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1.0 BACKGROUND AND PROJECT OBJECTIVES

following many major disasters, it is difficult to obtain adequate enclosed

space in order to provide such essential public services as health stations,
classrooms, nutrition and food distribution centers, warehouses, and public
meeting places. These needs are sometimes met partially with contributions of
hospital-type tents, military medium and large general purpose tents, and pre-
fabricated buildings of various sizes and materials. Although these shelters

are available for immediate shipment from most of the major international
disaster relief donors, they are often expensive, difficult to erect, and rarely
offrr flexibility in the amount of floor space they might provide. The “emporary

nature of these needs does not justify permanent or even semi-permanent structures.

Dependence on imported tents and pre-fabricated buildings can be reduced by
using plastic sheeting material in combination with a frame made of indiganous
new or salvaged materials. Erecting an adequate community services structure
may be difficult because the space to be housed is usually large and the

which is wind- and rain-resistant, capable of sustaining a snow-load, and usable
in hot and cold weather, yet made of indigenous materials, may be beyond the
capabilities of local expertise, especially when the population is recovering

from a major disaster and lacks the time to experiment.

Although the need for multi-family dwellings is not frequent following disasters,
when the need does accur there is no standard international response. Existing
buildings zuch as schools are sometimes modified with temporary partitions, but
are then unavailable for their intended purpose. This type of shelter system

should provide a temporary alternative.



The two primary objectives of this project are to design systems for the following:

1. Temporary Multiple-purpo.e Community Structures: for use as enclosed

space for essential public services following a disaster in a foreign
country. These services could include a health station, a school
classroom, a nutrition and food distribution center, a warehouse, or

a public meeting place.

2. Temporary Multi-family Shelters: for use as a multi-family dwelling

space for at least four families of two adults and four children each
(24 people) separated sufficiently to retain family integrity and
privacy and to provide protection from the elements. The activities
would be those associated with family life in a disaster relief

situation, but would not include significant bathing and food preparation.

These designs must incorporate indigenous materials normally found in disaster-
prone developing countries (See Appendix 4.1) and lighweight reinforced plastic
sheeting material (or an A.I.D. approved substitute with similar characteristics)

which is currently available commercially from several sources.
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2.0 DESIGN SPECIFICATIONS AND PRE-DESIGN DATA

A)

B)

C)

D)

E)

F)

G)

H)

The framing systems will be made from wood (including baﬁboo) or
other building materials or combinations thereof that are usually
available for use at a disaster site.

The framing systems should be modular and connectable in order to be
able to provide larger areas of contiguous enclosed space.

The systems should be simple in design so that they can be erected by
seri-skilled workers with a minimum of professional or skillled direc-
tion. Supervision should be by local building authorities.

In all cases the outer covering to be used shall be the reinforced
nlastic sheeting (or AID approved substitute with similar charac-
teristics). Samples of the plastic sheeting currently stored 2y AID
and data on its characteristics will be provided. Mo approval will

be given under this contract to any construction design waich does

not utilize plastic sheeting (or AID approved substitute with similar
characteristics) as a major component.

Methods for attaching or fastening plastic sheeting to the frames will
utilize locally available materials wherever possible and nut rely on
imported materials..

Fabrication and erection of the framing and fastening of the plastic
sheeting will not require any tools that are not locally available
under ordirary circumstances. No power tools will be required.

The design of the buildings should be culturally acceptable to the
disester victims.

As this contract covers temporary shelters only, the shelter should be

designed to last only one year with normal use. However, it should



I)

J)

sustain no more than 20% loss of function during the first six months,
given normal maintenance.

The design should permit repairs of minor damage incurred to framing
or roofing by falling branches, children's play, vandalism, and fire.

Measurements (when included) will be given in metric terms.



2.11 SHEETING PROPERTIES/CHARACTERISTICS

As discussed in the Project Objectives and Design Specificatfons. the
intended application of the plastic (polymer) sheeting is either in con-
junction with existing damaged structures - to repair and bring them
back into service - or in the erection of new, temporary spaces in
which public service and residential activities can take place. The
repair or :onstruction of these structures would be done primarily by
unskilled and low-skilled labor. Because of this fact, and their very
nature, the structures will be short lived and expected to endure only
reasonable evnironmental forces - wind, rain, heat, cold, etc. - in
providing shelter, They are not intended to withstand secondary

disaster events - earthquakes, hurricanes - without being damaged.

Given this series of design requirements and parameters, a set of
desirable characteristics for the makterial was identified and are

shown below.

1. Capable of providing a serviceable life for approximately
one year given normal use.

2. Compatible with use of local materials, unskilled labor, and
few tools.

3. Provided in a sheet size sufficiently large to accommodate
the creation of spaces for community/public scale functions and
repair of existing damaged structures.

4, Capable of repairs to minor damage.

5. Relatively inexpensive on a per square foot basis.



6. Produced by and available from several manufacturers.

7. Available in colors which are compatible with climate and
social/cultural variations.

8. Flame resistant/retardant.

9, Capable of bending/stretching in two directions simultaneously.
10. Capable of limited stretch/elongation with a "memory" (i.e.

the .ability to return to original shape and size after deformation
forces are removed).

11. Puncture and rip resistant.

The spe.trum of commercially available plastic materials from which
to select one material having the grea%est number cf characteristics
shown above is extremely broad. These sheeting materials range from
the most commonly known thin polyethylene films used in consumer
packaging to very high technology Teflon-coated woven glass fiber
fabrics used in architectural applications. In this investigation,
no attempt was made to design or engineer a new material to meet the
specific needs of the project. Rather, a conscious effort was made
to restrict the scope of products to materials which are produced by
a number of manufacturers and that would likely be available in

quantity, if the need arose.

As might be expected, each plastic sheeting material has its own set
of characteristics or properties. For this project, it was determined
that the set of characteristics listed above would act as the criteria
against which the various sheeting materials would be assessed.

Those materials identified as most closely meeting the requirements



of the characteristics would be recomrended for fuller evaluaticn

under Phase Il of the project.

One difficulty encountered in carrying out this analysis was acquiring
measurement data for one specific property of all materials which had
been obtained using a uniform testing procedure or standard. Because
of the nature of different materials, one particular quality in two
materials is often measured by different standards and procedures.
Consequently, the test results from one material to another must be
closely analysed and interpreted."A brief description of the standards
against which materials have been measured is found in the Notes for
Plastic Materials Matrix. Manufacturers tend to perform tests and
publish information which present the best properties of a given
material. In addition, materials distributors often do not have
access to or a thorough understanding of technicai information. For
these reasons, information which does not appear in the accompanying
Plastic Materials Matrix for a specific property of a given material

is not available at this time.



1 2 3 4 5 6 7 8 9 10 11 12 13 14
2.12 CONST. COATING TOTAL  FINISHED GRAB TONGUE MULLEN HYDRO  FLAME ELOHGA- ROLL  COLORS APPRX.
PLASTIC warps/inx mils THICK. WEIGHT TENSILE TEAR BURST STATIC RESiST. TION SIZE CosT
MATERIALS wefts/in inches o0z/sq yd STREN. STREN. STREN. RESIST. Heets regs. w-ft $/1000
MATRIX 1bs 1bs PSI PSI listed 1-ft SF
1 OFDA MATERIAL PE-HD PE-LD M2 6.5 165x165 60* 350 144 none - 20 T1,6,0,8 82.50

12x12 1.0 100S W
2 SCRIMWEVE PE-HD PE-LD .007 4.35 113.76x 40.8x  260* - none >1% 40 B,G,R,HW 81.60

S-1010 10x10 1.25 101.08 45.32 500 BX,GR,O0,

3 SCRIMWEVE PE PE 010 4.6 160.33x 69.93x 357.5% - none - 40 B,G,R,BK, 93.20

1-120 12x10 1.25 144.47 61.13 1000 GR,0,T,W
Y LORETEX PE PE .012 6.5 214x219 60x60 415 144 UL, NFPA, .5 T5C B,6,0  250.LC

1212 12x12 1.5 CPAl 84.6 1500 W,

5 BRUN-TUFF Nylon PVC 10.0 - - - - CFMA - 5.0 B,G,W, 134.07

VRN 200 - - 300 Y,BX,R
6 DURA-TUFF ~ Nylon PVC .010 6.0 T05x90* J4x32+ - 175 CFMA 1-2% 6.0 G,W,Y T110.00

#4802 22x22 ] 300
7 DURA-TUFF NyTon pVC .014 T10.0 T25xT20%  45x45+ - 210 CFHR - 4.5 B,G,W,Y 172.60

#4932 - - 300 F
8 DURA-PRO Polyester PVC .016 10.0 250x220% 50x70+ - 300 CFMA - 5.16 B,G,W, Y T127.%0

26010 10x10 300
9 SHELTER-RITE Polyester PVC - 18.0 230x200*  T100x100+ - 200 ULLNFPA - 4.67 B,GW,Y 321.20

#8218 - - CFMA 340
TO NYLON REINFOR. HNyTon PE .004 - - - B85 - - - 20 - 47.50

PE FILM 3.5x3.5 - 100

TU L0 PE FIIN - No .003 2.88 - - - - - 49570 40 BK 10.4TN

MONSANTO Coating 550%T 100 11,04BK
12 LD PE FILH - No 010 1.7 - - - - - 43574 4.0 BK 15,78

ALMAC Coating 550%T 10005
131D PE FIIM - No .015 2.88 - - - - - - 4.0 8K - 20.66

ALMAC Coating ' 1000S

14 RUFCO 400 CROSS PE-HD Ho .004 2.30 89.5* 12.95 - 55 none - 4.0 W,8K 42.50

LAMIN., FILM Coating 100S
IS TUTUF 4 CROSS  PE-HD No .004 2.74 - - 202.5+ - AST™ 35634 30 B8,G,0,W T0.00

LAMIN, FILM Coating D1433 42837 1005 BX

To6 SUPER-POLY PE No .05 3.8 1 iq 14 118 63 CPAl - 6.05 ©,G,8/BK 58.33

FILM ASTRUP Coating 84.7 7508 WMW,Y




NOTES FOR PLASTIC MATERIALS MATRIX

COLUMN
NUMBER

]l
2.

4.

6.

NAME OF MATERIAL

CONSTRUCTION

This column lists on the first line the type of polymer used in the
material. If the material is woven, the warps and wefts per inch
are shown on the second line.

PVC = Polyvinyl chloride

PE Polyethylene

HD High Density

LD Low Dansity

COATING

For those materials which have a coating applied to both sides

of a scrim fabric, the type of polymer is shown on the first line
and the thickness of the coating on each side is shown below it.

TOTAL THICKNESS
The measurement of the sheeting (including coatings where
applicable) is shown.

FINISHED WEIGHT
The total weight per square yard of the material is shown,

ASTM #D1910-75 Procedures Summary
The length and width are measured and then weighed on a calibrated
balance to the nearest 0.01% of its weight.

GRAB TENSILE STRENGTH

The first figure given is the value at which the material fails in the
direction of the warp; the second number represents the value at which
the material fails in the weft direction.

ASTM # D1682-64 Procedures Summary

The grab method is applicable whenever it is desired to determine
the"effective strength" of the fabric in use, that is, the strength
of the yarns in a specific width together with the additional
strength contributed by adjacent yarns. The breaking load
determined by the grab methed is not a reflection of the strength
of tne yarns actually gripped between clamps and cannot be used
for direct comparison with yarn strength determinations. Grab
tests are as precise as ravelled strip tests and the speimens
require much less time to prepare though they require more fabric
per specimen, There is no simple relationship between grab tests
and strip tests since the amount of fabric assistance depends on
the type of weave, fabric count, mobility of yarns, etc.



COLUMN
NUMBER

A continually increasing load is applied longitudinally to the
specimen, and the test is carried to rupture in a specific time.
values for the breaking load and elongation of the test specimen
are obtained from machine scales or dials or autographic recording
charts.

* FTMS # 191/5100 Procedures Summary
(Not available at time of printing)

TONGUE TEAR STRENGTH

The first figure given is the value at which the material fails in
the direction of the warp; the second number represents the value at
which the materia’ fails in the weft direction.

* Only one value given

ASTM # D2261-71 Procedures Summary

A rectangular specimen, cut in the center of the shorter edge to form
two "tongues" (or "tails"), is gripped in the clamps of a recording
tensile testing machine and pulled to simulate a rip. The force to
continue the tear is <alculated from integrator readings as the
average force to tear, or from the autographic chart as ithe median-
peak load or the average of the five highest peaks., :

+FTMS 191/5134 Procedures Summary
(Not availahle at time of printing)

MULLEN BURST STRENGTH
* These figures are an average of the two values

ASTM #D751-73 Procedures Summary

Lay the specimen smoothly on the face of the lower ring of the clamp,
and lower and fasten the upper plate in place. This shall form a
watertight compartment. When the specimen is coated on only one

side, place the coated side next to the water column, unless otherwise
specified. With the leveler at the zero postion, turn the water on
and keep it running at such a rate as to overflow continuously.

