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EXPERIMENTAL MEASUREMENT OF STRAIN AND ACCELERATIGN LEVELS
IN A RIGID WALL SHELTER SUBJECTED TO ENVIRONMENTAL LOADINGS

INTRODUCTION

The Army designs and fields a large number of various types of rigid wall tactical
shelters. In the closed transportation configuration the shelters serve as their own shipping
containers, with space for many component items to be stored inside during shipment.
After being moved to a site for deployment, the shelters are leveled; some can be expanded
to two, three, or even six times the original floor area, and the associaten .clponents
are then positioned for immediate use. Presently rigid wall shelters are used in as diverse
field capacities as kitchens, bakeries, latrines, hospital units, administrative areas and
command posts.

A new generation of Army shelters is being developed which have a standard
transportation configuration designed to comply with the ruquirements of the International
Organization for Standardization (ISO). As ISO standard containers, they can be
transported internationally by ship, truck, rail and air and are compatible with both military
and commercial freight handling equipment.

The Army's ability to produce and field these tactical shelters has progressed more
rapidly than its ability to accurately predict critical stress distributions induced in the
shelters by applied environmental and transportation-related forces. Knowledgeof the stress
distribution is required for both a fundamental understanding of the shelter's load-carrying
capability and as a basis for the most efficient structural desig,'. Lack of this knowledge
presents a technical barrier hindering advancement of the state of the art of tactical shelter
design.

A combination analytical and experimental proqram has been initiate-I at the Natick

Research and Development Command (NARADCOM) in order to surmount the technical
barrier. The analytical phase of the program is concerned with investigations of the effects
of environmental loads on shelters through the use of theories of solid mechanics, elasticity

and computer modeling. The experimental phase of the program is concerned with the
measurement of the stresses in both the basic construction material, that is the composite
panel., and the complete shelter under simulated and actual loads. Results of the
experimental portion will be used both to verify the analytical theory and to"provide
factual data on the mechanical response of existing shelter systems.

This report details the results of one part of the program: an experimental study

to determine the strain distribution profile and acceleration levels induced in a prototype
three-for-one expandable ISO-type shelter by loads typical of the commercial and military
transportation environment. Results of a complementary analytical study' and results

'A. R. Johnson, and V. P. Ciras, "Finite Element Analysis of a Statically Loaded ISO

Tactical Shelter," NARADCOM Technical Report, under preparation
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ol studies:,3 of stresses in the basic sandwich panel construction material will be reported
on separately.

OBJECTIVE 1
The ISO three-for-one expandable shelter selected for test is one of several different

prototype units initially constructed to demonstrate the feasibility of the concept of an
ISO-type family of Army tactical shelters. The obje':tive of the study is to exr-2rimentally
determine the response of the instrumented unit - controlled loadings typical of the
transportation environment. Results of the study will piovide experimental data on the
strain distribution pattern in the shelter for use in the complementary finite element
analysis and will highlight strengths and weaknesses of the new design. Only
transportation-type loadings are considered. Loadings that the shelter would sustain in
tile deployed configuration such as wind, solar, or snow loads are not addressed in this
study.

DESCRIPTION OF THREE.FOR-ONE-SHELTER

The three-for-one (3/1) expandable prototype was constructed by the Brunswick
Corporation, Defense Division, Marion, Virginia, under contract to the Natick Research
and Development Command as a conceptual model of a standardized general-purpose,
rigid-wall shelter with a moderate Pxoansion ratio.

In the closed transportation configuration, Figure 1, the shelter is designed to the
dimensional and strength requirements of the International Organization for
Standardization type 1C freight container. As such, it must meet the various strength
criteria required of certified containers. It measures nominally 2.4 metres high by 2.4
metres wide by 6.1 metres long, has a mass of approximately 2,722 kilograms and a payload
of approximately 4,082 kilograms.

In the habitation mode, Figure 2, both sides are expanded to form an inclosed,
enviromentally controlled, lighted shelter approximately 2.4 metres high by 6.4 metres
wide by 6.1 metres long with about 39 square metres of usable floor space.

'A. R. Johnson, "A study of Transversely Loaded P .,els Used in Tactical Shelters,"
NARADCOM Technical Report, under preparation

'F. D. Barca, "Experimental Measurement of Strain and Deflection in a Uniformly Loaded
Simply Supported Composite Panel," NARADCOM Technical report, Natick/TR-79/018,
November 1978
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specitications'-" for shelters, however, generally specify some or all of these tests,
although the requirements for a particular test may differ between specifications. Military
specifications' , for 6.1 -metre containets, on the other hand, generally do not specify
any of these tests.

The specifications referenced are not intended to servo as an all-inclusive list. They
demonstrate the fact that one military transportation environment for all container/shelter
combinations has not been defined. The design engineer selects those requirements, or
specifies additional requirements, ,vhich in his best judgment are applicable to his item.
The specification requirements, however, are a result of years of experience and, as such,
were used as a rational basis for defining a series of composite transportation environment
tests tailored to the 3/1 shelter. Figure 3 is a listing of the test requirements specified
fot similar container/shelter combinations and the test requirements finally selected for
the 3/1 shelter as representative of its transportation environment.

The stacking, top lift, bottom lift, end wall, and side wall tests selected are identical
to the national standards.

The restraint, racking and lashing te.ts selected are also identical to the national
standards with the exception that a one-minute load duration has been added, The
one-minute duration standardizes the static simulation of a dynamic condition and prohibits
different technicians from applying the loads at different rate:s and fzr different time
periods, possibly resulting in non-comparable data.

