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EVALUATION OF FASTENERS I'OR FLEXIBLE
SHELTER APPLICATIONS

I. INTRCIUCTION

Flexible shelters utilize a variety of different fasteners in various
closure applications such as securing flaps and blackout curtains
(figure 1), forming exit/entry ways(figure 2), hanging end panels and walls
(figure 3), and joining complete components (figure 4). The decision as to
which of the avallable fasteners is superior for a particular application
is the responsibility of the system design engineer, who normally makes
a choice based on past experience, and personnel preferences.

He may, for example, choose a slide fastener (zipper) because of its
ease and convenience of closure and release, ease of gssembly into
manutactured items, and low cost and weight. However, the slide fastener
has disadvantages in field situations. The teeth are susceptible to
damage, and operation of the closure is impaired by mud and ice. Even more
critical is the fact that slide fasteners are not standardized items;
each manufacturer has a different design which requires special tooling
and equimment to manufacture. Thus the loss of a supplier requires the
gselectica of a new supplier with a different fastener design which is not
compatible with existing shelters.

Such a situation actnhally occurred, and a major noncompatibility
problem arose in an existing shelter system. Components contalning slide
fasteners manufactured by one vendor could not be joined to components
containing slide fasteners manufacturedly a second vendor.

A guide for selection of flexible shelter fasteners was needed to
prevent & similur situation from reoccurring in future closure designs.
Use of the guide would insure that an essential requirement, such as
interchangeability, was not overlooked during the fastener selectlon
precess. In addition, it would make the designer aware of any tradeoffs,
for example, convenience for reliability, or speed for cost, which he may
be making by selecting one fastener over another.

In response to this need, an engineering study of the use of fasteners
in flexible shelter closure applications was conducted. The study was
concerned with determining a standard set of requirements for fabric
closures, evaluating fastener/closure systems against those requirements,
and selecting superior fasteners for fabric closures based on the evaluation.
This report is a result of the study and is intended to be a designer's
gulde br selection of flexible shelter fasteners.
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Figure 1. Tie Tape Flap Closure in Pop-Up Tent.

Figure 2. Zipper Exit/Entry Way Closure in Expandable Frame Tent.
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Figure 3. Zipper End Panel Closure in Air-Supported Shelter.
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Figure 4. Complete Component Closures in Air-Supported Hospital.
The various fasteners used to connect the four arch sections are not

visible in the figure.
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II. DEFINITIONS

For the purposes of the study the followlng definitions apply:

A fastener is the primary device used to Jjoin two fabrics, and a 7 :
festener system 1is & series of fasteners used to Join two fabrics along %
an interface. In some cases the words fastener and fastener system can
te used interchangeably.

A closure 1ls the interface formed between two fabrics after the
fasteners are jolned and any required ancillary operations, such as
installation of a weather seal, are completed.

A temporary fabric closure is one which is capable of being opened ;
and closed as opposed to a permanent closure, such ag a stitched seam, ]
which 1s not designed to be opened. ]

II1. DETERMINATION OF FABRIC CLOSURE REQUIREMENTS

There are six general areas involved in che fabrication and use of
a temporary fabric closure system.

1. Manufacture of the fastener/fastener system ;
2. Assemblv of the fastener/fastener system to the fabric i
3. Operatiuvn (or<ning/closing) of the fastener/closure system
4. Effectiveness of the fastener/closure system

5. Repair of the fastener/closure system

6. Other

Each area was analyzed and a list of fabric closure requirements for
each area was campiled. The requirements were categerized as either
desirable (D), essential (E), or borderline (D/E), depending on their
relative functional importance. Desirable requirements are those such as
neat appearance and light weight which are nice qualities to have in a
closure, but which are not absolutely required to perform the function
adequately. BEssential requirements, such as operability in Inclement ‘
weather or operability with partial damage, are important qualities which 1}
are always required. Borderline requirements, such as flexibility or 1
number of loose parts, are general requirements which can be classified
as essential or desirable, depending upon the particular closure under
evaluation. Following is the list of requirements compiled. It is also a
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set of criteria for systematically cvaluating fasteners in flexible shelter
closgures.

Manufacture of the fastener/fastener system - the faatuner/fastener system
should be

1. A non-proprietary itecm ().

2. Manufactured {rom material which 1ls readily availeble from
several sources (E).

3. Interchangceable. When manufactured by different vendors wccording
to the same plan, the resulting items should be identical (E).

L., Standard. The fastener should not be intended for one specific
Government use only (D).