Raise the column at a rate crf 10 mm/s until the first drop of water
appears through the costes fabric. Read on the scale the height of
the water column above the level of the specimen.

ASTM# D1822-79 Procedures Summary

The energy utilized in this method is deiivered by a singie swing of

a calibrated pendulum of a standardized tension-impact machine. The
energy to fracture by shock in tension is determined by the kinetic
energy extracted from the pendulum of an impact machine in the prc~ess
of breaking the specimen. One end of the specimen is mounted in the
pencdulum. The other end of the specimen is gripped by a crosshead
which travels with the pendulum until the instant of impact and instant
of maximum pendulum kinetic energy, when the crosshead is arrested.



COLUMN
NUMBER

9.

10.

HYDROSTATIC RESISTANCE FTMS 191/5512

(Not available at time of printing)

FLAME RESISTANCE

The standards/regulations referenced in this column are cited by the
manufacturers as those which their product meets. Following in this
section is a brief synopsis of each standard cited. These synopses
are included only to give the reader a general idea of the scope,
procedures, and requirements of the standards. Each of the standards
is much too lengthy and detailed for incorporation in this report

and necessarily, some information has been omitted. Consequently,
the summaries presented should be used for general informational
purposes only and are not intended to fully represent detailed aspects
of the standards.

UL
Underwriters Laboratories
Standard for Tests for Flame-Propagation of Fabrics and Films - uLz214

General Scope

These requirements apply to the performance in flame-exposure tests
of flame-resistant fabrics of natural, synthetic, or combinations
of natural and synthetic fibers; or films intendad for such use as
as tents, awnings, draperies, or decorations. The flame resistance
of the fabric or film may pe inherent in the material used or may
be the resuit of chemical treatment to retard ignition and spread
of flame. The flammability tests provide a means of determining
the flame-propagation, if any, of fabrics or films under light fire
exposure.

The Small-Flame Test is intended to determine the burning characteristics

of fabrics and films in single sheets when exposed to a luminous
flame 1-1/2 inches (38.1 mm) high. Fabrics and films that show
acceptable performance in the Large-Flame Test may not retard flaming
or smolding combustion in the Large-Flame Test.

The Large-Flame Test is intended to determine the burning character-
istics of fabrics and films in single sheets and folds when exposed
to an oxidizing flame 11 inches (279 mm) high. Fabrics and films
that show acceptable performance in the Large-Flame Test may not
retard flaming or smolding combustion under more severe fire exposure,

Fabrics and films shall be in accordance with the Conditions of
Accepiance of both the Small-Flame Test and the Large-Flame Test.



Conditions of Acceptance
Small-Flame Test

A test specimen shall have the following properties:

A. The specimen shall not continue to flame more than 2 seconds
after withdrawal of the test flame.
B. Portions or residues which break or drip from a test specimen
shall not continue to flame after falling.
C. The vertical spread of flame and afterglow (smoldering combustion)
on the specimen, as indicated by the length of char, shall not exceed
the values indicated below.
Length of Char
Maximum Average Length Maximum Length of Char
of Char of Destroyed or Destroyed Material
‘ Material for any
Weight of Fabric or Film (10 Specimens) Specimen
Qunces per square yard (kg/mz) inches nm inches mm
Over 10 (0.34) 3-1/2 88.9 4-1/2 114
Over 6 (0.20) and not
exceeding 10 (0.34) 4-1/2 114 5-1/2 140
Not exceeding 6 (0.20) 5-1/2 140 6-1/2 165

Large Flame Test

A test specimen shall have the following properties:

A.

B'

The specimen shall not continue to fiame for more than 2 seconds after
withdrawal of the test flame.

Portions or residues which break or drip from a test specimen shall not
continue to flame after falling.

The vertical spread of flame and afterglow (smoldering combustion) in a
single sheet specimen, as indicated by the length of char above the tip
of the test flame, shall not exceed 10 inches (254 mm).

The surface spread of flame in a folded specimen shall not exceed 35
inches (889 mm) above the tip of the test flame, but the afterglow may
spread in the folds.

e



NFPA

National Fire Protection Association Standard Methods of Fire Tests for
Flame-Resistant Textiles and Films

NFPA-701 Large Scale

General Scope

It is the intent of these requirements to provide tests to determine whether
the flame-resistant textiles and films are comparatively difficult to ignite
and whether it is comparatively difficult to propagate flame beyond the

area exposed to the source of ignition.

These performance tests do not necessarily indicate whether the material
tested will rec st the propagation of flame under severe fire exposure or
when used in a manner which differs substantially from the test requirements.

General Description

Two methods of assessing flame resistance are described. Both methods will
provide a comparison among textiles and films, but do not necessarily indicate
the behavior of a material in a large building fire or other conflagration.

The smai! scale test employs a rclatively small sample and small igniting
flame. It is simple and convenient for general use. The small scale test is
cormonly used to indicate susceptibility to flame spread from small ignition
sources; but may also be used as a screening test prior to large scale testing.

The large scale test requires a much larger sample and applies a more severe
fire exposure which will more nearly approach sesere fire conditions. Initial
screening may be done with the small scale test. This method is also useful
for investigating the flammability of fabrics when hung in folds.

Test Selection

A1l flame-resistant textiles and films shall be capable of complying with the
performance requirements of either the small or the large scale tests or
both. The authority having jurisdiction shall determine whether both the
small and the large scale tests are required and this will generally depend
on the purpose to be served or the nature of the materials tested.

Conducting the Test

The gas burner shall be ignited and the gas pressure reguiated at 4-1/4 inches
(108mm) of water.

The burner shall be adjusted to produce an 11-inch oxidizing flame having an
indistinct inner cone.



The flame shall be applied vertically near the middle of the width of the
lower end of the specimen in a single sheet, or to the middle of the width of

the lower end of the middle fold of the specimen in folds. The position of
the specimen relative to the test flame shall be maintained by guide wires
attached to the outer edges of the specimen. The test flame shall be applied
to the specimen for two minutes, then withdrawn.

The duration of flaming combustion on the specimen shall be recorded after
withdrawal of the burner,

Flame Resistance Requirements
Large Scale Test

When subjected to the large scale test, no specimen, in single sheets or in
folds, shall continue flaming for more than two seconds after the test flame
is removed from contact with the specimen,

The vertical spread of burning on the material in single sheets shall not
exceed 10 inches above the tip of the test flame. This vertical spread shall
be measured as the distance from the tip of the test flame to a horizontal
line above which all material is sound and in originai condition, except for
possible smoke deposits.

The vertical spread of burning on the folded specimens shall not exceed 35
inches above the tip of the test flame, but the afterglow may spread in the folds.

At no time during or after the application of the test flame shall any portions
or residues of textiles or films which break or drip from the test specimen
continue to flame afte-~ they reach the floor of the tester.

CPAI

Industrial Fabrics Association International (Formerly Canvas Products
Association International - CPAI)

A Specification for Flame Resistant Materials Used in Camping Tentage CPAI-89

General Scope

This standard provides performance requirements and test methods for evaluating
the flame resistance of fabric and other pliable materials used in camping
tentage. It also provides for certification of materials by suppliers and for
labeling programs to caution the user against actions detrimental to flame
retardant finishes, as well as to facilitate the identification of tentage as
being constructed of flame resistant materials and to identify the manufacturer.

Material Classification
A1l materials covered in this standard fall under one of the following definitions:

Flooring Material: Any pliable material used for flooring in camping tentage
but excluding such things as rugs or carpets placed in the tent which are not

,l/i)



Wall and Top Material: Any pliable material used in camping tentage for
other than flooring 1nc1ud1ng walls, roofs, tops, doore, windows, screens,
awnings, flies and canopies.

Performance Requirements

looring Materia,. When subjected to the test described in Section 6, no
specimen from a sample unit of flooring material shall be damaged within 1.0
inch of the edge of the hole in the flattening frame.

Wall and Top Maierial., When subjected to the test described in Section 7, no
specimen from a sample unit of wall and top material shall have an after-
flame time (length of time a specimen continues to flame after removal of
the test flame source) of more than 4.0 seconds; the average after-flame
time for all specimens in a sample unit shall not exceed 2.0 seconds. The
damaged length (distance from the bottcm of the specimens shall not exceed
the values shown in the following table. Portions or residues which break or
drip from the test specimens shall not continue to flame after they reach the
floor of the tect cabinet.

Damaged Length. The maximum permissible damaged lengths for wall and top
material shall be as follows:

Untreated Weight of Maximum Average Damaged Maximum Damaged Length
Material being Tested Length for Sample ULnit for an Individual
Qunces Per Square Yard Inches Specimen - Inches

Over 10 4.5 10.0

Over 8 but not over 10 5.5 10.0

Over 6 but not over 8 6.5 10.0

Over 4 but not over 6 7.5 10.0

Over 1.5 but not over 4 8.5 10.0

Not over 1.5 9.0 10.0

Section § Test Method Procedure
Flooring Material

Place the test chamber in the draft-protected environment with its bottom in
place and the supporting frame centered in the bottom of the chamber, shimmed
side down.

Punch a 1/4 inch diameter hole in the center of the specimen of flooring
material to be tested.

Place the specimen on the supporting frame in the position in which it will

be used, exercising care that the specimen is horizontal and flat. Place the
flattening frame on the specimen and position a methenamine tablet on one of
its flat sides with its edge within 1/8 inch of the hole in the center of the

specimen.

Ignite the tablet by touching a lighted match or an equivalent igniting source
carefully to its top.

-



Continue each test unil the last vestige of flame or glow disappears or the
flaming or smoldering has approached within 1.0 inch of the edge of the hole
in the flattening frame at any point.

Section 7 Test Method Procedure
Wall and Top Material

The specimen in its holder shall be suspended vertically in the cabinet in
such a manner that the entire iength of the specimen is exposed and the lower
end is 3/4 inch above the top of the gas burner. The apparatus shall be set
up in a draft free area.

Prior to inserting the specimen, the pilot flame shall be adjusted to
approximately 1/8 inch in height measured from its lowest point to the tip.
The burner flame shall be adjusted by means of the needle valve in the base
of the burner to give a flame height of 1-1/2 inches (+ 1/16 inchj. It is
an important aspect of the evaluation that the flame height be adjusted with
the tip of the flame level with the tip of the metal prong. After inserting
the specimen, the stopcock shall be fully opened, and the burner flame
applied vertically at the middle of the lower edge of the specimen for 12
seconds (+ .2 second) and the burner turned off. The cabinet door shall
remain shut during testing.

After both flaming and glowing have ceased, the damaged length shall be measured.

A tearing force shall be applied gently to the specimen by grasping the corner
of the cloth at the opposite edge of the char from the load and raising the
specimen and weight clear of the supporting surface. The end of the tear
shall be marked off on the edge and the damaged length measurement made along
the undamaged edge.

Loads for Determining Damaged Length, The specific load applicable to the
weight of the test material shall be as follows:

Untreated Weight of Total Tear Weight
Miterial Being Tested for Determining the
Qunces per Square Yard Damaged Length - Pounds
Not exceeding 3.0 0.125

Over 3.0 and not. etceeding 6.0 0.25

Over 6.0 and nol ex-eeding 10.0 0.50

{iver 10.G 0.75



ASTM
American Society for Testing and Materials Rate of Burning and/or Extent and

Time of Burning of Flexible Thin Plastic Sheeting Supported on a 45 Degree
Incline
ASTM #D 1433-77

This standard should be used Lo measure and describe the properties of
materials, products, or systems in response to heat and fiame under
controlled laboratory conditions and should not be used for the description
or appraisal of the fire hazard of materials, products, or systems under
actual fire conditions.

This method is nnt intended to be a criterion for fire hazard. It is intended
to provide data for comparing the reiative burning rates of thin plastic
sheeting under the conditions of this test. The rate of burning will vary
with thickness. Test data should be compared with data for a control material
of known performance and of comparable thickness. Correlation with burning
characteristics under actual use conditions is not necessarily implied.

Even though the test reproducibility within a laboratory will generally be
within 5 to 10%, the reproducibility between various laboratories has been
found to vary by as much as 40 to 50%. This must be recognized when making
interlaboratory comparisons of data. The test is therefore not suitable as a
precise general specification test. However, it is suitable for control
testing or for making relative evaluations within a laboratory.

General Test Procedure

Prior to inserting the specimen and holder into the track in the cabinet, wet
the automatic timer to zero and regulate the butane flame.