'Military Specification MIL-S-28931, Shelters, General Purpose: Expandable,
Transportable, 30 June 1969

'Military Specification MIL-S-43898A, Shelter, Multi-Purpose (MUST), 30 January 1975

'"Military Specification MIL.S-43915, Shelter Expandable for Medical Unit Self-Contained,
Transportable (MUST), 27 December 1974

''Military Specification MI L-S-55286A, Shelter Electrical Equipment S-280 ( )/G, 9 March

1973

I Military Specification MIL-S-81030D, Shelter, Air Transportable, Aircraft Support, 12

March 1974

"Military Specification MILC-52661A, Containers, Cargo, 25 June 1974

'4Military Specification MIL-C-52788 Container, Refrigerated, 8 Ft X 8 Ft X 20 Ft,
Insulated, 14 May 1974

12
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Only the 300-kilogram (660-pound) portion of the ANSI roof load test was selected.
The 1.11 times the design payload in the upward direction portion of the test is intended
for containers with multi-unit resilient lading which could bear against the roof in air
shipment ano is not representative of the 3/1 shelter.

The railroad hump, truck transport, dolly transport and towing tests are a blend
of the other tests listed and appear to be a realistic compromise.

The drop test is based on Federal Test Method Standard No. 101 B,1 s Methods 5005,
5007 and 5008 and therefore the common froe-fall, flat-drop test is not included. The
one 46-cm (18-inch) flat and four 46-cm edge drops normally extracted from
MIL-STD-810CI 6 for container tests were intentionally not used because the standard
expressly states that they are not representative of the logistics shipping environment
experienced Iy shipping containers.

The ANSI floor strength test which includes operation of a forklift truck on the
floor and also a uniform static load on the floor is not listed because these conditions
apply to a container primarily intended to transport cargo and are not applicable to the
3/1 shelter.

A detailed test plan was prepared to subject the 3/1 shelter to this composite
transportation environment and is included as the Appendix to this report.

INSTRUMENTATION AND DATA ACQUISITION SYSTEM

The shelter was instrumented with seven accelerometers, twenty single-element strain
gages and seven strain gage rosettes as shown in Figures 4 through 7. Forty-eight channels
of information were therefore available, although all sensors could not be activated in
all tests.

The accelerometers were CEC/Bell & Howell type 4-202-0001 linear unbonded strain
.ige bidirectional models with four-active-ar-m spring-type sensing elements. The sensors
mounted in the vertical, longitudinal and transverse directions had ranges and approximate
natural frequencies of: ± 15 g, 530 Hz; 1 10 g, 400 Hz; and ± 5 g, 300 Hz, respectively.
The floor-mounted accelerometers were positioned in a tri-axial configuration.

The single-element strain gageswere BLH type FAE-25-35-S 3EL. The rosetteswere

60" planar BLH type FAER-50D-35-S13EL. Bridge completon networks, BLH type

s Federal Test Method Standard No. 101B, Preservation, Packaging, and Packing Materials:

Test Procedures, January 15, 1969

'Military Standard 810C, Environmental Test Methods, 10 May 1975
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ACCELEROMETERS

50

25k340/ 29 26

25 FLOOR, CENTER, VERTICAL
26 FLOOR, CENTER, LONGITUDINAL
27 FLOOR, CENTER, TRANSVERSE
28 FLOOR, QUARTER, VERTICAL
29 FLOOR, QUARTER, LONGITUDINAL
30 FLOOR, QUARTER, TRANSVERSE
50 ROOF, CENTER, VERTICAL

S!NGLE AXIS GAGES
336

10 98 7 634

3
49 33

15 14 13 12 11 1 32
1,3,5 VERTICAL COLUMN 31

6-10 LONGITUDINAL, TOP
11-15 LONGITUDINAL, BOTTOM
31-33 TRANSVERSE, BOTTOM
34-36 TRANSVERSE, TOP
49 LONGITUDINAL "I" FLANGE

ROSETTE GAGES 2 2
1_. ~ 2k-- 24f 2j

_________22

1 44 45S 20,411 4 l 3 4 7 3 9 4 8 l1 4

17 16
16-18 FLOOR, CENTER, INTERNAL
19-21 SIDEWALL, CENTER, EXTERNAL
22-24 ROOF, CENTER, EXTERNAL
37-39 SIDEWALL, QUARTER, EXTERNAL
40-42 SIDEWALL, CENTER, INTERNAL
43-45 ENOWALL, EXTERNAL
46-48 SIDEWALL, QUARTER, INTERNAL

Figure 4. Sensor Layout Sketch.
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Figure 5. Detailed Sensor Layout.
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BCNA 2-0B-350, were used with each gage to form a full four-arm Wheatstone bridge
,n:i were mounted on the shelter adjacent to each measuring strain gage. Each active
(age was mounted with Eastman 910 adhesive and protected with a weatherproof barrier
niaterial and aluminum foil.

The magnitude of the tensile and compressive loads was monitored with eithei a
BLH Model T2P1-50K or a Transducer Inc. Model BTC-FF-4?-CS-100K general purpose
load coll.

The signal conditioning and recording equipment consisted of two Honeywell Model
826 and four CEC Model 8-108 bridge balances, an appropriate number of CEC type
7 315 galvanometers and two Bell & Howell Model 5-134 light beam recording oscillographs.
The galvanometers have an undamped natural frequency of one-hundred Hertz and a flat
frequency range of zero to sixty Hertz.

EXPERIMENTAL PROCEDURE

The container was chained from the top corner fittings to a level-deck, !ow-bed,
semitrailer for the truck transport test. The instrumentation was placed inside the
container and a portable generator was used to power the oscillographs. Steel weights
were used as ballast to simulate a uniform payload, The cross-country traverse was
COnLductd over open fields.

