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ABSTRACT

A detailed description of the test fixture design and the backup

analysis of the fixture assembly and its components are presented in

this report. The test fixture will be required for the separate testing
of two boron-aluminum and two beryllium compression panels.

This report is presented in conjunction with a complete set of

design drawings on the test fixture system, DRW 90M05028.
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SECTION I. INTRODUCTION

The development of two boron-aluminum and two beryllium

experimental compression test panels (Figures 1 through 14) by

Marshall Space Flight Center (MSFC) has necessitated the design of

a suitable test fixture system. All four panels are to be tested in

compression and subjected to a 600 'F temperature environment

during load application. A concentrated load is to be applied to two

of the specimens and a uniform load applied to the remaining two.

The overall dimensions of the four specimens are:

9 MDAC Boron-Aluminum Point Loaded: 48 by 72 in.

* Lockheed Beryllium Point Loaded: 48 by 75. 5 in.

* Lockheed Beryllium Uniform Loaded: 86 by 29 in.

* Convair Boron-Aluminum Uniform Loaded: 80 by 29 in.

The decision was made by NASA to design a single test fixture

system to accommodate all four panels since enough similarity exists

in their overall dimensions and test requirements. Each specimen is

to be tested separately and certain minor adjustments and modifications

to the test fixture design or setup must be made for the testing of each

respective panel. For this reason, it is recommended that the

McDonnell Douglas Astronautics Company (MDAC) panel be tested

first since some gusset plates must be field-welded to the enclosure

frame for the test setup on the uniform loaded beryllium panel. These

gussets may interfere with the side constraint devices on the MDAC

panel test setup.

The two basic parts of the test fixture system are the loading

column and the heat enclosure. The loading column consists of one

hydraulic cylinder, one load cell, two partially tubular connecting rods,

and two monoball lug and pin connectors at each end. The top lug and

pin connector attaches to the crosshead of the 2, 000, 000-lb Gilmore

testing machine (Building 4619) which will function as an attach and

reaction point for the loading column. The loading column structure

was designed to withstand the 350, 000-lb test load with a required

factor of safety. The lower part of the column which is located within

the heat enclosure is exposed to the 600 'F thermal environment during

testing. This exposed area is wrapped with insulation and a simple

cooling system was designed to prevent overheating of the load cell

and the hydraulic cylinder.



The required thermal condition is accomplished by enclosing

the specimen within an insulated rectangular structure, then forcing

hot air from an independent heat source through a duct system connected

to the heat enclosure. The framework of the heat enclosure must also

provide lateral and base support for the compression panels. The

structure around the passage hole in the ceiling provides lateral support
to the loading column. The enclosure which is 4. 17 ft wide by 6. 03 ft

long by 11. 68 ft high is a steel-framed rectangular box covered with

sheet metal and externally insulated over the walls and ceiling with

two layers of 2-in. thick mineral wool boards. The entire enclosure

rests on the steel floor of the Gilmore machine; however, a 1-in. thick

insulation pad (Marinite-36) is sandwiched between the bottom of the

enclosure and the steel floor. In order to have free access to the

panels for instrumentation and inspection, and also to allow for easy

loading and removal of the specimens, the top and two broad side panels

of the enclosure are removable.
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SECTION II. DESCRIPTION

The development of a workable test fixture system for the

testing of the four panel specimens required a total system design

which included some existing hardware and some newly designed

components. One of the existing items which is part of the overall

fixture system is the 2, 000, 000-lb Gilmore testing machine (Figures 5

and 6). This large testing machine which is located in Building 4619

simply provides a convenient location for the test fixture. The Gilmore

machine will not be used to apply the compression load to the specimen;

a separately designed loading column will be suspended from the cross-

head of the test machine. This loading column will produce the required

compression loads; whereas, the crosshead functions as a convenient

reaction point for the loading column's force. Also, the crosshead

can be adjusted to various elevations (up to 22 ft from floor); thus, it

provides a means of raising and lowering the loading column as required

for the various tests. The heat enclosure will be bolted to the steel

floor of the Gilmore machine in four locations; two of these locations

will be at existing threaded holes and the other two locations will

require tap drilling into the steel floor.

The next item, the heat source (Figures 7 and 8) was procured

by NASA for this specific test. The only required work associated with

the heat source involved the design of the interface connection between

the duct system and the heater's supply and return ports.

The remaining three assembly items that complete the test

fixture system and were designed under this contract are:

* Heat enclosure

* Loading column

" Duct system.

The insulated enclosure and its framework must perform as a heat

retainer, and provide lateral and base support for the four specimens.

The loading column's function is to apply the concentrated and/or

uniform compression loads to the compression panels. The duct

system (Figures 7 and 8) consists of two insulated air ducts, supply

and return, which interface between the heat source and the heat

enclosure. A more detailed description of the above design items

will follow.
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A. Heat Enclosure

The heat enclosure (Figures 9 and 10) is a steel framed rec-
tangular box covered with 1/8-in. -thick sheet metal and externally
insulated over the walls and ceiling with two sheets of 2-in. -thick
mineral wool boards. All of the frame members are A-36 steel, wide
flange beams; most of which are W 6 by 15. 5. The two sheets of
mineral wool board are overlapped at the seams to lessen heat loss
through the seams. The wool boards are fastened to the metal panels
with weld pins which are available from the insulation vendor. The
weld pin attachment technique involves welding a 12-gage nail pin to
the sheet metal at 18-in. intervals; then placing the insulation against
the sheet metal whereby the pin completely penetrates the thickness of
the insulation. At this point, self locking rectangular washers are
placed over all of the protruding pins. Insulation is also required
between the base of the heat enclosure and the steel floor of the
Gilmore machine. In this design, a 1-in. thick heavy duty insulation
board, Marinite-36, is sandwiched between the steel floor and the
enclosure.

