 410 20,259 -0.05 -14.33 -14.4

3 Vertical 51 4.1 90 22,372 -0.02 - 5.65 - 5.7 Loading 
Point

11

Lower 
Horizontal 
(Connection)

11 410 6.3 918 -5.83 - 2.27 - 8.1
*Stress
Concentration
Expected

Horizontal 
(Center) 14 410 8.8 35 -5.83

*
- 0.09 - 5.9

13

Upper
Horizontal 
(Connection)

91 590 2.5 547 -8.39 - 1.94 -10.3
*Stress
Concentration
Expected

Upper 
Horizontal 
(Center)

94 590 0.0 389 -8.39 - 1.38 - 9.8



CHAPTER III

PREPARATION FOR STRAIN GAGE TEST WORK

Initially, it was intended that extensive brittle lacquer work 

would be done on the frame prior to strain gage placement, and some of 

this was done. However, the results of this work were not very helpful, 

confirming only that there was essentially pure.shear in the lower por­

tion of the one-half inch web at the center of the upright end sections. 

The remainder of this thesis will be concerned with the use of electric 

resistance strain gages and the data obtained from their use.

The installation of etched foil strain gages at room temperature 

with Eastman 910 cement has become such a routine and well-known pro­

cedure that there is little reason for detailing the work of installa­

tion of the strain gages for this test work. To permit checking of the 

entire circuit, lead wires were usually connected through the switching 

boxes to the strain indicators before soldering the leads of the gage.

Fig. 7 on page 16 shows the location of the twenty-six strain gages 

which were placed on the frame. Originally, it was planned to use about 

forty gages, but as the amount of work necessary to install that many 

gages became evident, some of the gages known to be planned for low- 

stress areas were omitted. The excellent check obtained later between 

computed and experimental results justified this decision.

Three three-element strain rosettes and one two-element rosette 

were used in the work; all the other gages were used in uni-axial stress 

areas and were single element gages. The lead wires from all gages 

ended at the data acquisition equipment located in a room adjacent to

15
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the frame. The static test gages were read with ordinary switching 

equipment and manual strain indicators, as shown in Fig. 8, page 18.

In addition to the gages placed on the frame, a pair of single­

element gages was placed on each of the stay rods at the same longitudi­

nal position along the rod and 180° apart around the circumference to 

obtain an average of the tensile strains and to cancel any bending in 

the rod. These two gages were two opposite arms of a four-arm bridge, 

the other two arms being identical gages placed.on unstrained steel 

plates. One diagonal of each such bridge was connected to a DC power 

supply, and the signal from the other diagonal was fed to the Dana am­

plifiers which were in tum connected to the four-trace plug-in in the 

Tektronix oscilloscope. The only other equipment involved in the tran­

sient strain measurement on the stay rods were a balancing and switching 

box between the four-arm bridges and the amplifiers, and a polaroid 

camera used with the oscilloscope. Fig. 9, page 18, shows the equipment 

listed above.

The only additional steps involved in the preparation of the elec­

tronic equipment for the test work were those of obtaining zero readings 

for the static strain measurement gages, and zeroing and calibrating 

each of the four-arm bridges used for dynamic strain measurement. This 

calibration will be explained in the next portion of this thesis.

The final step in preparation for the test was that of installing 

a test specimen between the main pull plates. This specimen was a two- 

inch diameter 4140 steel rod, notched with a cutting torch to provide a 

brittle fracture, and held at each end with a one-inch plate and a nut 

on each side of the pull plates. This rod is visible in the center of 

Fig. 10, page 19, along with the stay rods and the leads from the gages
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Figure 8

Static Strain Measurement Equipment

Figure y

Transient Strain Measurement Equipment
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Figure 10

Tensile Specimen and Stay Rods
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mounted on them. A considerable amount of work was involved in vertical 

and horizontal adjustment and alignment of all elements of the loading 

system, which included the fixed loading plates at the outer ends of the 

frame, the alignment plates at corresponding points inside the frame, 

the loading plate at the end of the hydraulic cylinder, the main pull 

rods, the two loading plates, and the specimen and stay rods. This work 

was accomplished with the use of the hydraulic fork lift in the labora­

tory, various chain hoists, sledge hammers and large pry bars and various 

other items. The procedure just described is rather impractical for any 

significant amount of test work, and plans are currently under execution 

to simplify the procedure, a major item being the use of trolleys to 

support the pull plates and rods. These trolleys will be supported by 

the I-beam welded to the bottom of the top horizontal member of the 

frame.



CHAPTER IV

PERFORMANCE OF TEST AND ACQUISITION OF DATA

Just prior to beginning the strain gage test work, static gage zero 

readings were obtained, the transient strain measurement apparatus was 

checked, and the loading was then applied in approximately 50,000 pound 

increments up to 201,000 pounds. At the beginning of the test, and af­

ter each interval of loading, the nuts on the stay rods were backed off 

sufficiently to pennit application of the next interval of load. Approx­

imately one-half turn (1/10 inch) of the nuts was used for each 50,000 

pound interval. Static strain readings were taken at each of these 

loads, and as fracture of the test specimen was expected prior to a load 

of 300,000 pounds, the next static readings were taken at a load of 

302,400 pounds. Another set of static readings was taken at 400,000 

pounds, and thereafter the specimen suddenly fractured at a load of 

430,000 pounds. The transient strain equipment, worked properly, as will 

be described later, and the loading was reduced to zero to check on the 

zero shift which may have occurred in the static strain readings. The 

loading was then resumed in increments of 100,000 pounds up to 980,000 

pounds, at which time the electric motor-powered pump continued to run 

for several seconds without increasing the load. This behavior was in­

terpreted as being possibly due to yielding of the frame, and a set of 

readings was quickly taken at that load, and then the load reduced to 

zero by releasing the hydraulic pressure.

All basic static strain data from the test work are presented in 

Appendix C.

21
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The load was obtained during the test work from a load cell which 

was placed between the piston of the hydraulic cylinder and the loading 

plate. The calibration of this load cell is traceable to the National 

Bureau of Standards, with an error no greater than one percent.

The above is a brief presentation of the procedures used during the 

actual performance of the test work. Some minor points of significance 

not covered above will be discussed in the next portion of this thesis.



CHAPTER V

PRESENTATION AND DISCUSSION OF RESULTS

The steel frame studied in this thesis is an exceedingly complex 

structure when both geometric properties and the realities of the use 

of the structure are considered. It is true that there are only four 

major parts of the structure, but the two end upright portions vary 

considerably in section properties, and are connected to the top and 

bottom horizontal members by means of bolts. Considered as individual 

units, the end members were purposely made rather flexible near the 

upper and lower ends, with the two pairs of channels in each end member 

being connected only with the one-half inch web on each side of the 

frame. This was done to permit each pair of channels to act very much 

like vertical cantilever elements above and below the point of applica­

tion of the horizontal load from the hydraulic cylinder and steel rod 

loading system. The reason for this was so that each pair of vertical 

channels could deflect essentially the same amount and distribute uni­

formly the load to the bolted connections at each of the four comers 

of the frame. The opposite extreme of such a condition would be pro­

vided by extremely stiff and inflexible end members (say solid steel 

members several inches in thickness); for this imagined case the bolts 

at the inside four connection points would carry almost all the load, 

and would be considerably overloaded.

In addition to the structural complexities of the frame as built, 

other complexities and uncertainties arise when the frame is actually 

loaded in use. The load is applied by means of a hydraulic cylinder

23
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and piston, the base of which may not be concentric with either the 

centroid of the four loading bolts or the loading plates at each end of 

the cylinder. Furthermore, in spite of the care used to take the slack 

out of the rods in such a way that the bolts are loaded uniformly, the 

bolts are not stressed with precisely the same stress, and some eccen­

tricity of loading must exist when the frame is loaded.

To determine with much precision the "exact" behavior of the frame 

under loading, several times as many strain gages would be needed than 

were used in the test work. That was not the purpose of the study; the 

purpose of the study was to obtain a gross picture of the behavior of 

the frame and to determine a safe upper limit for both static and 

fracture load tests.

There are several ways in which stresses from the strain gage 

readings (strains) may be considered; by comparison with the results of 

the computer analysis, by comparison of results between pairs of gages 

placed at corresponding points of the frame, and by consideration of 

the known condition (from statics) of structural behavior of the frame 

at the location of an individual gage. In the discussion which follows, 

all of these will be discussed as appropriate, and conclusions will then 

be drawn regarding the major objectives of the test work.

For purposes of discussion of results, the strain gage locations on 

the frame were divided into the following groups according to the pur­

pose and characteristics of the gage locations.

Horizontal Members

(1) Gages at Corner Connections. These gages were installed for 

the purpose of checking the restraining moment at the joint and to
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check the axial force transferred to the upper and lower members.

(2) Other Locations. These gages were installed to determine the 

maximum stress in the horizontal members.

Vertical Member

(1) Flexural Side. The gage locations were placed at points where 

the highest stresses were expected.

(2) Center Web. One two-element rosette was placed to determine 

the shearing stress in the web.

Stay Rods

Four pairs of gages were installed on the stay rods to study the 

transient strain phenomenon upon failure of the tensile specimen. This 

will be discussed later in detail.

Load Balance and Eccentricity

Four pairs of gages were installed at symmetrical locations with 

respect to the point of load application. Both gages of each pair would 

have indicated the same strain had the load been applied and distributed 

ideally without any eccentricity. Three pairs of these gages were on 

the horizontal members and one pair was on the vertical member.

Discussion of Stresses

A tabulation of stresses from all static strains measured is pro­

vided in Appendix C, and this the source of all values discussed below. 

The highest load obtained in the test work was 980,000 pounds, but for 
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purposes of discussion, all the values obtained for that load were 

extrapolated to obtain values for 1,000,000 pounds.

Reference must be made to Fig. 7, page 16, showing location of the 

gages, for a more meaningful understanding of the discussions which 

follow.

Stresses from Gages at Comer Joints of Horizontal Member'

Gages 7 and 8 were in compression, with values of 2.11 and 7.29 

ksi, respectively. These are consistent values, both in sign and magni­

tude, as the member is in compression, and is also subjected to bending 

from the action of the upright end members in transferring the load to 

the horizontal frame members.

Gages 25 and 26 at the bottom of the frame were in locations which 

corresponded to the locations of gages 7 and 8 on the other side of the 

frame. The stress of 2.42 ksi compression from gage 26 correlated well 

with the 2.11 ksi compression obtained from gage 7. The stress of 

10.65 ksi compression from gage 25 is reasonable for the location of the 

gage, probably being subjected to compression both from the load trans­

mitted by the outer set of bolts in that member, as well as from the 

bending of the horizontal member from the action of the outer pair of 

channels of the upright member.

Gages 12 and 19 were at the bottom and top flanges, respectively, 

of the horizontal member at the hydraulic cylinder end of the frame, and 

both gave stresses considerably lower than 10.0 ksi. The value of 1.74 

ksi from gage 19 seems a reasonable value, as there is no doubt some 

bending in the top horizontal member which occurs between the top ends 

of the two pairs of channels of the upright end member. The value of 
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5.73 ksi from gage 12, however, is rejected as an unacceptable value, 

inasmuch as there was a zero shift of 484 microstrain upon fracture of 

the tensile specimen, and the behavior of this gage was erratic through­

out its use.

Bending Moment at the Corner Joints

The data obtained from gage 7 and 8 along with that from gages 25 

and 26 were used to estimate the bending moment,at the lower joint, and 

an experimental value of 914 inch-kips was obtained. This is very close 

to the value of 918 inch-kips obtained from the computer analysis, with 

a difference of less than 0.5 percent.

For the upper joint, data were not available to check the bending 

moment because gage 12 provided unreliable data as described above, and 

duplicate gages were not installed on the other side of the frame.

Axial Stress in Upper Horizontal Member

An experimental value; of 11.2 ksi of compressive stress was ob­

tained from gage 16, which checks within 5 percent of the computer axial 

stress of 11.8 ksi in that section. This is an excellent agreement be­

tween the two values.

Stresses from Other Gages on Horizontal Members

Gages 13, 14, and 15, the three elements of a rosette, all provided 

very low stresses (all less than 5.0 ksi) which is quite reasonable as 

the rosette is at the centroid of the upper horizontal member of the 

frame.
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The maximum principal stress from the three-element rosette con­

sisting of gages 16, 17, and 18 was slightly greater than 10.0 ksi. 