The ISO static load tests could not be duplicated exactly because the specia!ized
loading fixtures required to conduct the tests in a rapid manner were not available locally
and tests of just one unit did not justify fabricating them. Simpler, less precise methods
of applying the loads, however, were improvised. These methods required that the
container be rotated to position it for various tests and prohibited the use of a uniform
floor load in the vertical stacking test. Although these loading techniques were not the
most efficient, the results obtained were completely adequate for the purposes of the
Study.

The container was positioned on top of a large concrete platform into which various
hold-down devices had been positioned to restrain the shelter during loadings. The
compressive loads were applied with a 445-kilonewton (50-ton) hydraulic jack and the
tensile loads were applied through an appropriate cabling setup with a 356-kilonewton
(40-ton) portable crane. Figure 8 is an overview of the test setup showing the concrete
piaticrrm, the instrumented 3/1 shelter, the portable crane, and in the left center, a second
shelter (with a red cross) used to house the instrumentation.

19
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toscilIlogr arrs ildicaited several spikes oft 100 g's at 1I )HertZt Tho'seta te noV1ted bLI

atetobetglord ecus ( 1) tue am1plitude (100( gs) exed h coe titrcapcrbi Ii y.
2) tlIr vitir at ion frequenIcy (100 Hz) is thet s~rtrr ais thelt! nra I ft ~qegltoty of tire,
Ivaliotriettr (an iruneirable conrd it ion) and~ also exceeds tillieftat f r eqLi orcy t 11(10 Of t0le

,lvuttotnetters, and (3) tue IGCO g Jriiphita~de is trot conlsistent With tillie gravel toaid,
crOSS coutryt O (It pbliShed daita. The 2.5 aidl 9g sp ikes tnoted dutring graveilroad aid

toin ttsaeas spCt becaUse Of thle I reqjLVIC e tic esoIls. F itu to 9 shows tilie sliett'

triO0tnl ted Oin tilt flatbed dunring tilie paved hi ghway tt aver so. Thue shrelt er did Ilot sustaiti
itlry (litlaglo (4 i rig truck transport,

T iltoly signifwiant tranlisportio Strauins rtXot Ued WtO tf tlyl tit towingk tests.
I ires ocetii e wfri le thle shelter was beir't, towed( inl tilie dir octio otawa' o Iii tili'
ittstru it ioited tr atsverse memiber, When thet shelter" was towed illtite opposite dir ectioti,
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Table 1

Truck/Tow Transport Acceleration Dataa
A Amplitude in g's (Peak to Peik)

f =Frequency in Hertz

Sensor Paved Gravel Tow Cross
jjiphway Road Co___ _____

A f A I A f A fk

25 0.4 35 1.1 4 0 1 .3 2
0.6 20 0.8 3 . 0 .

26 0.2 30 0.4 40 0 0 Random
0.3 30 - - 0.1 100 0.2 Spikes

27 0.2 50 0.2 45 0 0 0.3 2
0.5 20 0.4 25 0.1 100 0.2 0

28 1.4 4 2.1 4 0 0 0.7 5
0.6 7b 0.9 5d 0.3 100 2.4 4

29 0.3 30 0.3 30 0 0 0.3 4
0.4 7 1 30 - - 0.3 0 0.7 3

30 0.2 25 0.4 25 0 0 0.1 0
0.3 20 0.3 45 0.1 50 - -

50 0.5 35 0.4 400 0.1 70f 0.7 4
0.9 30 1.6 4+30 0.3 75 1.5 5

NOTES: '

aThe acceleration and frequencies tabulated are representative values which envelope the
recorded data.

b 0g spikes at 100 Hz, (exceeds accelerometer range).

i ('711z base wave carrying 30 Hz wave.

(9g spikes at 100 Hz (poor frequency match).,

( 4 Hi base wave carrying 30 Hz wave.

f2.5 g spike at 100 Hz (poor frequency match).
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Table 2

Truck/Tow Transport Micros-.rain Data*
A =Amplituide in Microstrain (Peak tc Peak)

f =Frequency in Hertz

Sensor Paved Gravel Tow Cross
High ay Road _________ Country

A f A f A f A f

11 180 35 0 0 0 0
267 35 360 30 - - No Data

Available
120 0 90 3 180 0
12- - 180 4 390 0

13 0 0 0 0 90 0
- - --- 450 0

14 0 0 0 0 0 0

05 0 0 0 0 0
- - -- - 267 0

31 0 0 0 0 980 0
- - - - 360 0

32 4 - No Data 1600 0
620 0

33 180 35 180 35 360 0

____ -_ 710 0

NOTES:
*The strains and frequenc. tabulated are representative values which envelope the
recorded data,
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gages 31, 32, and 33 were destroyed by the plowed-up dirt. The shelter could not be
towed as planned over a rough plowed surface because the base of the end wall dug
into the ground. The tow tests were therefore conducted over a hard packed gravel surface,
not without some difficulty and plowing action as sho n in Figures 10 and 11. Three
transverse floor support channels located under the floor were bent and pulled loose during
the tow tests and had to be repaired before static load testing.

Roof Load

As expected, no appreciable strains were recorded during the 300-kilogram
(660-pound) static load roof test.

Lower Longitudinal Restraint and Lashing (Compression)

The lower longitudinal restraint test requires that the container, loaded to a total
mass of 6,804 kilograms (15,000 pounds), and secured through the bottom aperture of
a bottom corner fitting, have a force of 60 k'ionewtons (13,500 pounds) applied
longitudinally through the bottom aperture of the bottom corner fitting at the opposite
end of the container. The lower longitudinal lashing test is similar but requires that a
longitudinal force of 150 kilonewtons (33,600 pounds) be applied normal to the lower
corner fitting of an empty container.