The top, front, and rear panels are removable to allow easy
loading and removal of the specimens. Handles are attached to these
panels to permit ease of handling during removal and replacement.
The front and rear removable panels have angle stiffeners near their
borders to maintain rigidity of the sheet metal during the removal
process. The top panel is made up of two panel segments to allow
the loading head to be lifted out of the enclosure. The top front wide
flange beam (Figure 10) is also removable to allow possible loading of
the panel specimens with a small crane.

The top panel provides lateral support for the loading column
at the passage hole. Two semicircular rings are permanently attached
to the skin of the top panel; one per panel segment. These half rings
form a complete circle at the passage hole when the top panel is
assembled. A floating collar which is placed around the rod of the
loading column is bolted to the permanent ring after the column head
is placed and set over the specimen.

The base support beam which is required to react the compres-
sion loads applied to the panels consists of a large wide flange beam
(W 12 by 85) stiffened with gusset plates. After the gusset plates are
installed, the top and bottom surfaces are machined for close tolerance
(horizontal surface) and parallelism. This will encourage a uniform
distribution of the compression load at the base of the specimen.
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The supply and return interface connections for the ducts are

located on the opposite narrow panels of the enclosure. A heat deflector

is located on the inside of the enclosure at the supply duct interface

connection. The deflector was installed to prevent hot spots from

occurring on the panel specimen.

Another function of the enclosure is to provide lateral support

to all four panels during their subsequent testing. Lateral support

devices required for the McDonnell Douglas boron-aluminum point

loaded panel are located on both sides and center of the panel at the

four ring frame locations (12 points). The devices which interface

between the specimen and the enclosure frame members consist of a

wheel and track type system. This system restrains lateral movement

but allows thermal growth in the vertical and side directions.

The Lockheed beryllium point loaded panel is supported along

its sides at four points per side. The edges (sides) of the panel are

clamped continuously with an angle and narrow plate arrangement.

Four stiffened clip angles per side are used to interface between the

specimen's sides and the side members of the enclosure. These clip

angles will be installed in the field and used for this test only. The

Lockheed beryllium uniform loaded panel is clamped and supported in

a similar manner with four support points per side. However, since

this panel is not as wide as the point loaded panel (48 versus 29 in. )

the distance between the panel edge and the enclosure frame is

considerably more. Thus, for this panel a horizontal "A-frame"

type structure is used to interface between the specimen and the

enclosure member. Again these side attachment members will be

used for this test only.

The Convair boron-aluminum uniformly loaded panel is also

laterally constrained at the edges but only at two points; one on each

side of the ring frame. Again, a cantilevered "A-frame" interfaces

between the specimen and enclosure. A lug type fitting was installed

by the contractor (Convair) to provide a convenient attach point for the

lateral constraint member. The pin connection will permit thermal

growth in the vertical direction but will restrain lateral deflection. A

simple support device was designed to be placed at the top and bottom

of this specimen to simulate the required simple support condition.

The device consists of a convex (cross-section) member placed within

a concave (cross-section) member with a larger radius. Rocking

motion can occur but lateral motion is restrained.
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B. Loading Column

The loading column (Figure 11) consists of one load cell, one
hydraulic cylinder, two partially tubular rods, lug and clevis connectors,
a loading head, a coupling adapter and an adapter plate. The entire
assembly is suspended from the crosshead of the Gilmore machine.
Each item will be discussed starting with the attachment at the cross-
head and working down.

The first component is an existing adapter plate which is bolted
to the crosshead at existing bolt locations. Connected to the adapter
plate is a lug (AISI 4130 steel) with monoball (swivel joint) which in
turn connects to the clevis of the hydraulic cylinder. The connecting
pin (AISI 4340 steel) between the lug and clevis is a 4-in. -diam pin
with a 1-in. -diam hole through the core to permit heat treat to an
ultimate tensile strength of 180 ksi. The heat treat was required for
high stresses produced by pin bending. A spacer was required between
the lug and the clevis because a standard monoball could not match both
the existing pin hole diameter and the spacing of the ears on the perma-
nent clevis of the hydraulic cylinder.

The hydraulic cylinder called for in the design is an existing
NASA test equipment item: Hydro-Line N2C, 12-in. bore by 15-in.
stroke. The rod of the cylinder attaches to a coupling adapter (AISI
4130 steel) which in turn connects to a 6-in. -diam rod. The rod (AISI
4130 steel) is a partially tubular member with two 5/8-in. -diam holes
(orifice) which lead to a 1 3/4-in.-diam hole through the core of the rod.
The rod necks down to a 4-in. -diam at the lower threaded end to mate
with the load cell.