This rosette was located at the same level as the one consisting of 

gages 13, 14, and 15, but was inside the bolted connection point, and 

was thus subjected to essentially the full load of one of the car chan­

nels of the pair making up the top horizontal member.

Gage 34 was located on the bottom flange of the I-beam trolley sup­

port welded beneath the upper horizontal member.of the frame. The stress 

from this gage was 7.29 ksi in compression, a difference of only 2.04 ksi 

from the combined computer value of 9.33 ksi, of which 7.97 ksi was com­

pressive axial stress and 1.36 ksi was compressive bending stress. The 

dead load of the loading plates and stay rods supported by the upper 

horizontal member was not considered in the computer solution, and if 

approximately 5.0 kips of this dead load were considered, it would reduce 

most of the bending stress and the resultant difference in stress between 

the computei solution and the test results for gage 34 would become less 

than 1.0 ksi.

Gage 27 was located on the upper flange of the one car channel which 

is part of the lower horizontal member at the inside frame corner. The 

stress obtained from the test was 21.4 ksi whereas the computer value was 

14.5 ksi. There is no doubt some stress concentration effect at this 

point because of the abrupt difference in the section moduli of the hori­

zontal and vertical members, but there is also evidence (discussed in 

detail later) of torsion due to load application eccentricity, both of 

which could account for some of the 6.9 ksi difference between the com­

puter and experimental values.
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Gages on Vertical Member, Flexural Side, and Comparison 

of Computer and Experimental Results

All of the gages mounted on the flexural side of the vertical mem­

ber indicated high stresses, as these gages are located near the point 

of application of the load to the frame where high bending moment occurs. 

The two highest stresses were obtained from gages 2 and 4, with values 

of 16.3 and 26.1 ksi, respectively, which check well with the computer 

results summarized in Fig. 11, page 30. The maximum discrepancy between 

the two sources of results for the two gages is approximately 20 percent 

for gage 4, which was located just above the loading plate at the end of 

the hydraulic cylinder.

Fig. 11 provides comparison of the most significant values from 

both the experimental and computer solution results for both the verti­

cal and the horizontal members, and some of these have already been dis­

cussed. In general, there is excellent agreement between the two sets 

of values. For gage 11, however, the experimental value is 16.7 ksi, 

whereas the computer value is only 3;7 ksi. Gage 11 is on the outside 

of the vertical member, and the computer value is probably affected con­

siderably by the assumptions necessary for the computer solution. All 

the experimental values fox the vertical member are larger than the com­

puter solution values, and a significant portion of the discrepancy is 

no doubt due to the deep beam characteristics of the vertical member, 

which was neglected in the computer solution. The shear deflection of 

this member was checked, and found to be approximately 50 percent of the 

deflection due to bending moment alone.
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Shear Stress in Web

The shear stress obtained from the two-element gage 9-10 was 10.85 

ksi, and the gages are located at the border line of Section 1 and 2. 

The computed shear stress values based on Section 1 and Section 2 are 

11.2 ksi and 9.8 ksi, respectively, with an average value of 10.5 ksi. 

The difference between the experimental and computed values is thus only 

about 3.0 percent.

Load Balance and Eccentricity

Reference has been made above to four pairs of gages which permitted 

a study of the eccentricity of application of the load. These gages were 

placed at symmetrical points with respect to the load and on opposite 

sides of the frame, and if there had been no eccentricity of loading, the 

strain and stress from corresponding gages would have been equal. Three 

of these pairs of gages (8-25, 7-26, and one pair to be mentioned below) 

were on the horizontal members, and one pair (3-21) was on the vertical 

member. For this latter pair, the stresses were 6.18 and 9.28 ksi, 

respectively, and the discrepancy indicates torsion of the vertical mem­

ber due to eccentricity of the loading. These two gages were on oppo­

site sides of the frame at the mid-point of the 6-inch wide flange beam 

welded to the frame at the loading plates to stiffen it at that point.

Two of the pairs of gages on the horizontal members were at the 

lower part of the vertical member, and for these gages (8-25 and 7-26) 

the stresses were 7.29 versus 10.65 and 2.11 versus 2.42 ksi compression, 

respectively. Thus, as for gages 3-21, the other two pairs of gages at 

the end of the frame indicated some eccentricity of loading.
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One other pair of gages was used to check on eccentricity of 

loading, or more specifically, lateral bending or buckling of the upper 

horizontal member at the center of the frame. The possibility of such 

buckling was one matter of initial concern, and a pair of gages was 

placed on this member at the center, one gage on each side of the plate 

at the top of this member. The gages were then connected directly to a 

strain indicator, with one of the gages in the active position and the 

other in the compensating position. The indicator was then balanced 

prior to the beginning of the test work, and was watched closely 

throughout the test. The strain from any lateral bending of the top 

member would be doubled by the gage location and electrical arrangement 

used, but there was only twenty-five to fifty microstrain movement 

(750 psi maximum stress) of the galvanometer needle through the test, 

indicating a negligible tendency toward buckling of the top horizontal 

member.

Fracture Test Transient Strain Measurement

The equipment used to obtain the transient strains in the stay rods 

upon fracture of the test specimen has already been described with ref­

erence to a photograph of this equipment, but an additional oscilloscope 

used was not shown in that photograph. Careful computations were made 

to estimate the magnitude and frequency of the signals which would be 

generated in the stay rods when the specimen failed, but it was deemed 

desirable to have two measurements of the strains as there was only one 

chance to obtain them and they would not last very long.

Both oscilloscopes were set to be triggered when the specimen 

fractured and the pull plates touched the nuts on the stay rods. The 
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photographs from the two oscilloscopes are shown in Figs. 12 and 13, 

page 34. Fig. 12 is from the four-trace oscilloscope used for the pri­

mary strain measurement, and for this scope the speed was set at 2 milli­

seconds per division, and the amplifier gain was set so that a shunt 

calibration gave 240 microstrain per cm. of height on the oscilloscope. 

The other oscilloscope was set with a speed of 2 seconds per division, 

and with one cm. being equal to about 480 microstrain. The order of 

magnitude check between maximum strains for the,two oscilloscopes was 

good, but the slower speed caused loss of some of the peaks measured 

with the second oscilloscope. The signals from the four-trace oscillo­

scopes are somewhat difficult to read, but a very close examination of 

Fig. 12 will reveal an envelope height for each trace of about two cm., 

or about 480 microstrain, indicating 14,400 psi in the rods, a very low 

value for metal with a yield point of at least 90,000 psi.

Linearity of Behavior of Frame Under Loading

For most of the gages for which the maximum (1,000,000 pound) 

stresses were more than 10.0 ksi, curves were drawn of stress versus 

load. This was done to permit study in detail of the frame behavior at 

the gage location, particularly with regard to linearity of the relation­

ship between the load and the stress at various points in the frame. 

Study of the curves presented in Appendix D reveals good linearity, 

especially in view of the fact that the test was a fracture test, and 

that this test work involved loading of the frame to 980,000 pounds for 

the first time. A break occurs in most of the curves at the first.read­

ing after fracture of the specimen, indicating slight changes in the 

load distribution, possibly due to a lack of perfect uniformity of
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stress in the four stay rods which resisted the tensile load after 

fracture of the specimen.
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CHAPTER VI

SUMMARY OF CONCLUSIONS

(1) The frame is probably safe for a static short-time test at a 

load of 1,000,000 pounds, but is marginal at this load. For a long-time 

loading (more than a few minutes), the load should probably be limited 

to approximately 750,000 pounds because of the possibility of some 

creep. This latter load would be a very conservative one, and with 

plates added as indicated below and with further test work, higher per­

missible loads might be appropriate.

(2) Additional plates should be welded to the exposed portions of 

the car channels of the upright end members of the frame, both on the 

inside and the outside of the members. If these plates were one inch in 

thickness, the section modulus would be increased by more than fifty 

percent, and long-time loading at 1,000,000 pounds might be appropriate.

(3) The stay rod concept worked very well at 430,000 pounds, and 

probably will almost to the static capacity of the frame. However, some 

additional fracture test work should be done at increasingly higher 

loads to determine more accurately an appropriate maximum load for this 

type of test.

(4) There was negligible evidence of any tendency toward buckling 

of the upper horizontal member. There is thus no concern about buckling 

of either of the horizontal members..

(5) The results of the computer analysis and the experimental work 

checked very well for the horizontal members and the web, with a maximum 

discrepancy of only five percent between the two sources of stresses.

36
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For the flexural side of the vertical member, the corresponding dis­

crepancy was about twenty percent for the two most highly stressed 

points, due at least in part to the deep beam effect of the vertical 

member.

(6) Eccentricity of the load significantly affects the stress at 

certain parts of the vertical members, and some procedure to detect and 

reduce the unbalanced load is desirable for subsequent test work.

(7) For any significant amount of work with the frame, additional 

equipment must be added to make its use more convenient. This is 

especially true for fracture test work. Trolleys to support and permit 

convenient movement of the rods and pull plates must be added, as well 

as an automatic system for backing off the nuts on the stay rods. More 

sophisticated equipment for controlling and measuring the load would 

also be very helpful.

(8) Further study is needed regarding the shear deformation effect 

on the stress in the vertical deep beam members.
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APPENDIX A

SECTION AND GEOMETRIC PROPERTIES OF TEST FRAME
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SIDE VIEW B-B SIDE VIEW C-C

SECTION II

SECTION L2
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SECTION PROPERTIES

Section
Group No.

Moment of Inertia
4(IN4)

Section Modulus
3(IN"1)

Cross Sectional
2 

Area (IN ) Remarks

1

1i

21,439

*(21,246)

840

*(833)

79.8

*(74.5)

*(Data
Based on
3/8" Web
Pl.)

1 2

37,663

*(37,470

1421

*(1413)

103.8

*(98.55)

*(Data
Based on
3/8" Web
Pl.)

3 134,937 3959 242.5

4 40,928 1552 109.0

11 3,432 403 70.4

12 6,580 496 144.4

13 3,915 Top: 431
Bottom: 281 74.1
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APPENDIX B

STATIC COMPUTER ANALYSIS
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o <

o
Q

o . 1

o
o •

o
•

o
o
o
o •

* U1
o •

o



o CLASS 1 
21 

CLASS 2
O 11 *1

o PAGE 1?
LISTING OF JOINTS IN EACH CLASSIFICATION 8V UMT

o
1 2 3 * S #• 7 A 9 10 u 17 13 1A is J A ir

o
o

JOINTS .FLIMINATEO
CLASS 1

12 13 U IS !A
97 1*0

17 ?7 *7

UNIT

si

1 

57 M 67------si ------ 92---------A3 " 9A "95

o JOINTS CAPHltD OVER
CLASS *

11 *1

•
• .. ee - ■ .* ,

JOINTS ELIMINATED- - ....... .......-......... f“ -— - UNIT 2 ■ _______ . ------------------------- _ .2-------------------------------------- _ . ------------------------ --------

O
o
o
• ■>

tj

o

o
u

O



o PAGE 13
JOINT CLASSIFICATION summapy

 
r* UNIT------NUMBFP OF-NUmPEP'OF "TLTPTNATFO JOINTS C*RPY-OVEP JOINTS" "JOINTS------------JOINTS"

NUMBER MEMHtPS JOINTS CLASS 1 CLASS 2 CLASS 3 CLASS * ELIMINATED CARPY-OVEP
1 ?1 22 20 0 02 20 2   2 2 - 3 j ?............... h n ..........   3----------------------0------

  

O ‘
I     ITEM COUNTS   

o UNITS JOINTS SUPPORTS JT. AOOFD F FATUPE ' KEMRfPS NflR. AOpEO/EATURE 

 
2".23 ~ 5 0 -------------- 23 —............  0--------------------

o 
o
3  

   
 

   

  
 

   



PAGE 1* 
  10APTMG TJTU OATA 

CARO LOADNO DESCRIPTION OF LOADING
TYPE NUMRER 

 

 

  

  

  

  

 