5. HKasy to manufacture (D).

6. Manufactured without the need of specialized high cost equipment,
not commercially available (D).

. Low cost (D).

8. Capuble of being manutactured {rom several different materials (D).

P )

Asgembly of the fasbener/fastcner system Lo the fabric - asscmbly ol the
system to the fabric should

1. Be easily accomplished (D).
2. Be low cost (D). ‘
3. Not require specialized high cost ~quipment, not commercially 1

available (D).

Operation (opening/closing) of fastener/closure gystam - the syustem
shoul.d be capable of being completed

1. BEven though the fasteners have sustained partinl damage (E).

2. 1In inclement weather (snow/rain/mud/ice) (E).

3. In the dark (E).

L. While .earing arctic clothing (1). {
5. Without the use of gpecial equipment not normally avelloblo (D/M).

G. With a minimum number of loose parts (D/E). I
7. Easily (D).

8. Quickly (D).

9. With minimum training (D). ,
10. By one man (D). !

Effectiveness of fastener/closure system - bthe installed system sghould be

1. Fire resistant (fastener) (E).
2. Mildev resistant (fastener) (E).
3. Weatherproof (fastener) (D).
L. Weatherproof (closure) (E).
5. Blackoutprocf (fastener) (D).
6. Blackoutpreof (closure ) (E).
. i
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IV. I T JATION OF FASTENER/CINSURE SYSTEMS

A list of forty fasteners which could possibly be used 1n flexible
phelter closure applications was then compiled and the list of fabric
¢losure requirements, previously generated, was used as criteria to
evalunte the fasteners. Although the study was concerned primarily with
present ly available fasteners, thirteen concents (systems not presently
nvullable but which could be fabricated using existing technology) were

; sugpested and also evaluated. The following fastener/closure systems
' wore evaluated.

Intewmittent Fasteners

_ L+ Nut % Bolt 27. Becket Loop
‘ 2+ Quarter Turn 28. Chain Stitch
} 3 Lift-the-Dot 29. Rope & Continuous Hinge
A he  Ynop I 30. Speed lacing
he Unap II 3L. Rop= & Hook
O.  HKqulpage 32. Loop & Pin
f '« ‘Me¢ Tape 33. Rope & Rigid Channel
8. loop Strap 34. Hasp & Wire
} Y. Buckle 35. Coil & Wire
. LOW  {nap & Ring 36. Hook & Pile Tape
LLe Link & Latch 37. Nylon Reinforced Tape
12, Button 38. Friction
13+ Mopglo 39, Flexible Channel
M. Pin 4O. Catenary System
1h. Hiteh Mn .
Loe  Hinge Pin Concepts
1"t Rolease Pln
W Unap (lide 41. Sectionalizing Band
19 Columbuy 42. Magnetic
D0, Plug 43. Air Pressure
JLe Hodlock L. Interlock
M. Gravity Honger 45. Pressure Zipper
23, Channel L4L6. Channel I
. 47. Channel II
Gonbinuous MYustoners 48. Channel III
L9. Chapnel IV
i Zippor (Olide Mustener) 50. Channel V
| M. lemovable 4ipper 51. Channel VI
‘ oo Drilok 52. Clasp
53. Garter
9
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Figures 5, 6, and [ present the results of the evaluation for in-
termittent, continuous, and concerntual tasteners, respectively. The fabric
closure requirements are listed vertically and the fasteners evaluated
are listed norizontally. "Y' denotes that, yes, a fastener meets a
requirement. "N" denotes that, no, a tastener does not meet a requirement.
"Y-N" denotes a marginal case, or a case where with difficulty, or perhaps
proper design, a fastener could meet the requirement.

Each column in the figures has a sketch of a tastener tor ease of
identification by the reader. In many cases, buckle or plug for example, 2
the fastener depicted is merely one of many tasteners with the same E
principle of operation but with minor design differences. In these cases, a
the evaluation applies to the complete class of similar fasteners and is
not limited to the one specific configuration depicted. :

The number, in each of the figures, following the fastener name is thc
page number of the appendix of this raport which contains additionel in-
formation on the fastener.

Potential fasteners can be compared using the three figures. The i)
Quarter Turn and Lift-The-Dot fasteners are basically similar 1n design 4
and intended for similar applications. Referral to figure 5, however,
shows that the Lift-The-Dot fastener is generally superior to the Quarter
Turn fastener in fabric closure applications because in the only four
categories in which their ratings ditfer, the Lift-The-Dot always ranks
better. The figure shows that the Lift-The-Dot is easier to operate
in inclement weather or while wearing arctic clothing, is not as easily
damaged, and is more GI proof.
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V. SELECTION OF SUPERIOR FASTENERS .