The load cell is an existing custom built cell with a 4-in. -internal
diameter. Below the load cell is attached another 6-in. -diam rod. The
center hole (core) and orifice on this rod are the same as those on the
upper rod. However, this rod is made from AISI 4140 steel, cold drawn
and has a close tolerance finish. This finish is required because of close
tolerance requirements at the passage hole through the enclosure. AISI
4140 steel was selected because AISI 4130 steel was not available at the
6-in. -diam and the close tolerance finish. Connected to this rod is a
lug with monoball (AISI 4130 steel) which is pinned to the lower clevis
(AISI 4130 steel). The pin is identical to the pin used in the top lug;
that is, AISI 4340 steel pin with a 4-in. -external diameter and 1-in. -
internal diameteE.
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The lower clevis device (AISI 4130 steel) performs as a loading

head for the beryllium point loaded panel, attaches to the loading plate

for the boron-aluminum point loaded panel and to the stiffened loading

beam which is required for the two uniformly loaded panels. This

completes the listing of components in the loading column assembly.

The load cell and the hydraulic cylinder have limitations on the

amount of heat they are allowed to absorb: a limiting temperature of

175 "F was placed on the load cell and a 150 *F limit on the hydraulic

cylinder. Two steps were taken to prevent an excessive heat buildup

in these components: a simple cooling system was designed and the

portion of the column which is located in the enclosure was insulated.

The lower portion of the column is'externally wrapped,

insulated, with 4 layers of 3/4-in. -kaowool blanket to reduce the

amount of surface area exposed to the high temperature environment.

The cooling system consists of having tap water flow through the

partially tubular rods and the tubular load cell. Tap water initiates

flow at the two upper orifice holes, through the tubular rod, then

through the tubular load cell, through.the lower tubular rod, and dis-

charges at the two lower orifice holes. The water is carried to and

from the cooling system with a 5/8-in. -diam hose. This simple cooling

system prevents excessive temperature buildup in the load cell and

hydraulic cylinder.

C. Duct System

The duct system (Figures 7 and 8) consists of a supply and a

return air duct which interface between the heat enclosure and the heat

source. The supply duct is a rectangular sheet metal tube (10 1/8 by

9 1/2 in. ) insulated with two layers of 2-in. -sheets of mineral wool

board. Expansion joints are located at appropriate points to allow

thermal expansion. The duct is supported by roller braces from the

floor.

The return duct is a 8 5/8-in. -diam tubular sheet metal duct

insulated with four layers of 3/4-in. -thick-kaowool blanket (p = 8 lb/ft3).

The return ducts interface location on the enclosure is at a higher

elevation than the supply line interface to encourage a uniform distri-

bution of hot air flow. Expansion joints are included and the duct work

is supported by roller brackets. A large portion of the return air duct

is removable to allow easy access to the rear of the enclosure.
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SECTION III. ANALYSIS SUMMARY

The two assemblies of the test fixture system which required
some detail structural and thermal analyses are the heat enclosure

and the loading column. A complete set of the calculations prepared

in the structural analysis are presented in Appendix A. And likewise,

the results of the thermal analysis on the loading column are included

in Appendix A.

The thermal analysis performed on the heat enclosure to deter-
mine the required external insulation was conducted by NASA in a pre-

liminary design study. The adequacy of the insulation used on the

enclosure for the 600 *F temperature range was confirmed by Mr. Jerry

Fowler of Ennis Insulation Company, Decatur, Alabama.

A complete structural analysis of the loading column and the heat
enclosure was conducted in support of the design effort. A thermal study

on the loading column was required to determine the heat buildup in the
hydraulic cylinder and the load cell.

A. Structural Analysis

The structural analysis of the heat enclosure can be broken
down into two basic categories: computer model analysis of the
enclosure framework, and hand calculations for the various other
components. The model analysis made use of the 1130 STRESS
program. The model consisted of all wide flange members which
comprise the enclosure framework. The most stringent lateral loads
anticipated by the respective specimen contractors was applied to the
structural model. In this case, the MDAC lateral loads and deflection
limitations set the criteria for the enclosure design. The enclosure
framework turned out to be a stiffness design; that is, the limitation on
deflection determined the member sizes. In general, the member stress
levels recorded on the computer printout were very low. The computer
input and output are part of the analysis presented in Appendix A. The
remainder of the analysis on the enclosure consisted of hand calculations
on the various side and center constraint devices, lower support beam
and other miscellaneous components.

The structural analysis on the loading column involved deter-
mining the strength capabilities of its components and their connections.
Several threaded connections were analyzed and the two lug and pin
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connectors (top and bottom) required a detail analysis to determine the

pin bending stress. A high strength heat treated (Ftu = 180 ksi) pin

was required at both locations. The partially tubular rods were

checked for stress concentration around the 5/8-in. -diam orifice

holes which are required in the cooling system design. The overall

loading column was checked for its buckling capability as a compression

member. Since the column assembly consists of components with vary-

ing cross-sections, a variable cross-section column analysis was

required. However, in the available analytical approach only two

variations in the cross-section are allowed. In this analysis, the two

minimum cross-sections were used--a conservative approach. The

resulting factor of safety was slightly less than the required 2. 5;

however, the fact that the column provided some lateral support at the

passage hole was not considered in the analysis.

A summary of the safety factor and allowable stress criteria

follows:

1. Allowable stresses for A-36 steel are to be taken directly

from the Steel Construction Manual with no safety factor imposed.