LONG ! 1000 KIPS AT left SIDE
LOt.G ? 1000 KIPS AT PTC.HT SIDE
LDfiG ? 1000 KIPS AT LEFT

 
StOF (UNIFORM)

LONG 4 1000 KIPS AT PT6HT STDE (UNIFOP.m) 

  



O

PAGE 1*o
•CAPO LOAONG"

NON-GFhERATFD I 0*0 DATA

LENGTH’JOINTS DIRECTION sth UNTF hist to Lo*n FINAL'
TYPE NUMPEP FIHST SECOND ANGIF/X X AMdE/XV V MfMH cone LOAD K K/FT LOAD LOAD REMARKS

PR LOOP PPCHJ DF(I DFG ANOL ROM! FT JN-K FT K/FT
• GAO 5TF5 OOOGOO eoottoo ooooo "'»#»»# • #n#e " e##e6#'

o LOAD . 1 51 1 STD roNC 1000,
LOAD 2 57 t STD cone -loon.
load 3 41

51. 1 . ...................... STH 1 *N 11* 4hb, *5®)en LOAD 3 6) 51 1 STD IINIF 4S5* 455.
LOAD * 47 57 1 STO UhD -455, -455.
LOAD 67 "" " 57 1 srn Uh IF -455. •Abb •

O •

O

o 
o

o 
o 
u 
o 
J 
i > 

->

o

58



o PAGE 16
  PEADf RUOYAM AHO V1PTUAL WEIGHT L0A01NGS OATA  

O CAPO DEAO RUOY VTkTUAL HEIGHT I.0AH1HRS PLRCtkT UVKAmIC wGHT HOS
LUNG LOHO LUNG C DTPFCYrOfi LONG C njPfCTtON LONG C OJUfCTlOM DSP WTH FOW JOINT MASSES 

TYPE" no ~ NO “ NO At:GLE/X ANRLF/XY ho ANGLE/X ANGLE/xV NO ..... AnGLE/X ANGlE/XV (100) Mil M22 ' M33
r't eooe eeee eeee " •••• • »ee»e» »»»•»» •<»»« • eoeeoe eeoeou ##e# • eeoe

0BVW_ 10 .... 

O

o



PAGE 1?
Q SUMhAPY OP HflVW L<Vnl,'!tiS

"GROUP" "DEAD" LONG ""PUOY LONG ““VIPTUAI." WEIGHT ""LOAD I MGS (KIPS) 
ry NO KIPS KIPS 1 ? 3

1 2.13
' 2 1.A1 "    “ "" . ........................

o 3 3.*3
11 5.03
13 5.63 —   _

O loo i*44
" TOTAL 19.oa

60

o



O LOAD COMBINING DATA

O

O

PEkCT

PAGE IP

CAPO LOADCN LOADING NliHDFP AND PFPCENT OF LOADING TO bE APPLIED (HlANK MEANS 100 PE«CENT»
TYPE NUMHFP. LONG PEPCT LONG PfPCT LONG PFRCT LONG PF OCT LONG PFPCT LONG PfPCT LONG PEPCT LONG PEPCT LONG 1
• 0OO eooo OOtt O4»» OOO «O» tiO# #»* •<tee* •*• ***** **• ***** *•» <

C0“H • 1 1 2
COMtf 2 1 2 10
CO^b 3 3 4 10 '

r> LOAD CONDITION TITLE DATA . ..

CAPO " LOADCN......................................................OFSCPIPTION OF LAAfT-C6NnTT7O,i ........
Q TYPE NUkbEP 

eeoo eeee ■ ••••••••••••ee#ee#eeo«o»o00oee#eeeeeee0eeee####e##««#ee#<«e##*#eee»*e»e#
LOCK 1 1000. KIPS LOAD (CONCENT.)

Q LOCN 2 loon. KIPS LOAD (CONCENT.! L DEAD LOAD
LDCN 3 1000. KIPS. LOAD (UNIFf-PM.) A DEAD 1.0*0 

o
o 
o
Q



PAGE 19o
D

O 
o

1 LOAD CONMTION . 1.___

KIPS 
KIPS

POTN'

looo. Kps load (concenta____

DESCRIPTION

0.0 )

LOADING 
MUMHEP 

1" 
2

• numbep C 
MOMENTS

loading 
PERCENT 
‘InO.O..........

mo.o

>F LOADINGS 
WITH RESPEC

1000
1000

p 
:t to

AT LEFT SIDE"" 
AT right Sint

T (X. 12.00 V- 0.0 2-
....... ......... —

•

o LOADING 
NUMhER X

SHEAR 
V

(KIP) 
VECTOR ANGIE

VERTICAL 
KIP

x" ..MOMENT 
V

(FT-KfR) 
OVfRTUOH ANGLE

1ORUUE 
fT-KIP

o 1 " 
2

1000.fl 
-1000.0

0.0 
o.fl

IflOO.n fl.O
IflOA.O 160.0

0,0
0,0

... Oe

0.
5*00, 

-5*00.
5400, 
beOfl,

90.0 
-90.0

r 
0

TOTAL- 0.0'" •-...
O.n ~ " 0.0 0.0 n,n ------- 0. — ......... 0." .......- - "0. — " Oi(T — ------------- 0



o PAGE 20

o
2 LOAD CONDITION "" 2 ’

LOADING L0»D!Nfi

ifino. KIPS LOAD (CONCENT.) <1 

description

DEAD LOAD

o
NUMBER PERCENT

1 100.0
2 100.0

1000 KIPS
1000 KIPS

AT LEFT 
AT RIGHT

SIDE
SIDE

STRUCTURE
o

■ io - ino.0

NUMBER OF LOADINGS

GENERATED

3

DE AU LOADS DM NON-FLTmINATFD HFE'REbS """ •

o
MOMENTS PITH RESPECT TO POJfT (>.• 12.00 <■ 0.0 Z" 0.0 )

-

o

LOADING 
NUMBER X

1 1000.0
2 -1000.0

10 0.0

ShFAP (KIP)
V VICTOR

0.0 1000.0
o.o 1000.0
0.0 0.0

ANGLE 
P.O

IRO.O 
0.0

VERTICAL 
KIP 

0.0 
A . 0 

-11.1

X
0.
0.
0.

- MOMENT (FT-KTPI
Y OVERTURN
saoo. 5<.on.

....... -5400* ......... 5400.
0. 0.

ANGLE 
10.0 

™-90.0 
U.O

TOHOUE- - --
ET-kIP 

•>. 
------- ------------0. - ------------------ 

o» .

... _ -

o
TOTAL 0.0 " 0.0 0.0 0.0" -19.1 .........  0.'_ o. ' n. 0.0 fie

0 •

o I t •

o •

o
o
o
o
o
Q CTl 

CO

o •



PAGE 21

10 100.0 fiKNEOATI-.n nfAp LnAns CM mon-F(.!mIMATEO STHVCTUPf MFmHEPS

3 LOAD COUDTTIOM 3 1000. KIPS LOAn (UNIFORM.) S DEAD LOAD 

-) LOADING LOADllifl description
NUMHER PERCENT

3 - 100,0 " 1000 KIPS AT LEFT SIDE (UNIFORM)
o ♦ . 100.0 .1000 KIPS AT PJOHT SIDE (UNTEOPM)

o

t ■ . • —...................... .. - - — —

o .NUMHER OF LOADINGS 3
•

moments WITH RESPECT TO POINT (X« 12.00 Y« 0.0 z» 0,0 )

o
loading SHEAR (KIP) VERTICAL

•• M - * "MOMEfiT (FT-KIP> TOHOUF
. NUMBER ............ X ' V 'VECTOR ANGLE ■ KIP...........   "■ “ X* „ v ■Overturn angle ET-K|R

n 3 1001.0 0,0 1001.0 0.0 0,0 0. 5*05. 5*05, Ru.o 0,
* •1001.0 0.0 1001,0 lflo.0 0,0 0. . -5*05, 5*05. -90,0 0,

10” 0.0........ ■ 0,0 0,0 0.0 -1S.1 0. 0, 0, 0.0 ................  0,........ ■ - - -

o
TOTAL 0.0 0.0 0.0 0.0 -10.1 0. 0, 0. 0.0 0,

o
o A 1

o
, <t

o
'J

O

O

64



o PAGE 22
SIP'MAHV nF LOArtlMtiS AND LOAD CONDITIONS

o • MOMENTS WITH PFSPECT .TO POINT (Xe 12.00 *■ 0.0 ?-■ O.o )

o
LOAONG

X
SHF AH 
Y

tKTP)
VFCTOP ANftLt

VERTICAL 
KIP X

MOMENT
Y

cft-aIpi 
OVEkfUMN ANGLE

TOnCuF.....
ft-kip

o

o

1 
2 
3 
A

10 
LOADCN

" 1000.ft
-1000.ft

1001.0 .
-1001.0

0.0

. b.o 
A.O 
0.0 
0,0 
0.0

1000.0 
1000,0 
)001,0 
1001,0 

0.0

0.0 
loo.o 

0.0 
1*0.0 

0.0

0,0 '
0.0
0.0
0.0

-IS.l

0.
0.
0.
0.

.. 0.^

SAQO."
-SAO0.

hAOS.
-•jAOS,

Q.

S4on.
S»O0.
SAOb.
6405.

0.

90.0
-90.0
90.0

-90.0
0.0

............... 0.
0.
0.
0.
0.

o
1
2
3

1
2 
3

0.0
0.0
0,0

0.0
0.0
0.0

■..... 0.0
0.0
0.0

0.0
0.0
0.0

0.0
-I'M 
-lq«*

—0. "
0.
0.

* -"0, 
0.

J).

•>.
0.
0.

... OiO
0.0
0.0

6,
0.
(1.

o
o
o 1 1

o
I

o
Q >

o
o ■

•

•
- ■

o
J •

3
. *

* 65

o



PAGE 23

' <S 0 DIAGNOSTIC MtSSAGES •«E«F PHlNTf.O* 11 STOP* 0 CONDITION CODE ■ 6 )

0

O
o
O

O

o
Q

O

□

o



-

FOHCL
LOAD CONDITION

NUMbFH

.61. 0.0
JOINT 
NU^HER

KpS “ 
FOR 

X

" NOF-FNT .GT, 0.0 
C F i!KIPS< M 0

p.CH-kiPS "
-KJPSC

1
M F 
X

N T «inch
VV 2

1 11 -n.no 0.0 0.00 0,0 -n.no n.n
•

•

1 12 -n.on 0.0 -o.on 0.0 0.0 0.0
1 13 -n. on n.o o.on n.o n.no 0 • A

1 14 0.00 n.o -o.on n.o ■un.no n.n-

1 15 • A e Oh n.o -0.00 n,n n.no n.n

" I " " " ' 14 " n.on n.o " ■' -o.on ' n.o o.nn n.n
1 17 n.oo n.o o.on n.n n.no n.n

1 21 -o.cn n.o -o.on n.n efi.ny o.n-------- t - ?? -n.oo " n.o " -O.GO * n.n n.no n.n """ —
- .- .. . . ................. - • •

1 41 o.on 0.0 o.on n.n n.no o.n

1 47 0.00 0.0 -o.on 6,0 n.nc 0.01 - 51 0.0 0 ...... r.n - -o.on nwo -o.nn 01 n
1 57 • A . 0 A 0,0 0.00 n.n n, nn o.n

1 *•1 O.on 0.0 -n.no n.n n.no o.n

1 f>7 -o.on ' 0. n ..... G.r.n - n e c n.no 0. n
1 91 -n.oo 0.0 -0,00 n.n 0,00 o.n

J s? o.on 0.0 -0.00 n.o 0.00 0,0
. ... ) S.3 •o.cn ■ 0.0 o.on n, a ------- A e A 0 o.n

1 «?u 0.0 0 0.0 o.on 0.0 -n.no o.n

1 <55 -0.00 0.0 -0.00 o,n -n.n‘.> 0,0
— I <?A -n.oo 0.0 -n.no • r.n n.no n.r ..........................—— • •• —

• 1 97 0,0 0 n.o 0. n n n.n .‘n.no o.n

-------  2------ . j j -o.on 0,0 0.00......... "—0.60" 0,0
? 12 -o.on 6.0 -o.nn n.n , n.no n.n
? 13 -o.co 0.0 • 0.00 n.o <; 0.00 o.n
? 14 C.on ■ n.o -n.oo fi i H" "-6,00 o.n •- ■ *

? 15 n.oo n.o -o.on n, n n.nn n.n

? 16 o.on 6, u o.on 0.0 -r.oii . 0.0

.......... ? " "■ 17 o.on n.o -o.co ■ fieO 0,6 0 0. n ■
? ?1 n.no o, 0 -O.on n.n -n.no 0.0
2 27 -o.on 0.0 -0.00 n.n 0.00 o.n •
? 41 o.on n.o n. nn n.n o.on o.n — —
2 47 n.oo n.o -0.00 n.n 0,6(: n.n

? • 51 0.00 n.o -o.on 0.0 -o.no 0.0

" 2 57 n.oo r.n o.on 0 - A

2 51 r-, on n.o -o.nn n,n n.oo o.n

2 67 -n.oo n.o 0.00 0,0 O.nn 0.6
... ?----- * 91 -o.on ■ ■■ n . n -O.nn ■ n , fl'■ n.no- o.o ■’***.