Section IV presents an evaluation and comparison of available
fasteners. The final selection, however, must be based on the specific
application the fastener is to be used in. The designer may be willing
to accept several undesirable features in a fastener in order to take
advantage of a desirable feature it possesses which he considers more
important in a specific application. ﬂ

With this in mind, all flexible shelter temporary closures were divided
into eight categories.

Component closure with force transmittal
Component closure without force transmittal

End Panel or wall closure

Weather seal closure

Window, blackout curtain or flap closure
Floor section closure

Fabric to rigid member closure
Exit/entry way closure

O3 O\ Fw o

And in each of the categories the following fagteners were selected
as superior for use based on both the evaluation of Section IV and the
specific application.

Component Closure with Force Transmnittal
1. Link & latch, snap & ring (on catenary system)
2. Hasp & wire, becket loop

Component Closure Withoub Force Transmittal
1. Hasp & wire, becket loobd

2. Hook & pile
3. Snap I
L, PFriction

End Panel or Wall Closure
1. Becket loop, hasp & wire
2, Hook and pile tape .
3. Link & latch, snep & ring, buckle

TR v &

Weather Seal Closure
1. Hook & pile tape
2., Becket loop
3. ©Snap I, snap & ring

P S T ST I
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L. Friciion

Window/Blackout Curtain/Flap Closure
L. e tape
2. Hook & plle tape
3. Topple

Floor Section Closure
L. Hook & pile tape
2. Rope & continuous hinge

Fabric to Rigid Member
1. Rope & ripid channel

2. Lift-the-dot, snap I, nut & bolt gl

3. Rope % hook, beckel loop, hasp & wire ﬂ

L. ook % pile tape 1

M

Exit/Entry Way Closure L
L. Zipper §

2. Hook & pile tape ﬁ

3. Tie Lape

In addition, the following concepts were selected as deserving
further investigation.

1. Magnet

2. Pressure zipper

3. Channels III, IV, &V
L

L

AT e e

. Re oveble zipper (borderline between available and concept.
isted in Section IV and appendix as available)

VI. CONCLUDING REMARKS

This report presents a gtandard set of criteria for evaluating
fasteners in {lexible shelter closure applications, summarizes tLhe major
advantages and disadvantages cl' numerous flexible shelter fastener/closure
systems, and presents a list of available fasbeners which have been '
classified as superior for use in specific applications. 8
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VII. APPENDIX

DETAILS OF FASTENER/CLOSURE
SYSTEMS EVALUATED
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Fastener: Nut & Bolt

Description of Closure System:

Rigid member is threaded or threaded grommet is clinched to fabric.

Fabrics are Joined by pessing bolt through grommets and tightening.
Weather seal added as required.

Ma jor Advantages:

Readily available.
No strength limitation.
Field replaceable.

Major Disadvantages:

Slow opening/closing.
Loose parts.
Difficult operation in dark or with arectic clothing.

Comments :

Very unsatisfactory method of joining fabric to fabric but could
be used in high strength applications to join fabric to rigid
member.

L7
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1. Fastener: Quarter Turn

2. Description of Closure System:

Grommet clinched to first fabric. Stud attached to mating fabric or
rigid support. Fabrics ape Joined by placing grommet over stud

and rotating stud head 90¥ into locking position. Weather seal
added if required.

3. Major Advantages:

Readily available.
Quick, eusy closure. 1
Field replaceable.

4. Major Disadvantages: ;

T R T N N e A AT

Difficult operation with arctic clothing or in icing conditions.
Strict mating tolerance.
Susceptible to damage.

5. Comments:

Ideal application is attachment of fabric to rigid mewmber.
Similar to but not as good as lift-the-dot fastener.

ERRT
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Fagtener: Lift-the-Dot

T

Descripltion of Closure System:

Stud is attached to rigid member. Grommet is clinched to fabric.
Closure is effected by placing grommet over stud and pressing down.
Spring in grommet holds fastener together. Closure is completed
with addition of weather seal.

Ma jor Advantages:

Readily available.
Closure can be completed with partial damage.
Quick, easy closure.

Ma jor Disadvantages:

Strength limitation.
Non adjustable.
Difficult to manipulate in arctic clothing.