With the hood fan off, the clock set at zero, the flame adjusted, and the
cabinet window closed, insert the specimen holder on vhe specimen holder rack
in the cabinet. Slide the holder into place at a constant rate, covering the
entire distance in approximately 1/2 . If there is any sticking or abnormal
hesitation in this action make a retest.

If the flame goes out before reaching the upper thread, record the Time of
Burning at which this occurs. Measure the length from the upper thread to
the highest point burned and record it as the Unburned Length in millimetres,
The Extent of Burning is defined as 152 mm minus the Unburned Length.

Reporting
The report shall include the following:

The average burning rate in millimetres per second.

If none of the ten specimens or no more than one of 20 burns to the upper thread:
Report the Average Time of Burning rounded after averaging to the nearest
mult’iple of 5 s; if burning or glowing continued for less than 3 s after

burning the lower thread, it shall be reported as "less than 5 s."



Report th> Average Extent of Burning beyond the lower thread, rourded after
averaging tu the nearest 5 mm from the data recorded in accordance with 7.6;
for Average Estent of burning less than 3 mm, report as "less than 5 mm."

CFMA

California State Fire Marshall

Regulations From the California Administrative Code - Public Safety

Title 19 - Subchapter 8. Regulations Relating to Flame-Retardant Chemicals,
Cabrics, Application C- .erns

Test Requirements for Interior Flame Retardant Chemicals (When Aplied to
S.andard Synihetic Test Fabrics)

Fire Resistance.

The treated fabric shall not continue to flame for more than one second
after the burner is removed. The average length of char (for the standard
test fabric) shall not exceed six inches (6").

Specimens shall be tested for fire resistance in accordance with the method
outlined under the Test Method below.

Test Method

Small Scale Test. Six specimens each not less than two and one-half inches
(2 1/2") x twelve and one/half inches (12 1/2") shall be subjected to the
fire resistance test. One half of each set of specimens shall be cut with
the long dimension in the direction of the warp, and the other half with the
long dimension in the direction of the filling.

The specimens shall be suspended vertically in a rack which covers the upper
one-half inch (1/2") of the length and holds the sides firmly to prevent
curling, leaving a strip two inches (2") x twelve inches (12") exposed.

The specimens shall be suspended with their lower end three-quarters inch
(3/4") above the top of a three-eighths inch (3/8") I1.D. Bunsen or Tirril gas
burner, with the air supply completely shut off, and adjusted to give a
luminous flame one and one/half inches (1 1/2") long. The flame shall be
applied vertically at the center of the width of the lower end of the specimens
for twelve (12) seconds, then withdrawn, and the duration of flaming in the
specimens after withdrawal of the burner noted. After complete extinction of
all flame and glow in the specimen, the length of char shall be measured, as
specified in Federal Specifications CCC-T-191a Supplement October 1945.



OLUMN
NUMBER

11.

12.

]3.

14.

ELONGATION
The figures shown represent an increase in length as a percentage of the
original length of the material. Beyond the values shown, failure of the
material would occur,

> greater than

< less than
M = Machine direction
T = Transverse direction

ROLL SIZE

The first value shown for each material is the width, in feet, of a ral)l of
material, The second value is the length, in feet, of a roll of material.
These are the maximum sizes possible unless an "S" follows the number. The
“S" signifies the standard roll size available from the manufacturer.

COLORS

The colors indicated are those commonly available from stock. In some
instances, specific shades may be special ordered at an increased cost.

the colors other than natural-N are listed in the following manner: B-blue;
G-qreen; R-red; Bk-black; A-aluminum; O-orange; T-tan; GR-gray; W-white;
Y-yellow; F-flourescent.

APPROXIMATE COST

The figures shown were quoted per 1500 square feet in March 1982 and are
based on orders of large quantity. These figures may vary with the cost
of raw materials, quantities, and other factors.



2.13 Analysis and Recommendations
At the time of the first in progress review meeting in late March, four plastic
sheeting materials which warranted further study were identified. This
determination was made on the basis of preliminary data available at that
time. The four materials were, as shown in the Plastic Materials Matrix:

#10 Nylon Reinforced Polyethylene Film

#14 Rufco 400 Cross Laminated Film

#15 Tu Tuf 4 Cross Laminated Film

#16 Super-poly Film
The findings of investigations into each of these materials since that

time are presented below.

#10 - Nylon Reinforced Polyethylene Film

Upon receipt of a sample of the film and other technical information, it
became clear that the nylon reinforcing is too widely spaced to provide
sufficient strength qualities to the polyethylene film. Additionally, the
film is only available in natural (clear) color. As such, the film would
degrade extremely quickly when exposed to ultraviolet sun rays making

it unserviceable. These two factors alone would virtually eliminate the
£ilm from consideration, but when given the fact that the maximum roll
width is 20 feet, any futher review of the film would not be fruitful.

#14 - Rufco 400 Cross Laminated Film
#15 - Tu Juf 4 Cross Laminated Film

These two films have quite similar characteristics and so may be considered
together. One of the most interesting aspects of this type of material
is that the mullen burst strength is relatively high whereas the tongue

tear valve is gquite low. In other words, the material resists puncturing

o



well, but once a tear is initiated, it will propagate very easily.

The material is capable of significant elongation, but does not have “memory",
j.e. it does not return to its previous unstressed shape once the force

is removed. One other quality, which is not apparent from the technical

data, is that under movement and dynamic loading, such as that which

would be caused by wind, the material generates a high amplitude "crackling"
sound. Although this aspect of the material is not necessarily quantifiable,
it would unquestionably be a significant environmental factor when employed

in the manner illustrated by the designs developed during this project.

#16 Super-poly Film

Upon comparing the results of the three "strength" tests with those of
the OFDA material, it became apparent that the Super-poly values are
sufficiently low to disqualify the material from further consideration,
The values for the mullen burst and tongue tear tests indicated that, in
a manner similar to the cross laminated films, the resistance to an

initial tear is many times greater than to the continuation of the tear.

Based on an analysis of the additional information which was gathered on
the four sheeting materials and a comparison to the material presently
procured by OFDA, it is apparent that, as a generic polymer type and
sheeting construction (i.e. woven, 12x12) it has superior values in all
of the established strength categories. This material also exhibits some
degree of ability to conform to complex shapes and return to its original

form without an unreasonable noise factor.

There are three specific modifications to the sheeting which would be

recommended for future additional procurements.



Size - The material is presently acquired in 20'x100' rolls. As

discussed in Section 3.27, a wider sheet size would allow larger spaces,
facilitate construction, and reduce the number of seams and connections.
Based on the size of spaces required for the various types of community
facilities presented in Section 3.2, a sheet width of 7.9 meters (26

feet) would be recommended. The 30.5 meter (100 feet) sheet length should

be retained.

Flame Resistance - The present material as specified, requires no flame

resistance qualities. In the preliminary review meeting, AID expressed a
desire to investigate the possiblility of incorporating this type of
quality into the material. This question was discussed with a number of
manufacturers including the present supplier of the material. As
illustrated in the discussion under the Materials Matrix Flame Resistance,
there are several standards and regulations by which films and fabrics

may be specified and each is slightly different.

One particular standard would need to be selected, and testing for it
performed. This procedure would of course require some time, but there
was no question among the manufacturers that the material could be made
to conform to any of the standards noted in the Plastic Materials Matrix.
Although this issue may require additional investigation, perhaps during
phase two of this project, for reasons of national distribution and
availability it would be recommended that either the Underwriters
Laboratories or the National Fire Protection Association Standards be

considered as the basis for the meaterial specification.



Using these types of standards, it was the general opinion of the
manufacturers with whom the question was discussed that a basic minimal
level of flame rzsistance could be achieved for an estimated additional
cost of approximately 15% of the present cost of the material. However,
it must be emphasized, that this price is only an estimate and not based
on any detailed technical investigation and is stated only to give a rough

approximation of probable cost.

Color - As illustrated in the Plastic Materials Matrix, sheeting materials
are available in a wide range of colors. HMost of these colors are
compatible with admixtures which inhibit the deleterious effects of
ultraviolet radiation on polyethylene. This type of UV inhibitor should

be specified for thz color applied to both sides of the sheeting.

The material currently supplied to OFDA is furnished with UV inhibitors

and is green on both sides. Although the shade is not especially deep or
dark, there have been reports from sites where it has been used that it
absorbs solar radiation to the extent that, the spaces which it has been
used to create are often considered overheated. As regards the interior

of spaces, it has been noted that light - whether from artificial or

natural sources - tends to be absorbed by the material, thus making inside
spaces darker than desired and difficult to light adequately at night.

One additional factor relates to the qualilty and color of light reflected
from the green interior surfaces. Although no actual full scale testing was
conducted on this matter, it is likely the reflected 1ight would tend to cast
a green tinted hue, creating an environment which may be stressful or objec-

tionable to some -- especailly those who are already under adverse conditions.

A



For these reasons and others discussed below, it is recommended that
future acquisitions be specified tv have white on one side and 1ight tan
on the other. This would allow local populations some choice in using
the material within their given set of environmental (and perhaps
cultural/social) conditions. The white color, if used on the exterior,
would reflect solar radiation and tend to keep interiors cooler, If used
on the interior, it would absorb only a small amount of ambient light

thus making the spaces brighter and easier to light.

If sun conditions are so extreme that a white exterior would create stark
visually offensive, or an excessively glary environment, the light

tan could be used on the exterior exclusively, or it could be used in
wall and other horizontal applications. The light tan may aisdo be more
appropriate in high dust or wifid areas or where white may become soiled
quickly. If the shade of the light tan were chosen carefully, it could
allow a reasonably high degree of reflectivity so that interiors could

still be lighted with minimum difficulty.

When compared to the 15 polymer sheeting materials identified during
this study, the basic polyethylene-coated, 12x12 woven polyethylene
material presently acquired by OFDA was found to have qualities and
characteristics most appropriate to the contemplated use of the material
to provide temporary community facilities spaces. In essence, three
technical modifications to the material's configuration are suggested:
1. The sheet size of the material should be 7.9x30.5 meters (26'x100').
2. The material should be specified to be in conformance with one

several fire retardant codes.
3. The material should be colored white on one side and 1ight tan

on the other.
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2.2 LIGHTWEIGHT FRAMING SYSTEMS

2.21 Indigenous

Presented in the following pages are examples of indigenous and historic means,
materials, and forms by which various societies and cultures have assembled
supporting systems for large and small structures. Included are examples from

Africa, the Middle-East, and North America.

The supporting systems or frames are usually of wood in some form; saplings,
twigs, branches, and in a few cases, dimensional lumber.v As the different

types of materials wouid indicate, the frames cover a wide spectrum of shapes
and forms. They range from quite small, easily disassembled and transported

to more permanent structures which, thought perhaps not large, are not intended,

for social or religious reasons, to be moved.

These framing systems served as the base upon which covering materials are laid.
For instance, the Taureg use light skins and woven mats -- easily transportable;
whereas Pomo Indian structures are covered with a mud roof laid on top of grass
mats -- much more permanent. In tropical climates, bamboo often serves as both
the frame and covering material -- most often as walls, The joining and attach-
ment of frame members is accomplished almost exclusively by lashing and tying.
For major connections, pins may be inserted through members for added strength,

and then lashed.

The varied uses and shapes of these indigenous types of framing systems are

united by their simplicity and efficiency of design and use of materials.

\,H
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INDIGENOUS
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The main sypes of Tuareg mat
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LIGHTHEIGHT FRAMING SYSTEMS

| INDIGENOUS

Abaggar Tuareg of Tamesna, the
Iregenaten inbe,

SKIN TENT




LIGHTWEIGHT FRAMING SYSTEMS

INDIGENOUS

|
i

Erection of mar tent in Ayr:

R The wooden bed (1edabut) s
Y placed upon the cleared ground.
The pronged pos:s carrying riding
cusbions, skin bags, etc., and the
curved wooden pieces constituting
el the tbree arcbes kncwn as

» tekkekkewat and tillisawin are
buned in the ground. The cusbions
. and decorated skin bags resting in
: the beavy wooden prongs are
temporanly covered witl* tent
< mats so that 1besr colours may
not be damaged by sunsbme.

The arch pieces are lashed togesher
and the twu bonzonial crosshars
(isgar) are fixed to verncal sticks
(tigettewin) buried 1 the ground

Y at the narrow ends of the tent.

A hitle discus-like thickemng
carved a1 the nuddle of each

B cross-bar s seen on this photograph.

W A lung cord 13 wound around the

JA bigh middle arch to form loops for

. 19e imertion of the slender rods
forming semi-arches in the longitudinal
direction. The thick ends of these
rods are fastened to tbe crussbars

bur are not yei lasbed 10gether at
thesr upper, narrow ends.