The lower longitdinal, compressive restraint and lashing tests were conducted
simultaneously, but net in strict accordance with the ISO test plan. The shelter contained
a payload. The force was applied normal to the corner fittings and gradually increased
from zero to 150 kilonewtons. Therefore, the requirements of both tests were basically
accomplished, but not exactly, by the application of one load.

Oscillographic records of surain and load were generated continuously from zero to
peak load during the test. A summary of thesa oscillograms at several discrete load
increments selected to give a representative profile is presented in Table 3. A plot of
the table strain versus load data, foi the most active gages, is presented in Figure 12.

No shelter damage was sustained during the test.

Lower Longitudinial Restraint (Tension)

The 60-kilunewton lower lonc'tudinal tensile load was applied in accordance with
the test plan, except the point of application was through the corner fitting side aperturf-.
not the bottom aperture. The recorded strains are summarized in Table 4 and plotted
in Figure 13. No shelter damage was noted after the test. !4

Upper Longitudinal Lashing (Tension)

The 100-kilonewton (22,400-pound) upper longitudinal load was applied in accordance
with the test plan except the container was positioned on its side, and raised slightly

25
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Table 3

Lower Longitudinal Restraint and Lashing (Compression)
Microstrain Data*

Strain Load (Kilonewtons)
Gage 44.5 89.0 149.5 155.7

11 -265 -560 -1020 -1070
12 -125 -350 -615 -630
13 -125 -350 -700 -720
14 --210 -385 -665 -685
15 -405 -840 -1335 -1350

16 0 0 0 0
17 -20 -55 -90 -105
18 -55 -90 --160 -175
19 0 0 0 0
20 0 0 0 0

21 0 0 0 0
32 +20 +35 +70 +105

0 0 0 0
38 0 0 0 0
39 0 0 0 0

46 -105 --300 -545 -560

NOTES:
'Tensile values positive.
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Table 4

Lower Longitudinal Restraint (Tension)
Microstrain Data*

St .rai-n Load (Kilonewtons)
Gage 22.2 44.5 60.0

11 +335 +615 +755
12 +210 +405 +525
13 +175 +350 +475
14 +230 +350 +510
15 +385 +580 +755

19 0 0 0
20 +20 +35 +55
21 -20 -20 -35
31 +35 +90 +125
32 0 -35 -55

33 0 -20 -20
37 0 0 0
38 0 0 0
39 0 0 0

NOTES:
Tensile values positive.
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off the grlound With) pads as shown Iii f iiure 14 to facilitate load applivcatioi. The data
'Imeratedt arr e presvited InI l-aie 5 and Figure! 15. No shetlter darript, was irotmdi ing(

thet test.

Veti tical Coli~mm Lashing (Compression)

IIhe conIptViV esivevt rld co0 1.11inn lashing( test Was conducted( twice Ill '..ccor dance With
htst piln exceipt t he cor darnerf Was positionedi onl its side to fac Ih!. W load appli cat ion

an~dtite desired load of 300 kilonewtons (67,200 pounds) Was rnot attained becauise th
load cell indication wa1s mlisread and thet load Was ter inlated short oft thev speified valuei.

The data arte piesented inl Tabil 6 and Fgi(Je 16. Onl thet fir-st runl, 01110 Or- po1SSibly
mlore bolt% seculringi the uipper fittingi ito thet ver-tical coIlumnI failed. After the second
Itiun, all six bolts definlitely hald 1emi shevared off. Figure? 11 shows thet upper colie
fit~fiuisti ons dicosdthalu otsc l t stheat ffiighd rwot belts o ut sanu i ainst liu'
pfaii wit fou iolts coletely sha ittll off d two1bots b.1 oken1 but amme1t d Sfk~ inil ple
vrtical columnim A tpp oft appr o xmate I y 63 mill had vx~istedi and t her eort, most of thet
compesive load wa1s tliIanSfen rd fi0orn thet fittingi to thet co)Ilumnl throughi thet six bolts

and hece0uh prematuret failure'.

Stack mug

1 he siack inrg teist was attempte'd after co nip letion oft thet conir ssive, vrt rca I co Itimu
lashing te!St Witt wt replacingi the bolt$ which hald sCUred thet upper10 fitting. Although
tit, si bolts no lollger secure'd thet fittingi, thet fittingt 11oW rested sIONu ll thlt vertical
colun in and pi ovitided a pro per load paMt Ii orth 0 co n0~ipIViV e0ivloa. Theit lash ig test had
disclosed a detsignl deficienlcy ill mlountingi oft the I ittigi, arnd it Was ea4sorred that even
With) the daiiiaged fitting, thet grevater stacking) load 001uld S~till hel uised aS a1 Villid test Of
thet vet t l colul in.

