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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 Civil 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 ¢f the lazboratory
to be modified to obtain a 1,000,000 pound capacity. When it was re-
turned to the laboratory, however, i£ 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 g}eater 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 huﬁdred

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



Figure 1

1,000,000 Pound Test Frame



frame in comparison with the old'%érsion, 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 arye of ihe 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 lcad 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 comnse-
quences of the sudden unexpected change of an intended static test into
a fracture test without the presence uf the stay rods. Because of the
size and mass of the frame and its déflection under loading, a tremen-
dous amount of elastic energy is stored in the frame when loaded to
1,000,000 pounds, and sudden release of this energy upen fracture of a
specimen without the stay Tods 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 lcad 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 clamp-

sleeve type of pipe connection and at a load of 470,000 pounds. One of



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 concérn and considerations
which finally resulted in the concept of the stay rods. Theoretically,
if a specimen of zero length were being tested and thé 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 o; 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 éomments 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 correspondiﬁg plate at the

left end of the frame.



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),
Density of material (P).
(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 {rame.)
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 comphter 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 corner bending moments due

to the ratio (1/20) of horizontal to vertical member section moduli.



Table I on page 14 provides a detailed summary of the computer analysis

of the frame.
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TABLE I

SUMMARY OF RESULTS, STATIC COMPUTER ANALYSIS CF FRAME

Force (Kips)

Stress (ksi)

Section Moment
(Group No.) Member Joint No. | Axial| Shear | (In.-X.) | Axial| Bending ICombined Remarks
Maximum
Vertical 61 3.2 590 17.880 | ~0.04; -21 46 4 -21.5 Stressed |
1 : Point !
| Vertical 21 6.3 410 6,962 | -0.08; ~ 8§.36 - 8.4 ;
2 Vertical 41 5.0 4190 20,259 | -0.05] -14.33 -14.4 |
]
3 Vertical 51 4.1 90 22,372 -0.02¢ ~ 5.65 - 5.7 Loading %
Point i
Lower *Stress ;
{ Horizontal 11 410 6.3 918 -5.83 ] - 2.27 - 8.1 Concentration
: 11 (Connection) Expected 5
— }
i o
| forizontal 14 410 | 8.8 35 |-5.83] - 0.09 | - 5.9 |
, (Center) ;
§ Upper ' *Stress .
Horizontal o1 590 2.5 547 | -8.39 - 1.94 -10.3 Concentration
(Connection) . Expected
13
Upper )
Horizontal 94 590 0.0 389 -8.39; - 1.38 - 9.8
f (Center) .

(AN



CHAPTER III

PREPARATICON 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 amounit of work necessary to install that many
gages becane evident, sore 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
arcas and were single element gages. The lead wires from all gages

ended at the data acquisition equipment located in a room adjacent to
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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 rcd. These two gages were two opposite arms of a four-arm bridge,
the other two arms being identical gages placed.on unétrained 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 turn 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



Figure 8

Static Strain Measurement Equipment

Figure 9

Transient Strain Measurement Equipment

18



Tensile

Figure 10

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 1ift in the labora-
tory, various chain hoists, sledge hammers and large bry 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 meaéurement apparatus was
checked, and the loading was then applied in approximately 50,000 pound
increments up to 201,000 pounds. At the beginnijng of the test, and af-
ter each interval of loading, the nuts on the stay rods were backed off
sufficiently to permit 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 Qas 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.
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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.

rd



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 theré are only four
major perts of the structure, but the two end uprightfportions 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 leower 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 corners
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 wouid be needed than
were used in the test work. That was not the purpose of the study; the
purposc 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



25

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 applica£ion. 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 Corner Joints of Horizontal Member’

rd

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 coﬁpression 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 acticn 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 tdp 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 thé 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 thé frame. The stress
from this éagg 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 lcad were considered, it would reduce
most of the bending stress and the resultant difference in stress between
the computer 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 ma;imum 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 &t 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 for 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. Thé 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 afe
11.2 ksi and 9.8 ksi, respectively, with an average value of 10.5 ksi.
The difference between the experimental and computed valués is thus only

K4

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 wa; 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
(759 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 2 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 escilloscopes 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 ogcilloscopes 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, cu¥ves 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 iﬁ 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.
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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 thefframe, 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