Comments :

Application is limited to attachment of fabric to rigid member.

Closure can be assembled easily, but is somewhat difficult to
dissassemble.

19
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1.

Lpr

Fastener: Snap I

f -

R
= <
= S |

Description of Closure System:

TP

Fastener components are clinched to the respective mating fabrics
or attached to rigid member. Fabrics are joined by snapping two
halves of fastener together. Closure completed with addition of

weather seal.

Ma jor Advantages:

Readily available.
Closure can be completed with partial damaie.

Major Disadvanteges:

Difficult to operate with arctic clothing.
Strength limitation.
Nen adjustable.

Commen*s :
Weatherproofing can be easily accomplished by proper closure design.
Sultable for component closures without force transmittal and

weather seal closures.

20
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1. Fastener: OSnap II

2. Description of Closure Sysbtem:

Fastener components are riveted or c¢linched to respective {ubrien.
Fabrics are joined by snapping fastener togobther. Clogure completod
with addition of weather seal.

g
Sy m-agrin ey e

3. Major Advantages:

Readily avallable.
Closure can be campleted with partilal doamoge.

o

4. Major Disadvantages:

Mating tolerance critical.

Strength Limitation.

Basily damaged.

Slow opening.

Possibly difficult to operate in inclement weathor or with arcetie
clothing.

(oo gl S 7S

5. Comments: A

Not suited to tentage fabric closure applicatlony.
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Fastener: Loop Strap

Description of Closure System:

Double loop straps a.,2 sewn to tape or webbing which is then sewn
to first fabric. A second tape or webbing is sewn on second fabric.
Fabrics are joined by threading webbing through loop straps and
tightening. Weather seal added as required.

Ma jor Advantages:

Easy to manufacture, install, operate and repair.
Good adjustability.

Major Disadvantages:

Strength Limitation, but can be improved easily.
Possibly difficult to manipulate in the dark or with arctic clothing.

Comments :

Good fastener suitable for intermittent applications such as flap
closures, component closures, and end panels.
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Fastener: Buckle

4
> /
S

’ \
zxzw
J
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Description of Closure System:

Fastener is attached to fabric with webbing. Fabrlcs are Jjolned by
mating buckle and tightening. Weather seal must be added.

Major Advantages:

Readily available in many forms.
Operable with partial damage.
Not easily damaged.

Major Disadvantages:

Possib difficult operation in dark or inclement weather.

Comments :

Suitable for high strength intermittent applications such as end
panel/wall closures.

25
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1. Fastener: Snap & Ring

2. Description of Closure System:

Fastener components are sewn to fabric via webbing or attached to
' catenary cables. Fabrics are joined by snapping ring into hook.
Closure completed with addition of weather seal.

R S
el et o T oakac Lo o
e Pty

3. Major Advantages:

! Readily available.
Closure can be completed with partial damage.
High strength.
Liberal mating tolerance.

T T e Ty it R o e 1 e et

L. Major Disadvantages:

5. Comments:

Good solid high strength fastener suitable for intermittent
applications such as Jjoining major components or large end panel
closures.

e e e
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1. Fastener: Link & latch

. Pl
\ C Y

2, Description of Closure System:

Fastener sewn to fabric via webbing. Fabrics joined by linking
fasteners and latching. Weather seal added as required.

3. Major Advantages:

Readily available.
High strength.
Field repairable.

L. Major Disadvantageé:
Possibly difficult to menipulate in arcgic clothing.

D e AT Y

5. Comments? ;

Good solid high strength fagtener suitable for intermittent
applications such as joining major components.
Presently used between MUST ipnflatable sections.

27
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L. Fastener: Button

2. Degcription of Closure System:

Button sewn to fabric. Fabrics jolned by inserting button through
button hole. Weather seal added as required.

3. Major Advantages:

Readily availabLre.
Simple.
‘ Field repairable.

4. Major Disadvantages:

Strength Limitation.
Difficult operation with common gloves, and lmpossible with

arctic gloves.
Non adjustable. |

S AT e i T T et Ll LTt o el il st o i - e e ) =

\ 5. Comments:

Not suitable for tentage febric closures. Toggle and loop is a
better closure.

28
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L. PFastener: Toggle

g

2. Description of Closure System:

Toggles are sewn to one fabric. Cord or rope loops are sewn to
mating fabric. Fabrics are Jjolned by inserting toggle through
loop. Closure completed by addition of weather seal if required.

3. Major Advantages: &

Readily available. k¥
Mating tolerance not critical.
Bagily repairable.

