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Rapidly Erectable and Relocatable Lightweight Structures

Field Testing of a Lightweight Relocatable
Structure in a Temperate Environment N
Dennis K. McBride -.-

This report describes field tests of a commercially
available, off-the-shelf, lightweight relocatable struc-
ture (LRS) system selected for possible military use ;
in a theater of operations. A panelized system -
manufactured by Kelly Klosure, lnc. was selected to
determine the constructibility, durability, and habita-
bility of the building system. The first stage tests
were conducted in a desert environment (Fort Irwin,
CA) and stage Il tests were conducted in a
temperate environment (Fort Leonard Wood, MO).
The results of stage I tests are documented in U.S.
Army Construction Engineering Research Labora-
tory (USA-CERL) Technical Report M-361, Field
Testing of a Lightweight Relocatable Structure in a
Desert Environment, A. M. Kao. et al. (USA-
CERL, 1984). This report documents the results of

the stage 11 tests.
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The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.
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~ Testing of a Lightweight Relocatable Structure in a Desert Environment, A. M.
Kao, et al. (USA-CERL., 1984). This report documents the results of the stage 11 tests.

Constructibility of the buildings varies, depending on size. The tests confirm that
the 20-ft-wide X &-ft-high buildings can be erected manually by unskilled troop labor
using only hand wools. However, for 12-ft-high structures assembled using 4- X 8-ft
paneis, and for 12-ft-high structures on elevated foundation, baseplates, a crane is
needed to help hift assembled components for the erection. Elevated foundatlon,
bascplates greatly increase construction difficulty and construction times.— .- . - -

1t took an average of 109 man-hours to assemble and erect a 20- X 8- X 40-ft
building on an clevated baseplate. whereas it took only 38 man-hours to assemble
and erect an identical building on a standard baseplate in the Fort Irwin tests. The
drastic construction time increase was due not only to the elevated baseplates, but
also because personnel erecting the structures considered it a training process and
thus took a lot of time demonstrating, explaining, and correcting.

Some durability problems were identified which did not occur in the Fort Irwin
tests. Fiberboard panels used in the structure had severe weather resistance problems
because they wicked in water around the edges and rivets. The galvanized steel
pancls had no durability problems.

bFiberboard structures are favored for habitability. The environmental tests
indicated that tiberboard structures generally stay 3.5 to 5.5°C cooler than identical
steel structures on warm days. Adding insulation to a galvanized steel structure
decreases the maximum temperatures 4.0 to 7.5°C, and adding insulation to a
fiberboard structure decreases the maximum temperatures 2.0 to 3.5°C. Based on
environmental performance alone., a fiberboard structure would be a good choice
and an insulated fiberboard structure would give even better results.

However, durability problems currently make fiberboard a poor choice for all but
extremely arid climates. The moisture wicking delaminates the panels, decreasing
their strength and making them susceptible to damage in handling. New and
improved methods for weather-proofing fiberboard panels are currently being
explored. Theretore, unless the fiberboard moisture problem is corrected, insulated
galvanized steel structures would be a better choice in terms of durability and
environmental performance.

Additionatly, a study has been funded for Fiscal Year 1985 on ways to improve
the Kelly Klosure system by eliminating the guy wires. It is recommended that the
guvless design moditications be completed. tested. and incorporated into the system
design.
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Dr. A. Kao was the USA-CERL Principal Investigator. Dr. R. Quattrone is Chicet
of USA-CERL-EM. COIl. Paul ). Theuer 1s Commander and Director of USA-
CERL., and Dr. L.. R, Shaffer is Technical Director.
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FIELD TESTING OF A LIGHTWEIGHT
RELOCATABLE STRUCTURE IN A
TEMPERATE ENVIRONMENT

1 INTRODUCTION

Background

I'he Army Facihties Component System (AFCS)
provides facilities for two different construction
standards: initial (0 to 6 months) and temporary (6
to 24 months). Most AFCS systems are designed to
meet the temporary requirements and thus are
assumed to meet or surpass initial construction
standards. Since AFCS does not include many
tacilities that meet only initial construction stan-
dards. there is a need for building types which fulfill
these requirements.

