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SUMMARY

This report covers thie limited engineer design tests and evaluation of the Universal
Folded Plate (UFP) Structural System. The UFP structural system is compriscd of full-
size, folded, diamond-shaped panels; lengitudinal haif panels; and transverse half pan-
els which can be fastened together to construct shelters of various shapes and sizes.

Two different structures were erected and structurally tested. One was an arch-
type structure 52 ft wide, 40 ft long, and 38 ft high; the other was a flat-roof structure
54 ft wide, 25 ft long, and 5 ft high.

The design loads for the two structures (arch-type and flat-roof) were as follows:

s

a. Dead load = 10 pet.
b.  Live loads:
(1) Snow load = 25 psf.
{2) Wind load = 30 psf at 30-ft height (for wind= 100 mph).

c.  Factor of safety = 1.25.

Several test beams were constructed. The test beams were of two configurations,
straight and curved. Static load was applied to each of the test beams until structural
failure occurred.

The report concludes:

a.  Structural integrity can be maintained for various shapcs and sizes of shelters
within the limits of the building vonfigurations tested. Structural testing of the two

buildings showed no stresses in excess of accepted allowables.

b.  Watertightness, as achieved by the designed sealant gasket ard by the method
of caulking as performed after erection of the flat-roof huilding, was not satisfactory.

¢. . A number of various building configurations can he constructed using the

singlc UFP coinponent structural systcm since the panels are reusable, interchangeable,
and reversible.
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the soil is capable of withstanding the weight of the building plus design ioads. Where

d. No special foundation or foundation preparation is necessary in areas where
‘ the ground is to be the foundation, only a smooth surface is required.

e.  The UFP structural system appears to be readily adaptable to hardened shel-
ter concepts for use by the military.

f.  Additional test and evalvation is necessary to determine full military poten-
tial. A cost-effectiveness study should be included in the total evaluation.

iii
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FOREWORD

This project was initiated in August 1968 when Task 1J662708D55007 was estab-
lished and funded to procure, investigate, and evaluate the UFP ctructural system.

!) The project was conducted by the Marine and Bridge Division, Military Technol-
ogy Laboratory, U. S. Army Mobility Equipment Research and Development Center
F (USAMERDC), Fort Belvoir, Virginia, from August 1968 through June 1969.

The following pzrsonnel were directly involved in this project:

Edward J. Schultze, Project Engineer.

Lloyd E. Krivanek, Civil Engineer.

James M. Winkler, Engineer Technician.

George A. Hinkle, Physical Science Technician.
James R. Hess, Bridge Equipment Test Operator.
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UNIVERSAL FOLDED PLATE (UFP) STRUCTURAL SYSTEM

1. INTRODUCTION

1.  Subject. Thisreport covers the limited engineer design tests and evaluation
E | of the UFP structural system.

2. Background. The UFP structural system is the invention of Mr. Arpad L.
Kolozsvary. Patent applications have been filed by Mr. Kolozevary in connection with i
the UFP structural system. Two unsolicited disclosures on the UFP structural system
were sent to two different government agexnicies in March 1968 and were subsequently
forwarded to USAMERDC for evaluation. A briefing on the UFP concept was held at
USAMERDC on 9 July 1968 with representatives of the Office, Assistant Secretary of
Defense (OASD); U. S. Air Force; U. S. Army Mobility Command (USAMC); U. S. !
! Army Combat Developments Command; Office, Chief of Engineers; and Natick Lab-

f oratories in attendance.

f On 1 August 1968, USAMC established and funded Task 1J662708D55007,

| “Prefabricated Shell Building Systems,” for the purposes of procurement, investigation,
and evaluation of the UFP structural system. A USAMC directive, dated 5 August 1968,
requestea that an expedited development program be initiated covering full-scale feasi-
bility and engineering tests and that a demonstration/briefing be held at USAMERDC
for representatives of OSD and other Government agencies. Two demonstration/brief-
ings were presented at USAMERDC on 20 and 21 November 1968. Three different
skaped structures constructed of 10-gage stecl, 18-gage steel, and reinforced plastic pan-
els were constructed for the briefing and are shown in Fig. 1. An interim leiter report
was prepared in January 1969 covering this preliminary evaluation of the UFP structural
system. In November 1968, a contract was awarded for a larger quantity of 10-gage gal-
vanized steel UFP for the structural tests and evaluation covered in this report.