2 92 . -o.on 0,0 -o.on 0,6 n.no 0.0

2 93 0,00 0.0 O.bO 0,6 O.nr) 0,0
y . — ■ 04 -n.oo o»n 0.00 ■ Ae n w A e A 0 0,0

2 95 0.00 n.o -O.on n.n -o.no 0,0

2 06 -c .on 0.0 -O.on n.o n.oo n.n

• CT>

• JOINT EOliILIRQ IUM ChFCK PAGE 2
. .. . ..................... .. — •- • • •— — — — -

i u
i . ____ - . _______



FORCE
LOAD CONDITION

.fiT. 0.0 
JOINT

KIPS 
FOR

MCMFhT .GT. 0.0 
C F »hlPS< ** 0

JNCH-K1PS
M f N T MINCH.-KIPS<

NUMriEP MIP-hER X V Z y Y — Z

2 97 -G.00 0.0 n.on n.n 0.00 6*0

o 3 11 -ci.on 0.0 0.00 n.o -0.no "

3 1? -n.on 0.0 -0.06 n.n -n.on n.n

3 13 ■ -0.00 0.0 0.00 o.n (1.06 o.n
A 3 14 O.QA 0.0 -o.on n.n -n.no n.n

3 15 n.on n.o -(.on n.n O.i'O o.n

3 16 n.on 0.0 n.on n.n o.no n.n

•3 3 17 n.on n.o -0.00 n.n 0#nn 0.0

3 21 0.00 0.0 -0.00 n.o -n.oo 0.0

" '' 3 - - -n.on 0.0 -O.cn n.n ■" n.on n.o
’X 3 41 n.fin n.o 0.0 n n.n n, no o.n

3 47 . r.oo 0.0 -0.0 0 o.n n.oo 0.0
"" 3 51 n.on n.o -u. on n.n ' " "■ -n.on n.n • ••■-’.......... - -

D 3 57 -n.on 0.0 o.on n.n 0.60 n.n
3 61 n. oc o.c -0.00 o.n o.no 0.0
3 ...... AT -o.nn n.o ’ O.on ne r ■" -o.no 11.0

D 3 01 -n.on n.o -o.cn n, n n.oo n.n
3 0? -p .no n.o -0.00 n.o 0.0» n.n

3 ~ 93 n.on n.o n.on n.o " n.oo " n.n------------------ -------- ------------------------- -----------------------’
• \ 3 <U n.on n.o -o.on n.n ■ -o.no n.n

3 95 -0.00 0.0 n.on 0,0 -0,00 0.0

- 3 ’ 96 ■ n.on -• n,o ■■ -o.on — n e n o.no ■ n.n . - .

3 97 -n.on n.o 0. n n n.n t o.no o.n

)
•

.7
-....... - ............. ■ .................................. .......................................... -............................

J

o
JOINT EOUILIPPtUM CHtCK ■ WflHt 3



JOINT OEFCECTIOM <INCHES< " rotation »padtans< plmapks
-3 NU«8EH . X V 2 X Y z

11" “ "0.0P4" 0.0 ........ . "0.036..... 0.0 0.000597 0.0
12 0.016 0.0 O.n?? 0.0 0.000455 0.0
13 0.009 0.0 0.005 0.0 0.000227 0.0
1* . 0.000 0,0 -o.noo 0.0 0.0'30000 0.0
15 -0.009 ‘ 0.0 0.005 0.0 -0.000227 0.0 .. ....
16 -0.016 0.0 0.072 0.0 -0.0»ri455 n.o

"IT -0.024 ' 0.0 <1.036 0.0 ..... -O-ono^nT n.o
21 0.035 0.0 0.t>3>‘ o.n 0,000404 o.n
27 -0.035 0.0 o. r. 3fi 0.0 -0,060494 o.n .
41" 0.046 0.G " 0.C.3P 0.0 " "" 0.000093 0.0

—v 47 -0,946 0.0 0.03m 0.0 -n.000093 0.0
51 0 • 044 0.0 0.0 35 0.0 0.000017 0.0
57 " -0.046 - n,n 0.03H n.n ■" — -o.onnni? o.o .......... .. ................
61 0.046 0.0 0.0313 0.0 -0.onon54 0.0
67 -0.046 0.0 0.0 3m 0.0 0.000064 o.n
91 0.035 0.0 0.O3R o.n ■ -0.nor,47=5 ■ o.n.................*----------------------------- ------------- ---------------------------------------------- " — "

92 0.027 0.0 0.O5Q 0.0 -0.000369 0.0
93 0.013 0.0 r, .064 o.n -0.000165 o.n
94 0.000 ■ 0,0 0.066 ' n.o ■* - n*onnnnn nen " ■

95 -0.013 0.0 0.044 0,0 it. one 165 o.o
95 -0.0'7 o.n 0.04Q 0.0 <1.0003# 9 o.n
97 -- -0.035 -- 0.0 -------- "0.03H" n.n ....... ' 0,000465 o.n

• 1*0 0.0 0.0 0.0 0.0 0.0 • O'.O

—— - ■ .. —
t

—— ■ •- ---------—... --------- ----------- - -- -------- -------- ------- ---------- ------------------------------ !---- -- . ................... .................................... , , ----------------------------------- b - -------- -----

JOINT DtFUECTIOUS AND POTATjrnNS LOAO CONUITTON NUMBER 1 PAGE

cn«D

O



JOINT deflection VlNChES< DOTATION 1PAOIANS< RfMADKS
number X V Z X V z

n 11 0.02* o.n 0.02* 0.0 0.000575 0.0 .

12 0.019 0.0 0.010 0.0 0,000335 0.0

13 0.009 ■ 0.0 0.061 0.0 0.000060 0.0 ............... " ............ " " . ............

1* o.non 0.0 -o.ooo 0.0 o.oocono 0.1) ••
15 -0.009 0.0 0.001 0.0 -0.000660 0.0
16 -0.019 0.0 0.O10 0.0 -0.000335 0.0 ■ *

•*r*‘e 17 -0.C24 0.0 0.0 24 0.0 -0.0Ou4.75 0,0

21 0.035 0.0 d.opa 0.0 0.000464 0.0
27 -0.035 0.0 0.02* 0.0 ■*0 • 6 004F>4 0.0 ■ .............. ................. ..... ......................................- ~

‘1 0.045 0,0 0.024 0.0 G. 000002 0.0
A7 -0.045 0.0 0.02* 0.0 -0.06(16 = 2 0.0

51 0.046 ' 0,0 0.024 o.c " ’ o. o n c n 17 0. U • ” ’
57 -0.046 o.n 0.624 <1.0 -0.060017 0.0

61 0,046 0.0 O.n?* o.n -0.060054 0.0
67 -0.046 0,0 0.02* 0.0 0.000054 ' n.o .... .................     ■ -
91 0.0 3b 0.0 0.624 0.0 -0.006477 0,0
92 0.027 0.0 0.036 0.0 -U.000346 0.0
93 "" "0.013 " 0.0 0.649 0.6 "■""■-0.006163 v . u
9a o.ooo o.n 0.652 0.0 0,006600 0.0
9b -C.0)3 0.0 O.C‘4t' 0.0 0,060163 0.0

' 96" " -C.027 " 0.0 0.636 o.n 0.060346 .0.0------------- ----------------- ------------ ------------------------------------------ -----------------------------------------------------------------

* *1 97 -0.035 O.n 0.024 0.1) 0.060*77 • O'.o
140 0.0 0.0 0.0 0.0 0.0 0.0

• i • I
I *

•

. -
•

*)

) •

— - -- ...................... ...............................................................— —

V

J

3
■—- -

•
.. . 1 i 
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JOINT DEFLECtIONS AtJt) POTATIONS l.OAD CONDITION NUMfiPp 2 ' " ............ . p*6fc
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JOINT DFPLECTIOM ♦PT.hES< ... .............  ROTATION *PAOTAMS< REMA0rtS
NUMBER X Y Z X Y 2

n """■ 0.0?4 . "0.0" 0.024 0.0"’ " 0.000572 O.n . ✓
12 0.019 n.n 0.010 o.n 0.000334 0,0
13 0.009 n.n O.oni 0.0 0.060079 O.C

14 0. QOO 0.0 -o.oon 0.0 O.OOnnfin 0,0
15 -0.009 0.0 O.ori 0.0 -n.000679 o.u .. *.
16 -0.019 0,0 O.n) 0 o.n -G.006334 0,0
17" -0.024 ■ o.n ' 0.n?4 (1.0 •■■■' -0.A6g=.72 o.o .....
21 0.015 n.n 0.024 n.n O.»0(,461 n.o
27 -0,035 0.0 0.n?4 0.0 -U.0Cl.46t n.n
41 0.045 0»0 0.024 0.0 o.nooosp o.o. ---------- --------------------------------- ------------------------- ------- ~
47 -0.045 0,0 0.024 0.0 -n,onpp^q 0,0
51 0.045 0.0 0.024 0.0 0.0066)0 0.0
57 - -0.045 n. n n • 074 o.n -O.onGr]p 0.0

61 0.046 0.0 O.0P4 0.0 -0.000050 0.0
67 -0.046 0.0 0.624 0.0 0.0OC65O (1.(1
91’ " 0.035 n,n 0 , d24 o.n • 0.0^0474 0.0

92 0.027 0.0 0.016 0.0 . -0.000343 0.0
93 0.013 o.o 0.1146 n.n -0.000162 0,0
94 C.oon n, h 0.052 o • n " "*■ * 0• 0nopnt> o.n 1
95 -0.0)3 0.0 0 * 0 4 H 0.0 0.000)62 0.0
96 -0.027 0,0 0.036 (1.0 0,000343 0.0
97 " - -0,035 n.n r, 074 6.0 C.. 000474 0.0 • ............- -......................................................- -.....- - -- ----------

140 0.0 0,0 0.0 0.0 0.0 • o;o

I

JOINT DEFLECTIONS ANO POTATIONS LOAD CONDITION NJMhEP 3 PAGE



■)

CAPO Pitt NO, reactions at MCVtO TO PILE
TYPE GROUP OF FIRST SFCO*-o THJOii IOLN

" 1.0. ' PILLS JOt\T JOTcT jnr.1
eeo* 60 «« eooooo <><»ooo0 <100400

SUPT 1 • 1 14i) c
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LOAO --------0“ F F—I E C. " T "Iff N S" P 0 T AT IO" FT —AXIS
COMO Inches RADIANS SYSTEM

NO. AXIAL OX OP uz n* vector AhALF TORSIONAL PX fiR' PZ PT VECTOR ANfiLE

1 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
2 0.0 0.0 o.n o.o 0.0 0.0 0,0 0.0 0.0 0,0
3 0.0 o.n o.o o.o 0.0 0.0 fi e l> fie0 0.0

SUPPORT DtFLECTlONS AnO ROTATIAk'S PILL C ThIRA JOThT NUMHEP PAOt



LOAD
CONO

NO."

AXIAL
FOHCfc.

KIPS

S H F A P FORCE 
KIPS

FST. 
KS 

KIPS/lk

TORSIONAL
•lO^FNT 
IN-KIPS

H E N 0 I N A H 0 M E N T 
INCH-KIPS

PX OP ¥7.------My--------------  VECJOP------ MIGI F-

ESI.