The U.S. Army Construction Engineering Re-
search  Laboratory (USA-CERL) was asked to
identify and evaluate hghtweight relocatable struc-
tures (LRS) for use in AFCS. USA-CERL has
completed 4 study to identify and evaluate LRS
being used by the military and private industry that
meet AFCS  requirements for initial temporary
construction standards.! The study concluded that,
with some exceptions, the Department of Defense’s
current inventory of LRS does not meet current
theater ot operations (10) needs.

Most of the systems identified were expensive
and cxceeded military activity requirements. Fur-
thermore, they did not adapt effectively to various
chmates without the use of mechanical systems.
Nevertheless, a commercial  off-the-shelf  system
suttable tor military use was found which met the
needs of AFCS structures under 60 ft. wide. *

Io evaluate the feusibility of the identified
svstem, two-stage field tests were conducted. The
first stage ot the study. completed in October 1983,
ficld tested the 1LRS in a desert environment at Fort
Irwin, CAC Fhis report documents the results of the

"Ran, A M et al o Evaluation of Lightweight Relocatable
Structures for e in Theaters of Operations, Techmcal Report
MO ADATITOX (LS Army Construction bngineering Re-
search b aboratory [USA-CERE) T982)

* Motnc conversion factors are tound on p. 27

TKaoo A M ctal, Feld Tesang of a Lightweight Relocatahle
Straecture i a Desert Environment, lechnical Report M-361
ADATIAG] (1S Army Construction Engineering Research
Laboraton [VSA CERL | 19%4)

WIS U WAL SUPRC PRSP, SOUE S

second stage of the field tests, in a temperate
environment.

Fort Leonard Wood, MO, was chosen tor stage
1T testing because it exhibits temperawe chmate
characteristics with respect to diurnal temperature
change, relative humidity. and precipitation,

Objective

The objective of field testing the selected | RS 1n
a temperate environment was to: (1) montor and
evaluate the erection procedures of the selected
building system to determine its constructibility,
durability, and habitability, (2) study the effect of
building modifications and various building config-
urations on the system’s habitability. and (3) con-
firm and expand on results from the first-stage tests
in a desert environment.

Approach

LRS were evaluated according to established
military construction criteria, and the system which
best met the requirements was chosen for field
testing. A site for testing the systern in a temperate
environment was selected and the system was
evaluated in terms of its constructibility, durability.
and habitability. The test results were evalvated and
modifications were suggested to improve system
performance.

Mode of Technology Transfer

It is recommended that the results of this field
test be incorporated into Army Technical Manuals
5-301, 5-302, and 5-303.}

2 STRUCTURAL SYSTEM
DESCRIPTION

AFCS Design Criteria

The major concern in LRS systems development
has been their capability to be field-crected 1n the
TO. The system must be casily shipped and erectable
in the field as well as capable of being moditied to
meet climatic or other 10 demands. A system to be

YArmy Facihies Component System-Plannig,  Techncal
Manual 5-301 (Headguarters, Deparntment of the Army [HQ
DAL March 1982) Army Facihies Component Sioviem Desigen
ITM 5-302 (HQ. DA, March 1982y dron Faclities Component
Svuem-Lognnes Data and Bills of Muatertals, 1M S 300 (HQ
DA, March [982)
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included 1 AFCS must satisty the following criteria
tor construction through standardization:

Lo Ammize the time needed to erect buillding
componcnts.

2o Muimmze weight and volume logistical re-
quirements,

3. Be container-compatible.
4. Minimize construction costs.

S, Minimize construction skills and  required
cquipment and maximize simplicity ot crection
components.

I'echnical objectives of a potential system include:

I. Compaubility with existing AFCS interior
design,

2 Fastdy relocatable.

3 Fasily adaptable to ditferent climatic condi-
Lrons

4 Adequate shelf hte.

Buased on ity ability to adapt to these AFCS
requiements, the system made by Kelly Klosure,
tremont. NEo was chosen as the best commercial
off-the-shelt system. This system offers a rapdliy
crectable structure, along with options for many
bullding contigurations. Field tests were done to
cvaluate  the  habitability.  constructibility  and
durabilits ot this svstem as they related to military
us~e

Kelly Klosure Description

The RS s o modular panciized system, buased
o b e to-in.osteel frame panel. The
husic szes of pancls are 3 - 4L 4 A8 ftand 4 X
121 and they come in galvamzed steell structural
tiberhoard. and hiberglass, Corrugated galvanized
steel and structural tiberboard panels were used for
the test