Inexpensive. ;

4. Major Disadvantages:

S AR R = g

Slow opening/closing.
Strength limltation.

Comments:

Simple fundamental fastener suitable for intermittent low strength
applications such as window/blackout curtain/flap closures.
Standard on General Purpose Medium Tent and others.

sl
.
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1. PFastener: Pin

2. Description of Closure System:

Female portion of fastener crimped or riveted to fabric and/or
rigid member. Fabrics are jolned by aligning holes and inserting

pin. Pin held in place by grooved channel or ball indent. Weather
seal added as required.

3. Major Advantages:

Readily aveailable:
Simple to manufacture, install, and operate.
Easily repaired.

4. Major Disadvantages:

Numerous loose parts.

Critical mating tolerances.
Difficult operation in dark or with arctic clothing.

5. Comments :

Generally a poor fastener for fabric closures with possible
exception of attachment of fabric to rigid member.

30
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1. lastener: Hitch Pin

2. Description of Closure System:

Fastener components can be sewn into, bonded to or clinched to
fabric. TFabrices are Jjoined by placing grommet over stud and
inserting pin through stud. Sprin% characteristic of pin holds
fastener together. Closure completed by addition of weather seal.

| 3. Major Advantages:

| High strength.
f Readily available standard item.
Operable with partial deomage.

‘ L. Major Disadvantages:

R N R N s N WP 3

Slow Opening/closing. b
Difficult to operate in dark, or inclement weather or with ¥
arctic clothing. ;
Numerous loose parts.

5. Couments:
Best application is attachment of fabric to rigid member.

gt
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1.

Fagtener: Hinge Pin

Description of Closure System:

Fastener sewn or riveted to fabric. Fabrics joined by mating
hinge and inserting locking pin. Weather seal added if required.

Major Advantages:

Operable with partial damage.
Readily available.

Major Disadvantages:

Slow opening/closing.
Difficult operation in dark or with arctic clothing.
Numerous loose parts.

Comments :

Not generally suitable to tentage fabric closure applications.

32
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L.

2. Description of Closure System:
FPastener components are sewn to respective fabrics. Fabrics are
Joined by depressing spring loaded pins, mating two pieces, and
releasing springs. Closure completed by addition of weather seal.
3. Msjor Advantapges:
High strength.
L. Major Disadvantages:
Difficult operation in dark or inclement weather or with arctic
clothing.
Misaligmment critical.
Springs susceptible to various types of failure due to adverse
weather conditions.
5. Commenbs:
Slow Opening/CIOSing if used along continuous seam as opposed
to catenary configuration.
Not generally suitable to tentage fabric closure applications.
1
33
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FPastener: Release Pin
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1. Fastener: ©Snap Slide

L eﬁj@\: | ]

|
i
2. Description of Closure System: é
Snap slide fastener riveted to first fabric. Stud components ?
assembled to second fabric. Fabrics joined by placing snap slide 3
over stud and locking in place. Weather seal added as required. ‘
4
‘l
3. Major Advantages:
Readily available. !
Operable with partial damage.
It
L. Major Disadvantages: I

Difficult to operate in dark, or inclement weather, or with arctic clothing.

Slow opening/closing. i
Strict mating tolerances. {
Susceptible to damage. {

|

5. Comments:

Not generally suitable for tentage fabric closure applications.

Car iy
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g

Fastener: Gravity Hanger

Danerdipbion o' Glonure System:

Hook 1o attoachad to rigld member. Grommets are clinched to fabric.

Closury 1o completed by hanging grommet on hook and adding weather
saul 1 required.

MiJor Advonbogaan ¢

Rl by nvad lablo.
Simplo, quilek dnstallation.
gy rapada or roplacomoent .

Mior Disndyantongon s

bDletiealt oporation in dark.

Copmenitn

Limdtod applieutions, can only be used to suspend vertical
funbrio guch np ond wall o rlgld member.

Vulnarabla Lo guobing windo unless wged in combination with a
Lonsiondny usyntom,
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Fastener: Channel

Description of Closure System:

Channels are sewn, bonded, or riveted to fabric in sections.
Fabrics are joined by interlocking channels.

Major Advantages:

Easily manufactured and asserbled.

Ma jor Disadvantages:

Strict mating tolerance.
Difficuelt operation in dark or with arctic clothing.

~

Comments:
Suitable for small component closures without force transmittal.
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Fastener: Zipper (Slide Fastener)

2.