2. For other materials such as AISI 4130 and 4340 steel, a

factor of 2. 0 will be imposed on yield strength (Fty) and 2. 5 on ultimate

strength (Ftu)-

B. Thermal Analysis

A thermal analysis of the loading column was necessary to deter-

mine if the cooling system design would adequately cool theload cell and

the hydraulic cylinder. A thermal computer model of the column was

developed in order to accurately determine the heat absorption in the

two critical components. The results of the thermal analysis are

presented in Appendix A. The assumption in the analysis is that it

will require 6 hr to bring the specimen up to 600 *F and that the

duration of the test will not exceed 6 hr, a total of 12 hr. The

computer analysis was made with and without the tap water flowing

through the tubular sections. The results from these two inputs

indicate that the cooling system was required; and that the water flow

keeps the region below the load cell at a temperature of 88 °F.
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HEAT ENCLOSURE COMPUTER ANALYSIS



A

I -- t- -tl-

I KI  .

1) Deflection Requirements

a) Deflection, 1 or 1, from applied loads at any frame support

point relative to plane x - z - 0.030 in.

b) Relative deflection,9 3 , of support points on adjacent frames

from applied loads ' 0.03 in.

c) Maximum accumulated deflection at any point shall not 
exceed

0.06 in. Accumulated deflection is defined as the sum of deflections

from installation, alignment and application of ultimate loads.

d) Plane x - z is defined by the intersection of skin and stringers

in the unloaded position. Plane x - y remains perpendicular to

the fixed head of the loading machine.

2) Relative stiffeness between support points on adjacent 
frames shall

be > 200000 lb/in.

FIGURE 1. LATERAL DEFLECTION CRITERIA FOR

MDAC B/AL POINT LOADED PANEL



__-- _ Frame 1

24 R j R Rg

Frame 2

24 R 1  R2 Rg

I- -Frame 3

24 R__R3

Frame 4

FRAME R1 (LBS) R2 (LBS) R3 (LBS)

1 149. 5072. 149.

2 114. -5394. 114.

3 -426. 1179. -426.

4 -510. 489 -510.

FIGURE 2. MDAC B/AL POINT LOADED PANEL. PREDICTED LATERAL

LOADS AT TIME OF COMPRESSION LOAD APPLICATION

-J
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FIGURE 3. HEAT ENCSURE FRAMEWORK 1130 STRESS MODEL-

FIGURE 3. HEAT ENCLOSURE FRAMEWORK 1130 STRESS MODEL
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TEST FIXTURE ENCLOSURE
1130 STRESS PROGRAM

INPUT

STRUCTURE
TYPE SPACE FRAME
NUMBER OF JOINTS 30
NUMBER OF MEMBERS 44
NUMBER OF SUPPORTS 6
NUMBER OF LOADINGS 1
JOINT COORDINATES
1 0. 0O 0,
2 21.05 58.125 8.94
3 -6. O. 0o S
4 0. 29.062 0.
5 21.05 58.125 32.94
6 -6. 58.125 0. S
7 0. 58.125 0.
8 21.05 58.125 0o
9 36.3 58.125 0O S
10 21.05 58.125 56.94
11 42.3 58*125 0. S
12 21.05 58*125 80.94
13 42.3 0O 0 S
14 36.3 0. 0* 5
15 21.05 O0 O0
16 21.05 0. 129.5
17 O0 0. 129.5
18 0. 29.062 129.5
19 0. 58.125 129.5
20 21.05 58.125 129.5
21 36.3 58-125 129.5
22 36.3 0. 129.5
23 21.05 0. 8.94
24 21.05 O0 32.94
25 21.05 0* 56.94.
26 21.05 0* 80.94
27 0. 29.062 8.94
28 0. 29.062 32.94
29 0. 29.062 56.94
30 0. 29.062 80.94
JOINT RELEASES
3 MQAENT X Y Z
6 MOM:ENT X Y Z
11 MOMENT X Y Z
13 MOMENT X Y Z



231
325
447
5 15 23
667
7 5 10
878
989
10 10 12
11 9 11
12 14 9
13 14 13
14 12 20
15 15 14
16 1 15
17 15 8

18 23 24
19 1 17
20 14 22
21 4 27
22 7 19
23 8 2
24 9 21
25 17 16
26 17 18
27 18 19
28 19 20
29 20 21
30 22 21
31 16 22
32 24 25
33 25 26
34 26 16
35 27 28
36 28 29
37 29 30
38 30 18
39 1 16

9'40 15 22
-/41 7 20
*42 8 21
43 7 21
44 1 22



MEMBER RELEASES
21 START MOMENT Y Z
38 END MOMENT Y Z
39 START MOMENT Y
39 END MOMENT Y
40 START MOMENT Y
40 END MOMENT Y
41 START MOMENT Y
41 END MOMENT Y
42 START MOMENT Y
42 END MOMENT Y
43 START MOMENT Y
43 END MOMENT Y
44 START MOMENT Y
44 END MOMENT Y
MEMB PROP PRIS 4o62 3.228 1.44 *103 30.3 9.69 90.