Phe pabvamized pandis are made from 2¥-pape
cotragated steel The tiberboard  panel. manutac-
tured by Stmples, has tour 0.043-in. phlies ol water-
resistant reaveled paper board. Both outade layvers
are one pivoab d0-1b hard-sized kratt board coated
with 1S nul ot polsethylene. FThe - 2 ¥-ft
walvanized steel weghs 61 1h, while the tiberboard
weighs 5% th

Fhe panel frame, cave angles, corner angles.
ridge angles. and chord brackets are all made ot
MI020 merchants bar steel. Other buillding com-
ponents include 2- X 6-in. wood chords, a 2- X 6-1n.
wood baseplate, lag bolts, guy wire system, and
Kelly Klosure keys made of zine-plated steel. The
system is “keyed” together, eliminating most nuts
and bolts: this gives quick erection and takedown
times (Figure 1). Since all the components inter-
connect readily, a variety of configurations may be
assembled using different size panels. Thus, a large
varicty of building sizes could be provided ina TO
environment in a short period of time. The system s
shipped in a storage rack of 24 to 30 pancls. with
additional components strapped on the top (Figure
2). Table | gives material costs tfor both galvanized
steel and fiberboard for typical 20- X 8- X 40-ft and
20- X 12- X 40-ft buildings.

Construction and Erection Procedures

The Kelly Klosure system can be erected directly
on unlinished ground, on & concrete slab, or on a
suitable raised wood foundation. Details of the
construction and erection procedures are in Ap-
pendix A of USA-CERL Technical Report M-361.

3 FIELD TEST PROGRAM

Test Method

At Fort Leonard Wood. the LRS system was
tested primarily for constructibility and durability
although environmental data were gathered also.

Figure 1. Kcllv Klosure key.

]
:
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Figure 2. Pancl storage rack.

Table 1
Material Costs for Galvanized Steel
and Fiberboard Panel Structures

Building Configuration Panel Insert Base Cost*
20 <% < dnh Gralvanized Steed $5.626.1K
MERERE SRS TN Structurai Fiberboard $4.672.35
200 12 Wt Galvantzed Steel $6.341.13
0042 - 30 Structural Fiberboard $5.081.90

* The cost Chune 1984y inclades the 20 percent GSA discount
to b Oy B Fremont, SELbut excludes the cost of the 2- = 6-in.
lumbur used tar the chords and baseplate

One bulding was constructed dunng cach cvcle.
One control bulding remained  in the as-built
condition throughout the testing while the other
buitldings were assembled. disassembled and modi-
ticd to polate durabihity and environmental van-
ables,

I'he builldings were assembled and disassembled
by raw troops who are at Fort Leonard Wood tor
cngimeer tratmng school and are rotated out after
cach test eyele. Thus, all construction tmes are irom
new troops with no experience in constructing Kellh
Klosure butldings and also include time spent by
troop instructors to explam erection procedure
detalls while the students assemble the structures,

A tme-talbving schedule was set up to record
man-hours required tor cach task spelled out in the

critical path method for the system. A checklist way
completed to evaluate each building's performance.

Interior and cexterior temperatures and other
weather data were also collected with a portable
data logger and weather station. The data were
compiled and plotted on graphs to cvaluate the
system’s habitability.

Support Systems Tested

Two components devised by USA-CERI. were
tested in addition to the basic components supphied
by the Kelly Klosure system: an insulating svstem
and a ground anchor.

Using an existing 20- X 8- X 40-ft experimental
structure, 2 in. of nigid foil-faced. glass-reinforeed.
polvisocvanurate foam insulation was tested on the
walls and ceiling. With a %-in. airspace.  the
imulation has an R-value of 17.2. USA-CERL
developed and built a reusable wall panel bracket
which ncorporated the Kelly  Klosure key tor
connecting insulation to the pancls. For the top ot
the pancls, 4=+ 1o« 10-in. steel plate was bent and
stotted to match the panel key openings. Two
brackets were required to hold the top of cach 4- ~
¥-ttinsulation pancel to the sidewalls. Wood strips of
o< 2n0 served as the molding and secured the
msulation at the base. Ceiling brackets were de-
signed to it over the 2- - 6-m0 chords, These were
made ot hent 20-gage galvanmzed steel metal 4 .
wide.
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Description of Test Program and
Test Building Construction