~
(VN
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LIGHTHEIGHT FRAMING SYSTEMS

A P

INDIGENOUS

S T——

Tbe narrow ends of tbe prece. of
longiudinal sermi-arcbes are lasbed
togesber. The tent siructure is
now ready :0 be covered with
mats The .nienor cover consisung
of two rectangulsr mais made
from plant sters and known 25
iwerweren (sing cwerwer) is seenm
o this pbotograph

The dum palm mats of oval sbape
(isfal) and tbe long narrow Jum
palm mais (asalemamas) are placed
over 1be iwerweren mats and are
ted to the dome-sbaoed structure
with cords. The narrow Jum palm
mat (ereli) surrounding the lower
port of the teni 15 fixed 10 the
structure,

The mat tent 1s taken down for
erection in a new place The woman
standing within the structure 13
loosemng the looped cord which
attacbes the semi-arches 1o the bigh
muddle arch.

It 1s not the same tent as that
depicted above, but the two tenty
belong tv the same camp of tbe
Imezzureg tribe near Agadez 1n
Southern Ayr




LIGHTUEIGHT FRAMING SYSTEMS

INDIGENOUS

Frame of Peyote Swear Lodge

POMO PANGE HOUMSE
CENTER FOLE YITH .
ForNe AT ToP .
PIRT RO ON
GRASS MATTING LMO  DIAMETER 40',20' BiUn
ON BRANCHES ¢ FLooflk pua powN
POLES - o' AND LINED
T,
..
nxoyw wor XIS & o rstED ORn
BRITISH EAST AFRICA S i’ OF GIASTONBURY LAKE
F2 ¥
VILIAGE FUT

maCa O / 28 3 ¢ &§ 6 7 & 9 omr
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LIGHTWEIGHT FRAMING SYSTEMS

Ko.
2.21-7

INDIGENOUS

Made of mud, straw and clay mixture.
Patted on by hand berween lodge pole
frame. Roof is bamboo thatch. All

>
materials local L.os Angeles county! The

people who lwe in the apartments below

complain that the but 1s an eyesore.
Carey Smoot

RONYOON, BURMA, BUILDING A TRMPORMY THEATER,

Court Jobnson sew this turig framework
¢n & dream and built it on @ Samea
Barbara mountain side. He wired
together bent greem eucalyptus bramcbes
set in a circular concrete and rock
footing. Since this photo the frame

bas been plastered with adobe mud,
Cowrt’s dream revealed to bim aw
archetypal siructure as wsed by various
primitive cultures — thin saplings tied
to achieve the strength of compound
curves, The same frameworks ave
Jound in Etbiopia,

f?&;’u;r,""w".v -~
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LIGHTHEIGHT FRANING SYSTEM
I ki 2.21-8
INDIGENOUS
Moroccan teatls. ’
*r c B __;,‘_,-: LA

- A 'y R
- “ Yo aa 0l . o s
{{b ',, .),O"- s - 1

Plan of ten1. Two floor mats are shades, with the

| womens’ side on the right. The fireplace and oven oA 1
’ pt1 are in the forecourt to the right, on the left is a 4 "
water skin on us trestle. Brusbwood surrounds tbe i :

forecount,




LIGHTHEIGHT FRAMING SYSTE!NS

INDIGENOUS

Kurdish

Baluchi




LIGHTHEIGHT FRAMING SYSTEMS

INDIGENOUS

2.21-10
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INDIGENOQUS
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Another Turkish yurt, on this one a highly

ornate band of cloth is wrapped around two
thirds of the circumference ann ihe deco-

rated doors at right identify this tent as the
dwelling of a high-ranking personage. The
cord draped over the left side is used to pull
the felt cover over the smoke hole. (Musée
de I'Homme, Phototeque, Paris)
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This yurt of the Akcha of Nortnern Afghan- ©
istan has a higher and more conical dome.
The shape and coverings of the yurt may
vary according to the tribe and region. (Mu-
sée de 'Homme, Phototéque, Paris)
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LIGHTUEIGHT FRAMING SYSTEMS

INDIGEMOUS

|

The tukul or sarbet (grass house) of the

Ethiopian high plateau is a structure which

utilizes simple building techniques and excellent
l ) use of natural resources.

1 l I ! | |

' 1
1 ‘
1.
First a circle with a diameter of 9 to 20 ft. is
drawn at the building site. Eucalyprus poles are
placed in the ground at one yard or so intervals
along the circumference. The poles should be long
enough so that at least 7 or 8 feet of rhe pole is
above the ground. Next the center pole is set. It g
should be tall enough to give tie roof an angle of /7 '"
at least 50°,

TR
i
S|

il
'nhmﬂjul

2.

Now the walls are filled with upright poles set close
together and stuck in the ground. Rope is used to
tic supports to the side of the wall. Green wood is
used for ease in bending. Now the roof supports
are attached 1 foot from the top of the center
pole and extend about two feet past the top of
the wall. This helps shed rain away from the wall,
The supports can be extended even farther and
used as a rype of veranda.

More supports are added to the roof, These again
are of green wood and tied with rope. Now it is
time 1o put on the roofing marerial, Sumbalit,

a straw type grass is used. It is thatched or tied.
This work is done from the top down, working
carefully to insure a good roof, A porttery jaris
added over the top of the center pole both as 2
decoration and to help shed water from the center
of the roof.

0
‘Y
A
el
the wall. After the plastering is finished, a door is
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4.
Now an adobe plaster of straw and mud is put on
built and installed ar. i two small holes are put in
the wall to allow sunlight to come in.

Now with the outside finished it is time to work the
inside. This is done according to the use. It can be
used as living quartere, kitchen, stable, or storage.
Many times itis v - :ot all four and therefore must
be partitioned accordingly.

hrmam— ———————
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LIGHTHEIGHT FRAMING SYSTENS

INDIGENOUS

Winter camp of a detachment of the 50th
NYV Engineers, U.S. Civ « War, November
1864. These tent houses, complete with
chimneys, have been insulated with pine
branches. Gaps were left in the design for
light entry. (Library of Congress)

Winter officers’ quarters of Captain |. R.
Coxe and wife at Headquarters, Army of the
Potomar at Brandv Station U.S. Civil War,
Aprii 1854, Thic tem cabin his two layers of
canvas — one securely faster.ed to the struc- ¢’
ture and the other draped over it. At right

tha overhang and a vertical piece form a 2
shed. The army took the time to construct
these more permanent structures to with-
stand winter weather. (Library of Congress} !

A tent house at the New York state sanitar-
ium at Ray Brook in the Adirondack Moun-
tains. The tent house has enjoved great pop-
ularity in this country, especially at resorts
and religious communities. At the turn of
the century camping was not considered the
exciting return to nature it is today. It was
still strongly associated with pioneering and
the rough lifestyle of the frontier and was,
therefore, not genteel. Camping was also
difficult for women wearing the Victorian
{. shions that were in style. Children, how-
ever, were encouraged to camp out, and
did. And vacationing in a tent house served
as the equivalent of camping out for the
adults.




2.22 Military

The framing systems presented in this section represent a compilation of recent

U.S. Military efforts to date in the development and deployment of revelent
temporary, frame supported tent structures. These designs range in size from
a 5 person 113.2 SF tent to a 936 SF general purpose shelter, Accompanying
each photo is brief descriptive information on materials, physical character-

istics, use, etc.

Each of these structures is designed to meet very specific requirements;
personnel and equipment capacity, square footage, weight, use erection and
striking characteristics, etc. Framing members are wooden poles in all but
the largest structures. In these, metal structural sections ---usually
extruded aluminum or aluminum-alloy -- are used. The frame members often
fit into a grommet and/or specially sewn pockets in the covering material.
The framing systems are tension supported and held in place by rope tension

members attached to stakes driven into the ground.

The covering material itself is most commonly a cotton duck fabric weighing
between 8.5 and 9.85 ounces per square yard. The fabric is cut and sewn to
exactly tailored dimensions, allowing for doors, ventilation, windows, bug

screening, etc.

b



No.
LIGHTWEIGHT FRAMING SYSTEMS

I MILITARY

1. Name of Shelter: Tent, Hexagonal, Lightweight, M-1950

2.22-2

2. Tvpe of Shelter: 3. Current Status:
Non-Rigid Stancard
Pole-Supported

&, Responsible Enginetring Activity:

U. S. Army Natick Laboratories

S. Physical Characteristics:

This is a six-sided, pyramidal tent fabricated of 8.5 oz. wind-
resistant sateen and supported by a telescopic pole at the center of
the tent. A stovepipe opening is located in cne of the sides near
the eave, A fire-resistant liner is provided to insulate the tent
and prevent frost from falling on the occupants. Each side of the
tent measures 6'!'7", It is 8'6" high at the peak with a wall height
of 2'., The floor area is 113.2 sq.ft. and the complete tent weighs
5¢ pounds. The tent can be pitched by 5 men in 15 minutes and struck
by 5 men in 10 minutes.

6. Concept of Use:

This is a special purpose tent intended to provide shelter for
troops (5 men) operating in extremely cold or cold-wet areas.
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No.
LIGHTWEIGHT FRAMING SYSTEMS

MILITARY . .
| — —

I
i

1. Name of Shelter: Tent, Command Post, M-1945

2. Tvpe of Shelter: 3. Current Status:
Non-Rigid Standard
Pole-Supported

4, Responsible Engineering Activity:

U. S. Army Natick Laboratories

5. Phvsical Characteristics:

This is a pole-supported tent made of 9.85 oz. cotton duck. The
central part of the tent is A-shaped and the ends are hip-roofed, with
converging sidewalls. The tent has a blackout vestibule long enough
to accomnocate a litter and bearers. The tent is equipped with a liner,
detachable sidewall screens and a cover. The tent is 10' wide, 20'7"
long (€'10" of which is vestibule), 9! high with a sidewall height of
¢€'. The floor area is 172 sq.ft. and the complere tent weighs 257
pounds. Tne tent can be pitched by 5 men in 20 minutes and struck by
5 men in 15 minutes.

€. Concept of Use:

Designed to provide a portable tent suitable for housing a battalion
command post, small staff sections of higher echelons and/or battalion
aid stations.
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No.
LIGHTWEIGHT FRAMING SYSTEMS

2.22-6
MILITARY

r===.=__.____=__ﬁ

"1, Name of Shelter: Tent, Kitchen, Flyproof, M-1948

|

2., Tvpe of Shelter: 3. Current Status:
Non-Rigid Standard
Pecle-Supported

4. Responsible Engineering Activity:
U. S. Army Natick Laboratories

5. Phvsical Characteristics:

This is a pole-supported tent made of 9.85 oz. cotton duck. The
tent is an "A" type, with square end, and rectangular in shape. The
back portion of the tent forms a stack higher than the rest of the
tent. The side and front walls may be guyed out to form awnings., A
wall screen which snaps to the tent provides an insect-proof closure
on the sides and front when the walls are raised. The tent is 12! wide,
18' long arnd 9' high. The wall height is 9' on the stack section and
6' on the deck section. The floor area is 216 sq.ft., and the complete
tent weighs 420 pounds. The tent can be pitched by 5 men in 1 hour and
struck by 5 men in 40 minutes.

€. Concept of Use:
Designed to provide shelter for the preparation, cooking and

serving of food with a minimum danger of contamina tion from flyborne
diseases.,
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No.
LIGHTWEIGHT FRAMING SYSTEMS

MILITARY

1. Name of Shelter: Tent, General Purpose, Large

2. Type of Shelter: 3. Current Status:
Non-Rigid Standard
Pole-Supported

4, Responsible Engineering Activity:
U. S. Army Natick Laboratories

5. Physical Characteristics:
This is a rectangular, hip-roofed, pole-supported, off-center

ridge, large size, general purpose tent, made of 9.85 oz, cotton duck,

The rent is provided with screened windows, roll-up sidewalls, and a

sliding double door entrance at each end. Screen ventilators with flaps

are located at the upper part of each end roof and three stovepipe

openings are provided in the roof section., A liner which contains screens

along the entire length of the sidewalls is available as a separate item

F of issue. The tent is 18! wide, 52' long, 12' high at the ridge and

5'¢" at the sidewalls. The floor area is 936 sq.ft. and the complete tent

(including liner) weighs 761 pounds. The tent can be pitched by 6 men

in 1-1/4 hours and struck by 6 men in 50 minutes.

6. Concept of Use:
Designed to provide a large shelter primarily for use as a hospital
ward. Also for use as a small bakery, for storage, quartering of troops, etc.

GV
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MILITARY

—

J

l. Name of Shelter: Tent, Frame-Type, Insulated, Sectional, 16' x 16!