In Januar ' 1969, a release and license agreement was negotiated between Mr.
Kolozsvary and the Department of Defense for manufacturing rights of the UFP struc-
tural system.

3. Description of UFP System. This system is comprised of folded diamond
component units. They are of a single type, identical and interchangeable, and consist
of full-size panels, longitudinal half panels, and transverse half panels (Fig. 2) which
can be fastened together into structures. The system is unique in that a wide variety of
different shapes and sizes of structures can be constructed from the same set of compo-
nents. Each folded diamond panrel has a convex and a concave side. The panels can be
connecied to ezch other in reversed as well as in identical relative fold positions which
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Fig. 2. UFP panels.

Fig. 3. Transverse stiffeners.
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permits straight or curved sections to be constructed from the same components. The
panels which are interchangeable and reusable can be standardized for mass production
for various types and sizes of structures without having to standardize the individual
shelter. Transverse stiffeners can be used to increase the structural capability of a
structure constructed of UFP. The trunsverse stiffeners are attached at the obtuse cor-
ners of the panels to stop the panels from opening or closing when subjected to loads.
Three types of stiffeners were designed and are shown in Fig. 3. The panels are bolt-
connected, and a waterseal between the panels is provided by compressible elastomeric
gaskets which aze adhesive-bonded around the periphery of the panels. A detail draw-
ing of the 8-foot-long panel is shown in Fig. 4. The latest design of the trancversc stiff-
ener is shown in Fig. 5. The shape of the UFP components allows them to be nested
during transportability, thereby providing a high degree of mobility due to minimum
storage and shipping cubage.

I1. INVESTIGATION

4. Structural Configurations. Two different structures were erected and tested
in conjunction with the overall UFP evaluation. in addition to the two test structures,
several test beams were constructed of UFP to assist in the evaluation. The various
configurations are as follows:

a.  Arch-Type. This is a configuration with possible usage as an expanda-
ble aviation maintenance hangar (Fig. 6;.

b. Flat-Roof. Thisis a configuration with possible usage as a warehouse
or other similar use (Fig. 7).

c.  Test Beams. These configurations are as shown in Fig. 8 and Fig. 9.
The purpose of the test beams was:

(1) An aid in the determination of erection methods and procedures
to be used during erection of the arch-type and flat-roof structural configurations.

(2) Anaid in determining the critical stress areas of the arch-type and
flat-roof structural configurations for test purposes.

5.  Erection Procedures. Erection of a UFP structure consists of bolting the
UFP panels together to form the desired configuration.” The UFP panels are bolt-
connected to each other through their overlapping flanges. The following erection
procedures were accomplished using the listed erection aids during the construction
of the arch-type and flat-roof structures and test beams.
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Fig. 9. UFP curved test beam.
a.  Erection Aids. The equipment used during erection of the building
and beam configurationc is as follows:
(1) Crane.
(2) Forklift.
(3) Portable generator.

(4) Handtools (¥ig. 10).
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(5) Wooden horses.
(a) Three-ft hi'ght.
(b) Five-ft height.
(6) Stcel jack posis (height 4 ft il in. to 8 ft 4 in.).
(7) Wire rope.
(8) Steel Stakes, 3/4-in. diameter.

b. Erection of Arch-Type Building. This erection began at the base of one
sidewall and progressed across the span of the building. The configuration v:as complete
when the base was reached on the opposite sidewall. The transverse half panels form
the base cf the building. This base rests on whatever foundation is required for the
building. The intermediate components of the building consist of the basic UFP unit
(full panel) with the longitudinal half panel used to provide a straight edge along each
end o: the building.