Proorest was conducted o seven oveless The
Socns ested e these aveles wre shownon Table 2
Som o pianation s needed tor the construction

san-tonos clabic 20 The construction ol the Kelly
| NGRS W oaod

copetvesad primardis bueoan Nrmy o enginecring tramn-

sructures ar bort T eenarnd Wis

e i
il st

tostrnctor amd compicted by u standard

[ conard Wood, the work progressed
slowhy with the troops tollowing exphcit muhtarny
tramming safery rules and Literal bracing schemes:
this greathy increased overall construction times. \t
Fort both USA-CHERI
military personnel worked at oy tast g pace as
the
troops at Fort Leonard Wood. the Kellv Kloswe

Irwin, and ot hrwin

possible to optimize construction times. Lo

structures were just another tyvpe ot huwldimg to fearn
to assembles while at Fort Irwing the Kelly Klosure
structures were aounigue butldimg ssstem which

allowed the troops to get avway trom thar evernvdin

tashs, However, the construction tmes - Labie 2
do decrease as the tests progress. which seems 1o
mdiwcate an mercasing tanulanty with the Kelly

Kiosure system by the troop istructors.

Baseplate/Foundation Construction

Fwo 20- + J0-1t baseplates were built on separate
semi-permanent clevated wood toundations at the
start ot the test (Figure 4. The toundation consisted

of heuvy (8-~ K-iny) perimeter beams. 2- - 6-in.
flooring supports. and -+ 120 board tloors

thrgure Sy The toundation was crected on a shight

Table 2
Fort Leonard Wood Test Cycles

norcrtiy Croe D traetng wrat o oprimaribs F-1Sy0 At
oot down ctae D eid tosess the consttuction of
[N NP oot was stpenvised by
PN CERE God compieted by Army personneld
Tl ey thaanimy backyround
cbrhcaeh bt
Crele Building 1

ot ey

NI T BN INoex

Building 2

Building 2
lotal € onstruction
Man-hours

stees and tiberboard 2N
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sy see! 119
" AN 200 12 40t using 4. 0 Nt panels
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Firec oot Panel Marerial steel structure with 12 window panels to the 20- X P
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Fhe ettect ot the panel material was evaluated by 8- X 40-ft galvanized steel control structure with -
companng the 20- < % = 30-1t tiberboard structure four window panels during test eyvele 6. The average h
with the 20- = 5o - 30-1t steel control structure in temperature difference between the test stucture with
test ovele 40 The comparison shows the good en- extra windows and the control structure was between -3
vronmental pertormance of the tiberboard structure. 0.5 to 1.0°C, which can be considered negligible .
On hot sunny days, the tiberboard structure’s 6-1t (Figures 31 and 32). Y
temperature ciosely mirrored the outdoor tempera- N 1
ture, consistentiy staving 35 to 5.5°C cooler than Effect of Insulation E
the control structure durning the daytime (0800 to I'he effect of insulation was evaluated by com- : “
I hoursy (Bigure 28y AL might, the fiberboard paring the temperature difference between test evcles -
stracture’s Bt e el temperature staved 2.0 10 2,57 C 4 and S and the temperature difference in test evele ]
cooicr than both the outside and control building 7. The insulation appears to lower the temperature ®
tornporatures about 2.0 to 3.57C in the fiberboard structure and e
4.0 to 7.5 Cn the galvanized steel structure durning T
Cnsocool davs, the tiberboard structure. control the dayvtime (0800 to 1800 hours) of moderately e
droctare and outdoor temperatures remained fairly wurm to hot davs (Figures 33 through 36). During S
constant cbware 29) wath the fiberboard structure the evening hours ot the hottest dayv. the insulated R
ot 0 S to F o € ocooler than the control strug- steel structure staved 2.5 to 4.0°C warmer than the Y
tars O ascrage davs thigh temperature 2000 ), control structure and the imsulated tiberboard strue- . 1
the therhoard stincture stased consistenthy 1O to ture staved 1.5 to 2.07C cooler than the control 8
DG Cooler than the control structure (Bigure 30). structure. On the hottest dav of test evele 70 the R
control structure temperature at the 6-ft level peaked [URE
Lot o o0 More Woandow Operines at 23 O, while the temperature at the 6-ft lesel in :
IO S
Fre tecr o more window opemings was eval- the isulated steel structure peaked at 26 C (bigure ®
NEREREETES & SO S S T8 A VFI FECI Mo N 10-11 gAl‘\.lnl/k‘d 15, 1
o
»"‘
"L
23 o
"l
‘-‘_‘
B
e e e A a_a_ A laamar s o Emiaaaas ., A A r EIURE RSN ! B Y L‘-‘L'-'."”-P S Bhm




GRS Rl A B 0e At St ite Jae dne A S e 4 S A b dadbiel A A I A i

Figure 25. Gable and endwall moisture damage.