2, Tvpe of Shelter: 3. Current Status:

Non-Rigid Standard
Frame-Type

4, Responsible Engineering Activity:

U. S. Army Natick Laboratories

5. Phvsical Characteristics:

The shelter is a sectional, frame-supported tent composed of an
insulated skin, wooden supporting frame, insulated plywood floor boxes,
ard insulated vestibules. The insulated skin consists of 1" thick
fiberglas batting captured between two layers of vinyl-coated cotton

duck., The shelter is 16' wide, 16' long and 8' high and can be expanded
ir mu.tiples of 4', The complete shelter weighs 2,252 pounds. Six
men can erect the shelter in 45 minutes and strike the shelter in 30
minutes.

6. Cocncept of Use:

To be used as a general purpose tent in extreme cold climates.
The shelter can be transported by vehicle or aircraft.

S\
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MILITARY

i, Name of Shelter: Tent, Frame-Type, Maintenance, Medium, Lighc Metal

2, Tvpe of Shelter: 3. Current Status:
Non-Rigid Standard
Frame-Supported

4, Responsible Engineering Activicty:
U. S. Army Natick Laboratories

5., Physical Characteristics:

This is a sectional, frame-supported tent consisting of an outer
fabric, inner liner and supporting frame., The outer fabric is 9.85 oz.
cccton duck. An insulated liner made o/ fiberglas batting captured
bezween two layers of cloth, cotton, sateen, caraed, 8.5 oz. and
natural Iin color, is available for use in cold climates. The frame
is wade of magnesium and consists of two end arch-s, intermediate arches,
connecting purlins, and cantilever-type door assemblies. The basic tent
measures 20' wide, 32' long and 14' high. However, it can be lengthened
in increments of 8! to any desirable length. The flcor area of the basic
tent is 640 sq.ft. and the complete tent weighs 3,276 pounds. Four men
can erect the tent In 5 hours and strike the tent in &4 hours.

€. Concept of Use:

Designed as a medium-sized maintenance shelter for use in the repair
of tracked and wheeled vehicles.
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1. Name of Shelter: Tent, Accordion Type

2. Type of Shelter: 3. Current Status:
Non-Rigid Commercial item
Frame-Supported with military

potential

4, Responsibl:.: Engineering Activity:

U. 3. Army Natick Laboratories

5. Physical Characteristics:

The tent is supported by an accordion type frame made of 1" square
aluminum tubing colored olive drab, The fabric is 16.5 oz., neoprene
coated nylon, olive drab outside and white inside, The tent is provided
with four screened windows equipped with blackout flaps. The ends
of the tent zre provided with two vertical slide fasteners. When the
slide fasteners are opened, a door 6' wide by €'€" high is provided.

An inner partition, which includes a personnel door, is snapped in
place &' frcm the end wall making a built-in vestibule. Two tents

can be joined together to form a larger shelter. The tent measures

1n* wide, 20' long and 8' high., The floor area is 200 sq.ft. and

the tent weighs 225 pounds. Four men can erect a shelter in 15 minutes
and strike the shelter in 10 minutes.

€. Concept of Use:

Provides a quickly erected shelter for general purpose use.

<D
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2.23 Recreational

The framing systems employed in traditional recreational shelters and tents
are made of wooden or metal, usually aluminum, poles., These may be tele-
scoping, hinge-jointed, or sectional. The frame is either erected inside
the stucture to hold the tent out, or it surrounds the fabric material which

is suspended from it.

The frames for most recreational tents being manufactured today are made of
solid or hollow fiber glass rods, aluminum alloy, or a "shock corded" rigid
tube. Each of these systems has a very simple, however, finely designed and
engineered precision jointing system. They often depend on the use of a

fabric such as nylon or polyester which is able to accommodate complex bends
(i.e. in three planes simultaneously). This stretchy type of material used

in conjunction with the flexible frames establishes a static tension and adds
rigidity and resiliency to the entire structure. In this type of configuration,

the frame and fabric become interdependent and act as one integrated unit.

host recreational tents are designed for 1-2 up to 8-10 people. As they are
normally intented for intermittent, short-term use, their floor area requirements
on a per person basis can be lower than for long term use shelters. This fact
also allows the interior heights to be lowered and more restricted. The clear,
open spans necessary are also less than would be required for community facility
spaces. Since both spans and heights are less, the size of frame members may be

correspondingly reduced.

Although there are hundreds of recreational tents available on the market, those
illustrated on the following pages represent the basic generic shapes and framing

system-tentage configurations.

o
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4 '-' upright
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door

A

e
upngnt

2ippered screen

Cabin tents; A. roof-truss cabin tent;
B. yoke-type cabin tent

Umbrella tent
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wall

Wwall tent

Cottage tent
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RECREATIONAL

Tunnel tent ‘

Expedition tent

Lineless or A-frame tent

Exoskeleton tent

Dome tent

Snow tent




2.24 Prefabricated Temporary Utility Structures

The type of structures presented in this section have been developed and marketed
for a number of different uses. The broadest application has been in the agri-
cultural and construction fields where storage facilities are required on a short-
term or intermittent basis in relatively remote or undeveloped areas. The military
has also used this type of structure under similar conditions. In terms of numbers,
the greatest quantity of this sort of shelter at its sm-1lest sizes is purchased by

homeowners for use as storage for tools, eqiipment, and other household items.

Although the size and shape of these structures may vary, they are typically composed
of a frame of extruded metal structural sections which attaches to pre-cut and
drilled metal sheets. These sheets then form’the skin of the structure. In plan,
the structures are rectilinear with few exceptions, and most structures have a simple

gable or mansard roof.

In contrast to the rectilinear shape there is a group of structures which are
arch-shaped in section. These are usually made from the same type of extruded

and corrugated metal pieces as the rectilinear structures -- only the shapes are
different. The supporting members may be an extruded solid structural section or

an open web truss, bent to the desired curve. In either case, the members are joined
together at the ridge and attached to a concrete slab or footing at the base. Prefab-
ricated metal sheets-usually aluminum or aluminum-alloy with pre-cut and pre-drilled
fittings are then attached to the frame. In some instances, where required by special

conditions, cross-bracing is added to the frame for extra strength and stability.

As illustrated on the last page of this section, there is a type of structure which
replaces the corrugated metal sheets with prefabricated plastic fabric panels. Each
panel spans between the structual frame members and openings can be placed as

required in the panel.

%
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2.3 BUILDING CONSTRUCTIOM MATERIALS

2.31 Compression

2.32 Tension

2.33 Linear, Torque Resistant
2,34 Sheeting



2.3 BUILDING CONSTRUCTION MATERIALS

The construction materials which could be used immediately following a
disaster would be: available from stockpiles of new materials which have

not been damaged by the disaster; scavenged from damaged buildings; produced/
gathered from local indigenous sources. An effort to list all building
materials possibly available in all localities worldwide, after all types of
disasters, would be a research task of enormous proportions and is clearly

beyond the scope of this project.

The approach adopted in this investigation as shown on the following pages,
has been to identify generic categories of uses and strength characteristics
of construction materials commonly used “n disaster-prone developing countries
which may be used in conjunction with plastic sheetinj material and the com-
munity space system designed and developed during this project. Under each of
these categories is grouped a number of materials which are available across a

wide-range of geographic locations and climatic conditions.

As there are many types and combinations of items which could be adapted in
unusual ways to meet exceptional circumstances, the materials presented here

are intended only as representative examples of the type of items which could

be directly emnloyed by ps sons engaged in disaster relief activities. Clearly,
the resourcefulness and ingenuity of the disaster victims and on-site relief
agency personnel would be the most effective mechanisms in adapting whatever
resources are available to meet the specific needs and conditions presented by

a particular disaster,

specific examples of the use of these materials and methods for joining and

connecting them are illustrated in Sections 3.5 and 3.6.
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COMPRESSION

em——— " P——————A————re— > e L P e S

Farth-solid and built-up wall, dug-out and bermed enclosure

Sand

Rock, Stone

Building Block - adobe, stablized adobe, fired clay, concrete
Bamboo |

palm Stalks

Wood - saplings, trunks, branches, dimensional lumber, "telephone poles”

Piping - steel, aluminum, copper, rigid metal conduit, rigid PVC plastic
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[ BUILDING CONSTRUCTION MATERIALS

I TENSION .

Grasses and Vines - wound, woven

i

Rope

Bamboo - split and full diameter stalk
Wood - saplings, dimensional lumber
Palm Stalks

Electr:cal Wiring

Steel Reinforcing Bar

Flexible Conduit - plastic, metal

Wire Mesh - welded wire mesh, expanded iath, "chicken wire", "cyclone" fencing
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BUILDING CONSTRUCTION MATERIALS

LINEAR, TORQUE RESISTANT

Bamboo

palm Stalks

Ho.
2.33

Wood - trunk, branches, dimensional lumber, "telephone poles”

Piping - steel, aluminum, copper, rigid metal conduit, rigid PJ/C plastic

Steel Reinforcing Bar




BUILDING CONSTRUCTION MATERIALS

SHEETING

ii

Woven Mats - grasses, saplings, split bamboo
Palm Leaves

Plywood

Woven Fabrics - blankets, carpets

Other available plastic sheeting

Sheet Roofing Material - metal, asbestos, glass fiber

Wire Mesh - welded wire mesh, expanded lath, "chicken wire", "cyclone" fencing
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3.11 Design Approach
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3.11 DESIGN APPROACH
The specifications contained in Section 1.0 of the scope of work for this pro-
ject call for a framing system which is:
*Constructed from materials usually available at a disaster site
*Capable of being constructed by semi-skilled workers under local supervision
*Constructed using locally available tools
*Culturally acceptable
These constraints make it difficult to conceive of a single building system or
type which would be universally acceptable for widespread application in the
many regions around the world with vastly differernt cultural preferences, cli-

matic conditions, material availability, and disaster types.

The solution presented here is a matrix of techniques in manual form which
allows the local disaster official to respond to the problems of his particular
situation with the use of plastic sheeting supplied by the United States Agency
for International Development, Office of Foreign Disaster Assistance. This
approach allows the local official on the scene to access information concerning
the use of the plastic material at any stage from the siting and selection of a

frame type to merely patching a hole in the roof.

By use of this manual, proper and proven attachments, details, and techniques
can be applied as necessary to enable the people on site to adapt the plastic
sheeting to their needs rather than adjusting their needs to the characteris-
tics of the plastic. Using this manual, local craftsmen can build the type of
structure to which they are accustomed, paying attention to important guide-

lines dictated by the particular characteristics and dimensional constraints

A0
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of the plastic sheeting. In cases where indigenous solutions are not possible,
the manual fully details the assembly and erection sequence of several framing
types and gives guidelines for selection of the one most appropriate for the

situation at hand.

The flexibility of this approach has several very distinct advantages over a
more specific universal design solution:

1. It is adaptive rather than imposed, active rather than passive.

2. It will involve local leaders and systems, reinforcing their authority
in the post-disaster situation, strengthening their ability to lead
the way to reconstruction.

3. It mitigates a dependent psychological response which puts inordinate
faith in international relief agencies.

4. 1t offers program as well as material support.

5. It encourages continuity of local building forms and techniques.

6. It offers a vehicle for introduction of disaster mitigation techniques

into the vernacular building technology.

While conforming to the overall concepts and the legislative mandate of the
Office of Foreign Disaster Assistance, the adaptation of the plastic sheeting

to indigenous forms could allow for a piogressive transition to more permanent
structures. Referring to the following illustration (Figure 3.11-1), it can be
seen that the efforts of the local workers using their indigenous materials in
the period directly following a disaster need not be for short term benefit alone.
Careful attention to design guidelines contained in the manual will allow the

sensible use of the plastic material on traditional building forms, thus allow-

Qo

ing for their later adaptation to more pefmanent structures.



INDIGENOUS FRAME

Any available building materials
can be used for a frame.

PLASTIC FABRIC

The fabric provides a usable space

after the frame is covered, but

has some short term problems

(noise, heat, humidity, etc.). —

PERMANENT INFILL

As funds and materials become
available (1-2 yrs after the
disaster) the interior & exterior
walis can be upgraded to a permanent
material.

PERMANENT ROOF

As additional funds and materials
become available (2-3 yrs) the roof
structure & covering can be upgraded.




3.12 USE OF THE DESIGN MANUAL

Dissemination

The use of the design document (following its conversion into a simple and self-
explanatory field manval), will be determined largely by the methods through
which it is disseminated. Although it is intended that the manual be under-
standable to a disaster victim in the chaos of an emergency situation, it would
be most ideal if local disaster preparedness officials were familiar with it
prior to the event. It is recommended that copies of the manual and samples of
the plastic sheeting be sent to disaster officials in countries which are likely
to receive the plastic material in the event of a disaster. The manual will

be produced in a loose-leaf or other adaptablé format; it is therefore possible
for local officials, perhaps with the assistance of USAID technical advisors,

to modify or annotate the manual to make it more specific to the region.