The building length constructed during this ercction was 16 UFP panel
widths (approximately 40 ft). During this erection, a complete longitudinal row of
panels was installed pricr to the start of the next row. In this process, only a singie
UFP panel was bolted to the existing assembly at any one time. For this erection, a
row of UFP panels was considered to be those panels in a line along the length of the
building. Figure 11 shows the numerical order in which the rows of panels were in-
stalled to compiete this arch-type building.

Tlic first step in the erection of this arch-type configuration was to
piace the panels of row 1 (transverse half panels) in a line at the desired sidewall loca-
tion. Row 2 of the panels (full panels) was next placed and leaned up onto wooden
horses. These first two rows of individual panels were then bolted together to form
one assembly (Fig. 12). Since the UFP panels are joined by nuts and bolts, men must
work on both sides of the panels to fasten the panels together. For this purpose, the
wooden horses were used as shown in Fig. 12. All bolts used in the assembly of this
arch-type building were torqued with a 3/4-in.-drive electric impact tool. Torque was
not measured.

The panels of row 3 were next installed into the assembly (¥ig. 13).
Each of these panels was individually placed and bolted to the panels of row 2. Trans.
verse stiffencrs and tie plates were installed across row 2 and row 3 as shown in Fig. 14.
This is a typical transverse stiffencr and tie plate installation for the entire building.

12
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/-Bol.r HoLE Loc'N THRU FLANGE (TyP)
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Fig. 12. Method of panel assembly.

BOLT HOLE LOC'N THRU FLANGE (Typ)

FoOLL LINE

Fig. 13. Panel assembly continuaticn.
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Fig. 14. Transverse stiffener installation.

Transverse stiffeners and tie plates were installed across each nodal point within this
building.

The panels of rov' 4 were placed and bolted to the panels of row 3
using the same procedure as for the piacing and bolting of the panels of row 3 to row 2.
Each succeeding row of panels was added using the procedures as outlined until the
panels of row 29 were installed into the assembly. See Figs. 15 through 28 for a pic-
torial description of erection steps in the order of events.

During erection, the leading edge of the structure assembly had to he
raised periodically and the weoden horses relocated to facilitate further placement of
panels. The lifting was accomplished using a crane with a seven-point wire rope sling
attached to a 1-in.-diameter steel rod. This steel rod was attached to the panel assem-
bly/by eyebolts (3/4-in. standard shoulder eyebolt) placed along the 40-ft building
length (Figs. 16 and 18). The eyebolts were installed in place of the regular bolts at
nodal points as required.
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Fig. 15. Structure erection.
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Fig. 16. Structre erection — cable sling adjustment.
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Fig. 18. Cable sling adjustment at 30-percent completion.
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Fig. 19. Crane lift of structure at 30-percent completion.

Fig. 20. Crane lift of structure at 60-percen’ completion.

18

53965

54656




$4658
Fig. 21. Structure erection — 60 percent complete.
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Fig. 22, Structure 70 percent complete — jack-supported.
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Fig. 24. Structure erection — 85 percent complete.
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Fig. 26. Structure complete — sidewall not positioned.
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Fig. 28. Complete strueture.
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As erection progressed, the wooden horses became ineffective as a sup-
port for the panel assembly while additional rows of panels were installed because of
the size and configuration of the building. At this time, steel jack posts replaced the
wooden horses. Six jack posts were found to hold the panel assembly in approximate-
ly a level line along the row of panels (Fig. 22). The crane was still necessary to lift the
panel assembly for Liit heights in excess of 6 in. because of the limited length of screw
adjustment.

During installation of panels, alignment of bolt holes proved difficult
at times. The location of difficult hole alignment within a panel row followed no set
pattern from one row to the next. Some panels were placed with little or no interfer-
ence {or bolt installation while others required the use of driftpins and sledgehammers
to obt.in hole alignment. In some instances, bolts were threaded through partially
aiigned holes in order to obtain the boit installation. The order of panel placement
within a row was varied during assembly without any improvement of interference.
The most difficult hole alignment generally existed along the row of transverse
stiffeners.