Figure 26. Guble moisture damage: buckling of fiberboard and delamination of surtace matenal

trom Kelle Klosure is @ new system and  the
trtherhourd pancls used at Fort Leonard Wood were
dhvo used e the Fort Trwan field tests and have,
thus. heen exposed to weather for over | ovear.
Fmproved tiberboard pancels, with caulking around
all oxtenior pvets and externior steel frame edges. are
now  bhong tested at Fort Leonard Wood., No
noticeable detenioration has been observed on those
pancis Howevero it as apparent that turther desel-
opment work s required
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Habitability Test Results

I his section interprets the weather dati collected
at Fort Leonard Wood, Duning the test oveles,
temperatures were recorded in both the test and
control structures and outdoors. The extreme tem-
peratures were recorded from data, and graphs were
made for the extreme davs. The temperatures at the
6-tt level were chosen tor comparison since most
occupants will teel the zone around the 3- 1o 6-4t
level
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Figure 24. 1.ateral bracing schemes.
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Figure 23. Wood knecbrace attachment to chords and sidewalls.

Guvless Design

Work has been progressing on a guyless design
for a 20-ft-wide X &-ft-high structure. The experi-
mental wooden kneebrace system, used in the 20- X
%- < J0-1t fiberboard test structure at Fort Leonard
Wood, is one way resistance to lateral forces could
be accomplished. The toundation also needs to be
investigated turther. A ballast-type foundation needs
to be ncorporated into the guvless design to resist
the uphitt on the building. Several other types of
lateral bracing svstems (Figure 24) were considered
by USA-CERI. Atter consulting with Kelly Klosure
and conducting some preliminary independent re-
scarcho it has been determined that there are two or
three possible miethods for eliminating guy wires.
Further rescarch will be done in FY®S to resolve
toundation baseplate detatls tor various soil condi-
tons and to determine the optimum lateral bracing
scheme

Durability Test Resulis

Ihe gabvamized steel panel buildings showed
almost no durability problems. more than mecting
current ABFCS reguirements for temporary structures
ma 10,

I he hiberboard system exhibited several problems
not previoushy noticed m the desert ticld tests. The
tiberboard panels tested at Fort Leonard Wood

20

exhibited extreme weathering problems. Figures 25
and 26 show peeling and delamination of the surface
coating (polyethylene) from the fiberboard base
material. This problem was most prevalent on the end-
wall gable sections. but also occurred in other areas.

Another problem first noticed at Fort Leonard
Wood was the wicking of moisture by the fiberboard
around the panel’s perimeter and the interior
crossbrace rivet points. The fiberboard panels were
not caulked on the outside around the edge of the
steel frame. This allowed moisture to scep down
between the frame and fiberboard panel base and
then up through the layers of fiberboard. causing
swelling and delaminating at the panel base (Figure
27). This type of moisture problem was also obvious
around the points where rivets attach the fiberboard
to the interior cross brace. A perfect circle of
swollen, wet, delaminated fiberboard formed around
many of the interior crossbrace rivets. In the carly,
wet spring weather, moisture damage was visually
noticeable in 50 percent or more of the tiberboard
panels in the 20- X 8- X 40-t structure.

Although the damaged fiberboard doces not. in
itselt. allow  moisture - intrusion, it does  greatly
reduce panel strength and consequently the amount
ot handling and relocation that can occur without
damage. Admittedls. the fiberboard panel system

.
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Figure 21. Damaged panel ends.
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- Figure 22. Wood kneebrace system
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Klosnres standard sinvt tapes o standard oft-the-
shadt silicone caulk. and an clastomeric copalvmet
canth (trade name Mg Scadr These weather seal-
e matenils woere apphied an temperatures tanging
° trom approsimately 9 C 1o 21 € In the coldest
weathor, the tape mteral did not adhere well to the

v

werery
]

| n v 20 gl g
Fl

b
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d Figure 20. Frection of 2X-
-
-
C Weather \HI/IIIL’
P Fheee tvpes of panel ot weather sealing
3 muatorial were used at Fort Teonard Waood  Kelly