In addition to its prior distribution, it is assumed that cocpies of the docu-
ment would accompany the plastic sheeting to the disaster site. The methods
used to achieve this should be carefully coordinated with the Office of Foreign
Disaster Assistance and the countries involved to insure that the sheeting and

manuals arrive simultaneously on site.

Manual Organization

The manual is organized so as to allow logical access to imformation by three
categories of users:
1. Those who need to repair a damaged structure
2. Those who desire and are able to build a structure of indigenous
materials using locally established form- and techniques

3. Those who do not know what to build and need full instructions

7



For the first group, reference to Section 3.4 will provide graphic descriptions
of methods for repairing damage such as partially blown off roofs. Specific
damage, such as how to attach plastic to galvanized ronfing, are contained in

other sections to which the user is referred.

The second group can use the manual ir several ways:

1. To =mploy mitigation details, such as windbracing, in “he new
construction

2. To dimension the structure so as to make it adaptable to the
plastic material

3. To find proven details of attachment methods for securing the
plastic material to the structure

4. To find information on siting, layout of functional spaces, and

other design decisions

The tnird group will depend on the manual to assist them in the entire building
process, from selection of an appropriate frame type to utilization of the

correct plastic attachment methods.
By dividing the manual into sections on design, frame types, and details, the
utility of the information is increased and its application made more universal

and acceptabie.

Frame Selection System

To assist the user in the selection of an appropriate frame for a particular
climate and geographic region, a simple matrix system will link site-specific

:,conpitions to the frame types compatible with those conditions. For example,

o4
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use of the matrix will prevent selection of a frame using loosely strung sheeting

in an area that can expect high winds.

Each frame type is described in three basic ways:
1. The General Description drawings, including plans, sections, and a
sketch perspective.
2. The Erection Sequence, providing a step-by-step method for erection.
3. Specific Details and Notes, including the partitioning method and

other details specific to the frame type.

A1l general details common to several of the frames are referenced in the

General Descripticn drawings.



3.2 DESIGN INFORMATION

3.21
3.22

3.23
3.24
3.25

3.26
3.27

Siting and Orientation
Climatic Considerations and
Guidelines

Structural Considerations and
Guidelines

Cultural Considerations and
Guidelines

Space Planning and Layout
Security Considerations
Properties of Plastic Sheeting
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No.

3.21 -1
SITING AND ORIENTATION - Seismic

SEISMIC

Following an earthquake, there is a period of time during which aftershocks are likely
to occur. To avoid the potential for further damage or injury from these aftershocks,
consider the following guidelines when siting the post-disaster construction.

1. Avoid construction near buildings
which are damaqed and may collapse.

oTr
al

SO

2. Do not build on steep slopes which
may slip away.

3. If a hillside is the only available
site, avoid building on fill or close
to a cut-out hillside.




D s
DESIGN INFORMATION

SITING AND ORIENTATION - Seismic

4.

5.

6.

Do not build in areas which are likely
to have rockslides.

If near a coastline, avoid siting
near the shore where tidal waves
would be a danger.

TIeAL ZoNE

Avoid building in areas with loose
soil or near marshy areas as they
may settle.

-
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SITING AND ORIENTATION - Seismic
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7. Avoid construction in an area below
a dam.

8. Avoid building on or near tiie top of
narrow ridges, where ground shaking is
amplified.

9. Avoid building in the bottom of
narrow valleys.

-.____j;;;;l__—-————i DAM &
i:ij] WATER,
ReserVol
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DESIGN INFORMATION No.
3.21 - 4

SITING AND ORIENTATION - High Winds
_—

“

HIGH WINDS

In areas which are susceptible to winds in excesss of 17 meters/second, or about 40
miles per hour, site design guidelines for high wind should be considered. This

is particularly important because of the susceptibility of the plastic sheeting to
wind damage. In such cases, the plastic acts as a sail and can concentrate signi-
ficant dynamic pressures leading to self-destruction or damage to the structure.

1. Take advantage of natural windbreaks
such as trees or small hills.

‘V/

2. Avoid locations adjacent to trees or
F structures which may be blown down.
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DESIGN INFORMATION

SITING AND ORIENTATION - High Winds
—— e e

3. Avoid sites on or near the tops of
tall hills,

4. Avoid locations in narrow valleys
or passes.

5. Do not place buildings very close
to each other because this can cause
higner velocities, turbulencz, and.
exaggerated pressures.

A B Il
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3.21 - 6
SITING AND ORIENTATION - High Winds

u

6. When forming a windbreak with trees or
walls, allow small gaps to equalize
pressure.

7. In cities the space between tall
buildings will have higher winds.

8. In a cyclone, the wind will blow

from all directions during the A\ 7
storm.

L A



I DESIGN INFORMATION

SITING AND ORIENTATION - Flooding

FLOODIN,

Since 'nany types of disaster (cyclones, earthquakes, tsunamis) can cause flooding,
it is important that emergency structures be sited where the effect and aftereffects

of the disaster will not cause a secondary risk.

1. Avoid building in areas that show
evidence of recent or historical
flooding.

2. If it is necessary to build near the
coastline, attempt to find a location
behind a continuous emnbankment.

3. If a continuous embankment is impossible,
build on or behind the highest land
possible.

1




DESIGN INFORMATION No.
3.21 - 8

SITING AND ORIENTATION - Flooding

4. Avoid building directly adjacent to
rivers, streams, and major water
courses. In coastal areas,initial

/\
flooding may come from the storm /////”/N\‘<rﬂzﬁ\\\\“
surge of the ocean; however, secon- ’//7f‘\\\\

dary flooding may occur as runoff
from inland regions.
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5. Avoid building downstream from dams
(particularly earthen dams).
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DESIGN INFORMATION No.
3.22 -1

CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Dry
_-—

HOT DRY CLIMATES

The use of plastic, particularly in the roofs of structures in hot dry climates,

poses three categcries of problems:
. Intense heat buildup within the structure.
2. Damage to the plastic sheeting in the short term due to softening and in

the long term due to degradation.
3. Damage to the supporting structure due to the cooking out of wood resins

cauied by the trapping of heat by the plastic.

The following paragraphs give general guidelines for the control of environmental
problems in hot dry climates.

1. Orient the structure so that the sun
falls on the short side during the
morning and afternoon.

<

2. Protect the south side with an overhang.
(CAUTION - In areas with high winds,
the overhang should be minimized to pre-
bent ‘the roof from blowing off. See
Section 3.23 - High Winds.)

S




DESIGN INFORMATION

CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Dry

e —————————

4,

Use a maximum of natural ventilation.

However, provide for total closure

of the structure during cold nights.
(CAUTION - In areas with high winds,
opening on the windward side can cause

dangerously high pressures if not

properly vented. See Section 3.23.)

To prevent heat buildup, ventilate
the roof.

No.

3.22 -2
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DESIGN INFORMATION

3.22 - 3

CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Dry

5. Isolate a ventilated space above the
occupied space with a ceiling. =

— —=

6. Shade the structure with an awning.

7. Locate the building in the shade of
trees. (CAUTION - In areas with high
winds, falling treees or branches may
be dangerous.)
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DESIGN INFORMATION o-
3.22 - 4
CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Dry
| —r— —— e
8. In places where the plastic mate.ial
is in contact with supporting struc-
ture, high temperatures may damage
the plastic. Use a double sheet of
plastic or place a piece of cloth or
cardboard between the plastic and the ﬂAsPL
support.
PA-PE?.
SR

9. If the wind usually blows from one
direction, make the windows on the K-
windward side smaller than those 1““
on the leeward side. "ﬁb
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CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Wet _ _ ) _}

HOT WET CLIMATE

The use of plastic sheeting in hot wet climates has three basic problems which
require careful attention:

1. The chance of fregquent and often severe rainstorms which can cause severe
structural problems with the sheeting due to flipping and ponding.

2. High humidity, which is aggravated by the fact that the plastic does
not breathe.

3. Intense heat which causes discomfort .2 the structure and damage due to
the softening and eventual degradation of the plastic. The heat also
cooks resins out of wood supporting structure.

The combination of these problems makes the achievement of comfortable living
and working environments in structures made of plastic sheeting very difficult.

Nne mitigating consideration is that the temperature differential between day and
night or between seasons is not very great in contrast to hot dry climates where
days can be very hot and nights cool. This allows for less careful control of
natural ventilation.

1. Orient the structure so that the sun
falls on the short sides during the
morning and afternoon.

and allow a vent where the overhang
meets the wall so that wind does not ‘)hém“

2. Construct wide overhangs a1l around
the structure. Support the overhangs \i;F
blow the roof off. ‘
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3.22 - 6

CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Wet
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Ventilate the roof at the ridge.

Use a maximum of natural ventilation.
(CAUTION - In areas with high winds,
openings on the windward side can cause
dangerouly high pressure if not pro-
perly vented. See Section 3.23)
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AVOID THIS




DESIGN INFORMATION

CLIMATIC CONSIDERATIONS & GUIDELINES - Hot Wet

E% — — —_ Y
Y

5. Make ceilings high and well-ventilated.

6. Use roof slopes of 30% or greater to
avoid ponding and support the plastic
often. See Section 3.23.

©

S
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7. In places where the plastic material is
in contact with supporting structure,
high temperatures may damage the plastic.
Use a double layer of plastic or place a
piece of cloth or cardboard between the
plastic and the support.

cloth o APER
:ﬁ;QEQ
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8. Locate the building in the shade of trees.
Avoid places with dense underbrush which
would block the breeze. (CAUTION - In
areas with high winds, falling treec or
branches may be dangerous. Avoid single

9, If the wind blows from one direction,
make the windows on the windward side
smaller than those on the leeward side.

treses or rows. See Section 3.23.) Ef’ £

O m e
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ol
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10. Raise the building off the ground to

catch the breeze and avoid ground
moisture. 6444§§§

11. If the structure is on the ground,
put plastic on the ground and cover
it with sand or packed earth to avoid
extra humidity from ground moisture.
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COLD CLIMATE

CONSIDERATIONS & GUIDELINES - Cold

L

problems:
1.
2.
3.

that

Structures constructed from plastic sheeting are difficult to adapt to cold cli-
mates. Buildings in cold climates must be tightly sealed, causing the following

Additionally, it is difficult to insulate plastic and to control the infiltration
of cold air.

strikes the long side of the building.

2. The ceiling should be low to minimize
the volume to be heated.

Plastic does not breathe, so water vapor is trapped in the space.
Plastic sheeting is very thin, so the water vapor tends to condense on
the cooled sheet.

Plasti: is very flammable, so great care must be taken with heating
sources.

1. The struc ure should be oriented so

the morning and afternoon sun
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3. If the structure is on the ground,
put plastic on the ground and cover
it with sand or packed earth to pre-
vent moisture from entering into the
space.

4. Roof slopes should be at least 300 and
closely supported if snow is likely.

5. Care should be taken to allow viater
which will condense on the plastic to
have a place to go.

SoreD CEILING 2




No.
ESIGN INFORMATION
DESIS 3.22 - 12
CLIMATIC CONSIDERATIONS & GUIDELIMES - Cold
| i ——eim et

¢. Avoid roof overhangs.

7. Where it is possible and where flood-
ing is not a concern, bury part of the
structure in the ground. Be sure to
line the exposed earth with plastic.
(CAUTION - If the area is in an earth-
quake zone, make sure the sides are
sloped at 450.)

8. Insulate the structure by attaching a
double skin of plastic. If possible,
place dry leaves, straw, or similar
materials between the plastic layers.
(CAUTION - Bo not leave the insulated
skin on the structure during the sum-
mer as a fire hazard may be caused by
overheating of the fill.}]
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9. If a heater is used, extreme care
must be taken. '

10. If a heater is used, make sure the
flue is never within 1.5 m of any
plastic. Vent the flue through the
wall rather than through the roof.

11. Make sure the flue is screened so

that no sparks can escape and ignite
the plastic.

<@?,—"“\~_,—

0 10 100 o0 1 exsgpessy

SCREEN

FLUE

i!
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CLIMATIC CONSIDERATIONS & GUIDELINES - Cold
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12. Make sure that adequate ventilation
is maintained within the space.
The plastic skin will not allow
air to enter, so other avenues
of ventilation must be ensured.

13. Cold winds should be deflected from
the structure by windbreaks or vege-
tation.

4
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STRUCTURAL CONDITIONS AND GUIDELINES - General
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GENERAL

In any disaster type, it is important that construction of post-disaster struc-
tures be strong enough to survive aftershocks, continued nigh winds, or floods.