39



-®

“©

9-@ M3IA

.t
000 000 (oYX} } 000
000 000 cBX50 000 | ooo
000 . 000 000 { 000
| .
,/// S6X123
@ o
J
WoX25 -
Q
(4]
x
w
> B - ff
2 of
w4 xi3
)
-
; -”
faag et
900 000 000 ooo “
000 o000 cmx80 000 000
000 000 000 000
R |
oh* .ot ) f
23t3° 1

1000,000 LB. TEST FRAME

DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY OF HOUSTON

sCaLt CaTE Lo ann Sy




f s
(~3%"
oL 1°
s
L cBX50
-
i exs0
1
! : }/—-nl'ﬁm'xn‘
b
}
O;iiio
Ly - | .
L ERR
et |
O! 1O

13X30

——nr

SDE VIEW B-B

£-2%°

-l
€15 X 30 —rtle c13X 30 1
r “ - r L1’y x " xi3°
S A
BX 50 S pLig” EFE

xSt
7-4°
w's section 4
'—‘.\_1 -
r"FLII"X o 4-2's"
:
! 10 c18x30 _rt'e” 13X 30
i y N 1
¥ (D! dhne b A A A
- ! | ‘}: " €15x30 ShLige  cI5X90
i
O, ! E 1O !
l SECTION 3
|
: fe——rL 1" x12°
|
|
H : H——'QIB ol
I o
I cBX30 -mle” cBX30
L ] ] ¥\
LS ils
L—\L X 1
SECTION 2
<-2'2*
SIDE VIEW C-C coxso oy crsxso
e V u y
F R A A8

5 X0 e~ cBx30

SECTION |

1-8%"

SECTION 11

SECTION_ 13
£-7'z"
n
. s '
ﬁ ne
IS X3S0
-
r-sh”
SECTION 2

47



SECTION PROPERTIES

Moment of Inertia

Section Modulus

Cross Sectional

Section 4 3 2
Group No. (IN7) (INT) Area (INT) Remarks
21,439 840 79.8 *(Data
1 Based on
. 3/8" Web
*(21,246) *(833) *(74.5) P1.)
& P
; 37,663 1421 - 103.8 * (Data
. 2 Based on
‘ 3/8" Web
*(37,470 *(1413) *(98.55) P1.)
! 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 74.1

Bottom: 281
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QsR& (.88 2.7 Q,n Q9,0 n,RO 0,RY) bob bab ?Pleb 2146 TROR,?
0,68 0488 1.1 9.0 . 9.0 0,R0 0,R0 w7 3.7 21.5 21.611518,1
068 0,65 ~ 1.1 9.0 $a0 0,80 O,R6 ~ 3,7 77 3,7 219 21,06115158,1
G685 0.HS 1.} 9.0 9.0 0,80 0,80 3.7 307 PleS 214611516,1
N.88 0.R& 1.} 9.0 9.0 0 RN 0 ,HG 3,7 3.7 2lev 214611515,
DebS 0488 2e¢H dhol 2440 N,A0 N,k 33,0 33,0 19,4 Pleb Jal,9
0,85 D0oBS """ 8ol " 2040 " 26,0 0,80 0,80 33,0 733,0 719,8 2l.6 1al1,9
DeBS 0485 400 2640 2440 0,80 0,00 3.0 . I 0 19H 21ek 14149
DB 0,488 4o0 2440 24,0 O0,R0 O0,Fn 13,0 33,0 19,8 ?l.6 41,9
TGRS T 0eHB T 840 2840 T 28,07 08B0 0 AT AN AT 3.0 19.0 2146 18],9
QeHE 0,85 2.5, 24.0 24,0 0,80 0,RQ 33,0 33,0 19.8 21eh 141,.9
04685 0.8% 2.5 24,0 2440 0,80 0,R0 3n,0 30,9 15,9 21.6 16]1,8
Neb&  0,RS 6,0 24,0 P4s0 0,A0 O0,Rp 30,9 30,9 19.9 2Plat 141,08
TNGES [ 39 1 .'ao T 26,0 24,0 0,80 “DeHO~30,9AU,9 —19.9 21,08 -l6l.8
“.“‘q 0.“" 4,0 ?b.ﬂ 2‘0.0 0.80 O.P,I\ 3{1.0 3009 ‘9.‘) ?l.h 1'2!.8
GRSy (YL el Pb.N Pha0 0,80 040 30.9 Ine9 139 2)le6 161.8
DY 0485777 2,8 " 28,0 24,0 N,RO 0,80 = 30,9 ~--30,9 19,89 21.& 1vt.8
T 0488 Qo8N T l.ﬂ""""l.ﬂ".'"'l.[)""ﬂ.’ﬂo 0BT 0 A 02l 6 T 2leG00NNAESH
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L . MEMREP o GHOLGY CENSS AEFERFMCE
MEMHER JOINTS  GROUP PFAEER JOINTS GROUP GROUP  MEMKRER JOINTS MEMARER
LOWw  HIGH ~ NO _ REMARKS HIGH LOw - NO ~ NO LOw  MHIGH in