After all of the panels, transverse stiffeness, and tie platc . ere installed,
the sidewalls were aligned and anchored to the ground. There was no special founda-
tion preparation imended in th: area of the sidewall bases. The approximately level
ground was used, as it =xisted, ss a foundation. Since the existing ground was to be
the only foundation used, the parels (transverse half panelg) of rows 1 and 29 were
anchored to the ground by &/4-in.-diameter steel stakes (Fig. 29). One steel stake was

55212

Fig. 29. Foundation anchor installation.
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driven through each of the three 7/8-in.-diameter holes provided in the base plate of
each transverse half panel. The steel stakes were driven into iae ground to a depth of
18 in. with a stop provided at this depth. The sidewal! containing panels of row 29
was staked to the ground with row 1 panels remaining free. The panels of row 29
were aligned to form a straight line, and the steel stakes were driven into the ground.
This maintained a fixed position for the sidewall containing row 29 pancls. Next, the
sidewall containing row 1 panels was positioned ir its intended location and staked to
the ground. Since the arch-type building span grew approximatcly 8 ft during con-
struction, a crane was used to lift the second sidewall vertically whilc two forklifts
moved the base horizontally irto the required position. Alignment of the second side-
wall was accomplished by measurements taken with a steel tapc from the first sidewall
staked to the ground. Location of the sidewalls was approximate and not exact.

c.  Erection of Flat-Roof Building. Thc er ~tion of this building censisted
of constructing two separate assemblies. The configuration was complete when the
two assemblies were joined and the base (sidewalls) was positioned. The UFP panels
used in the construction of this building were identical io those used for the arch-type

building.

The building length constructed during this erection was 10 panels wide
(approximately 25 ft). GOne assembly consisted of panels row 1 through row 16; the
other assembly consisted of panels row 1—1 through row 1-5 (Fig. 30).

Individual panels and rows of panels were placed in thc samc manner as
for erection of the arch-type building; i.e., row 1 and row 1-1 (Fig. 30) were placed
first in each of the two assemblics. Both assemblies were completed prior to joining to
form the flat-roof building configuration. The erection procedures and construction
methods employed were similar to those performed during the ercction of the acch-
type building.

Erection of the assembly containing rows 1 through 16 procceded as
shown in Figs. 31 through 34. The assembly containing rows 1-1 through 1-5 is
shown in its completed form in Fig. 35.

Joining of the two asscmblies into the flat-roof building was aecom-
plishied as shown in Figs. 36 through 42. Two cranes werc used to position the two
assemblies so that the mating flanges of the pancls in row 1 and row 1-5 could be
bolted together. After the two asscmblies weve connected, the base panels were aligned
and staked in the same manner as for the arch-type building. The comnpleted flat-roof
building is shown in Fig. 43.
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Fig. 31. Flat roof — 50 percent complete.

S5217
Fig. 32. Roof supports — 50 percent complete
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Fig. 33. Flat roof complete — sidewall 40 percent complete.
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Fig. 34. Sidewall-roof complete — preparation for crane lift to join second sidewall.
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Fig. 35. Flat roof and sidewall completed.

During erection of the flat-roof building, the rubber sealant gasket was
stripped ofi of approximately one-half the UFP panels used. These panels without
sealant gaskets were placed together across the building span during erection. After
erection was complete, caulking (FSN 8030-682-6422) was applied to the joints with-
out gaskets as shown in Figs. 44 and 45.

After the flat-roof building was complete, the original transverse stiffen-
ers and tie plates were removed and replaced with the six-hole transverse stiffener (Fig.
5). During the instaliation of the six-hole transverse stiffeners, bolt hole misalignment
proved to be a problem. A forklift, driftpins, sledgehammer, and cable hoist were used
to get hole alignment for bolt installation. The least amount of misalignment was en-
countered when a row of the original transverse stiffeners was removed and then the
six-hole transverse stiffeners were instailed prior to any further removal. (See Fig. 46
for typical six-hole transverse stiffener installation.)