K- = 32-1t test structure

steel trame. The caulking, both the sihicone and
clistomenie copolymer. adhered well but did not
tlow out of the tube castlv. Atter preheating the
caulking tubes by holding them above an open tire.
the caulhing apphed casilv to the cold steel trame
However. this procedure was done only under emer-
geney condittons and s not recommended. Caulking
shoutd be stored at room temperature until v s
needed
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the cave angle connection bolt regardless of recom-
mended erection procedures, a new oblong-shaped
countersunh bolt will be used by Kelly tn the future.
It matches the shape of the stot in the rootf panel
frame and. thus, has more bolt head surface area to
bear on the panel’s steel frame (Figure 18).

In the third test cycle, a 20- X 12- X 32-ft
galvanized steel structure was constructed out of 4-
x 12-tt pancls. The 32-ft structure length was used
because of a lack of 4- X 12-ft galvanized steel
pancls. ( Many of the 4- X 12-ft panels were damaged
when used as roof panels on the 28-ft-wide struc-
ture.) The use of 4- X 12-ft pancls tor the sidewalls
allows a 12-ft-high building to be erected using a
4-ft-wide bay section. This type of 12-ft-high struc-
ture can be manually erected as well as crane erected:
however, manual erection is not recommended on
an clevated toundation. Using a crane, the 20- X 12-
X 32-11 structure was erccted in 216 man-hours.

The reason tor the extremely large number ot
man-hours 18 that the structure was completed by
two separate troop crews over a 7-dayv period. Thus,
a duplication of explanation and training greatly
slowed the erection process.

28- « 8- ~ 32-ft Building. 1he 2%-ft-wide struc-
ture was erected to turther test the flexibility of the
panclized building system and to examine the Kelly
Klosure crection process which uses a bolted steel
structural framework. The 28-ft-wide building was
crected on an existing concerete pad foundation onto
which a4 2- « 8-in. wood baseplate had been at-
tuched. The structure was erected on a snowy. cold
December dav (Figures 19 and 20), in 128 man-
hours. A crane was used to lift cach bay section into

Figure 17. Old stvle round tlat head bolt.
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place. During the crection of the first bays. which
included the endwall section. several roof pancls
were damaged by the brackets used to attach the LT
fifting cable. The endwall's extra weight caused the N

brackets to bend up the steel angle on the 4-ft panel
edge (Figure 21). This problem occurred only in the
bay sections which included an endwall section. In
the tuture. when crecting end bay sections, troops
should include only the gable panels of the endwall.
T'his will alleviate the problem by hghtening the end
section significantly.

Fiberboard Panel Buildings

Oniy one size fiberboard panel structure was
used: 20 X 8 X 40 tt. In the tourth test cvele, a
fiberboard structure identical in size and configura-
tion to the control building was crected n 150
man-hours.

Kelly Klosure structures are difficult to erect on
clevated toundation baseplates because of the inter-
1or bav section’s lateral instability. When erecting an
interior bay section. the lack of space for troops to
step on outside the buseplate perimeter makes it
ditticult to counteract any quick lateral shift of the
bay scction. Fiberboard panel bay sections. being
even more flexible than steel panel bay sections,
need some type of bracing to facilitate quick cree-
tion. Thus, the troops crecting the fiberboard panel
structures devised a semi-permanent wood kneebrace
type support (Figure 22). The wooden kneebrace
was made of standard 2- X 6-in. lumber nailkd to
the 2- X 6-in. chord member and to each 4- X &-ft
wall section frame (Figure 23). The kneebrace kept
the bay secton rigid and prevented all lateral sway
during crection.

Figure 18. New stvle oblong tlat head bolt.
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Figure 15. First step of modified erection process.
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Figure 16. Interior of the control building.
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speed. wind direction. and solar radiation. Thermo-
couples and or thermistors were mounted at the |-
te, d-tro 6-ft. K-tt. and 12-ft levels within cach
building. Refative humidity probes were mounted at
the 6-tt level. Wind speed, wind direction, and solar
radiation probes were mounted on a steel pipe
attached to the control building (Figure 14).