11 12 11 12 11 11 Ty TN 2y T ge008 T T o T T T
11 21 1 VFRTICAL 13 12 11 1 17 27 70609

12 13 11 : 14 13 11 1 61 91 140016

13 | S § SR T 18 14 Ty T Y &7 97 150022

14 15 11 }6 15 11 2 21 '3} 89010

. 14 140 100 VERTICAL 17 16 11 2 27 %4 90011}

15 1& 11 2 1 1 k} 'y 51 100012 T Tt T e e
16 17 11 27 17 ) S “3 ... 47 57 110013

17 27 1 VERTICAL 41 21 2 J 51 61 120014

21 o1 2 VFRTICAL 47 F S B T 87 . A 1 T4 F 1 - TR
27 A7 2 VERTICAL 51 6] A i1l 11 12 10002

41 51 3 VFRTICAL 57 a7 a 1} 12 13 20403

&7 14 | vFRTICAL 6 81 3 1l T 713 16 — 7 3NE0G T ot T oo mmem e
S} 6} 3 VERTICAL 67 s7 3 11 1a 15 #0005

57 67 k} VFRTICAL 91 Al 1 11 15 1A 50006

681 7 9) -1 VFRTICAL 92 9] 17 - 117 TTTTLe T 1Y T papAY T T T T T s s mem s e
67 57 1 VFRTICAL 913 Q92 13 13 91 92 1650037

91 92 13 94 93 13 13 92 93 170018

92 T 43 13 %S 94 11 ¢ 13 93 ° 94 ° jR0019 T T e

93 94 13 GA 95 12 13 94 98 190020

Sa 98 13 Q7 ~7 1 13 95 96 200021

95 S6 13 97 - 96 1Y - 13 TTTTTIgE TR QY T innpe v Tt 0 T n e o -
96 97 13 140 14 100" 100 14 a0 40023
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i
]
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{ GROUP "SECT ~ YOTAL ™ REDUCFD"
NO TYPE LENGTH LENGTM
FY 3

1 PRISTT T B.47TT Aew”

2 pu1s 5e4

3 PRIS ace

i 7117 PRIS 77 21.0
i 13 PRIS 21,0
100 TURL 1.0

1.0 1

ESTIMATION OF MATERJAL TAKF=OFF

PERULAR SECTION WETGHTS
UNTY T0TAL ‘af DUCED
LK/FT KIP
253,77 2.17°
335,3 1.8
R25,2 k PY ]
PR0,4 7T 8,0
239,A “.0
663,2 l1ab

'SPECIAL TURIL AR WFYGHYS ENCLOSEINV MAYERTAL WEIGHTS PROP CARD ANNFD™

UNET YOTAL RFEDUCFD UNTY TOTAL ReCed un]Y T0TAL

LB/FT Kie K1P LH/FY RIP K!p LAas¥Y “lp

' CooT T e o T e e e 0.0
[ty ]
Ue 0

o0
: 0,0

0,
n,
0,
N
[
Ne) 0.0 tev N,

OO<°D°°

0.0 N0 0,0

TOTAL WFIGHTS 19.1 19.1 S TY. R IY. 0.0 0.0 040
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|l

. ‘
L.. - = ——— e = m————m = ¢ e o e e e e e e cemm e sems e eeamemem . g————— - = et b wn e - — S —— i+ A L~ et -—— e s s+ = o