Vertical sag existed in the flat roof after ercction was complete. Ver-
tical sag was measured along the span centerline at each end and at the eenter. The
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Fig. 37. Preparation for crane lift of roof-wall combination.
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Fig. 38. Flat roof raised to position for building completion.
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Fig. 39. Flat roof raised — preparation to position sidewall.
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Fig. 40. Roof and sidewall prior to mating.
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Fig. 41. Roof-sidewall set together prior te bolt installation.

Fig. 42. Installation of bolts for joining of roof to sidewall.
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Fig. 45. Caulked joints.
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Fig. 46. Six-hole transverse stiffener installation.

amount of vertical sag was as follows:
(1) Near side =6 in.
(2) Center =4-5/81in.

(3) Far side = 5-1/4 in.

S5756

6. Test Procedures. The structural configurations erected were to be subjected
to test loads. The results of test load application were to serve as a micasure of the
structural adequacy of the UFP system and to provide a basis for evaluation to deter-

mine potential military usc. Failures or areas of weakness would be reevaluated, modi-
ficd, and retested within the limits of time, personnel, and funds available for this test.
The pian of test 1s included as an appendix to this rcport. Any variation from the plan

of test is as shown within the eontent of this report.
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Test loads were applied in various increments. Strain gages were appl.. . at
predetermined focations of the arch-type structure and the flat-roof structure. SR4

strain gage readings,

horizonta! deflections, and vertical deflections were recorded after

application of each load increment. Horizontal deflections were monitored on each
vertical wall, and vertical deflections were measured along the span centerline. The
horizontal and vertical deflections were obtaincd by stadia rod readings using a survey-

or’s transit.

a. Test Equipment. The following is a list of test equipment used during
test of both structures.

N

)

(19)

movement.
(11)
(12)
(13)
b.  Test

(1)

SR-4 sirzin gages.

Strain gage readout equipment.
Survey transit and stadia rod.
Wind velocity me eors.
Dynamomcters.

Scales.

Cable hoist.

Forklift.

Craac.

Hi-Ranger (truck-mounted servicing platform for personnel

Aircraft engine with propcller.
Sandbags.
Parachute harness (used as safety device).

Loads.

The test loads applied to the arch-type (Fig. 6) and flat-roof (Fig.

7) structural configurations were the design live loads multiplied by the factor of
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safety. The design loads were as follows:
(a) Dead load = 10 psf.

(b) Live load. This required ioad condition of snow load, wind
load, zrd combinations of snow and wind loads as shown below.

1. 100% snow load = 25 psf.
2. 100% wind load = 80 — 106 mph.
3. 25-psf snow load + 30-mph wind lead.

4.  100-mph wind load + 12.5-psf snow load.

(c) Factor of safety = 1.25.

(2) The test loads applied to the test-beam (Fig. 8 and Fig. 9) struc-
tural configurations were those static loads of a magnitude to produce structural
failure.

¢.  Arch-Type Building Load Application. After application of the initial
load incrcment and each successive load increment, strain gage readings, horizontal
deflections, and vertical defiections were recorded. Strain gage locations are shown in
Fig. 47, and typical strain gage wirings are shown in Figs. 48 and 49. liorizontal stadia
rods were placed on both walls at a height of 20 ft above ground level at approximate-
ly 2.5 ft from each end and at the center of one wall (Fig. 50). Vertical stadia rcds

were hung by wires along the span centerline at approximately 2.5 ft from each end
and at the center (Fig. 50).