1. Wood frame structures should
be thoroughly braced with
diagonal members.

2. Masonry rubble or adobe struc-
tures should be braced at the
top of the wall.
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STRUCTURAL CONSIDERATIONS AND GUIDELINES - General

3. Mascnry construction should
use running bond rather than
stack bond.

4. Masonry should be reinforced
vertically.

5. Masonry should be reinforced
horizontally at corners or
intersections of walls.

No.

FI
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STRUCTURAL CONSIDERATIONS AND GUIDELINES - General

Foundation walls or piers should
be braced to avoid collapse.

Make certain that every part of
the structure is securely tied
together. The roof components
must be thoroughly nailed and
strapped together and in turn
securely attached to the walls.
Similarly, the walls must be
anchored to the foundation and
the foundation firmly in the
ground. (Specific illustrations
of connection methods may be
found in Section 3.5.)

No.

3.23 -3
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SEISMIC

Following an earthquake, there is a period of time during which aftershocks are

likely to occur. To avoid the potential for further damage or injury from these
aftershocks, consider the following guidelines when constructing new structures

or when repairing damaged ones. (For information on siting considerations fol-

Towing an earthquake, see Section 3.21.)

1. Use extreme caution when using
or repairing damaged structures.
If alternative safer structures
or materials exist, use them.
If the damaged structures must
be used, brace and reinforce
any obvious failures.

2. If possible, avoid the use of
unreinforced rubble or masonry;
it is the most dangerous type
of construction.

3. If rubble must be used, use rein-
forcing horizontally in the wall
and at all corners and wall inter-
sections.

e
R
- M
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braced and buttrassed.

5. Simple building forms are more
resistant to earthquake damage
than are complex or irregular
forms. Where "L" qr "C" or
other complexly shaped struc-
tures are required, construct
them so that the parts are
structurally separate so that
one part could fall or shift
without damaging the other.

STRUCTURAL CONSIDERATIONS AND GUIDELINES - Seismic
| A i —— = ——.
4. If horizontal reinforcing is not N———— ,
used, rubble walls should be = T S

\7
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STRUCTURAL CONSIDERATIONS AND GUIDELINES - High Winds
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HIGH WINDS

Following cyclones or in areas where high winds are common, the use of plastic
sheeting, particularly as a roof membrane, requires particular attention to the
structural integrity of the construction.

1. In high winds, the piastic acts
like a sail and w11l 1ift the roof !
off the structura or the struc- ’""“’%’
ture off its foundation if it is
not securely attached. (Speci-
fic illustrations »v connection
methods may be found in Section
2.5.)

_____? :

2. In high winds_ 6 the plastic must
be securely attached to the
roof structure and stretched
tight.
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STRUCTURAL CONSIDERATIONS AND GUIDELINES - High Winds
W—__'—_ oo

3. If the plastic flaps in the wind,
add additional supports or tie
ropes over the sheeting and pull
them tight.

No.

3.23 -7

4. Roof pitch should be approxi-
mately 300 to reduce aerodynamic
1ifting pressures on the roof.

Roof pitches of 5° - 100 cause
the greatest lifting effect.
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STRUCTURAL CONSIDERATIONS AND GUIDELINES -

m——

ex B i e
A e

5. Avoid large unsupgorted overhangs.
This is particularly important
since the lifting effect of wind
blowing over a structure is con-
centrated at the eaves of the
roof, reinforcing the 1ifting
forces from below caused by the
overhang.

6. Openings on the wincward side of
a building which are not balanced
by openings on the leeward side
can cause pressure inside the
structure which can help to blow
the roof off. If the building
cannot be sealed in high winds,
openings should be provided on
the leeward side. Thess will
create suction which helps to
hold on the roof.
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7. MWhere possible, plastic roofs should
be vented to reduce pressure buildups.
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FLOODING

Obviously, the best protection from flooding is to avoid areas where flooding is

possible. However, in areas subject to minor flooding, the following guidelines
should be followed.

1. In areas where materials and soils
permit, build on stilts.

2. Where minor flooding is likely,
raise the floor of the structure.

3. Alternatively, construct a trench
and dike around the structure.
This is particularly useful in flat
areas with heavy rainstorms which
run, off quickly.

2 S S P S V¥ . L) NP W
S —————te - r—— |
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CULTURAL CONSIDERATIONS AND GUIDELINES
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In the post-disaster period, physical needs for food, shelter, medical care,
etc. are compelling. However, cultural and psychological needs should not
be overiooked.

1. The most fundamental cultural consideration is that the community experien-
cing the disaster should be assisted in returning to as normal a state as
is possible in the shortest possible amount of time. The plastic sheeting
is ideally suited for the task of allowing the community to quickly restore
essential functions.

ACaT Y B Rl A I

2. The character and appearance of structures constructed using the plastic
sheeting should resemble the traditional building forms of the area as
closely as is possible. The use of this manual is intended to allow the
community to build quickly with the plastic sheeting, using indigenous
skills, materials, and forms.
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CULTURAL CONSIDERATIONS AND GUIDELINES

FUIDEL INES

3. Cultural preferences and dictates should be included in the consideration
of a comaunity's desire to rebuild in areas relatively prone to further
disaster damage, even though a safer site may exist.

]
H

In the original comeunity that
is relatively prone to further
disaster:,

After a disaster, where should

reconstruction take place? E,’?’)\ @ @ @
D ED

. {

T T R N T S~

oc ir remote communities that
are relatively safe from further
disasters?




AL R 2 b

DESIGN INFORMATION

Ho.

SPACE PLANNING AND LAYOUT - Introduction
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This section is intended to provide dimensional and layout information for
accommodating selected community activities within the constraints of the
framing systems presented in this manual. These suggestions are by no means
the only way to enclose these functions; however, the 5 meter dimension is
to a great extent fixed by the constraints of the plastic shezting.

Structures to house the following functions are shown in this section:

Health Station - Surgical
Medical Storage

Health Station - Ward
Health Staticn - Climic
Food Service Station

Food Distribution Station
Office/Administrative
Communal Sanitation
Muiti-family Housing
Schoo!

Community Activity Facility
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SPACE PLANNING AND LAYOUT . Health Station - Surgical

o st i — ROASIM A ATTYERAIT, o s e wsresemmrreoll
ARG S AL CRAMIGWY saxer fm— MUEDE S AT r—— s o

275 275 275 100

[=]
=
p——
(=]
. . w
Surgical table -
L
— o
[ =]
(=4 "%}
fii““
(=]
[z}
7

Storage area fo. medical
supplies and equipment

3 meters over surgical

table
Suspended light over
surgical tabie
fguipment and supplies
storage area >}
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SPACE PLANNING AND LAYQUT - Medical Storage
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Roof slope is dependent on local
climatic conditions.
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SPACE PLANNING AND LAYOUT - Health Station - Ward
T e e e et |
925 L
[75‘ 90J 140 v 90 v 160 v 90 140 . 90 N 75
] g 1 1 ] " 1 1
| (e
| g
=4 o
— o
(Vo)
r "“_' -—-'rL
—-—§+————-‘r
-
- LS
o L
r/’ “
| ‘ﬂ\\ } 2
! : n‘x_\ -
' Plshe=
f L
ﬁ o 1;_‘—-—_*




DESIGN INFORMATIOK No.

3.25 - 4

SPACE PLANNING AND LAYOUT - Health Station - Clinic
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SPACE PLANNING AND LAYOUT - Food Service Station
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< Food Preparation Area

*-—% Fuod Service Area

A/
-

r/ ‘) \ﬁ
1 N=-N :
pianE i

_§~—g7
L OO0 Speee OO
| =

Heat and humidity will be
a problem here.
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SPACE PLANNING AND LAYOUT - Food Distribution Station
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SPACE PLANNING AND LAYOU' - Office / Administrative
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ne work station includes
a desk and chair.
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3.25 - 7
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SPACE PLANNING AND LAYQUT - Multi-family Housing
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SPACE PLAMNING AND LAYOUT - School
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SPACE PLANNING AND LAYQUT - Community Activity Facility
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This is a simple ovpen facility set in the village for the purpose of
allowing the villagers or people from a neighborhood tc meet and
organize their activities. It also serves as a field office for

medical and health care activities until structures for those func-
tions are in place.

\?!
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SECURITY CONSIDERATIONS

The plastic sheeting is not capable of securing a structure against vandals or
burglers. The plastic, if used in the walls, can be easily sliced with a knife
or piece of broken glass. The follewing suggestions should be considered if
valuable or dangerous materials must be stored.

1. Hire a guard. In many instances,

this may be the least expensive
and most secure way of protect-

ing the structure.

2. Secure an area within the struc-
ture to store the materials which
need protection. A storage cage
can be made with masonry, wire Y\
mesh, lumber, etc.

\ ¥
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SCCURITY CONSIDERATIONS
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3. Place bamboo or wattle bars at
15 ¢m intervals and lash or
nail them tc the structure.
Before undertaking such an
expensive task, be sure the
doors and windows do aot
provide an easy access.

4. To deter a potential intruder,
a low wall can be built around
the structure. This method
obviously will not deter the
determined thief.

5. Construct the walls from a
material which is not easily
panetratzd. This solution
i, the most expensive but
may be sensible if the
materials are readily available or
if it is indicated for thermai,
privacy or other reasons.
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PROPERTIZS OF PLASTIC SHEETING
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This section is intended to inform the potential user of USAID-supplied plastic
sheeting about important characteristics of the material which relate to its

use as membrane oofing or siding. Specific illustrations of methcds for con-
necting the plastic sheeting to various structures is contained in Section 3.6 -
Plastic Sheeting Connections.

1. The plastic sheeting package proviced by USAID Office of Foreign Disaster
Assistance contains:

(1) A7.9mx 30.5m (26 ft. x 10C ft.) 1
piece of woven plastic tTabric

(2) Specially designed connectors

{3) One 55 m (180 ft.) roll of plastic
joining tape

ry

The plastic sheeting is strong and
resists ripping because of plastic
reinforcing embedded in it.

LARINATED CONSTRUCTION:
Plastic Sheet

Woven Reinforcing

Plastic Sheet

The reinforcing of the

plastic sheeting prevente —?A
minor punctures or holes

in the fabric from becoming -

major rips.
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PROPERTIES OF PLASTIC SHEETING
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The plastic sheeting will burn and
produces dangerous fumes. Extreme
caution shouid be taken to keep
cooking or lighting flames away
from the plastic.

4. The plastic sheeting can be punc-
tured quite easily. Avoid contact
with sharp objects, particularly
when the wind causes the plastic
to flap. (For methods of repairing
damaged sheeting, see Section 3.10 -
Use, Maintenance, and Repair.)

5. The 7.9 m width of the plastic
allows it to cover a 5 m wide build-
ing with a 300 roof pitch, which is
optimal to reduce the 1ifting effects
of wind. This allows for a 0.5 m
overhang and sufficient material to
securely attach the plastic at the
eave.

790

3.27 - 2

500

} .
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PROPERTIES OF PLASTIC SHEETING

T e

B
|4
i
5

6. It is important to carefully consider
the width of the plastic when choosing
a size for a structure. If spars
greater than 5 m are used, the plastic
will not be able to cover in one piece
and joints will be necessary. (For
methods of joining sheeting, see
Section 3.6 - Plastic Sheeting Connec-
tions.) Avoid wasting plastic by cut-
ting odd sizes.

=

t 600
]

7. Plastic sheeting does not breathe
and traps humidity which quickly
condenses on the surface at night
or on cold days. Ventilate the
structure with vents and windows.
(See Section 3.8 - Doors, Windows,
and Openings.)

8. In hospitals or other critical areas
where dripping water would be & pro-
blem, it may be necessary to provide
a ceiling to catch the condensation.
The ceiling must slope so that the
condensation does not pond.
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9. Plastic expands significantly when
hot. Where the plastic sheeting

should be stretchad tight, be sure
it is exposed tc the sun before
securing.

10. Rainwater which is allowed to pond I‘“ ‘ T‘*“““’1
§

on a plastic roof will quickly
damage the plastic. Ponding can
be controlled by:

Problem

(a) Stretching the plastic tightly ™——-T

‘b) Closely spacing supports

(c) Increasing the roof pitch
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11. Loosely secured plastic will flap ¥
dangerously in high winds. Con- o
tinuous flapping can lead to failure
of attachment and ultimately the
roof.

To avoid flapping:

(a) Stretch the plastic tightly. |<:::::'-——-

(b) Closely space supports. ____—-:T~

12. If flapping continues to occur or
appears to be dangerously affecting
the structure, tie ropes tightly
over the structure and securely
anchor them into the ground.