— - K - -
N, e s+ e e e e
‘ . @2




e O 2 23 O O O

O

.
1.
Vo

o 9 D

JOINTS .FLIMINATED
CLaSS 1
13

12
97 1a0

14 15

JOINTS CARHILD OVER
CLASS &

11 41

JOINTS ELIMINATED 7~ 7
CLASS }
21

CLASS 27 e m—— e I
11 a1

LISTING OF JOINTS IN EACH CLASSIFICATION BY untT
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JOINT CLASSIFICATION SUMMARY
T UNTT NUMBFR OF "NUMREP OF ""ELLIMINATFD JOINTS ~ CARPY&OVER JOINTS ™ ~ JOTRYS —— —JOINTS - -
NUMRER MEMKERS JOINTS CLaASS 1 CLASSs 2 CLASS 3 CLASS & ELIMINATED CARRY=QVER
1 21 _ 22 20 0 0 2 20 2
! ! B SO AU e
o ) e e e _
| e YRR COUNYS e
UNITS  JOINTS  SUPPORTS  JT, APDFD FEATURE' MEMRERS  MAW. ADDED FEATURE
g ay— g g gy e g -
t
\
e e e = e = mmee e e - - i e———————nnm = Bt o en m s paie e i = bt ts | e oot £ 8 < ¢ Skt vk et o e o e 5
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e LOARTING TITLE NAYA —_— -
CARD LOADNG DFESCHIPTION OF LOADING
TYPE  NUMRER ' ]
0000 7 G0N0 GHORREGEREEUINNONED0BNN0000000N0RN00RCNNRENNIUNEN0NNINANRERNNNENRNERNNENRE T TTT T T T e T 1
LNNG 1 1000 KIFS AT LFFYT SIDF
L0%G ? 1000 KIPS AT RPIGHT SIDE
LG a 1000 KIPS AT LFFT  STLF (UNIFORMY ’ ’ Tt T o B
LONG 4 1000 K1ES AT QTukY STUF (UMIFORM) * .
t
M
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(&) NON=GFMERATED { NAD DATA

¥ CARD LOADNG™ ™" "JOINTS ~ ~ """ U DIRFCTION ~7"77 0 YN UNTF ° DIST YO "LOAN " LENGTH ~FINAL - —_——
ha ] TYPE NUMRER FIRSY SECOMD ANGLE/ZX X AMNGLEZXY Y MEMK  COMNC LoaAD K w/FY LoAD ‘Loan REMARKS
PR LNGP PRCHTY DFa. PFG AMGL  MOMY FT INeK FY K/FT
Q000 0000 QO00ND 0LBN0G QOBBO T T 6 TTaa00d T T 0000 Tohbd T 00Hode TORdobdT BABH0ETTEBOBNET  SBARRGNANORINNEGNG
(9] LOAD <1 51 1 S0 CONC 1000,
LoAaD 2 57 1 STN cone =} 000,
CLOAD T TTT 3T OAY TTTTRYTT TTTTY O T T T TT UOURTIN U UNTFE T 455, 455,
N LOoAD 3 61 S) 1 STD UNTF 485, W55,
4 )
4" \

LOAD 47 87 S1n UNTE =485, nihhy,
- Ttrrmom Sth ° UNIF t w4BBy T TTTT 4SS, T T T 0 Tt T rmm T

Y Y e &7 T 87
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:
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" CAPD DEAD RUDY
LUNG LDNG LUNG €

NO T
[ X-X X ]

ND T
[ XXX ]
10

TYPE ™
[ XXX}
CET

PN —-— -
.

_.. DEADy BUOYANT AND VIPTUAL WEIGHT LOADINGS DATA

VIKTUAL WFIGHT L OADINGS

DYIWECTYION LnNa ¢ NIRECTION LONG

¢ OIRECTION

PLRCENT UYNAMIC WOKT NOS
NSP WTR FOW JOINT MASSLS

NO "7 AHGLE/X ANGLEZYY NG AMGLE/ZX ANGLEZXY NO  TTTANGLE/ZX ANGLE/ZXY © (100) 70 M1l M22 T M33 T -
‘oaos o ooooob onLRPO oLHH o dbbo00 ogeboo [ X X1 ] [ ) dboond heooed Gbote (XX} [ X 1.1 ] [ -1 1]
t
A
- — ;». - - - - —-— - - B e — — —
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SUMMARY OF NAVY LOANINGS