1ilhe cor t nter11.1 waS positilri for stackig ill theit, ' riaIras for Vvirtical Co lurmn
larshinrg, onl its sidev with itri payload. Tihl stack inig load was off set towaf d theI cetertV
tif tile coiltalnei roof accoldng to thet teist plan., IlIme stacking test was teinimated at
'100 kilotiwos, shiort of tile spucifie~d 448 kiloirewton test loI toI vn u hrdmg
ti tile shlvter, as thet damagled fittini was rotating( inlward and thet vttical colunirmI wa1s
liticklini inider thet load. Tile str ant dfatal genera'lted are presente'd ill Tabile 7 and Figure

* Lowor Tranisverse Latshing (Comprossiori)

1Ie t 150 ki lorewtol iikiwetf ti atisver se co nipi essive lashig load Was app I led ill
a1CCor darice withI then test plan. No shelter damage was noted, 1-it he dta tet pr eserted
itl Tablet 8 amnd F goult 19.
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Table 5

Upper Longitudinal Lashing (Tension) Microstrain Data'

Strain 222Load (Kilorewtons) 8. 0
Gage2224.6678.10

10 0 0 0 0
3 -20 -55 -55 -70 -70
5 -60 -105 -140 -160 -175
6 +230 +510 +755 +1020 +1135
7 +95 +175 +280 +370 +430

8c0 0 0 0 0
9 +105 +185 +280 +360 +415

10 +325 +640 +880 +1285 +1450
11 0 +45 +55 +55 +70
13 0 0 0 0 0

14 0 +10 0 +10 +10
15 0 +25 +35 +45 J4
19 0 -10 0 -10 -10
20 0 +20 +55 +95 +95
21 0 0 0 0 0

22 0 0 0 0 0
23 0 0 0 +10 +10
24 0 0 0 0 0
37 0 0 0 0 0
38 +10 +25 +55 +60 +70

39 0 -10 0 -35 -35
40 0 0 0 0 0

4d+20 +20 -- -

42 0 0 0 0 0
46 0 0 0 0 0

47 0 0 0 0 0
48 0 0 0 0 0 '
49 0 0 0 0 0

7OTvsieS values positive.

I)Data is average of two runs except at 66.7 kN which is one run only.

cOage 8 data are questionable.

dGaige 41 defective.
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Table 6

Vertical Column Lashing (Compression)
Microstrain Dataa,b

Stfain Load (Kilonewtons)
Gage 44.5 89 133.5 178 222.5 242.9c d

1 -415 e ....
3 -230 --460 -705 -985 -1250 -1355
5 -245 -600 -1010 -1320 -1560 -1635
6 +10 +25 +115 +115 +125 +175
7 +10 +25 +60 +60 +60 +105
8 +10 Z10 +25 +10 +20 +50
9 +10 +10 +20 +10 +10 +35

10 +25 +35 +35 +45 +45 +35
11 -20 -80 -150 -150 -195 -230
19 0 0 0 0 0 0

20 0 0 0 0 0 0
21 0 0 0 0 0 0

22 0 0 0 0 0 0
23 0 0 0 0 0 0
24 0 0 0 0 0 0

31 +260 +475 -595 +735 +860 +875
32 0 0 0 0 0 0
34 +70 +160 +290 +395 +535 +595
35 0 0 0 0 0 0
37 0 0 0 -20 -20 -20

38 0 0 0 +20 +25 +35
39 0 0 -10 -20 -20 --20
41 0 0 0 0 0 0
43 0 0 0 +20 +10 +20
44 +10 +15 +90 +115 +123 +140

45 --35 -115 -200 -235 -305 -335
48 -10 --20 -20 -20 -35 -35
49 0 0 0 0 0 -20

NOTES: A
aTensile values positive.

"Six bolts failed during the two test runs.

CData is average of two runs except at 242.9 kN which is from one run only.

dDesired value of 300 kN not attained because loading erroneously terminated short of goal.

eOscillograph trace off scale. Data not available.
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Tablo 7

Stacking Microstrain Data a b

Strain (Kilonowtons)
44.5 89 133,5 178 222,5 267 300,2 c

, 300 "510 740 1090 1620 2180 2b 50
:,3 1/5 --385 -615 1055 1265 1410

5 d

/ 0 0 0 20 0 0 0

8 0 0 0 0 0 0
9 4120 120 0 -20 120 420 "20

1() 120 455 f55 470 17o I b15 420
11 0 20 .65 10b - 125 141 195

. 19 0 0 20 -20 20 20 0

000120 f 3 13 13 35
21 0 0 0 0 0 0 0

?2 0 0 0( :
23 0 0 0 0 0 0
2, 0 2 120 0 0 /

31 # 4 15 14bb 8700 4 8 25

32 0 0 0 0 0 0
34 155 1140 1265 ,440 4595 665 1545
35 0 0 0 0 0 0 0
31 0 0 20 35 35 36 55
3{ 0 0 0 420 .31 1 55 455

39 0 0 0 20 0 20 -20
41 0 0 0 0 0 0 420
43 0 0 .20 0 0 0 0
44 0 135 4 35 13b 3) f 155 I W'

,5 0 35 35 55 125 140 1/5
48 0 0 0 0 0 0 120

49 0 0 0 0 0 0 20

NOTES:
' lonsil wlkits positive,

httuckitl test t un without repair I(ngpit'vously dII Il od IS() titing.

'l),siwed Ioad (i ,148 kN not attdilid hOcAOse Colu1n bucklinq.