• iN-r/Ran—FX CP F? FY VKCTOR AhbLF.

1 fi.O -o.n 0.0 n.O n.O 0.0 0.0 O.n -n.n o.o o.o 0,0

2 19.1 '-0.0 ’ o.O 0.0 0.0 0,0 0.0 O.n - -0.0 o.o o.o 6,0 ------------------

3 19.1 -0.0 n.O 0.0 0.0 n.n • o.*« - 0.0 . -n.o o.o o.o 0.0

SUPPORT REACTIONS Pfl F C THTMO JCTMT NUMRFR — l<0 - p*6t



o ISUOPORT REACTIONS 10AO COfbTTTCN

TOTALS
average

pile
IDEN

PAGE

c

~THIPO AXIAL--------- S K E AO F 0 P e E "■ fst. TORSIONAL---------6 E •« D "I N G - M C M E N T ------ ------------- ESTi -
•JOINT FORCE KIPS KS moment INCH-KIPS KR
NUMHEP KIPS EX OR F? FY VECTOR ANGLE KIPS/Tr IN-KTPS MX OR MZ mv VECTOR ANGLE IN*v/P4G

140 0.0 -0.0 O.o 0,0 0.0 0.0 0.0 O.O -0.0 o.o o.o O.O

0.0 -0.0 0,0 0,0 0.0 0.0 0.0 -0.0 «•<■ O.O- ” ■"
0.0 -0.0 0,0 0,0 0.0 . .. »- -,0.C . O.<! -0.0 0.0 0.0



PILE THIRD AXIAL SHF AO FORCE FST. TORSIONAL H F f; 1) 1 h G M 0 H C H T tST.
IDtN JQ’‘iT

NUI'PER
FORCE

KIPS FX OP FZ
KIPS 

FY VECTOR
KS

ANGLE KIPS/IK
MOMENT !nC»«-KIPS KH
T‘J-KIPS----- MX 0» MZ------- M*;"------- VFCTC* - ANOLE " IN-K/RAO

c 160 i°a -0.0 o.n n,n 0.0 o.o 0.0 o.o -0.0 O.U 1.0 0.0

TOTALS 
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SUPPORT RUCTIONS

e
PAGt 1210,-,0 CONOITTON 3

PILE "ThI RD
IDEN JOINT

NUt*o.LP

AXIAL" 
AOPCE 

KIPS

s' H" E A P E 
*TP$

d R C E

VECTOR AhGI.E

FST. 
kS 

olPS/ir

TORSIONAL
MC-’tNT 
iN-KfPS

R L .i 0 1

MX OR MZ

14 G MOMENT 
IhCH-KfPS

MV VECTOR

ESI. 
Kw 

AhfiLl IN-X/RaOFX OR FZ FV

C l*o 19,1 -o.O 0,0 0,0 0.0 0,0 0.0 0.0 -0,0 0.0 0.0 0.0

TOTALS 19,1 -0.0 0.0 0,0 0,0 0.0 o.il -G.u 0.0 0,0
D AVERAGE 19,1 -c.o 0,0 0,0 0,0 . M. .. 0.0 0.0 -0.0 0.0 (1,0

—- --------- . . . . —............................ .. —----------------- . . -- — -

— - —......... ....... ............................. -- ................. - - •— ---- ---------- ---------------------- ----- -- _ . — . -



o

REACTION FORCES ANO MOMENTS

n load JOINT F f) P c E S h 0 »• F N T s
COND NL'MhFP KIPS INCH-KIPS PFMAkrKS

NO F* Fv F7 tx MV MZ

1 11 r>,n 0.6 0.0 0.0 0.0 0.0
1 ' 17 10.0 0.0 6,0 0.0 0.0 0.0
1 SI 6.0 6,0 nen O.G 0.0 • 0.0
1 57 6.6 0.6 6,0 0.0 0.0 0.0
1 140 -6.0 0,0 6,0 o.o -O.o • " (f. 0

2 1 1 0.0 0.0 A. 6 0.0 o.o 0.0
2 17 0.0 6.0 0,6 0.0 o.o .0,0
2 51 0.0 0.0 6,6 0.0 0.0 0.0
2 57 0.0 6.0 6,0, 0.0 0,0 0.0
2 ....... 140 -0.0 • 0,6 19.1 0.0 -0.0 0.0

3 1 1 0.6 0.0 6.0 0.0 0.0 6.0
3 17 0,0 6,0 n# a o.O 0.l‘ 0.0
3 51 6.0 0.0 a.o 0.0 o.o 0.0
3 57 0.6 0.0 6.6 A.o 0.0 0.0
3 140 -P.O 0,0 19.1 0.0 0.0• %
-- . . . - . . . ---- -- . .. . — • . .
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LOAD "VEPTIC«L ~ S M F A P F 0 (• C E
CO^D FORCE *TPS Ahfil.F

•mO KIPS _FX_ FY VFCTOK UFti

1 0,0 -0.0 0.0 0.0 100,0

19.1 -.-0,0 0.0 0.0 lon.o

3 ___ 19.1 _ -0,0 0.0 0.0 100,0

SUMMATION OF HFACTTO^S - STaNQAPD A#TS SYSTFM PAGE



CAPD PF.RCENTAtiF OF YltlO STUFSS TO 6F USFu FOR EACH LOAD COnOJTIOm
TY»E 123 
oeoo"-eee®o oeo«e 00000 00000 00000 00000 00000 00000 00000 00000 eooeo 00000 «6«6e »Mei «e>nr

ST«S_ 6P.  60. 60.
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GROUP MEMBER Load 01 ST FOP C E S *KJPS< M G m E N T S *TM.>KIPS< ...... S-7 P r S S E S, 9KSI<-
JOINTS cokd AXIAL Shear ShFAP TftOSlONAL EFLCINfl UFfiOING AXIAL H50INO

NO LOW HIGH NO FT EX FY F7 6X MY MZ y V 2 P-EO <

1 11 21 1 n.o -n,nn -406,92 f .0 0.0 0,0 -405,6 (1. on 0,0 0,59 0,59
-n.no -en#,,9? o.n 0.0 n.n 341.,5 <1,00 o.n 4 , ) 1) 4. 1 0

—•-■ ’ 1.6 -o.no •4116 • 9? ne o 0.0 6.0 7324.9 ,u.f n n.n A.79 6.79

1 11 21 2 n.n 6.3b -400.97 n.n • r... 0, - ... n.o. -910.4 -n.ufl o.n -1.10 -1.19
O.P 6.10 -<.09.97 n.n 0.0 0.0 3(.16.3 -O.llA 0.0 •3.62 -3.71*

—--------... . . o - - - l.A ' B,O0 -ing.97 ■ n.n ......................0.0 - ~..... o.n— " 695?.0 — -n.o® — o;n- -M.34 -•.4? *-

1 11 21 . ? • 6.3(, -z. 1 n. 39 n.n 6.0 c.o -917.6 -.1.0 9 n.n -1.10 -1.19
1 (i. R 

^1.6
6,10 -4 1 (,.39 o.n U.O c.o 3i-2?.Z o.o -3.t3 -1.71

17 A
S.SQ -41e.39 n, o 0.0 0.0 fr1 j I ,9 -0.0* 0.0 -h, A3

1 .21 n n.n n.no 406.92 n.n 0.0 n.n 4 a * • i; -(>, an 0.0 -n.59 -n.59- t n .r n.no a r 6, o 2 n.n o.n c.o -341--. 5 -(•.on n.o -4.10 -4.1 ii

1 .t n.no 406.02 n.n o.n — c.o- -7324.9 -»n, qa — 0,0 - •-K.70 ■ i*. H

1 17 T 7 -.T ?< /> n.n 6.30 4 01» e <v 7 n.n 0.0 o.n M19.4 -i), (.6 0,0 -1.10 -1.19
T n.n 6.10 409,97 n.n o.n o.n -3ulh.3 • 11 , uH C.o • I.*)/?

s.90 409.97 -A94?,C. 0.0-- > 1 •A o.n ............. 0.0 " ■ 0.0 * -r• ns "" • h, J4

1 17 27 . 3 p.n 6.3 0 410.39. n.n <1,0 0.0 917,6 •0. t h (1,0 -1.10 -1.19
*r • • neR 6.10 4 1 t' . 39 o.n (i.O o.n -3:>2?.2 -n.oH O.n -3.63 -3.71

— - - . 1.6 6,00 41n.39 n f n 0.0 ---------- n.fi- -6U(- 1.9 —• e, o m— 0,0 — -<‘.36 -A.43 —

1 61 9} ; n.o no bQ3.1'.H n.n n.o 0.0 l*i51.9 (■. 0 n (>.<> 21 .67 ?1.6/
1.3 -n.no 693.1 A n.n o.O o.n *799.9 11. on n.r. 1 a,** ir.bb

— — - 2.6 -n ,00 593.OA 0,0 n.o 0.0 -4*-?. 1 n, nn - n.o 0e<*6 —

1 1 61 91 2 n.n 3.17 590.03 n.n' (i. n C.n 17h5.,,3 -II, 04 0.0 -21.41 -21.4c
1.3 9,^ 590.03 n.n n.n 6.0 *65.1.1? -6.04 n.n -1<I..19 -1'1.42

— ■— — ■ 2.6 2.c:2 590.03 0,0 ' • - ■ ■ n.O - -■ C.O- -54fl,4 —■■C e — 0.0- " -C.*6 **).*<, —

> 1 61 91 3 n.n 3. 1 T 590.61 n.n , 0.0 0.0 17679.7 -0,04 n.o -21.46 -21.5b
1.3 2.6b 590.61 n,<i (• 0.0 C • 0 f<<,66.? -li . 1. A n.n -It*.—1 -]6,44

— — . - 2.6 2.5? 690.61 n.n 0.0 c.o -547,3 •0.C3 o.n •C.r.4 • 11,6 9
1 67 97 1 n.n n.no -593.OR n.n 0.0 0.0 -l*'r.c 1.9 -n.i.n n.r. -21.67 -21.67

1.3 n.no —59,3. OH n.n 0.0 c.n -5799.9 -o.i-n n.n -1 u • 5 • • li. .bh
. .. 1 2.6 n.no -593.0« n,n o.o C.O" 452. 1 -I? .00 — o.o -l'.54 —

1 67 97 2 n.n 3.17 -590.03 0,0 l>. 0 0.0 -17644,3 -0.04 o,c -21.43 —21,4c
1.3 2. Ab -59i).0.3 n.n 0.0. 6.0 • 3 • t* -6,14 o.n -1 (..3° -l->.4t

- 2.6 7.*'?. -590.03 M 0.0 C.O 56' .( -0.03 O.G -1 .66

1 67 97 3 n.n 3.17 -‘>9 0.61 0,0 o.n c.n -17679.7 -O.rA o.n -?1.*6. -21 .5'7
1.3 2. Rb -590.61 n.n 0.0 c.o -6664.? -0.04 n.n -1 i.*0 -10,44

—— — • • • • . ... 2.6 2.6? -'.90.61 n.o O.o ---------C.O- ......... 547.3 --V.u3------- 0.6—" --11.66 -•>,69 —

2 21 Al 1 n.n -f. .co -40o,92 n.n o.n 0.0 7J24.9 O.nO n.n 5.18 5.16
1.3 -n.cn -4h6.92 n.n 0.0 c.n 13917.1 1,. G n n.n i.t-4 9.r-

-■ -n.no -406.92 205<>'7.? —■ 0.00 — 0.0- -14.50 14,50' 2,7 U • 0 “” ‘ 0*0 '

2 21 41 2 n.n 5,<;o -409.97 o.n 0.0 n.n 6952.n -1). ('A o.n -4.9? -4.9r
1.3 S • 4 4 -409.47 n,n O.o G.O 13593.5 -O.|:A n.r- -4.61 -9.*.7

. ---------------------- - .. — — . .. 2.7 A.99 -409.97 0,6 ----------------- c.o - ------------- o.n- - 2('235.r-------v.(-5 — 0,0 - -14.31 -14.36

□ 2 21 - 4 | .3 n.n ei.OO -410.39 0.0 6.0 n.n 6961.9 • -O.u6 o.n -4.92 -4.9h

1.3 6.Z.4 -410.39 n.n c.n C.n 13610.2 • ti, (-A n.c -9.63 -9,66
... .-- —

00a
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•
PaUE

o



n

3 GPOUP

NO —

• HEHEEP 
JOINTS 

LOW HL

LOAO
CONO 

GH" NO

DIST

FT

FOP 
AXTAI 

EX

r. f $ *« 
SHEAR 

FY

:IPS< 
SHE AO

F7

► 0 
Tnbsm 

t'X

E. E N 
NAU

T S
RFkd

MY

»JN- 
ING_

*1PS« 
tiENDtEl.