. QROUP” "DEAD LDONG TRUOY LNNG ~TVIRPTUAL WEIGHT (LOADINGS (xIPS) =~ 77 ™ T T T
s NO K1PS K1pS 1 2 3
2.3
1.81
() .43
S.03
£y T TR, py TS S m e e e e ——
@)

100 1468

.~ —_—— e e —ts s cee = e - e mewm m— emm e = ae = - em e .e s e e o e eamem ————— - ———— PUDR -
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CARD LOADCN . LOADING MUMAER AND PFHCENT OF LOADING YO HE APPLIFD (dLANK “EANS 100 PERCENT)
TYPE NUMHFR, LDNG PERCT LDMG PERCT 1DNG PFRCY (LNDNG BFACT | DNG PFRCY LNANG PERCTY LONG PERCT LNDNG PERCT LONG FERCY

~ Loap COMRINING OATA-

O

v

Voo

ev0a ~ anaoa Q00 GBOND 00D DOBOP OCOD VOHKNG OOB BOQOE OB GON0E BLH BEGOT HEL QOB0D  HON KAOLE  HAG BBEEe T T TTTTTCT
COoMA S | 1 2
CoMy ? 1 ? 10
coMp 3 3 4 10 - '”“““”“'“"*'":’“‘*”"‘“‘“‘"‘"““‘ - " -
LOAD CONDITION TITLE LATA . . .. ..

CARD T LOBDCMN 7 T OFSCRIPTION OF LOANTEGNNTITYONT T T " TTTTT T T T T
TYPE MNUMBHER . . . .
vooo 0000 - SEEBNNNBONCOEDBR0NAOANONINUNGO00QBO0LBOENNONRNNNDNOLBLNCEEBRANGANGBABNEGS
LN 1 10006 KIPS LOAD (COMCEMT,) ' R Tt mnT T T e e e e
LOCN 2 1000, HIPS LNAD (COLCEMTL) & DFAD LOAD °
LOCN 3 1000, KIPS LOAD {UNIFCRMG) & DEAD LOAD
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1_LOAD coMPITION 1 1000, KIPS LOAD (CONCEMT.)

" LOADING LOAUING NESGHIPTION : *
. NUMBER  PERCENT

l——_ lno.o ..—...lﬁoh.klps “AT lE'T- QI"E-_-— - .A—...—-..._ Q.... e e . e — -

2 100.0 1000 KIPS AT PIAWT SINg '

* NUMHER OF 1.0ADIMNGS 2 o LRI e e
T MOMENTS WITH RESPECT TO POINT (X= 12.00 VYu 0.0 P L] 0.0 ) )

LOADING SHEAR (K1P) VERTICAL . o owe o . JMOMENT (FTex1P) 10R0UE.

NUMHER X Y VECTOR  ANGIE xjp - X N OVERTURM AMGLE FY-x]b
1 7 7 100007 T 0.0 T 1000.n A0 7T NG T T Ty TTTTTTS4A004 T T 400 900 T ey T T
2 «1000.0 0.0 1000,0 1500 0,0 O «5400, 5a00e =9040 (LY

TOYAL — 7 0,07 77 040 T T 0,0 0s0 7T, B0 7T T B T BT T T TR T T 0e T T Gy T T

0
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+ 7 2 TLOAD CONDITION 2 777 tono, KIPS LOAN (CONCENT,) & PEAD LOAD T

LOADING LOADING NESGRIPTION

NUMHER PERCENT - -t cot T s S e eiec e e el e e e s ot o v s e 21— e =
1 100,0 ' 1000 KIPS AT LEFT SIDE
4 100.0 1000 K1PS AT HIGKT SINE . B
10 7 1nr0.0 T GENERATEN DEAL LOANS OM NONELIMIMATED STYRUCTURE MFMRERS™™ =77 =" ° T T T T

NUMHER OF LOADINGS 3 .
VMOMENTS WITH KESPECT TO POIMTY (2 ~ 12,08 vy 0,0 2w " 6,0 ) ~ T TTTToTTTTOT o ommem T o Tt

LOADING T SHFALR (KIP) " VFRTICAC MOMENT (FYSKIP) — """ TOROUF ="~ T
MUMHER ¥ Y VECTOR  aMNGLE Kip X Y OVERTURN  ANGLE Ftenlp )
1 1000,0 n,0n 1060,0 N0 0,0 0s 5600, hutn, Q0.9 e
2T T e100800" T nen 100600 180e0 atn - 0 T eBefy T 54004 =00 T e i e - -
10 0.0 0,0 0.0 0.0 19,1 O 0. ({19 Ve0 0,

TOTAL 0,07 0.0 0.0 0,07 7 =19,1 77 7T O n, Ne 00 Wa T

.
t

v,
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_ NUMHER

.