( b ,11d 6 dh'hctivv.
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Tablit 8

Lower Transverse Lashing (Compression)
Microstrain ataa,b

Strain Load (Kilonewtons)
Gage 44.5 89 133.5 150

1 4180 4450 4620 4675
3 0 430 440 145
5 0 0 0 0
6 0 0 0 0
7 ....5 0 0 0

8 -5 0 .5 0
9 5 0 f5 0

10 0 0 0 0
11 +20 +45 470 470
16 0 0 0 0

17 0 20 --35 35
18 0 20 ...35 35
19 0 0 0 0
20 0 0 0 0
21 0 0 0 0

22 +5 0 0 0
23 45 5 5 5
24 0 15 4 b f5
31 --450 -980 1390 1 56b
32 -340 77b 1090 1220

33 467 --1015 14.0 1585
34 0 +.10 425 4 1)
35

36 45 -f5 42b 425
37 0 +5 1 b t

38 0 45 45 +5
39 0 0 45 11) 1
43 0 b 15 0
44 .-5 30 45 45
4b +5 f 25 440 440
49 0 0 0 0

NOTES:

"rTensi: values positiv.,

t I;Data art, avwtage of throe runs except 16/1 7/18 one Lun and 19/20/21 two luns.
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Lower Transverse Lashing (Tension)

The shelter was positioned for the 150kilonewton lower transverse, lashing tensile
load according to the test plan. At a load level of 59 kilonewtons the connecting bracket
between the ISO fitting and the lower transverse member suddenly fractured, the end
wall was ripped apart from the base to the roof, thie longitudinal I beam bent, strain

ge;" ;ilnl wiring were destroyed, and the test was teminated. The data collected up
to failure are presented in Table 9 and Figure 20. Figure 21 shows the end wall failure.
The tensile load was applied at the lower left fitting. The end panel split to the right
of the extruded vertical colurn. The puddle visible in the lower left of the figure behind
the fitting and around the plywood sheet was tormed by trapped water il the end wall
l*h l which was released when the wall split. Figure 22 shows the connecting bracket
f,lilure.

DISCUSSION

After the transverse lashing failure, the end wall was replaced, the dariiaged areas
were repaired and all the ISO fittings to shelter connections were reinforced. No further
testing was possible, however, because manpower shortages, structural failures, and weather
hamd delayed the test prograrm and the prtotype shelter was now Coriiriiitted to the Suril,:on
General for evaluation as an operat rooi.

The racking, end/side wall, railroad hump, drop, dolly transport and portions of the
lashiirg tests were not completed. Experimen tal strain d'ita from all of these tests would
have been valuable for comparison with the finite elem,rt analysis. ResuIlts of the tests
that were completed, however, indicated that with the reinforced ISO fitting connections
the shelter would most likely successfully pass the remaining end/side wall, railroad hump,
ard lashing tests. Results of the racking, dolly transport and drop tests, however, canno,
he predicted.

DIRECTIONS FOR FUTURE STUDY

Based o) the experience gained in this test l)rogIalii, additional reseatlh is warranted
iln the followinlq areas:

(1) A second generation prototype ISO shelter has r eceitly ( Decemi 1978)
hteen fabricated. After -ompletion of the rorral series of acceptance tests and before
airy lal escahIn? prodlctioll run, air instrumiiiented trallsportatio] 110rvi0roirln1n1t test study

similar to this une should certainly be conducted with the stcOtnd gene1ration p-rototyp.

(2) Ilr addition to the previous study, an instrumented study of the new
plototype, in the shelter corifi(uration, to deterrint' the respolse oft the unit to clirilatic
conditioins such as wind, snow O'rd solar loads should be clnducted.
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Table 9
Lower Transverse Lashing (Tension)

Microstrain Dataa

Strain Load (Kilonewtons)
Gage 22 44.5 58.7 b

1 -90 -230 -565
3 -20 -35 -20
5 +20 0 0
6 0 0 0
7 0 0 -20

8 0 0 09 0 -18 0
10 0 0 0
11 -35 -55 -70
16 0 0 0

17 +20 +20 +35
18 0 0 -35
22 0 0 0
23 0 0 0
24 0 0 0

31 +350 +650 +770
32 +350 +650 +755
33 +350 +650 +770
34 0 0 0
35c  _ _ _

36 0 0 0
37 0 0 0
38 0 0 0
39 0 0 0
43 0 0 0

44 0 0 0
45 +35 +35 +3549 0 0 0

NOTES:

aTensile values positive.

bEnd wall split at 58.7kN.

CGage 35 not operating.
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(3) Historically, the free-fall drop test has been one of the most severe
requirements imposed on a shelter/container combination. The absolute amplitude of the
shock increases with the drop height and rigidity of the impact surface; but the relative
difference, for example between a 30-cm and 45-cm drop on concrete or sand with a
flat, edge or corner impact and the response of the container is not generally understood.
Nor does a universally acceptable set of criteria exist upon which a drop test may be
based. The possibility exists that shelters are overdesigned to meet an unrealistic drop
requirement. A standard drop test is required for shelter/container combinations based
on factual data relating the severity of different possible impacts and the probability of
those impacts.

CONCLUDING REMARKS

The details of a study to experimentally measure the strains induced in a prototype
rigid wall ISO shelter by loadings typical of the transportation environment )iave been
documented. A series of tests which consider both ISO and military environments have
been described. The strain and acceleration data generated during the tests are presented
and are being used as an input to a complementary finite element analysis. Several design
deficiencies in the area of joining of structural members were also revealed by structural
failures under load. Three areas for a logical extension of future research are suggested.

This study comprises one part of a continuing research program being conducted
by the US Army Natick Research and Development Command directed toward a chieving
the most efficient structural design for military tactical shelters.