Description of Closure System:

Fastener is sewn to fabric. Fabrics are joined by meshing action
of teeth as slider traverses closure. Weather seal added if

required.

Major Advantages:

Very rapid opening/closing.
Easy to install and operate.
Operable under all weather conditions.

Major Disadvantages:

Proprietary item.
Not operable with partial damage.

Not field repairable.
Stringers are not interchangeable when manufactured by

different sources.

Comments :

Very versatile closure system. Can be used in almost any
shelter application. Best application is those which require
numerous openings and closings such as exit/entry closures.
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1. Fastener: Removable Zipper (Slide Fastener)

2. Description of Closure System:

I"astener is attached to fabric by becket loops, or snap fasteners,
etc. Fabrics are joined by meshing action of teeth as slider
traverses fabric. Weather seal added as required.

3. Major Adv.ntages:

Very rapid opening/closing.
Easy to install and operate.
Operable under all weather conditions.

Field rerlaceabl-.

4. Major Disadvantages:

Not operable with partial damage. 4
‘ Basic zipper stringer is a noninterchangeable proprietary item.

5. Comments:

Very versatile closure system. Can be used fc - almost any
shelter application.
Combines advantages of zipper with field replaceability.

L1
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1.

Fastener: Drilok

Degeription of Closure System:

Stringers are sewn or bonded to fabrics. Fabrics are joined by

channel meshing action as slider traverses closure.

Major Advantages:

Quick, simple operation.
Simple assembly to fabric.
No additional weather seal required.

Ma jor Disadvantages:

Proprietarg item.

Not interchangeable.

Not operable with partial damage.
Strength limitation.

Can not be repaired on site.

Comments :

Strength Limitation can be improved by addition of intermittent

fasteners.
Similar to zipper.
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Fastener: Becket Loop

Description of Closure System:

Loops aie sewn to one fabric. Grommets are clinched to second
fabric. Tabrics are Joined by inserting loops through grommets

and then sequentially interlocking

loops along lengtlt of closure.

Additional weather seal not normally required.

Major Advantages:

Readily available.

High strength.

Mating tolerance not critical.
Field repairable.

Not easily damaged.
Inexpensive.

Self loc'ing.

Major Disadvantages:

Slow closing.
Difficult operation in dark or ice
Can generally bc operated from one

Comments :

or with arctic clothing.
side only.

Simple fundamental reliable closure suitable for many applications
such as component, end panel, weather seal, floor section, and

fabric to rigid member.
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1.

Fastener: Chain Stitch

Description of Closure System:.

Grommets are clinched to both fabrics. Fabrics are Joined by laciug
cord through grommets in chain stitch pattern. Closure completed
with addition of weather seal, 1f required.

Major Advantoges:

Readily available.

Operable with partial dawmsge.
Eagily repairable.

Not easily damaged.

Rapid opening.

Major Disadvantages:

Very slow closure.
Difficult operation in dark or inclement weather or with

arctic clothing.
Limited training required.

Comments :

Not sultable for closures that are continually opened/closed.
Suitable for high strength closurs where speed of assembly is not
important, components will remain joined for extended period, and
speed of disassembly 1s desirable.

A portable stitching tool would facilitate tedious hand closing
operation.
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1. Tastener: Rope & Continuous Hinge

*

2. Description of Closure System:
Continuous flexible strip of fabric or plastic sewn to prime fabric.
Fabrics Jjoined by mating hinge and passing rope or wire through
, openings along length of closure. Weather seal added if required.
i .
3
3. Major Advantages: 13
e
: Readily available. I
j Operable with partial damage. ﬁ
|
‘ h. Major Disadvantages: ?
: 5low closure. 1;
Dir{icult %o operate in dark or with arctic clothing. :
Strenpgth Limitation. ‘;
i
5. Comments: ht
Generally suitable to component closure without force transmittal,
end panel/wall cLosures, and floor section closures. )
; Parmits gathering of materials. ;
:
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1. Fastener: ©Speed lacing

) .:‘
|

A
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2, Description of Closure System:

Hooks are sewn to fabric, fabrics are joined by lacing cord
through alternate hooks. With proper design, no additional
weather seal required.

3. Major Advantages:
Readily available. T

Operable with partial damage.

4. Major Disadvantages:

Difficult operétion in ice or dark conditions.
Operable from one side only.