LOADING LOADTNA PESCRIOTION
PERCENT
3777 100.0 T 1000 KIPS AT LEFT SINE (UNTFORM) = ° T e e - e
4 . 100.0 L1000 KRIPS AT RIGHT SIDE (UINTFORYU)
10 100,0 GENERATER NEAD LOADS GN MON=FLIMINATED STRUCTUPE MEMRERS
".NUMHER OF LOADINGS 3
MOMENTS WITh HWESPECT TO PGINT (X& 12,00 Y= 0.0 28 0,0)
LOADING SHFAR (KIP) VERTICAL. "7 “uoMENT (FrexIp) TOROUF
. NUMRER 77 X T A 4 T VFCTNR ANGLE M @ § - 2R R T T T T OVER TURN T TANGLE | 3 L0 3 L it e heaedi G
3 1001,0 0,0 1001 ,0 0.0 0.0 e 5405, 5405, Q0.0 0,
L3 «100}.N N0 1001,0 180.0 L] Oe . oh405, S54nh, =90,0 e
10" 80" T B4 T feB 2.0 “wl@) T Be T 0o " "7 QTR G T T g T T e
TOTAL 0. b 0.0 0.0 =19 0 Oe ) 0, 0.0 0.
]
e im - e - — ——— e ot + ——s — v - - .._l:.:v e am— . - _——— i ——————— s o o -
W Iy
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3_LOAD CONDITION
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D T T T

e e SUNMARY OF LOANINGS AND LOAD CONDITIONS

* MOMENTS WITH RFSPFCY TO POINT (X= 12,00 v= 0,0 1= 0.0 )
ctooTTmTrmr T TTTTUGHEAR (KIPY vFRYICAL TTTIMOMENTY (P TenlPy T T T YOuGuUF T
x Y VECTOR  anGLe KI» X Y OVEKRTURN ANGLE Flax]p
LOADNG .
1 7 7 1000.0 D0 1000,0 0,0 6,0~ 7 0s 7 S48, TTTTUSANN 90,0 -
2 «]1000,0 A0 1000,0 1ROL0 L] 0. ahyni, Saehy =90, 0, .
3 1001.0 a0 jnoy, 0 Ge0 a,0 0o La05, S4nYy, M,0 N,
4 einnl,n 0,0 10U1,0  1Rp,0 0,0 04 abenh, 5405, =90,0 Ne
10 0.0 0.0 0.0 0e0 =19,1 - Qo .. Qe 0e 060 0O,
LOADCN
1 ¥ 0,0 0,0 ~ 6.0 Tp.0TT T T a,N I 0, B 0.0 ) P -
4 2 0.0 NeD PO Ga0 19,1 Os 0, 0, 0.0 0,
3 3 Ne0 N, 0 0,0 0e0 w]9,1 De ) 0. 0, 0.0. e [N o
]
1
[ ] . . .
' . . (o)}
. (8]
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= FORCE (8T Bl KIPS = MOMFNT oGTo 0o ~THCHaKIPS ' 7 7TTTUm s e e s s e