48



REFERENCES

1. A. R. Johnson and V. P. Ciras, "Finite Element Analysis of a Statically Loaded ISO
Tactical Shelter", NARADCOM Technical Report, under preparation

2. A. R. Johnson, "A Study of Stresses in Transversely Loaded Panels Used in Tactical
Shelters", NARADCOM Technical Report, under Preparation

3. F. D. Barca, "Experimental Measurement of Strain and Deflection in a Uniformly
Loaded Simply Supported Composite Panel", NARADCOM Technical Report,
Natick/TR-79/018, November 1978

4. Military Specification MIL-H-21040C, Honeycomb Materials, Water Migr3tion
Resistant Type, Structural, Paper Base, 16 July 1974 H

5. Maj. W. A. Allen, "Improved Shelters", MASSTER Test Report No. FM 301,
Heauquarters, MASSTER, Fort Hood, Texas, 31 December 1975

6. American National Standard ANSI MH 5.1-1971, Basic Requirements for Cargo
Containers, American National Standards Institute, Inc,, New York, NY, 1971

7. American National Standard ANSI MH 5.1.1-1971, Requirements for Closed Van
Containers, American National Standards Institute, Inc., New York, NY, 1971

8. Military Specification MIL-S-28931, Shelters, General Purpose: Expandable,
Transportable, 30 June 1969

-9. Military Specification MIL S-43898A, Shelter, Multi-Purpose (MUST), 30 January
1975

10. Military Specification MIL-S-43915, Shelter, Expandable for Medical Unit
Selt-Contained, Transportable (MUST), 27 December 1974

11. Military Specification MIL-S-55286A, Shelter, Electrical Equipment, S-280 ( )/G,
9 March 1973

12. Military Specification MIL-S-81030D, Shelter, Air Transportable, Aircraft Support,
12 March 1974

13. Military Specification MIL-C-52661A, Containers, Cargo, 25 June 1974

14. Military Specification MIL-C-52788, Container, Refrigerated, 8 ft X 8 ft X 20 ft,

Insulated, 14 May 1974

49

--.



REFERENCES (Cont'd)

15. Federal Test Method Standard No. 101B, Preservation, Packaging, and Packing
Materials: Test Procedures, 15 January 1969

16. Military Standard 810C, Environmental Test Methods, 10 March 1975

50

I . . '

I~I



APPENDIX 3/1 SHELTER TRANSPORTATION ENVIRONMENT TEST PLAN

Load levels are based on a 2,722-kg (6,0001b) shelter with a 4,082-kg (9,000-1b)
payload capability and a 6,804-kg (15,000-1b) total gross mass.

TEST NO. I. STACKING.

Procedure. The shelter shall be placed on four level pads, one under each bottom
corner fitting (see figure A-I.). The pads shall be centered under the fittings and be
substantially of the same plan dimensions as the fittings. The container shall be loaded
to a total gross mass OT 12,247 kg (1.8 X 6804), (27,000 pounds).

A stacking load of 1,793 kN (20,321 X 5 X 1.8 X 9.8 X 10-3 ) (403,200 pounds)
shall be applied through four pads of te same plan area as the corner fittings, the load
being equally divided among ihe four top corner fittings. Each pad shall be offset 3.8
cm (1.5 in) in the longitudinal direction and 2.5 cm (1.0 in) in the lateral direction.

Alternatively, corner structures may be individually tested to equivalent loads,
448 kN, or the corner structures on one end of the container may be tested simultaneously,
and then the corner structures on the opposite end tested. If corner posts on one end
frame are identical in design and section, except for being left and right hand, only one
post per end frame needs to be stack tested. The offset of the corner fitting(s) shall
be 3.8 cm (1.5 in) in the longitudinal direction and 2.5 cm (1.0 in) in the lateral
direction.

In either case the load shall be applied for not less than 5 minutes.

TEST NO. 2. TOP LIFT.

Procedure. The shelter shall be loaded to a total gross mass of 18,167 kg
(2.67 x 6,804), (40,050 pounds) and lifted from all four top corners, in such a way
that no acceleration or decele,-ation forces are applied (see Figure A2.). The lifting forces
shall be applied at any angle between the vertical and 300 to the vertical.

The container shall be suspended for not less than 30 minutes and then lowered
to the ground.

TEST NO. 3. BOTTOM LIFT.

Procedure. The shelter shall be loaded to a total gross mass of 18,167 kg
(40,050 pounds) and lifted from all four bottom corners in such a way that no noticeable
acceleration or deceleration forces are applied (see Figure A-3.). Lifting forces shall be
applied using one spreader above the roof. Lifting slings shall be parallel to the sides
and meet at the spreader approximately 61 cm (24 in) above the plane of the top corner
fittings at midlength. No portion of the shelter shall touch the ground during this test,
nor shall the lifting slings bear against the container walls, roof or similar supertructure.
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LOADS APPLIED FOR FIVE 448 kn
MINUTES. OFFSET 2.5 cm IN
LATERAL DIRECTION AND 3.8 cm
IN LONGITUDINAL DIRECTION 448 kn

~0

448 kn

I.,

o -PADS CENTERED UNDER FITTING,
SAME APPROXIMATE AREA AS FITTING.

Figure A-1. Test No. 1. Stacking.
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The container shall be suspended for not less than 30 minutes and then lowered

to the ground.

TEST NO. 4. RESTRAINT.

Procedure. The shelter shall be loaded to a gross mass of 6,804 kg (15,000 pounds)
and shall be restrained longitudinally by securing the bottom corner fittings at one end
to suitable anchor points through the bottom apertures (see Figure A-4.).

A force of 120 kN (6804 x 1.8 x 9.8 x 10-), (27,000 pounds) shall be applied
longitudinally to the container through the bottom apertures of the bottom corner fittings
at the opposite end of the container, first in compression and then in tension.

Alternatively, a force of 60 kN (13,500 pounds) shall be applied to either side, first
in tension and then in compression, or vice versa.

In either case, the force shall be applied and removed gradually and the load shall
be applied for not less than one minute.