4 FIELD TEST RESULTS

Constructibility Test Results

Galvanized Steel Panel Buildings

Several sizes and configurations of galvanized
steel panel structures were used. Following are brief
descriptions and explanations of the test results for
cach steel panel structure configuration.

20- < §- < 40-ft Building. Since the 20- X §- X
40-1t galvanized steel control building was the first
demonstration of erection procedures and  was
erected in the rain, detailed construction times were
not recorded. USA-CERL personnel assisted in the
erection process. The elevated foundation made 1t
difficult to erect the structure because there was no
place to stand while erecting the end sections (im-
possible by standard Kelly Klosure procedures tor
the highest elevated endwall). The tirst step of the
modified procedure required to erect the highest

LA e (Y

clevated endwall is shown in Figure 15. Erecting the
panels by manually rolling up the 4-ft-wide bay
sections was difficult and haszardous on the clevated
foundation. (Using a crane is. thus. highly recom-
mended when installing the structures on an elevated
foundation.) The interior of the completed control
building is shown, with instrumentation in place. in
Figure 16.

20- X 12- X 40-ft Building. Scveral cyeles of 20-
X 12- X 40-tt structures were assembled to test
specific types of panel configurations (Figures 9 and
10). In the second test cycle. a 20- X 12- X 40-f1
galvanized steel structure was erected in a total of
119 man-hours, with 4- X §-ft stiftback panels used
to construct the 12-ft sidewalls. In addition, a 12- <
12-ft vehicle door was included in one endwall. A
crane was required to erect the ¥-fi-wide bay sec-
tions.

During the second test eycle. several round coun-
tersunk flat head bolts pulled through the slots
(Figure 17) which connect the cave angles to the
roof panels. It was finally determined that the troops
were over-tightening the bolts with a socket wrench
(Kelly Klosure's erection guide specifies finger-tight)
and conscquently, pulling the bolts partially through
the roof panel slots. Thus, when the bay sections
were crected and the connections stressed. the pre-
viously deformed bolt heads pulled through the roof
panel slots and the connections failed. Since per-
sonnel would probably use some type of wrench on

Figure 14. | xterior weather station,
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sheets ot Thermax foam insulation (manutactured insulation was added to the steel structure used in v
by Celoten) were instalied. Tt took seven people 10 test evele sin -
hours to install the istallation posts,
Sivth Test Crele Instrumentation -@
Fhe sinth test ovele began in mid-May and was To dclclr:nn]:lhc system’s habiability. d"::‘ m”:; .
finished 2 weeks later. with the construction ot a 20- the control building were compared to data obtaine
< 30-1t galvanized steel building having X-1t side- Unm the test l‘_”“““r“‘ using the outdoor condi-
walls tFigure 12). This test structure was identical to tions as a buscline. o
the control structure except that it had 12 window _ ';"'
pancls instead of the control structure’s tour. The instrumentation used i the tests was i
| Campbell Scaientific CR7 measurement and control 3
: i Seventh Test Cvele ssstem (Figure 13). Phe CR7 monitored both -
Lo I he seventh test evele began in late May and was temperature and relative hunudity inade and outside ..
t'- tinished nocarly June. In this cvele. 2-in0 foam the buildings. 1t also recorded the extenior wind T
P 2
3 -
o .
b N
P'.‘
F A
P .. -
s e
(] .
Figure 11. Fiberboard test structure Figure 12. Steel test structure (20 x 8 X 40 1) .
(20 - 8 = 40 tu). with 12 window panels. o
e
-
o
L
. . L J
Figure 13. C'R? instrumentation
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Figure 9. Toest structure (20 X 12 % 30 ft) using
4- ~ 8-ft steel pancels with equipment door,

Figure 10. Galvanized steel test structure
(20 X 12 X 32 {t).
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Figure 4. Tost structure and control structure on elevated wood baseplates.

Figure 5. Elevated wood foundation.

grade. which required the use of concerete block and
tumber shims to level the baseplate (Figure 6).