LOAD CONDITION JOINT FORCE &KIPSC MOMENT EINCHaK]IPSE
NYvHER NUVHER X \ 2 X M z
1 11 -0, N0 Na0 0.00 0,0 «fi,00 0.0
_____l_'__‘ . 12 = LI ] 0.0 =D 0N 0,0 0.0 0.0
1 TO13 T en 00 T nep Oe1t .0 6,006 T .
] 14 0,00 Ned =0,00 0en WN,Np == 0,o0- .
l 15 oh,0h0 0.0 LI LD ] Dot N, 00 LY ]
TTTOY T TTUTTT N4 T oA ns Mol ~ " a0 ThGO T 0e0N T N0 Tt T T
1 17 n,00 n,0 f0.0n n,0 0,00 n,n
l ?1 o (20 LY -d,00 NN waf, N 0.0
——y — A anaof T 0.0 =0.60 0.0 Y n.n e e et e e e e e e e -
1 41 0,00 0.0 0,00 0,0 N No 0.0
1 47 Pa0O N0 P h,n nA,nQ ()
S - - P S Y SR A - .-
1 a7 -0, 00 0,0 (N )] a0 n,00 0.n
1 L} 0.00 0.0 “lisNO Nen 0.00 0,0
TTTULTT T T RT T el B0 T el T Ga BT T g T 0,00 " Qp T e T e e
1 9] oGO De0 0,00 L] 0O 0.0
] 9? Nenn (\-0 -O-OO 0.0 0000 0.0
'''' ] 83 ®0,00 T .0 T 0D TS N N T A0 T 0,0 T Tenemmeemmmmes e e s
1 Cu nane U] .00 0,0 -, 0 0,0
1 QY 'f‘oof‘ 0.0 'Uo(‘o 0,N o, N0 O.f)
-1 °4 -n, 00 n.o 0,00 - re0 n,no n,e - - -
1 a7 6,00 n.o 0afi 0,0 0 0,00 0,0
Tmmm @ T T 1Y e 0alBR T N0 T 0G0 T AT B 00T 0N — — e
? 12 =0,00 fa0 o i) fah 0,00 n,o
? 12 sf,00 L] < 0,00 N0 ' 0,00 0,0
g = v = 14  °  f.0Nn " n.0 alaif AT RN, 00 Do) "o TmT T mme memaree— s iseisisa e e =
? 15 0.00 N -U.Oﬂ ﬂ.ﬂ n.ﬂn Onn
? 16 ) Ny 0,00 0.0 «f,Niv . 0,0 -
------ 2 37 t.00  N.0 =0a00 " 040" [T 0,0 = - T e e e = s
? 21 0,00 (PRt} a0 NeN 0,00 0,0
2 27 =f.0n 0.0 (a0’ 0.0 WL 0,0
? 4] [ 0.0 ne00 n,n Ne06 0,0 - - -
2 %4 n,0n 0.0 w0 00 () 0,N0 n,0
? -8 0.00 ne0 -0.00 0,0 0,00 0.0
- %7 0,60 CaD n,00 n,n Ny 0in L T e e
2 A1 fenn 0.0 “0.00 6,0 n.00 0,0
? -7 “h 00 0,0 DGO 0,0 0.00 (I
= 2TTTITTT S 9] wle00 T 040G wCeNfl T TANTTTT NN O, 0 T T e i el L
2 92 . =0.00 f,0 =000 0,0 " a,.n0 0.0
? 93 (AR 0.0 0.00 (L) .00 0,0
TTTO? T T 0L el ff T el T 0,007 0.0 T mwA 00 o 0,0 R
?. 95 0,00 Nety =Ges0N f‘.f) LU PR 0.0
2 Q6 =00 (L] 0,00 N, 0 N,00 ot .
. - )
. ~
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: FOQCE 67, 0.0 rips MCFEMT 46T 040 JNCH=K1PS
LOAD CONDITION  JOINT FORCF Sk]pPse M OME N T QINCHaK]PSE
NUMAER MM HER x Ty T o R 2 2 e
____4_-2 . . 97 u-_(ioonl o _000 B n._("‘ ﬂ.ﬂ 0sN0 0.0 .
k} 11 meON Ce0 0.00 Neh -'0.(\0" “’ﬂ.ﬂ"
3 17 =N 00 Del) =G0 P «h, N0 0,0
3 T3 . =000 T 060 T 0400 7T 04T 0000 00T T T T T
3 J4 (UL 0.0 (o 00 0,0 =ft, 10 Ne0
3 16 Ba0D te0 YR f,n 04N 0.0
3 R N S N Y Y (PN | A D (Y T P | T 0ene 0,0 T T e e e e oot
3 )7 f.00 0.0 =(.00 0,0 Q.00 0,0
3 21 f.00 0,0 0,00 0,0 =040 0.0
. R | T2 7 efi Bt T BL0 w0 TTTTT N 0 TTT NG00 TTTRL0 Tt T Tt T
3 41 rei0 e a0 [ 4] N,00 NN
3 47 . f.00 [ANY] 0,1 0.0 0.0 0.0
- g - 5y DeOn ro0 i 0N T 0.0 T e A 0.0 g m meee eme e nme e emm—ie m—————nna e e -
3 57 0,00 [\r] 0,00 fN,h NN f,N
3 3] f.00 0.0 =G, 00 DN N,n0 0,0
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TABULATION OF STATIC STRESSES
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Load
(Kips)