1
4
12
26
27
30
MEMS PROP PRIS 4.62 3a228 1*44 *103 30.3 9*69
2
3
5
6 / ,.M ES . , -0 4-1 ' REPsE.T £r T1

8
9
10
11
13
14
15
16
18
19
20
22
23
24
25
28
29
31 THRU 34
MEMB PROP PRIS 8.53 5*799 2.95 .561 157.3 15.2

21
35 THRU 38
17 11.77 8*256 3.51 *830 310.1 44.1

MEMB PROP PRIS *75 *75 *75 *004 2o25 *001

39 THRU 42
43 3.82 2.801 1.165 .136 11o3 3.76
44 3.82 2.801 1.165 .136 11.3 3.76
CONSTANTS E 26444. ALL
TAtULATE ALL



LOADING 1
JOINT LOADS
23 FORCE X -&51
24 FORCE X -426
25 FORCE X *114
26 FORCE X *149
23 MOMENT Z *8899
24 MOMENT Z o7434
25 MOMENT Z -*1989
26 MOMENT Z -o26
2 FORCE X -51
5 FORCE X -*426
10 FORCE X *114
12 FORCE X *149
2 MOMENT Z -8899
5 MOMENT Z -*7434
10 MOMENT Z *1989
12 MOMENT Z *26
27 FORCE X *489
28-. FORCE X 1.179
29 FORCE X -5.394
30 FORCE X 5.072
TRACE
SOLVE
PROBLEM CORRECTLY SPECIFIED. EXECUTION TO PROCEED* UNUSED RECORDS = 17719



OUTPUT

STRUCTURE

LOADING 1
asN = = sasa uuaaaaaaaaaa - *a anWWs. = aW = = mU = = cWWWWW= aan as aWacm a

MEMBER FORCES

.as....MEMBER PROPERTIESimu.n.s .u. an.ussuc.ua=aFORCES/MOMENTSEN==u=======5u5 ina=aaIn==nu=STRESS==Inaa====nna=s

BAR JNT L WT. AREA SY SZ AXIAL SHEAR SHEAR TORSION MOMENT MOMENT /A MY/SY MZ/SZ COMBINE SIGMA

IN. LB. IN*2 INs3 INo3 FORCE Y Z MOMNT X Y 2. Z SI KSI KSI ABS KSI RATIO

1 1 29 38 4.61 10.10 3.22 -0.10 -0.00 -0.10 -0.00 1.17 -0.03 0.02 0.11 -0.00 0.14 0*008

1 4 29 38 4*61 10*10 3*22 0010 0.00 0.10 0.00 1.93 -0.11 0.02 0.19 -0.03 0.25 0.013

2 3 6 8 4*61 10.10 3*22 -0.30 -0.12 -1.63 0.00 -0.00 -0.00 -0.06 -0.00 -0.00 0.06 0.003

2 1 6 8 4.61 10*10 3.22 0.30 0*12 1*63 -0.00 9.79 -0.73 0.06 0.97 -0.22 1.26 0.070

3 2 24 31 4.61 10*10 3*22 0.39 -0.00 -0.18 0*28 -2.17 -0.03 0.08 -0.21 -0.01 0.31 0.017

3 5 24 31 4.61 10*10 3.22 -0.39 0.00 0.18 -0.28 6.55 0.02 -0.08 0.64 0.00 0.74 0.041

4 4 29 38 4.61 10.10 3.22 -0.10 0.00 0.10 0.00 -1.93 0.11 -0.02 -0.19 0.03 0.25 0.013

4 7 29 38 4*61 10.10 3.22 0.10 -0.00 -0.10 -0.00 -1*17 0.03 0.02 -0.11 0.00 0.14 0.008

5 15 9 12 4*61 10*10 3.22 0.39 0.00 -0.69 -1*17 4.02 0.03 0.08 0.39 0.01 0.49 0.027

5 23 9 12 4.61 10.10 3.22 -0.39 -0.00 0.69 1.17 2.17 -0.03 -0.08 0*21 -0.01 0.31 0.017

6 6 6 8 4*61 10*10 3.22 -0.30 0.12 -1.63 0.00 0.00 -0.00 -0.06 0.00 -0.00 0.06 0.003

6 7 6 8 4*61 10.10 3.22 0.30 -0.12 1.63 -0.00 9.79 0.73 0.06 0.97 0.22 1.26 0.070

7 5 24 31 4.61 10.10 3.22 0.39 -0.00 0.24 -0.45 -6.55 -0.02 0.08 -0.64 -0.00 0.74 0.041

7 10 24 31 4.61 10*10 3.22 -0*39 0.00 -0.24 0.45 0.72 0.01 -0.08 0.07 0.00 0.16 0.009

8 7 21 28 4.61 10.10 3.22 0.34 0.01 . 043 -0.00 -5'.48 0.43 0.07 -0.54 0.13 0.75 0.041

8 8 21 28 4.61 10.10 3*22 -0.34 -0.01 -0.43 0.00 -3.63 -0*16 -0.07 -0.36 -0.05 0.48 0.026

9 8 15 20 4.61 10.10 3*22 -0.34 -0.04 0.06 -0.00 -0.38 -0.56 -0.07 -0.03 -0.17 0.28 0.016

9 9 15 20 4.61 10*10 3.22 0.34 0.04 -0.06 0.00 -0.63 -0.18 0.07 -0.06 -0.05 0.19 0.010

10 10 24 31 4*61 1010 3.22 0.39 -0.00 0.12 -0.26 -0.72 -0.01 0.08. -0.07 -0.00 . 0.16 0.009

10 12 24 31 4.61 10*10 3.22 -0.39 0.00 -0*12 0.26 -2.37 0.01 -0.08 -0.23 0.00 0.32 0.018

11 9 6 8 4.61 10*10 3*22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

11 11 6 8 4.61 10.10 3.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

12 14 58 76 4.61 10.10 3.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

12 9 58 76 4.61 10.10 3.22 0.00 0.00 0.00 0000 0.00 0.00' 0.00 0.00 0.00 0.00 0.00