5. Comments:

Not generally suited to tentage fabric closure applications.
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Fastener: Rope & Hook

Description of Closure System:

Hooks are sewn to fabric or attached to rigid member. Rope is
laced through grommets which are clinched to mating fabric.
Fabrics are Jjolned by running rope through hooks. Closure is
completed by addition of weather seal such as hook and pile.

Ma jor Advantages:

Readily available.
Mating tolerance not critical.

Major Disadvantages:

Operable from one side only.
Possibly difficult to operate in dark or lnclement weather.

Comments :

Suitable for fabric to rigid member closures in which the fabric
ig under tension.
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1. Fastener: Loop and Pin

2. Description of Closure Sysbem:

Rope loop sewn and grommets clinched to respective fabrics. Fabricse
are joined by inserting loop through grommet and placing pin

through loop. Bach succeeding pin is locked into the preceeding
one. Weather seal added as required.

3. Major Advantages:

Readily available. il
Easily repaired or repluaced. I
!
i
'
!

4. Major Disadvantages:
Strict mating tolerance.

Loose parts. I

Slow opening/closing-
Easily damaged.
Difficult to operate in the dark, in inclement weather, or with

arctic clothing.

5. Comments:

Not generally suited to fabric closure applications. |
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L. Fastener: Nylon Reinforced Filament Tape
T ™ d_ jaw irﬁlﬂ
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’ <o Deyerdption of Closure System:
Imbirdes wre buped bopebher. No addltional weather seal required. 1
S
2
‘g
| 1
, .
' 4o Mojor Advonbogen s
Roudlly svalluble.
No presgoenbly ol lastener to fabric required.
! No nddiblonel weabher seul required.
mausily repailved.
e MoJjor Disudvanbaposs i
B
con nob be accomplished In Lnclement weather or in durk. )
pbrenesbh Limltation. Ii
. New tape mast be used or each application. ]
|
o Comenbu s
i .
Nob sultable to tentope fabric closure applications.
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Fastener: Friction

Description of Closure System:

Respective fabric components are overlapped on top of a rigid
frame member. Components are then secured in place by
tightening ropes contained in each fabric hem.

Major Advantages:

Easy %o manufacture, install, operate and repasir.
No additional weather seal required.

Major Disadvantages:

Strength limitation.

Comments :

Suitable for joining sections of a f{rame supported tent only.
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Fastener: Flexible Channel

Description of Closure System:

Continuous f{lexible channel sewn to fabric. Continuous bead
formec on rigid member. Closure completed by forcing fabric
channel over rigid member bead.

Ma jor Advantages:

Tasy to fabricate, install and operate.
No additional weather seal required.
Rapid opening/closing.

Mg jor Disadvantages:

Partial damage may hinder closure.
Not easily field repairable.

Comm:inlo s

Duitable for fabric to rigid wmember closures only.
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Fastener: Catenary System (Note: The catenary system is not a

specific fastener bhut a stress relieving closure method which
can utilize various different fasteners%

.—-“"‘“\

Description of Closure System:

The fabric end is sewn into a catenary configuration. Wires or
ropes are also sewn into the fabric if required. The fabrics are
Joined by mating individwal fasteners along the length of the
catenary. Weather seal added as required.

Major Advantages:

Easy to fabricate, install and operate.
Relieves fabric stress concentration points.

Major Disadvantages:

Comments ¢

This system is normally used with buckle, snap and ring, or
link and latch fasteners to join major components with force
transmittal.
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FPastener: Sectionalizing Band (Concept)

Description ot Closure System:

Plastic strips are stitched at various intervals and pockets or
tabs are formed. Velcro flaps and strips are stitched to cloth

to hold tabs in pockets. Fabrics are joined by inserting tabs

into pockets and utilizing the velcro flaps Lo assist in containing
the tabs in the pockets.

Ma jor Advantages:

No additional weallier seal required.
Operable with partial damage.

Field repairable.

Ma jor Disadvantages:

Extensive fabrication required.

Slow o;ﬁning/closing.

Slow field repair.

Possibly -ifficull to operate in dark or with arctic clothing.

Commentus :

Designed for component, end paneL/waLl, and weather seal closures
which are under tension.

May 1ot be eftective in arch type application.

This is a difficult closurc to effect even under the best of
conditions, i.e. clean fabrics, clean hook and pile, and comfortable
temperatures. Mud, ice, and cold would make it practically

impossible to complete this closure.
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Fastener: Magnetic (Concept)

Description of Closure System:

Magnets riveted to fabric. Febrics joilned by matching magnets.
Weather seal added 1if required.