First Test Chele
The tirst test ovele began in carly November with

the construction of the control building. made of

galvanized steels 20- 2 dd-te with K-t sidewalls
thigure 7). This buillding remained up throughout
the test oveles. In mid-December. a 2%- » 32-ft
building with 8-t sidewadls (Figure ¥) was con-
structed onoan exsting conerete pad  near  the
control building. This structure used both steel and
tiberhoard pancls and was constructed in 16 hours
by an cight-person crew,

Second lest Cyele
[he second test ovcle began an carly February
and was completed inomud-February, Inothis tests a
200 - do-t steel building was ciected wath 12-tt
stdewalls. The sidewalls were constructed using 4-
hl

N1t opaneds wath 2- ¢ 6 0 12 wooden stitthack
columns to torm X-tt bavs thigure 990 This building

had one personnel door and one vehicle door and
was completed in 17 hours by a seven-person crew.

Third Test Crele

The third test cvele was begun in mud-February
and finished in carly April. This cyele tested a 20- X
32-ft steel structure with [2-ft sidewalls, built using
4- X 1241t steel panels (Figure 10). This building.
which had two personnel doors. was buillt in 24
hours by ninc people and was disassembled in 8
hours by 10 people.

Fourth Test Cyele

1 he tourth test evele ran trom carly to mid-April.
In this cvele, tests were conducted on a 20- >~ 40-11
fiberboard building with 8-tt sidewalls (Figure 1),
I'his structure was erected with two personnel doors
in 15 hours by 10 people.

Fifth Test Cyele
In the tifth test evele, the same structure was used
from the tourth test evede. but 2-ins thick. 4- > 8-f1
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Figure 32. Temperatures at the 6-ft level for the
control structure and steel structure with
extra windows (cool day).

Figure 31. Temperatures at the 6-ft level for the
control structure and steel structure with
extra windows (warm day).
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Figure 33. Temperatures at the 6-tt level tor the
control structure and the insulated
fiberboard structure (warm day).
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5 CONCLUSIONS AND
RECOMMENDATIONS

The stage Hotests at Fort Teonard Wood not
onh contirmed results from stage 1 tests at Fort
Irwin. but also exposed some deticiencies in the
fiberboard ssstem which did not occur in a desert
environment.

I he corrugated steel panel systems satisty AFCS
requirements tor both inttial and temporary (0 to 24
months) construction. but unless some change is
made. the fhiberboard panels cannot meet AFCS
durability criteria.

In terms o construcubidity . the 12-1t-high build-
ings made ol 3= - 8-t pancls were more difficult to
crect than K-ft-high buildings. The 12-ft buildings
required a crane to crect the section, which became
unstable on the toundation baseplate. The stiffbacks
did not help much. so troops devised a temporary
knee-brace.

In the arca of durabihity. the galvanized steel
butlding had no problems under the test conditions.
ft can be expected to perform as well as any gal-
vanized steel skin building currently available.

Fhe fiberboard system showed severe durability
problems in moist weather. Damage was noticeable
in more than SO percent of the pancls in the 20- X 8-
= 30-1t fiberboard test structure. The panel’s wicked
m monsture around their edges and the interior
crossbrace rivet points, causing them to peel and
delaminate. This greatly reduces panel strength and
the amount of handling and relocatabihity that can
occur without damage. Further tests are being done
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at Fort eonard Wood on pancls that are caulked
around all externior rnvets and exterior edges The
manutacturer s also conducting tests on ways Lo
improsve the fiberboard pancls.

Newther the Kelly Klosure ground anchor nor the
USA-CERL manufactured pipe anchor worked well
i the loose. roeky soth at Fort Leonard Wood. The
Kelly Klosure auger anchor was almost impossible
to get down into the soill and the USA-CERI
anchor casily pulled up through the sotl. Further
research has been funded for FYXS to determine
whether a guyless, lateral bracing system can be
used. A technical report will be published about
that project.

Habitability tests showed that the tiberboard
structures are cooler than steel structures. On hot
days, the fiberboard structure measured 3.5 10 5.5 C
cooler than the steel control structure.

Two building modifications were made in an
attempt to affect the structural habuability. More
windows were added to a steel building, but thar
cooling effect was negligible. Modifving the build-
ings with insulation gave the greatest habuabihity
benefit. Adding insulation to a galvanized steel
structure decreased the maximum temperatures 4.0
to 7.5°C, and adding insulation to a fiberboard
structure decreased the maximum temperatures 2.0
to 3.5°C. Fiberboard structures are almost as cool
as insulated steel structures, but insulated fiberboard
buildings are only slightly cooler than insulated stecl
structures.

Unless the fiberboard moisture problem is cor-
rected. insulated galvanized steel structures would
be the better choice, based on durability and
habitability.
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