HZ ......

S T 
AXf Al
- X .

P t 
efnc

- y —■

S s E S 
ins

Z"

*fSI<
COBH-
INEP -

3

J

f

• ’)

. J

2_
2

a

a

3

3 -

3~

3 "

3

3

3 "

3

3"

3 "

21
27

27

“ 27"

- *1

*1

' 47

— 47

— 47

51"

‘ SI

SI" -

— 57

41
A7

47

47

51

51

sr

57

57

57

61

61

61

67

3 
1

?

3

1

?

3

""" 1

- 2

3

1

?

3

1

2.7 
o.n 
1.3 
2.7 
fi.O 
1.3 
2.7 
r-.o 
1.3 
2.7 
fi.fi 
n.6 
1.1 
o.n 
0.6 
1.1 
fi.r.
0.6 
1.1 
o.n 
r..fr 
! a 
o.n

1.1
' o.n 

0.6 
1.1 
o.n 
0.6 
1.1 
0,0 
fi. A 
1.1 
fi.o 
0,6 
i a 
fi.o 
fi. A 
1.1

4,60 
0.0(1 
fi.no 
!> , o (■ 
*.9u 
5.46 
4,09 
5.50 
5.44
4.09 

-0.00 
-o.nn 
-o. no
4.99 
4.64
4 . OH 
4.99 
4,64 
4 , On 
0, HQ 
n. no 
o.nn

■ " 4.99 
4 a •'A 
4. (lb 
4.0C 
4,54 
4 , OF

-n. on 
-n. no 
-fi.oo

4,r.F 
3. A3 
3,1 7 
4 , fi rt 
3.63 
3,17 

0. on 
n. no 
fi.nn

-41(1.39
406,9? 
404.9?
406.9? 
409.97 
409.97 
409.97 
4 1 ?9
410.39 
410.39 

-406.52 
— 40,6.92 
-4<6.92 
-409.97 
-409.97 
-409.97 
-4)0.39 
-I AO.14

°oai 
406,9?
406.92 
406.9? 
409.‘>7 
409.97 
409.97

• 410.39 
1A0.14 
-90.11 
693.(0 
493.I* 
593,no 
59fi.O3 
590.03 
590.(3

9.0.11
340.36 
‘.9(1,61

■593.09 
-593.09 
-AC 3. (,f.

o.n 
o.n 
n,n 
fi.n 

" fi.o* 
n.n 
o.n 
0.0 
n.n 
o.n 
n.n 
0.0 
n.n 
n.n 
o.n 
o.n 
n.n 
o.n 
n.n 
o.n; 
fi.O.' 

o.n 
o.n 
n.n 
o.n 

"" O.n 
o.n 
n.n 
n.n 

0.0 
0,0 
n.n 
n.n 
o.n 
n, n 
0,0 
o.n 
n.n 
fi. n 
r., n

1 
1*

0.0 
0.0 
o.o- 
0.1) 
O.o " 
>1.0 
0.0 
C.G 
o.u 
0.0 
0.0 
fi.o 
0.0 
0.0' 
0.0 
0.0 
0.0 " 
0.0 
fi.o 
O.n 
0.0 
n.n 
n.0 ■ 
fi.o 
n.o 
o.o 
n.o 
(1.0 .
0.0 
fi.o 
0. O', 
fi.o 
C. D 
n.D 
G.O 
n.o 
0.0 
fi.O 
a.o 
n.o

----

U.O 
n.o* 

6.0 
u.n 
o.n-" 
n.n 
0,0 
fi.o" 
n.n 
u.u 
n.o- 
fi , 0 
n.o 
■i, i i" 
O.n 
n.G 
n.o- 
6.0 
C.ti 
fi . u " 
G.O 
n.n 
0.0" 
n.n 
d.O 
o.n 
O.(> 
0.0 

-n.o 
0.0 
n.n 
o.n 
0.0 
o.n 

■o.o 
fi.o 
0.0 
0.0 
c.o 
ii.O

2025^,6 
.7324.9 

-1.391 7.1 
»?r>iCr,.2

-6G5?.iV* 
-1359.1.5 
-2(2M.l
-A961.9 

-I'lnlC.Z
— 2fl25h , 6 
znoni.z - 
23)9*.9 
/Erhl.,6 
?n?35.1 
2? #4ii.9 
29^45.7

" ?n?5H.6"- 
22141.3 
2? (72.4 

-20509.2 
-23194.9
— 2SrR0 • n 
-?''?39,1 * 
-22940.9 
-?5.,46.7 
-2O25H.6 
-22141.3 
-22372.4
25900,6- 
?196-,.3 
1 m ;> s J. o 
25444,7 
21 792.5 
17m5-.3 
2? VTd.s 
?i"i5| .9 
17m79.7 

-ZFMHn.fi
— ? 1 9 A n a 3 
-10652.0 
-25,144.7 ■ 
-cl 752.5 
-iT.ib'i.J

^-22372.4

-fi. OS 
-n.Gfi 
->1.60 
-0.0 0 
-n. 06 
-( . t.A 
-n.n5 
-O.i'6 — 
-n.^A 
-U.i.S
- n.nn — 

U . u 0 
fi.cn

-n, n? 
-n , (i? 
-O.fi?

■-n.n? —■ 
-u.<? 
40.6? 
-n.nn
- u. n o 
-n.nn

-•n.n?--
-0. <1? 
-r>...? 
-n.o? " 
-0. h? 
-o.n?
n.nfi-r 
n. no 
n.nn 

•O.n? 
-0.01 
-0,01 
-t>,«2 — 
-0 « 9 1 
-0.01 

-d, OP 
-o.-?n 
-n.on

--o.oa— 
-0. fit 
-n.ul
- 0 . o ? "

o.n 
o.n 
n.n 
n.n 
n.n " 
o.n 
n.n 
0,6" 
n.o 
o.n 
n.n - 
(.(' 
n.o 
o.n 
n.o 
o.o 
o.o- 
o.fi 
0.0 
n.n 
n.n 
n.n 
n.o - 
0,0 
n.o 
0,0 
o.o 
c.n 
o.n - 
0,0 
n.o 
o.n 
o.n 
o.n

-o,o- 
o.o 
0,0 

O.o 
0,0 
fi.G

- o.n- 
O.n 
n.n 
n.0

-14.33 

-5.18 
-9.-4

-14.50 
-4.07- 
-'#.6 1

-14.31
-4.9?
-9.(j1 

-14.33
5.1 B 
5.1'6 
6.54 

-5.11 
-5.60 
»h,«H

- -5,1?
• 3 e Ti

-5.1-3 
-5. nA
— n , 5 4 

--5.il
-5.h(-

-5,1? 
-5.6(1 
-5. (-5 
0.54 

3.59 
4,56

• 6.46 

-5.50
— 4.51

-- -5.65 
-5.2 9 
-4.5?
— (1,54

-4.56 
-------n.4R

-14.3e 
-5.1H 
-9,?4 

» 1 4,5 6
-4,91= •' 
-9.67 

-14.36
-4,96 ' 
-9,6b 

-14.3r.
5.10- 
5.6c 
6.54

-5,1 •

-n.5l- 
-5.14 
-5,61 
-5.6/ 
-5, 1M 
-n. Ph 
-6.54 
-5,13 
• 5 , rt ? 
-<• ,6|. 
-5.14
-5.61 
-5.67
5,5* 
5.55
4,56 

-6, Ad 
-5.51 
-4.53 
-5.6 7 
-5.3] 
-4.53 
-6,54 
-5.6s 
-4,5(: 
-A,5V

-

o
- : 3~

3

— 57--

- 57

67

67

2

3

0.0 
0.6 
i a
0.0

■ — 4.06
3.63
3. 1 7
4 , OH

-59c.u3 
-590.03 
-590. .03
-9C.11

0,0
0.0 
o.n 
n.n -

0.0 ■
0.0
n.O
0.0

- 0.0
0.0
6.0
0.0

-m. 50
-4.51
-0.65

-<51
-4.53
-5.A7 — 00 

ro

o
mcmpFR STRESS ALALVStS

— --- • 3

o



GROUP-— WFMREP LOAD bTST FOB C F S *KIPS< m 0 M E N T S «IN-K!PS< ------ S" T R" F S S F"S "VW
JOINTS COhD AXTAL SHfcAR ShE'ar TORSIONAL HF.-.r.INfi nfn jN(j Axf.iL hthOlNti C(l'»ri-

NO LOH HIGH NO FT EX FY F7 MX vy m; X Y I INEO

3 3 57 67 3 0,6 3.63 -340.3* n,n 0.0 0.0 -21951.9 -9.01 0,0 -b.P9 -5.31
1.1 3.17 -590.61 n.n 0.0 0.0 -I7h79.7 -".01 0.0 -4.5? -4.53

11 ~ 11 12 1 o.n 40A•Cy 0.0 0.00 0.0 496.0 1efl -5.7R -1.21 o.O -6.99 ""

3 1.3 406.92 0,0 n.no • o.G-- -*An.O , n.o -S.7R -1.21 U.O -6.99

2.5 AfO.Q? n.o 0,00 (!.0 4Pn, n O.K -6. -1.21 (1.0 -6,99

11 “ 11 12 2 0.0 400.97 0.0 -6.30 . ....................0.0 " 919.4 ~ • — n. n - -6.HP " -2, *<< - " 0,0 ' -M. 111
1.3 409.97 0.0 -6,60 0.0 >).n -5.6? -?.<• -'.( • f •
2.5 409,97 0.0 -6.90 0.0 7?1 .4 0.0 -9. a? -1.79 <1.0 -7.E1

11"
ir

12 3 0.0 410.19 0.0 •-6.30 n.o 917.6 ' u.o -6.2 3 -2.27 n.o -5.10 -
1.3 410,29 0.0 -6.4 0 0.0 9PC.* o.n -5.<>3 -2, CJ u.e • 7 e h b
2.6- A 1h,39 0.0 0.0 719.6 n.o -5.H3 -1 .7ri 0.0 -7. El

11“ ~ 12 13 1 o.n 406.9? 0.0 n.no ........... n.O " " ■ 4fl?, 0~ .......--n.C- -6.70 — -1,2V ------ f>e!l -6,99 —
■* 2.0 4 0 *■ , 9 ? 0.0 0.00 0.0 -flrt.O 0,0 -5. IA -1.21 0.0 -6.99

4.0 4AA.0? 0.1 0.00 0.0 496.0 1.0 -S. 73 -1.21 0,(1 -5.9«.