(1) Snow Load. Tt test snow loading for this building configuration
was simulated by placing sandbags on the roof area shown in Fig. 51. The sand-
bags were weighed, placed on a steel pallet, and raised to the rooftop of the build-
ing by a crane (Fig. 52). Men distributed the sandbags unifor:aly over the load
area (Figs. 53 and 54). The Hi-Ranger vehicle was used to elevate the men to the
roof (Figs. 55 and 56). Once on the roof. the men were tied to 1/2-in. nylon
safety ropes from the crane to the safety harness on cach man. The simulated
snow load was applicd in the following increments:

(a) 10 psf.

(b) 15 psf.




Bace i

SHT. 1
)
1
i
i
i
| \
E .
38’ /
o
? :
SEE SHT. 4 FOR TYPE DE SIGNATION
%i SEE SHT.Z FOR VIEW A-A
) \
‘ >
BROTTOM LINE
; /! /|
% ‘ (To Q‘) A -
e VA7

Fig. 47. Strain gage locations — arch-type building config..ration.
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Fig. 49. Strain gage wire harness.
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Fig. 50. Stadia rod installation.

(e) 20 psf.
(d) 25 psf.
(e) 30 psf.

(f) 31.25 psf.

Each simulated snow load increment was placed in three parts
with each part of a load inerement placed on the flat eenter seetion and then on
each slope (Fig. 51).

(2) Wind Load. The test wind loading for this building eonfiguration
w as simulated using aireraft engines with propellers to produee 2 controiled air
veloeity. The wind load produeed was applied on a vertieal wall (Fig. 51). This
wall was opposite the wall which was strain-gaged. Four aireraft engines were set
up for this wind test. Two of the aireraft engines were mounted on airboats, and
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Fig. 52. Method of raising sand and men to roof.

Fig. 53. Sandbag placement.
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Fig. 54. Movemert of pallet for sandbag placement.
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the other two airers#t engines were mounted on skide. The prope'lers were posi-

tioned 16 ft from the vertical wall as shown in Figs. 57 through 3. The wind

load applizd to the buildirg was the measured output of the sircrai't enginz at 16
; ft fn-m the propeller. The wind load increments were applied as foliows:

’ (a) 50 mph.
EE' {b) 60 mph.
{c) 80 mph.
| {d} 100 mph.

(e) 112 mph.

(3) Combination Snow Load + Wind Lead. For this combined test

i load condition, the simulated snow Joad wes applied first followed by application
of the wind load. These loads were appiied on the areas shown in Fig. 51. The
combined snow + wind load was applied in the following increments:

(a) Snow load = 15 psf.

(b) Snow + wind load = 15 psf + 60 mph.
(c) Snow + wind load =15 psf + 100 mph.
(d) Snow + wind load = 15 psf + 112 mph.
(e) Snow load = 25 psf.

(f) Snow + wind load = 25 psf + 60 mph.

d. Flat-Roof Building L.oad Application. After application of the initial
land increment and each successive load increment, strain gage readings, horizontal de-
flections, and vertical deflections were recorded. Strain gage locaticas are shown in
Fig. 60. Horizontal stadia rods were placed on both walls at a height of 12 ft above
ground level at approximately 5 ft from each end. Vertical stadia rods were hung by
wires along the span centerline at approximately 2.5 ft from each end and at the center.

Roof post tensioring was also considered to eliminate roof sag.

(1) Snow Load. The test snow loading for the building configuration
was simulated by placing sandbags on the roof area shown in Fig. 61. The sandbags
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were weighed, placed on a steel pallet, and raised to the rociiep of the buflding
by a crane. Men distributed the sandbags uniformly over the load area. Portsble
wooden stairs were used hy tiie men ic reach the top of this building. Safety
ropes were not used by the men while workiag on this building. The simulated
snow load was applied in the following increments:

(a) 10 psf.

(by 15 psf.

4

(c) 25 pst.
(d} 274 psf.*
{ey 29.9 psf.
{(f; 324 psf.

(Note: The asterisk denotes load increment at which the sand weight was
25 psf. The additional 2.4 psf was water weight due to rain. The test load area
had <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>