Ma jor Advaentages:

Operable under all weather conditions.
Rapid opening/closing.
Operable with partial damage.

Major Disadvantages:

High cost.

Strength limitation.

High weight.

Possibly difficult to operate in dark.

Comments :

Suitable for exit/entry and window apvlications.
Strength ot closure can be improved by proper design or by addition
of intermittent fasteners.
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1. Fastener: Air Pressure (Concept)

kil
i
i v
<
le
-
4
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2. Description of Closure System:

B e i W

Fasteners are sewn to fabric. Pabrics are joined by inserting

B
: deflated tube into channel and pregsurizing.

3. Major Advantages:

R R RPN - ¢

!
1 —
£ BEasily fabricated.
‘
1 L. Major DI .dvantapes: 1]
! No- ~uble with partial damage, in the dark or with arctic
X cl .
A Bauil,. damaged. i
- Stringent mating tolerance. ;
‘ i
f
; , ﬁ
5. Comments: g
Applicable to ailr inflated structures cnly. lﬂ
. Appears to have many disadvantages including possible damage
to fabric caused by rigid member. ‘
i
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Fastener: Interlock (Concept)

\ /\
/ —

Description of Closure System:

Flexlible strips are sewn to fabric. Fabrics are Jjoined by
interlocking strips and securing with slides.

Me jor Advantages:

Easy to manufacture and install.
No additional weather seal required if properly designed.

Major Disadvanteges:

Difficult operation in dark or with arctic clothing. \

Slow opening/closing.
Stringent mating tolerance.

Comments :

Possibility of effecting closure through use of slider exists.
May not be adaptable to closures involving a radius.
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Fastener: Pressure Zipper (Concept)

Description of Closure System:

Basic fastener consists of interlocking channels and wires
somewhat like conventional zipper. Channels and wires are
sewn Lo fabric and fabrics are joined by channel locking
action as slider traverses closure. Weather seal added as
required.

Ma jor Advantages:

Basy to install and operate.
quick opening/closing.
Operable with partial damage.

Major Disadvantages:

Not field repairable.
Strength limitation.
Possibly easily damaged.

Comments s

Stringers may be separated at any point along closure by properly
applied pressure.

Pogssible alternative {o conventional zipper.
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Fastener: Channel I (Concept)

Degcriptlon of Closure System:

Continuous channels are sewn,bonded or riveted to fabric.
Fabrics are Joined by interlocking channels.

Major Advantayges:

Eapy to manufacture and assemble.
Operable under all conditions.
No additional weather seal required.

Major Disadvantopes:

Strict mating tolerance.
Strengbth Limitation, bubt can be improved by use of inbormlbttent

fagteners.
Not easily field repauirable.
Pogsibly inoperable with partial damupe.

Comments :

Lack of flexibility may be a problem.
Suitable for small component closures wlthout [lorce transmitbul.
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1. Fastener: Clasp (Concept)

[4

-

o Dosoripblon of Closurc System:

T.

Inds of fabrile ore formed into Leads. Fabrico are Joined by

v ploclng two bowds text to eanch other, covering the seam with
Lo o flexible sleeve, und adding clamps ao required for stirangth.
b No additional wonbhor senl required.

o

p

r 4 Modor Advanbogon

" Mooily faubrleabod.
- No additionul wenthar geul required.

e Mdor Dlsndvanbogen

|

i ‘ {Low u[nninm/clouiug.

: DL Lenlt oporabilon In darvk, ithelemont wonthor or with arctic
i clothing.

Numerous Loopn prrbto.

i Ye o Commantn g

Nobt ponerally suited Lo tenbagoe fabrice clonura applications,




“TeNTYrTE s catbit o as RUo oo onae S o

TSR AT T IR T T T e e s

v

e e

l.

”y
[P ]

3

)

1

Ve

Fastener: Garter (Concept)
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Desaeripbion of Closure System:

Bubtons ure oattached Lo one fabric. Grommets are clinched to
gecond fabric. lubrics are joined by ilnserting butions through
prommeby and securlng groups of three with spring clips.
Weanther geal can be bullt inbo closure.

Mo jor Advanbogen:

Operuble with partlel damuge.
Remd! Ly nvallable.
Meld ropalrable or roplaceable.

MuJor Dinndvnibopon:

DEftEeult opuration in dark or with arctic clothing.
Critienl mabing tolerance.
Numaorows Looovo purbo.

Conmantis

Not ponorally sultabla for tontape fabrlce clooure applicationn.
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