11 “•
... 1Z

13 2 o.n 409.97 0.0 -6.90 r.o 771.4" •1.0 -5.92 -1,79 O.G -7.61 -
2.0 4(19.07 0.0 -7,1h 0.0 5*0.0 O.U -5 .m2 -1.36 (i.O -7.19
4, n 409.07 0.0 -7,06 0.0 3*7.1 u.o * S e M > -0.91 U e 0 -6.7J

11 12 13 3 0.0 4)0,29 o.n -6.90 0.0 ~ 7 19.6" .............n.o -5. -1.7h - n.o -7.61 -

3 9.0 410,29 0.0 -7,3h 0,0 5 4 M t ? O.o -9.E3 -l.3o 11 • i) -7,19
4.0 410,39 0.0 -7,A6 0.0 3*5.3 0.0 -i.-l -r.9u 'i.O -6,7 3

U — "13 1* 1 0.0 40,6.9? ,c.n 0,00 , 0.0 4 fl fl , 0 0.0 -S. 7M -1.21 o.n ***•49 ■*
•* 2.0 4<)6.9? 0.0 0,00 0.0 4A-.0 o.n »->. 7R -1.21 u.o -6.99

4.0 406,92 0,0 0 .no 0.0 4i"H . 0 u . 0 -5. 7H -1.21 V.'i — .99
11—— 13- " 1* •• 2 ' 0.0 400.97 • ■ 0.0 ■ ■ -7.P.6 0,(1- - 36 7.1 — ------------ n , „ — -5.6?- -0.91- — u.o -6.7J -

2.0 409,97 o.n • P e 7* ( 0.0 172, a C.(( -n.-2 -(1,43 O.U -6,?5
4,0 409.07 0.0 -A , M? . 0 -33.1 c.o -S.r? -O.Cd O.U -6.91

11 — __ 13-------- 1* •3 0.0 4)0.19 0. c ---------7, “f, - • ■ ■ (1.0 365.3" n.o -S,r3 -C.90 •I.O -6.73 -
. 2.0 4)0,39 0.0 -o , 34 0.0 171. n n.o -9.63 -0.4? O.G -6.25

4.0 410.39 0.0 -6,fl? (-.0 . -34.9 0.0 -9.5 3 -0,09 u.n -5.9?
11—- 1* - 15 1 0.0 4C6.,.’2 C..0 c, fin 0.0 - #Pc.O ------------ *).v - -9.7-i " -1.21 — ii, n -■ -6,99 —

■J 2.0 406.9? 0.0 O.no (•.0 . 4fl-.O n. 0 -9,7h -1,21 •1.0 • 6.99
4.0 406,9? 0.0 A, Afl 0,0. 4A 4.0. 0.0 -5. ?« -1.21 0.0

11—- 1» IS 2 0.0 4 r,9,<»7 0.0 fl.M? ■ o.n -13.I 0.0 -5 . r 2 -0,0,( :1.0 -5.91 "
• 2.0 400,97 0,0 H.34 O.G 172,d 1.0 -9.H? -0,43 •1.6 -0,25

*• D 409,97 0.0 7.96 0.0 3*7.1 0.0 •51 it ? -0,91 0.0 -6.73
11 —-r lt - • lb ' 3 o.n 410.39 0.0 • ■ ■■• p e p? ............. 0.0 -- —-------------c.o- »9.h3 - -0,09 --- u.o -5.9? —

2.0 4)0.39 0,0 P,14 0.0 17 1.0 0.0 -5.e3 -0.4? I'eU -6.25
4.0 4)0,39 0.0 7,96 0.0 3*5.3 (•.0 -5.63 -0.90 6.0 -6. 7 3

11—
_ .. ... . 16 .... j " 0.0 406.9? n.o ’ "0,00 ...................o.n ■ •" AflH.O- .............. O.C" -h.76 " -l.?I -o.n -6,9y —

2,0 41)4.9? r.o ne nh UeU aflfl.n •3.0 -5. 7* -1.21 0.0 • 6,99
4.0 4>:4.9? o.o 0,0 (. 0.0 4flfl. n 0, (' -5. 79 -1.2) 0.0 -6,99

11— 15 " 16 2 0.0 409,97 o.n 7.96 .............. 0.0 3*7.1 -- • -- 0,0 - -9.-2- -0,91 0.0 - -n.73 -

3 2.0 400.97 0.0 7,3* 0,0 560.(1 0.0 *b • n? -1.36 (i.O -7.19
4,0 4(|9.97 0.0 6.90 r.o 7?1.4 O.C -5.-2 -1.79 n.o -7.M

— 00
O • CO
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ORi'UR tnir- DIST r n m CFS »*IpS« M C V f N T $ *JN-vtPS< S T W i S S E S *KS1<
jo; »T< rni.n 4X141. SAt»R SA* AP TORSIfir-iAL (<f:.ni6R he "in IMG 4»!*L rEMHMi CO 1H-

X3 LO- wTrw » 0 FT rx FY F7 rr IV • z — - x . - Y ■ 7 - p-'Etl

11 15 16 3 n.n 410.19 D.O 7,Pa 0.0 3 Ab. 3 6.0 -5.63 -0,90 n.o -4.73

2.0 41''.30 C . 0 7.3H o.u S4n.2 0.0 -5.r,3 -1.36 o.n -7.19
4.0 4)0,39 0.0 6.90 • n.O* - - H'4.6 • O.u -5.H.3 -1.7-1 iieil -7.61

11 16 47 1 0.0 . 40*-.r'p 0.0 0.00 0.0 400,0 0.0 -6.79 -1.21 u.o -6,59

1.3 AuA.Rp UeG n.Of, "• " n.n -............U.O -'i.7R "■ -1,21 ■" O.G ' -6.99

12.5 Af.A.OP 0.0 (1, n 0 .1,0 n.n -A.75 -1,21 L*') --,99

11 16
17 ' *

2 iio.o 4 09.9 I C.o a,on 0.0 721.4 n.o -6. -r? -1.79 n e r* -7.61

1 1.3 4O'-».fl7 n.o A. Afi n.o n2?,6 n.n -5.22 -2.04 n.o •7.Ofc -
r1 » ' 2.5 409.9? n.n A,30 0,0 919.4 n.n -S.h2 -2.2a ii.ii -fl . 1 I1

11 16 •77 t 3 n 410,39 0.0 0.0 719. A G.n . — ^3 • «A 1 -1.7H J.U -7.61
* 1.3 410.39 0.0 A. AO n. c R20.R— -------------n.o— — 5 • H 1 -2.03 n.o - 7 , H 6. —
t-'t'-A. < 0 2.5 4)0,39 n.o A. 30 0.0 91 7.A II • 0 — A, 6.3 -2.2/ O.U -0.1.1

13 91 92 \ 1 n.n •'93,00 0.0 -O.no 0.0 -452,0 G. U -'1.42 -1 .GO ■j.n -in.(.3
— - - 1.3 •193, O.A 0.0 -n.nn 0.0 ■-452.0 " n.o — n • 4? -1.60 o.r. -10.03 —

2.c 493.0? n.o -n.ro n.O -<.52,0 n.o -6.42 - 1 , A 0 11. n -10.03

13 91 92 2 0.0 490.03 G.n 2.5? 0.0 -550.A 0.0 -r<, 3? -1.9b o.u -111.34
-- - ..-■A 1.3 590.03 0.0 •>.?? • n.o -sis.r -------- n er> -:<.3R " -I.H3 - n, h •l'i.2l -

2,5 490,03 0.0 1.92 9.0 -4I>4.2 0.0 , .i*1 -1.72 d,i* -1<'. li-

13 91 92 3 n.o 590.A) 0.0 2.52 0.0 -547.3 !! • 0 -H, 19 -l.r*4 0, 0 -r-,33
— — 1.3 590.Al O.u 2.?2 0.0 -5)1,5 0.0 -M.30 -I.H2 u.o -I".?) -

2.5 590.Al u.O 1 .92 . n.n -400,6 n.o -4. 19 -1.71 n.n -10.1 u

13 92 93 1 n.O c 91 f n b 0.0 -n.no • 0.0 -452.0 n.o -...4? -1 .A() •l.n -in.nj
— —•• ‘2.0 593.OR 0.0 • n, nc n.n -452.0" — o.n --H.4P - -1 .Al) ' 7' II.U -1".«3 -

4.0 c A 0.0 -0. no t 0.0 -452.0 u.o -n.42 -1.6(1 il.n -lu.i'j

13 92 93 2 0.0 490,03 • ti.O 1 .ng. 0.0 •• 4 •* 4 • l-.C * ? ■ • 3 R -1.72 d.G -10.1.1
— -T~ 2.0 500.03 0.0 1.44 ■■ ■ ■ - t.q • -<463,9 " it, n -••‘.30 -1 .Am n.0 -9.96 -

4.0 69 0. r>3 u.o n,')h 0.0 -416.2 u.o -3.36 -1.4? <l.i' -‘l.hl-

13 92 93 3 0.0 590,A) 0.0 1 .92 n.O . -4H0.H 0.0 -H. 39 -1.71 t).u -1".U

2.0 490•A 1 0.0 1.44 0 • 0 W 4 % " 0 • P * ■ 1 e ......u • u • *# e <!# ^5

4.0 590.01 U.o 0.0 -4l 1 .H , h -4.39 -1,46 •1.0 -‘>.65

13 93 94 1 r.o Ah 0.0 -n.no 0.0\ -usp.n 0.0 -'*.4? -1,60 •J.O -in.1.3
— 2.0 593. Of- 0.0 -n. no ....................0.0 -4A2.fi .............. 1.0 -1,60 -In, 0.1 —

4.0 593.0)1 0.0 -1, on n.o -452.(1 • 0 -H.42 -l.AO O.u -1'1,G3
13 93 • ? 0.0 490.03 0,0 0,96 0.0 -411.2 O.G -■'.3 A -1.47 -J. 3 •9,Re

• 1- ■ - ?.o SOn.nJ n.n 6 . OH u.o -3'17.‘»- ----------- O.U -1.41 ■— 0,0 - -9.79------
4.0 590.03 0.0 -n.nn n.o • -3<2.2 0.0 • He KA -1.39 u.o -9.77

13 93 94 3 0,0 ^9*1, A] 0.0 0,96 n.o -411.6 0.0 -H. 39 -1.46 0. • 9 , H k
— — . — 2.0 sgn.ai 0.0 0.40 O.G —3^4.6 - • n.0 •H,39 ' -1.40 o.u -9.79 —

. 4.0 590.A) n.o -0.0 0 0.0 -3A-.fi O.U -A.39 -l.3»l U.O -9. 77

13 9* 95 1 0.0 593,0s o.-r • M n n.o -452.0 u.o -6.4? -1.60 9.0 -l'i.u3
— ----------- - • - - —. .. 2.0 593,OH ■ 0.0 -n.ro • 0.0 - -45?.0--—— 0.0- "-I , At’ — n.0 --10,03 —

4.0 593.0J n.o -n.no n.o -4C 2 , f| Il • <• -4.4? -l.AO U.O -jn.nj

13 94 . 95 2 0.0 590,03 c.o -n.no 0.0 -3t>2.2 • U --..la -1.39 II. •’ -9.7 7
— - - - - - 2.0 590.03 0.0 -n.4H --------------- Cifi -397.9 n. u -H.3P -1.41 n.0 -9,79- 00
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GROUP-"— mempep • — LOAD DIST ■■■ F 0 P CFS *kips< m 0 •: T* nr ?• »im-KIPS< ................. S' T P F- S S r*S »rsi<-
• JOINTS CONO AXIAL ShX ar Shear T0*»SmuAL BF.66ING HEf.niNG AXIAL hEhOIhu Cfi, -9-

NO LOW HIGH NO FT XV FY FZ ► y. ••'.V H? X Y 2 1I.E0
■— ... * i*"* • •• •• — we*•• • — e ■ ■ — . ■ . ■■

•) 13 94 95 ? 4,0 696.03 0.0 -0.9b U.I) -415.? •1.0 -►..39 -l.*7 lUti • <) e g h

13 94 95 3 0.0 *96.61 0.0 -n.no 0.0 -IPH.h 0.0 -5.3<* -1.38 0.0 -1,7/
2.0 *90. M 0.0 -Oe4n 0.0 •?9<..S UeU -4.39 -1.40 0.0 -9.79

4,0 *90,61 u« 0 -0.96 * n.a* 44'11.8 ' 0,0 -H. 19 -1.46 0,(1 -9.85

13 95 96 1 0.6 593.On 0.0 - n e n a 0.0 -452.0 0.0 — .42 -1.1’0 U.(< -10.03
— ?.n sgi,ra 0.0 -n.no 0.0 -452.0 - " — n.n “ w « ♦ ’* > * -1 ,60 '0.0 -m.63 -

~> 4en 593.On 0.0 ■ n e n n 0.0 -452.0 * n»u -h.42 -1 .<0 <I,U -in.03

13 95 96 2 0.6 590.63 0.0 -0.9b 0.0 -41b.2 0.0 -H. 3? -1,47 •).(• -9.Hb
— 2.6 990.03 6.0 -1,44 0.0 -443.:? ■ 0.0 -5.30 -1,‘’H 0.0 -9.96 -

4.0 590.03 0.0 -1.92 0.0 -454,2 0.0 -5.3» -1,72 (1.(1 -m,IP
13 95 96 3 6.0 *96.5) U«0 -n.9s 0.0 -4) l.r. 0.0 -5.39 -1.46 u.u