0

50
100
153
201
302.4
400

After Break
Zero
(430 Kips)

500
600
700
800
900
980

Stress
for
1000 Kips

Gage 2
Gage
Reading

0
-31
-60
-84
-108
-164
-218

+10

-280
-315
-370
-434
-480
-522

-16.29

Basic Strain Gage Readings and Stress for 1000

Net
Strain

0
-31.
-60
-84
-108
-164
-218

+10

-290
-325
-380
-444
490
-532

ksi

Gag
Rea

0

-10
~20
~29
-38
-58
-76

+14

-94
-72
-97
-13
-15
-18

e Gage ﬁet
ding  Strain

0

-10
-20
=29
-38
-58
-76

+14

-108
-86
-111
3 -147
6 -170
8 -202

-6.18 ksi

Gage
Read

0
-57
-108
-165
-214
-320
-426

+6

-524
-549
-602
-673
-746
-846

Kips

Gage 4
Net

ing Strain

0
-57
-108
-165
-214
-320
-426

+6

-530
=555
-608
-679
-752
-852

-26.08 ksi
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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
]
Stress
for
1000 Kips -15.73 ksi -2.11 ksi “ -7.29 ksi

Basic Strain Gage Readings and Stress for 1000 Kips

68



Gage 9 Gage 10 Gage 11

Load Gage Net Gage Net Gage Net
(Kips) Reading  Strain Reading Strain Reading Strain
0 0 0 0 0 , 0 0
50 +18 +18 -24 -24 -20 -20
160 +46 +46 -65 -65 ~44 -44
153 +73 +73 -85 -86 -69 -69
201 +88 +88 -110 -110 -90C -90
202.4 +130 +130 -167 -167 -141 -141
400 +167 +167 -225 -225 -193 -193
Zero
After Break -60 -60 0 0 +8 +8
(430 Kips)
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 -4138 -418 -465 -473
980 +403 +463 -459 -459 1 =539 -547
iziess 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

06



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 -17964 +484 +5122 +22
(430 Kips)
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 S
tress
for +5.73 ksi -1.74 ksi
1000 Kips

Basic Strain Gage Readings and Stress for 1000 Kips

16



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 Threc-Element Rosette.

for Minimum principal stress: -8.0 ksi

1000 Kips Maximum principal stress: +0.6 ksi N

Basic Strain Gage Readings and Stress for 1000 Kips

6



Gage 16 Gage 17 Gage 18

Lead Gage Net Gage Net Gage Net
(Kips) Reading  Strain Reading  Strain Reading 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 +8 +8 +17 +17 -9 -9
(430 Kips)
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 stress: -8.8 ksi A

Maximum principal stress: +7.8 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  Strzin Reading Strain
0 0 0 -2500 0 +1700 0
50 -23 -23 ~2503 -3 +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 +16 +16 -2508 +8 +15650 -10
(430 Xips)
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 a 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
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Load
(Kips)

0
50
100
153
201
302.4
400

Zero
After Break
(430 Kips)

500
600
700
800 -
900
980

Stress
for
1000 Kips

Gage 21

Gage
Reading

-2700
-2723
-2734
-2746
-2757
-2793
~2820

-2697

-2838
-2885
-2915
-2948
-2974
-3000

-9.28

Net

Strain

0
-23
~35
-46
~-57
-93
-120

+3

-141
-188
-218
-251
=277
-3-3

ksi

Gage 27
Gage Net
Reading  Strain

+500 0
+473 27
+444 -55
+403 -97
+368 ~132
+308 -192
+240 ~260
+500 0
+141 -319
+95 -405
+36 -4564
-50 -550
-120 -620
-200 -700
-21.4 ksi

Gage 34
Gage Net
Reading Strain
-100 0
-115 -15
-133 -33
-148 -48
-164 -64
-190 ~-90
-213 -113
-104 -4
-2490 -136
-263 -159
-277 -173
-310 -206
-352 -248
-342 -238

-7.29 ksi

Y

Basic Strain Gage Readings and Stress for 1000 Kips
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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 -587 -13 -21 -21 +920 -80
(430 Kips)
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
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" GAGE NO. 16
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