13 14 6 8 4.61 10*10 3.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.0000

13 13 6 8 4*61 10.10 3*22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

14 12 49 64 4.61 10*10 3.22 0.39 -0.00 -0.01 -0.00 2.37 i0.01 0.08 0.23 -0.00 0.32 0.018

14 20 49 64 4*61 10.10 3.22 -0.39 0.00 0.01 0.00 -1.41 -0.00 -0.08 -0.13 -0.00 0.22 0.012

15 15 15 20 4*61 10*10 3.22 -0.34 0.04 0.06 0.00 -0.38 0.56 -0.07 -0.03 0.17 0.28 0.016

15 14 15 20 4*61 10.10 3*22 0.34 -0.04 -0.06 -0.00 -0.63 0.18 0.07 -0.06 0.05 0.19 0.010

16 1 21 28 4.61 10.10 3*22 0.34 -0.01 0.43 0.00 -5.48 -0.43 0.07 -0.54 -0*13 0.75 0*041

16 15 21 28 4.61 10*10 3.22 -0.34 0.01 -0.43 -0.00 -3.63 0.16 -0.07 -0.36 0.05 0.48 0.026

17 15 58 194 11.77 51*94 11.02 -0.06 0.00 0.00 0.00 -0.03 0.44 -0.00 -0.00 0.04 0.04 0.002

17 8 58 194 11.77 51.94 11*02 0.06 -0.00 -0.00 -0.00 0.03 -0.44 0.00 0.00 -0.04 0.04 0.002

18 23 24 31 4.61 10.10 3*22 0*39 0.00 -0.18 -0.28 -2.17 0.03 0.08 -0*21 0.01 0.31 0.017

18 24 24 31 4.61 10.10 3.22 -0.39 -0.00 0.18 0.28 6.55 -0.02 -0.08 0.64 -0.00 0.74 0.041

19 1 130 170 4*61 10*10 3.22 -0.23 0.00 0.05 0.00 -4.31 -0.01 -0.04 -0.42 -0.00 0.48 0.026

19 17 130 170 4.61 10.10 3.22 - 0.23 -0.00 -0.05 -0.00 -2.79 0.02 0.04 -0.27 0.00 0.33 0.018