TEST NO. 5. RACKING

Procedure. The container under test shall be supported at all four bottom corner
fittings on rigid pads lying in the same horizontal plane. (See Figures A-5a and A-5b.)
The two bottom corner fittings diagonally opposite to the applied load which lie in the
same side, perpendicular to the applied load, shall be totally restrained. The remainder
of the bottom corner fittings shall be allowed to move only in a horizontal direction.
There shall be no payload in the container. The forces shall be applied and removed
gradually.

a. Longitudinal Racking

A compression or tension force of 150 kN (33,600 pounds) shall be applied to either
of the two top corner fittings on one side of the container, the line of action of the
force being horizontal and parallel to the sides of the container. Unless the sides are
identical, both are to be tested consecutively.

b. Transverse Racking

A compression or tension force of 150 kN (33,600 pounds) shall be applied to either
of the two top corner fittings on one end of the container, the line of action of the
force being horizontal and parallel to the ends of the container. Unless the ends are
identical, both are to be tested consecutively.

The container shall be subjected to first longitudinal and then transverse racking.
The load shall be applied for not less than one minute.
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6FSF NO. 6. LASHING

Procedure. The container shall be resting on all four bottom corner fittings supported
by rigid pads lying in the same horizontal plane. There shall be no payload in the container.
(See Figure A-6.)

Compression or tension forces of the following magnitudes shall be successively applied
to the appropriate corner fittings. The forces shall be applied to the two corner fittings
that are in line with the structural member under test, and shall be induced through that
face of the corner fitting perpendicular to the structural member. The forces shall be
applied arid removed gradually. The load shall be applied for not less than one minute.

Structural Compression Load Tension Load
Member kN pounds kN pounds

Upper Transverse 100 22,400 150 33,600
Lower Transverse 150 33,600 150 33,600
Vertical Corner 300 67,200 100 22,400
Upper Longitudinal 0 0 100 22,400
Lower Longitudinal 150 33,600 150 33,600

TEST NO. 7 END WALL

Procedure. The container shall have each end tested when one end is blind and
the other is equipped with doors. (See Figure A-7.) When both ends are identical only
one end need be tested.

A force of 27 kN (0.67 x 4082 x 9.8 x 1(r'), (6,030 pounds) shall be uniformly
distributed over the end wall.

The load shall be applied for not less than 5 minutes.

TEST NO. 8. SIDE WALL

Procedure. The container shall have one side wall tested when both sides are identical.
(Sve Figure A--8.) If the two side walls are not the same, both must be tested.

A force of 27 kN (0.67 x 4082 x 9.8 x 10-1), (6,030 pounds) shall be uniformly
distributed over the side wall.

The load shall be applied for not less than 5 minutes.
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TEST NO. 9. ROOF

Procedure. A concentrated load of 300 kg (660 pounds) shall be uniformly distributed
vertically down over an area of 61 cm (24 in.) by 30 cm (12 in.) located so as to have
the most adverse orientation with respect to the unsupported area of the roof sheet. (See
Figure A-9.)

The load shall be applied for 5 minutes minimum.

TEST NO. 10. RAILROAD HUMPING

Procedure. The shelter loaded to a gross mass of 6,804 kg (15,000 pounds) shall
be secured to a railroad flat car in a normal manner. (See Figure A-10.) In addition,
there shall also be required one standard railroad box car coupled to one standard railroad
gondola car loaded to 18,144 kg (20 tons). These cars shall be equipped with standard
gear coupling and the air brakes shall be set in emergency application position on both
cars. The test car, traveling at 14.5 km/hr (9 mph) plus or minus 0.8 km/hr (0.5 mph)
on a flat stretch of track, shall be impacted against the two stationary cars. The test
shall be repeated with the impact being made in the opposite direction.

TEST NO. 11. DROP

Procedure. The shelter shall be loaded to a gross mass of 6,804 kg (15,000 pounds).

a. Cornerwise Drop (See Figure A-11a)

One corner of the base of the shelter shall be supported on a block nominally 15
cm (6 in.) in height and a block nominally 30 cm (12 in.) in height shall be placed
under the other corner of the same end. The unsupported end of the sheltcr shall be
raised so that the lower corner reaches a height of 30 cm (12 in.) and is then allowed
to fall freely onto a concrete surface. This test shall be repeated for the diagonally opposite
corner of the base.

b. Edgewise Drop (See Figure A-11b)

The container shall be placed on its bottom with one end of the base of the container
supported on a sill nominally 15 cm (6 in.) high. The unsupported end of the container
shall then be raised 30 cm (12 in.) and allowed to fall freely on a concrete surface. This
test shall be repeated for the opposite end of the container base.

TEST NO. 12. TRUCK TRANSPORT

Procedure. The shelter shall be loaded to a gross mass.of 6,804 kg (15,000 pounds)Fand secured on a standard semi-truck trailer. The following surfaces will then be traversed

at the speeds indicated:
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30c

4000

300 kg UNIFORMLY DISTRIBUTED AS
SHOWN. LOCATED FOR MOST ADVERSE
EFFECT. HOLD LOAD FOR 5 MINUTES.

Figure A-9. Test No. 9. Roof.
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Average Speed Maximum Speed Distance
Surface km/hr mph km/hr mph km miles

Paved
Highway 80 50 97 60 32 20

Gravel Road 32 20 40 25 16 10
Cross Country 25 15 32 20 8 5

TEST NO. 13. DOLLY TRANSPORT

Procedure. Identical to previous test except unit is secured to transporter dolly.

TEST NO. 14. TOWING

Procedure. The shelter loaded to a gross mass of 6,804 kg (15,000 pounds) shall
be towed for a minimum of 91 metres (30 ft) forward and 91 metres (300 ft) backward
owvr rough plowed ground at a speed of 8 km/hr (5 mph). Four right-angle turns shall
be perfoiied on soft dirt while the shelter is being towed.
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