—• 2.6 S'? 0,61 0.0 -1.44 0.6 MAAfJe* - --------- n.n -5.39 - -1 .Sfi ■ n, u
*“v 590.61 0.0 -1,9? o.n n.n -r.. <9 -1.71 0.0 -1<>. in

13 96 9T 1 0.0 *91.OH 0.0 -n. no 0.0 -4‘.2.C o.n -5.42 -1,60 0.0 -10,63
— • 1.3 591. •'n 0.0 -n.no 6.0 -457.0' n.n -n.42 -1 .60 0.0 »m.n.< --

2.5 593.Oh 0.0 -n.n.) o.o -452.0 Oe U -H.42 -1,60 0.(1 -l'>,n.3

13 96 97 2 0.0 tir,n e 43 O.o -1.9? 0.0 -494.2 n.n -h.3-1 -1.7? c.o -16.10
— — 1.3 *90,63 n.n -2,2? o.o -51b. I* --------- n*o -H,3M - -1,f3 <<.9 -10.21 —

't 2,5 590.03 0.0 -2,52 0.0 -556.6 DeU -5,38 -1.95 Ue0 -In.34

13 96 97 3 0.0 *96.►I 0.0 -1.92 0.0 -440,A 0.0 -8.39 -1.71 '•>. 0 -11,10
— — — • . — 1.3 590.61 0.0 -2.22 0.0 -511.8 0.0 -5.39 -1,82 n»n -tn.?i —

X 2.5 590.A) 6.6 -2.52 . n, o -541.3 n.e -h.39 -1,94 0.11 -ln.33

160 14 140 1 0.0 6,00 -o.on n.n 6.0 n.n A » 1* -6. .16 0.0 -ii.on -i». 1'1 h
- —■ — — • • 1,6 6,00 -n.no r, n • - —•-0.0 • n.n* --------------n.n -■n.no-- n.n — no •Aehn —

ino 14 140 2 0 . o 17.53 -n. on n.n 1 0.0 (..6 A»*) - f - . U 4 O.n ->,«o -•1,1 4
1.0 19, Oh • .1 e (# n n.n 0.0 o.u 0.0 -it . <14 n.c -n.CO -0,64

mo——• !4- 140 0.0 17.63 ■ -0.00 --------n.n ............-•■O.O' n.n- .......... 0.0 ■ -0.64 - 6.6 -0.110 -n.de —

y 1.0 19,06 -n.no n.n 0.0 O.n n.D -0.G4 n.c -u.on -0.64

- . . .. . .... ___ ____ ... ...............
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APPENDIX C

TABULATION OF STATIC STRESSES



Load
Gage 

Gage
2 
Net r. GageGage ° ^et Gage 

Gage
4 
Net

(Kips) Reading Strain Reading Strain Reading Strain

0 0 0 0 0 0 0
50 -31 -31. -10 -10 -57 -57
100 -60 -60 -20 -20 -108 -108
153 -84 -84 -29 -29 -165 -165
201 -108 -108 -38 -38 -214 -214
302.4 -164 -164 -58 -58 -320 -320
400 -218 -218 -76 -76 -426 -426

After Break 
Zero 
(430 Kips)

+10 + 10 +14 + 14 +6 +6

500 -280 -290 -94 -108 -524 -530
600 -315 -325 -72 -86 -549 -555
700 -370 -380 -97 -111 -602 -608
800 -434 -444 -133 -147 -673 -679
900 -480 -490 -156 -170 -746 -752
980 -522 -532 -188 -202 -846 -852

Stress 
for
1000 Kips -16.29ksi -6.18 ksi -26' 08 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

00 co



Gage 5 Gage 7 Gage 8
Load Gage Net Gage Net Gage Net
(kips) Reading Strain Reading Strain Reading Strain

0 0 0 0 0 0 0
50 -27 -27 -9 -9 0 0
100 -54 -54 -14 -14 -20 -20
153 -91 -91 -20 -20 -24 -24
201 -115 -115 -23 -23 -34 -34
302.4 -173 -173 -31 -31 -61 -61
400 -223 -223 -41 -41 -86 -86

Zero •

After Break + 36 +36 +6 +6 +8 +8
(430 Kips)

500 -268 -304 -48 -54 -110 -118
600 -325 -361 -37 -43 -100 -108
700 -356 • -392 -47 -53 -126 -134
800 -380 -416 -56 -62 -162 -170
900 -448 -484 -61 -67 -192 -200
980 -478 -514 -63 -69 -230 -238

Strpss
for
1000 Kips -15 .73 ksi -2.11 ksi -7 .29 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

OO



Gage 9 Gage 10 Gage 11
Load Gage Net Gdge Net Gage Net
(Kips) Reading Strain Reading Strain Reading Strain

0 0 0 0 0 0 0
50 +18 + 18 -24 -24 -20 -20
100 +46 +46 -65 -65 -44 -44
153 + 73 +73 -86 -86 -69 -69
201 +88 +88 -110 -110 -90 -90
302.4 +130 +130 -167 -167 -141 -141
400 + 167 +167 -225 -225 -193 -193

Zero
After Break
(430 Kips)

-60 -60 0 0 +8 +8

500 +198 + 258 -281 -281 -249 -257
600 + 198 +258 -288 -288 -264 -272
700 + 242 + 302 -330 -330 -322 -330
800 +290 + 350 -376 -376 -389 -397
900 +346 +406 -418 -418 -465 -473
980 +403 +463 -459 -459 , -539 -547

Stress 
for Gages 9 and 10 are a Two-Element -16. 74 ksi

1000 Kips Rosette------ computed . shear stress *
from gage readings 10.85 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

to 
o



Gage 12 Gage 19
Load Gage Net Gage Net
(Kips) Reading Strain Reading Strain

0 -18448 0 +5100 0
50 -17848 +600 +5100 0
100 -17950 +498 +5098 -2
153 -17973 +475 +5095 -5
201 -17980 +468 +5090 -10
302.4 -17690 +758 +5090 -10
400 -18090 +358 +5090 -10

Zero
After Break
(430 Kips)

-17964 +484 +5122 +22

500 -18082 -118 +5090 -10
600 -17751 +213 +5070 -30
700 -17742 + 222 +5068 -32
800 -17762 + 202 +5060 -40
900 -17773 + 191 +5052 -48
980 -17773 + 191 +5042 -58

Stress 
for 
1000 Kips

+5.73 ksi -1.74 ksi

Basic Strain Gage Readings and Stress for 1000 Kips



Gage 13 Gage 14 Gage 15
Load Gage Net Gage Net Gage Net
(Kips) Reading Strain Reading Strain Reading Strain

0 +1520 0 0 0 -70 0
50 + 1509 -11 + 7 + 7 -74 -4
100 +1509 -11 + 18 +18 -56 -14
153 + 1496 -24 +25 + 25 -59 -11
201 +1488 -32 +38 +38 -51 -19
302.4 +1479 -41 +42 +42 -52 -18
400 + 1474 -46 +68 +68 -52 -18

Zero
After Break + 1536 + 16 +10 + 10 -50 + 20
(430 Kips)

500 +1458 -78 +70 +60 -48 -2
600 + 1442 -94 +95 + 85 -44 -6
700 +1424 -112 +90 + 80 -50 0
800 +1417 -119 +94 +84 -57 -7
900 + 1410 -126 +96 + 86 -50 0
980 + 1410 -126 + 104 +94 -52 -2

Stress Gages 13, 14, and 15 are a Three-Element Rosette.
for Minimum principal stress: -8.0 ksi
1000 Kips Maximum principal stress: +0.6 ksi ' S

Basic Strain Gage Readings and Stress for TOGO Kips

N>



Load 
(Kips)

Gage 16 Gage 17 Gage 18
Gage 
Reading

Net
Strain

Gage 
Reading

Net
Strain

Gage 
Reading

Net
Strain

0 0 0 0 0 0 0
50 -13 -13 -3 -3 +7 +7
100 -30 -30 + 3 +3 + 17 + 17
153 -52 -52 -9 -9 +28 + 28
201 -69 -69 -7 -7 +44 +44
302.4 -115 -115 -14 -14 +68 +68
400 -150 -150 -11 -11 +86 +86

Zero
After Break 
(430 Kips)

+8 +8 + 17 +17 -9 -9

500 -183 -191 -18 -35 +88 +97
600 -234 -242 -20 -37 + 126 + 135
700 -268 -276 -28 -45 + 142 + 151
800 -294 -302 -36 -53 + 176 + 185
900 -322 -330 -40 -57 + 201 +210
980 -358 -366 -42 -59 + 240 + 249

Stress
for Gages 16, 17, and 18 are the three elements of a rosette.
1000 Kips Minimum principal

Maximum principal
stress: -8
stress: +7

. 8 ksi

.8 ksi

Basic Strain Gage Readings and Stress for 1000 Kips



Gage 22 Gage 23 Gage 24
Load Gage Net Gage Net Gage Net
(Kips) Reading Strain Reading Strain Reading Strain

0 0 0 -2500 0 + 1700 0
50 -23 -23 -2503 ~o + 1685 -15
100 -33 -33 -2455 -45 + 1681 -19
153 -26 -26 -2493 -7 +1660 -40
201 -33 -33 -2487 -13 +1650 -50
302.4 -55 -55 -2487 -13 + 1650 -50
400 -70 -70 -2472 -28 + 1602 -98

Zero
After Break
(430 Kips)

+16 + 16 -2508 +8 + 1690 -10

500 -78 -94 -2473 -35 + 1574 -116
600 -110 -126 -2458 -50 + 1520 -170
700 -120 -136 -2447 -61 +1486 -204
800 -130 -146 -2450 -58 + 1450 -204
900 -145 -161 -2447 -61 + 1410 -280
980 -153 -169 -2447 -61 + 1363 -327

Stress Gages 22 , 23, and 24 are the three elements of p. rosette
for Minimum principal stress: -26. 0 ksi
1000 Kips Maximum principal stress: -8.0 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

-p-



Load 
(Kips)

Gage
Gage 
Reading

21 
Net 
Strain

Gage 
Gage 
Reading

27 
Net 
Strain

Gage 
Gage 
Reading

34 
Net 
Strain

0 -2700 0 +500 0 -100 0
50 -2723 -23 +473 -27 -115 -15
100 -2734 -35 +444 — 5u -133 -33
155 -2746 -46 +403 -97 -148 -48
201 -2757 -57 + 368 -132 -164 -64
302.4 -2793 -93 + 308 -192 -190 -90
400 -2820 -120 + 240 -260 -213 -113

Zero
After Break
(430 Kips)

-2697 +3 +500 0 -104 -4

500 -2838 -141 + 141 -319 -240 -136
600 -2885 -188 +95 -405 -263 -159
700 -2915 -218 +36 -464 -277 -173
800 • -2948 -251 -50 -550 -310 -206
900 -2974 -277 -120 -620 -352 -248
980 -3000 -3-3 -200 -700 -342 -238

Stress 
for -9.28 ksi -21 .4 ksi -7.29 ksi
1000 Kips *

Basic Strain Gage Readings and Stress for 1000 Kips

<o Cn



Gage 25 Gage 26 Gage 32
Load Gage Net Gage Net Gage Net
(Kips) Reading Strain Reading Strain Reading Strain

0 -600 0 0 0 + 1000 0
50 -617 -17 0 0 +993 -7
100 -623 -23 -20 -20 +988 -12
153 -625 -25 -16 -16 +986 -14
201 -642 -42 -26 -26 +977 -23
302.4 -668 -68 -32 -32 +958 -42
400 -693 -93 -33 -33 +936 -64

Zero
After Break
(430 Kips)

-587 -13 -21 -21 +920 -80

500 -713 -126 -45 -24 +833 -87
600 -770 -183 -67 -46 +804 -116
700 -803 -216 -75 -54 +777 -143
800 -847 -260 -82 -61 + 760 -160
900 -891 -304 -87 -66 +734 -286
980 -935 -348 -100 -79 + 705 -215

Stress 
for 1000 Kips -10. 65 ksi -2. 42 ksi -6.58 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

•o
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APPENDIX D

STRESS VERSUS LOAD CURVES
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