20 14 130 170 4.61 10.10 3.22 1.69 -0.00 0*0C4 -0.00 -3.53 -0.00 0.36 -035 -0.00C 0.71 0.039



20 22 130 170 4.61 10.10 3*22 -1*69 0.00 -0.04 0.00 -2*06 -0.00 -0.36 -0.20 -0.00 0.57 0.031
21 4 9 22 8.53 30.78 5.24 -0.00 -0.00 0.21 0.00 0.00 0.00 -0.00 0.00 0.00 0.00 0.000
21 27 9 22 8.53 30.78 5*24 0.00 0.00 -0.21 -0.00 -1.91 -0.00 0.00 -0.06 -0.00 0.06 0.003
22 7 130 170 4.61 10.10 3*22 -0.23 -0.00 0.05 -0.00 -4*31 0.01 -0.04 -0*42 0*00 0.48 0.026
22 19 130 170 4.61 10.10 3.22 0.23 0.00 -0.05 0.00 -2*79 -0&02 0.04 -0.27 -0.00 0.33 0.018
23 8 9 12 4*61 10.10 3*22 0.39 -0.00 -0669 1.17 4.02 -0.03 0.08 0*39 -0.01 0*49 0.027
23 2 9 12 4.61 10.10 3*22 -0.39 0.00 0.69 -1*17 2.17 0.03 -0.08 0.21 0.01 0.31 0.017
24 9 130 170 4*61 10.10 3*22 1*69 0.00 0.04 0.00- -3;53 0.00 0.36 -0.35 0.00 0.71 0.039
24 21 130 170 4.61 10.10 3*22 -1*69 -0.00 -0.04 -0.00 -2.06. 0.00 -0.36 -0*20 0.00 0.57 0.031
25 17 21 28 4*61 10*10 3*22 0.51 -0.13 -0.23 -0.00 2.79 -3.79 0.11 0.27 -1l17 1.56 0.086
25 16 21 28 4.61 10.10 3*22 -0.51 0.13 0.23 0.00 2*15 1.00 -0.11 0*21 0.31 0.63 0.035
26 17 29 38 4.61 10*10 3.22 .0*13 0.00 -0.56 -0.00 3.79 0.02. 0.02 0*37 0.00 0.41 0.022
26 18 29 38 4*61 10*10 3*22 -0.13 -0.00 0.56 0.00 12.65 0*12 -0.02 1*25 0.03 1.31 0.073
27 18 29 38 4.61 10.10 3.22 0.13 -0.00 0.56 -0.00 -12.65 -0.12 0.02 -1.25 -0.03 1.31 0.073
27 19 29 38 4.61 10.10 3*22 -0.13 0.00 -0.56 0.00 -3.79 -0.02 -0.02 . -0.37 -0.00 0.41 0.022
28 19 21 28 4.61 10*10 3.22 0.51 0.13 -0.23 0.00 2.79 3.79 0.11 0.27 1,17 1.56 0.086
28 20 21 28 4.61 10*10 3.22 -0.51 -0.13 0.23 -0.00. 2.15 -1.00 -0.11 0.21 -0.31 0.63 0.035
29 20 15 20 4.61 10*10 3.22 0.49 0.13 -0.08 -0.00 .-0*74 1.00 0.10 -0.07 0.31 0.49 0.027
29 21 15 20 4.61 10*10 3.22 -0.49 -0.13 0.08 0.00 2.06 1.00 -0.10 0.20 0*31 0.62 0.034
30 22 58 76 4.61 10.10 3*22 -0.13 0.00 0.00 -0.00 1.00 0.00 -0.02 0.09 0.00 0.13 0.007
30 21 58 76 4.61 10*10 3*22 0.13 -0.00 -0.00 0.00 -1.00 -0.00 0.02 -0.09 -0.00 0.13 0.007
31 16 15 20 4.61 10,10 3*22 0.49 -0.13 -0.08 0.00 -0.74 -1.00 0.10 -0.07 -0.31 0.49 0.027
31 22 15 20 4.61 1010 3.22 -0.49 0*13 0.08 -0.00 2.06 -1.00 -0.10 0.20 -0.31 0.62 0.034
32 24 24 31 4*61 10*10 3*22 0.39 0.00 0.24 0.45 -6.55 0.02 0.08 -0.64 0.00 0.74 0.041
32 25 24 31 4.61 10*10 3.22 -0.39 -0.00 -0.24 -0.45 0*72 -0.01 -0.08 0.07 -0.00 0.16 0.009
33 25 24 31 4.61 10.10 3*22 0.39 0.00 0.12 0.26 -0.72 0.01 0.08 -0*07 0.00 0.16 0.009
33 26 24 31 4*61 10.10 3.22 -0.39 -0.00 -0,12 -0*26 -2*37 -0.01 -0.08 -0*23 -0.00 0.32 0*018
34 26 49 64 4.61 10*10 3*22 0.39 0*00 -0.01 0.00 2*37 0.01 0,08 0*23 0.00 0*32 0.018
34 16 49 64 4*61 10*10 3.22 -0.39 -0.00 0.01 -0.00 -1.41 0.00 -0.08 -0.13 0.00 0.22 0.012
35 27 24 58 8*53 30.78 5.24 -0.00 -0.00 -0.27 0.00 1.91 -0.00 -0.00 0.06 -0.00 0.06 0.003
35 28 24 58 8.53 30.78 5.24 0.00 0.00 0.27 -0.00 4.68 -0.00 0.00 " 0.15 -0.00 0.15 0.008
36 28 24 58 8*53 30*78 5*24 -0.00 -0.00 -14.5 0.00 -4*68 0.00 -0.00 -0.15 0.00 0.15 0.008
36 .29 24 58 8.53 30*78 5*24 0.00 0.00 1.45 -0.00 39.58 -0.00 0.00 1.28 -0.00 1.28 0.071
37 29 24 58 8.53 30,78 5.24 -0.00 -0.00 3.93 0.00 -39*58 0.00 -0.00 -1.28 0.00 1.28 0.071
37 30 24 58 8.53 30.78 5*24 0.00 0.00 -3*93 -0.00 -54.97 -0.00 0.00 -1.78 -0.00 1.78 0.099
38 30 49 118 8.53 30.78 5.24 -0.00 0.00 -1.13 0.00 54.97 0.00 -0.00 1.78 0.00 1.78 0.099
38 18 49 118 8.53 30.78 5.24 0.00 -0.00 -.1.13 -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
39 1 131 28 0*75 0.74 0.01 -0.25 0.00 0.00 -0.00 0.00 0.00 -0.33 0.00 0.00 0.33 0.018
39 16 131 28 0.75 0.74 0.01 0.25 -0.00 -0.00 0.00 -0.00 000 0.33 -0.00 0.00 0.33 0.018
40 15 130 28 0.75 0.74 0*01 -0*02 0.00 0.00 -0.00 0.00 0.00 -0.03 0.00 0.00 0.03 0.002
40 22 130 28 0.75 0.74 0.01 0.02 -0.00 -0.00 0.00 -0.00 00OQ 0.03' -0.00 0.00' 0.03 0.002
41 7 131 28 0.75 0.74 0.01 -0.25 -0.00 0.00 0.00 0.00 -0.00 -0.33 0.00 -0.00 0.33 0.018
41 20 131 28 0.75 0.74 0,01 0.25 0.00 -0.00 -0.00 -0.00 -0.00 0.33 -0.00 -0.00 0.33 0.018
42 8 130 28 0.75 0.74 0.01 -0.02 -0.00 0.00 0.00 -0.00 -0.00 -0.03 -0.00 -0.00 0.03 0.002
42 21 130 28 0.75 0*74 0.01 0*02 0.00 -0.00 -0.00 -0.00 -0.00 0.03 -0.00 -0.00 0.03 0*002
43 7 134 146 3.82 5*43 1&85 -1*64 -0.00 000O 0.00 0.00 0.01 -0.43 0.00 0.00 0.43 0.024
43 21 134 146 3682 5.43 1*85 1.64 0.00 -0.00 -0.00 -0.00 -0.01 0.43 -0.00 -0.00 0.43 0.024
44 1 134 146 3*82 5*43 1.85 -1*64 0.00 0.00 -0.00 -0.00 -0.01 -0.43 -0.00 -0.00 0.43 0.024
44 22 134 146 3.82 5*43 1.85 1*64 -0.00 -0.00 0,00 -0.00 0.01 0.43 -9.00 0.00 0.43 0.024

TOTAL WEIGHT= 2457*(LB)



APPLIED FREE JOINT LOADS

JOINT FORCE X FORCE Y FORCE Z MOMENT X MOMENT Y MOMENT Z
1 -0.000 0.000 -0*000 -0.000 0.000 -0.000
2 -0.509 -06000 -06000 -0.000 -0.000 -0.889
4 -0.000 -0.000 -0.000 -0.000 0.000 0.000
5 -01425 0.000 0.000 0.000 -0.000 -0.743
7 -0.000 0.000 0.000 0.000 0.000 0.000
8 -0.000 0.000 -0.000 . 0.000 -0.000 -0.000

10 0.114 -0.000 0.000 0.000 -0.000 0.198
12 0*149 0.000 -0.000 0.000 -0.000 0.259
15 -0.000 -00000 0.000 -0.000 -0.000 0.000
16 -0.000 0.000 0.000 0.000 0.000 0.000
17 -0.000 -0.000 -0.000 -0.000 -0.000 0.000
18 -0.000 0.000 -0.000 -0.000 -0.000 0.000
19 -0.000 0.000 -0.000 -0.000 0.000 0.000
20 -0.000 -0.000 -0.000 0.000 -0.000 0.000
21 0.000 -0.000 -0.000 -0.000 0.000 -0.000
22 0.000 -0.000 -0.000 0.000 0.000 0000
23 -0.509 -0.000 0.000 0.000 -0.000 0.889
24 -0.425 0.000 0.000 -0.000 -0.000 0.743
25 0.114 0.000 0.000 -0.000 -0.000 -0.198
26 0.149 -0.000 -0.000 0.000 -0.000 -0*259
27 0.489 0.000 0.000 0.000 0.000 -0.000
28 1*179 0.000 0.000 -0.000 -0.000 0.000
29 -5*394 0.000 -0.000 0.000 -0.000 0.000
30 5.072 06000 0.000 -0.000 -0.000 -0.000

REACTIONS AND APPLIED SUPPORT JOINT LOADS

JOINT FORCE X FORCE Y FORCE Z MOMENT X MOMENT Y MOMENT Z
3 -0.305 -0.122 -1.633 0.000 -0.000 -0.000
6 -0.305 0.122 .-1*633 0.000 0.000 -0.000
9 0.305 0.049 1.633 -0.001 -4.168 -0.188

11 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0*000 0.000 0.000 0.000
14 0.305 -0.049 - 1.633 0.001 -4.168 0.188



FREE JOINT DISPLACEMENTS

JOINT DISPL X DISPL Y DISPL Z ROTAT X ROTAT Y ROTAT Z
1 0.0000 -0.0000 0.0009 0.0000 -0.0000 -- 0.0000
2 -0.0005 0.0000 0*0000 -0.0000 -0.0000 -0.0096
4 0.0006 -0*0000 0.0010 0.0000 -0.0000 -0.0000
5 0.0002 0.0000 0.0000 -0.0000 0.0001 -0.0159
7 0.0000 0.0000 0.0009 -0.0000 -0.0000 0.0000
8 -0.0000 0.0000. 0.0001 -0.0000 0.0000 -0.0000

10 0.0052 0.0002 -0000 -00000 -040000 0.0002 -0.0057
12 0.0109 0.0003 -0.0001 -0.0000 0.0002 -0.0000
15 -000000 -0.0000 0.0001 0.0000 00OOCO 0.0000
16 0.0179 -0.0007 -0.0003 0.0000 0.0000 0.0000
17 0.0179 0.0000 0*0011 -060000 0.0001 -0.0001
18 0.0228 0.0000 0.0010 -0.0000 0.0001 -0.0000
19 0.0179 -0.0000 0.0011 0.0000 0.0001 0.0001
20 0.0179 0.0007 -0.0003 -0.0000 0.0000 -0.0000
21 0.0178 0.0000 -0.0018 -0.0000. 0.0001 -0.0000
22 0.0173 -0.0000 -0.0018 0.0000 0.0001 0.0000
23 .-00005 -0.0000 0.0000 0.0000 -0.0000 0.0096
24 0.0002 -0.0000 0.0000 0.0000 0.0001 0*0159
25 0.0052 -0.0002 -0.0000 0.0000 0.0002 0.0057
26 0.0109 -0.0003 -0.0001 0.0000 0.0002 0.0000
27 0.0023 0.0000 0*0010 -0.0000 0.0001 -0.0000
28 0.0064 0.0000 0.0010 -0.0000 0.0001 -0.0000
29 0.0108 . 0.0000 0.0010 -0.0000 0.0003 -0.0000
30 0.0219 0.0000 0*0010 -0.0000 0.0002 -0.0000

SUPPORT JOINT DISPLACEMENTS

JOINT DISPL X DISPL Y DISPL Z ROTAT X ROTAT Y ROTAT Z
3 0.0000 0.0000 0.0000 0.0000 -0.0000 -0.0000
6 0.0000 0.0000 0.0000 -0.0000 -0.0000 0.0000
9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

11 00000 0.0000 0.0000 0.0000 0.0000 0.0000
13 0.0000 060000 0.0000 0.0000 0.0000 0.0000
14 0.0000 0.0000 060000 0.0000 0*000 060000
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FIGURE 1. IOCATION OF THERMAL NODE POINTS ON
THERMAL MODEL OF LOADING COLUMN
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