’

\71:’
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13. Where corrugated cardboard is
available, it may be nailed to -
the structure under the plastic
to significantly improve the ((G:(((Ll \&L(\k\&\ \kL&\((

resistance of the plastic
sheeting to high wind damage. 4:/r

W{/

NEW MATERIAL

14. Plastic sheeting is degraded
by sunlight and will become more
brittle with age. The plastic
sheeting should not last more
than one year. As it gets older,
greater care nust be taken to
protect it and quickly mend rips
or other damage. (See Section

3.10 - Use, Maintenance, and
Repair.) OLD MATERIAL
7 (12 WJZV

Small Rip Over Time Major Rip

Small Rip Over Time Moderate Rip

15. The plastic sheeting is light in
color to reflect the sun and pre- '
vent excessive heat buildup. As
it gets dirty, its ability to
reflect sunlight is lessened.
If water is plentiful, wash the
surface periodically to keep it
as light as possible.
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For buildings with the following
shapes, general guidelines for
attaching the plastic sheeting
have been developzd and are dis-
cussed on the following pages.
(For more spzcific illustrations
of method- for attaching the
plastic to the structure, see
Section 3.6 - Plastic Sheeting
Connections.)

(a) Rectangular with pitched
roof

(See also Sections 3.31
and 3.34.)

(b) Cylindrical

(See also Section 3.32.)

(c) Conical

(d) Dome-shaped
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ATTACHMENT TO RECTANGULAR-WITH-PITCHED ROCF FRAME

1. Cut the plastic to the proper
length and height so that it
can be wrapped arourd the
frame. If pcssibie, use a
single piece to cover the
walls, up to the roof line.

2. For best results, let the sheet
lie in the sun unrolled 350 that
it can expand. Then rol! up
the plastic from both ends and,
starting at one corner, tem-
porarily tack the plastic in
place.

3. After the plasti: is in place,
return to the starting corner
and stretch the sheeting tight
before nailing it permanently.
Cut and secure door and window
openings.

4, Cut and attach plastic sheeting
to both gable ends. After the
walls and gable ends are in place,
battens can be applied if
required.
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PROPERTIES OF PLASTIC SHEETING ‘
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5. Cut the plastic to the proper
length and width to cover the
roof. If possible, use a single
piece to cover the entire roof.
(See Section 3.64 - 3 for
details.) Rol1l the plastic
sheeting as shown and work
from the inside of the roof,
lTeaning over the rolled plastic.

6. Continue up to the roof ridge &
and move down the other side 1‘;"‘9

of the roof. ’///

7. Secure the last batten by
working from a ladder.
K

8. Attach the plastic sheeting
under the eaves.
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ATTACHMENT TO CYLINDRICAL FRAME (Span less than 4 meters)

No.

3.27 - 10

1. For a simple vaulted span of four
meters or less, one piece of
plastic sheeting will cover the
structure.

2. Attach ropes to either side of
the plastic sheeting, about 30 cm
from the edge of the material.
These will be used to tie
the sheeting to the frame.

Roll the sheeting up from both
Sides.

3. Place the rolled plastic
sheeting on top of the vault
and unroll it slowly down the
face of the vault. (See
Section 3.64 for additional
information on connections.)

4, Pull the sheeting down to the
ground and tie the ropes off
to the base of the structure.
The remaining 30 cm of fabric
should be turned out and covered
with soil. To prevent the sheet-
ing from blowing off, use the tie-
down ropes as required.

400
or less




DESIGN INFORMATION

PROPERTIES OF PLASTIC SHEETING

ATTACHMENT TO CYLINDRICAL FRAME (Span greater than 4 meters)

1. For a simple vaulted span greater
than four meters, one piece of
plastic sheeting will not ade-
quately cover the structure.

2. Fasten a strip of sheeting on
both sides of the structure
so that one meter of the struc-
ture is covered and 30 cm of
sheeting is turned out flat on
the ground and covered with
soil.

3. Roll up the sheeting and,
starting from the top center
of the structure, unroll and
secure the sheeting to the
structure.

4. The two sides of the sheeting

can either be tied down tight
over the lower pieces of
fabric or pulled out and away
from the structure for light-
ing and ventilation purposes.

3.27 -1

or msore
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DESIGN INFORMATION
3.27 - 12

PROPERTIES OF PLASTIC SHEETING

|

|

ATTACHMENT TO CONICAL FRAME

1. Measure the height and circum-
ference of the walls and cut a
piece of sheeting to fit. Roll up
the piece of sheeting from both
ends.

2. Tack the sheeting in place as it
is unrolied around the frame,
keeping it as tightly and evenly
stretched as possible. After
the sheeting is up, it can be
permanently attachéd. (See
Section 3.4.)

I 3. Cut the sheeting so that the
roof can be covered as illus-
trated at right.

4. MWrap and secure a cap to cover the
peak of the structure.
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DESIGN INFORMATION

PROPERTIES OF PLASTIC SHEETING

ATTACHMENT TO DOME-SHAPED FHAME

1. This configuration is usually
limited to small, one-room
structures (4-5 meters in dia-
meter) and associated with
residential functions.

2. Cut a strip of sheeting 150 cm
wide and long enougk to wrap
around the structure. Fasten
it in place so that one meter
of wall is covered and the

H remaining 50 cm is turned out

flat on the ground and covered
with so”’”,

3. Cut a piece of sheeting 790 cm
square and place over the
structure.

3.27 - 13

S-6H
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DESIGN INFORMATION
3.27 - 14

PROPERTIES OF PLASTIC SHEETING ]
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4, Tie off the sheeting at
the eight points indicated
at right.

;‘i

N

This will pull the, sheeting

tight over most of the struc- ———
ture, but will leave the corners ;EEEE;P —
Toose. f—<:::

5. 'To secure the corners, tie
the sheeting at the eight points
indicated at right.




DESIGN INFORMATION 3.27 - 15

PROPERTIES OF PLASTIC SHEETING

cmoza =

B e A |

6. The result is a one-piece cover
for a dome-shaped structure.

7. 1f the sheeting doesn't need
to fit over the structure as
tightly as indicated above,
the procure is more simple.
First, cover the base as

described in Step “#2.

|
Then, stretch a single piece
of sheeting over the frame

| and secure it at the corners.
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3.3 FRAMING SYSTEMS

3.31
3.32
3.33
3.34
3.35
3.36
3.37
3.38
3.39

BRE Braced Frame

Bamboo Lattice Cyiinder
Poie Tent

Wrap-around Frame
Hanging Tent Shed
Dugout

Circular Frame

Rubble Wall Shed

Wood Truss Bent

\ !
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FRAME TYPE:  BRE BRACED FRAME

No.
3.31 -1

ORAKING: PERSPECTIVE SKETCH

SEISMIC

HIGH WIND

FLOOD
FRAME MATERIALS

Dimensional Luaber
Bamboo

REFERENCE DETAILS

3.8

W W W W W W W W
e« ® s e o+ & e e

~N O OO NN
B = U e W N

lt

|

One piece plastic fabric

roof cover —

Infill between timber

frame can be any available
saterial, including plastic
fabric.

....... u,.::".. Gable vent

\%!



BRE BRACED FRAME

ERECTION SEQUENCE
SRR S SR S

1. Layout building according to site
conditions. Set foundation posts
in place.

2. Fabricate trusses near the building
site. Tip the end trusses up first
and secure with temporary braces.

! 3. Set the remaining trusses in place,
temporarily bracing them as you go.
After all trusses are up, perma-
nent diagonal bracing (walls &
roof) and the ridge beam are set
in place and the temporary bracing
is removed.

4, Frame-in the end walls (and gable)
and which ever internal partitions
that are required.




BRE BRACED FRAME o
3.31 -3
ERECTION SEQUENCE
b_.__—__—____—___—————m
5. Determine where door, window & vent
openings are required and frame them
in. / s
ol 8 (P o D e m - V
YNAVRY {
B
6. The walls can be constructed out of
what ever materials are available.
7. Cover both gable ends with plastic fabric \
and install gable vents. R
Q e L plo g T
WWNENLYNEF T
K '-*;f'{w P . .
8. Cover the roof with plastic fabric.
L e ’J
- SRR SR ——




BRE BRACING FRAME

No.

3.31 - 4

ELEVATIONS
re

b e e —————— |

Plastic Sheeting for

Common Framing

NH I

M .
.o .
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For Foundation
Details, See
Scetion 3.7

(&

Ground Line

| e ——— L——_——_1=
14
-t Door Opening

See Section 3.8l

Window Opening for

<,

daylighting and ventilation

/////—\ requireaents

IERNYYEY ]
.

apsees




No.
BRE BRACING FRAME °

PARTITION FRAME

i I s T B S AV T3 A A AL O AR AW
B e e e S o e o BT o, oty ——r

1. Detersine where interior partitions are required. If at all possible, line up the internal
partitions withk the structural elements of the fraee. Set poles 20¢cs inte the ground and
connect the top of each pole to the bottor chord of the roof truss above. The door (if re-
guired) can bs located in any of the three one meter openings. Frame in one opening to the
desirsd height. .

//

S

P N
N %

T T
I

I
L

I
J

- —

100 | 100} 100 | 100 | 100 [
1

. y ¥ " 1

2. Starting at the top and working down, nail plastic fabric to the poles, kevping the fabric
as tight as possible. Let the fabric extend dcwn 15-20 ca below the floor level. Cut the
fabric at the door opening.

E

H
82
li
u




STy —

Ko.
BRE BRACING FRAME

3.31 - 6

FRAMIRG PLAN AND ELEVATION

e et R — e

|
} ‘;L ']
See 3.61fi>
100 k\__ Diagonal bracing
-+ P 1
100
7l——— »

500
—
=

/ Approximately 50 square meters
Py S

100
-
Rigid frame
100 )/
| sean— |

FRAMING PLAN

i Ridge bean

Diagonal roof
fbracing Diagonal wall
bracing ——
N

|

7N

-1

T D o

T ‘ I
[
—— e 4 1 <fifj;,, T L .
Individual foundations

FRAMING ELEVATION




FRANE TYPE: BAMBOO LATTICE CYLINDER

No.

3.32-1
DRANING:
PERSPECTIVE SKETCH
SEISMIC (- ) REFERENCE DETAILS
HIGH WIND O 1.53
FLOOD ¢ 3.55
FRAME MATERIALS 3.61
3.62
Basboo 3'3?
ol Ly o
3.8
Plastic fabric is stretched over the.
lattice frame & held in place with i
. the down ropes.

Berm earth up around
the base of the
structure End walls can be

constructed out of

any available building
material, incluéj:gf”/’/,//
plastic fabric.

e . Vent
‘;kftr.n ~_ °
£
‘e .-'.“'.' 'o‘
/- ¢ SR
. ¢ A
) . [ ) H.-
.'-., I‘."
. LY
. ’ e

Door opening
at either end




i[ BAMBOO LATTICE CYLINDER No.

3.32-2

ERECTION SEQUENCE

1. Layout the plan on the ground . w
and build a foundation along
the long sides. The foundation
car. be continuous or individ-
ual short posts as shown at
right.

2. Build a bamboo lattice on the
ground of green or flexi-
ble dry bamboo. The
lattice should be 690 cm
wide and as long as the buil-
ding need Le.

3. Stretch the plastic sheeting
over the lattice with 50 cm
overhanging each end.

4. Lift the lattice from the middle
and prop it at the desired ceil-
ing height with poles. The poles
should be prepared in auvance _
as shown so they can hold -loo
the frame and rot puncture the
plastic sheeting.




R

BAMBOO LATTICE CYLINDER No.

ERECTION SEQUENCE

3.32-3 .

With ropes pull the ends of the
ends of lattice together until the
edges are over the foundation
connections.

Erect end frames and partition
frames.

| it

[ it
| S0t
| Sl

Cover the end frames with any
material. If plastic is used, see
Section 3.6 - Plastic Sheeting
Connections.

Secure the plastic at the ground

with the continuous trench detail.
(See Section 3.71 - Ground Inter-

face Connections.) Ropes

should be placed over the top

of the structure and anchored.

For spacing and anchor strength,

see Section 3.61 ~ Piastic
Sheeting Connections.




I BAMBOO LATTICE CYLINDER

i ELEVATICNS

925
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BAMBOO LATTICE CYLINDER No.

3.32-5

PARTITION FRAME

&(’ S U
4- . Zn N

To find anchor bracing, For foundation detail,
\_ See Section 3.61. See Section 3.71.

For anchor types,
See Section 3.73.

Gable end vents
are shown in
Section 3.83.

FIAR]]

. ! to.ccllls :tl\ltlo

The end wall eay be made from
any available materials. If plastic
sheeting is used, see Section 3.6.

|

r"h
x4
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BAMBOO LATTICE CYLINDER

3.32-6
FRAMING PLAN AND ELEVATION

L 925 T
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BAMBOO LATTICE CYLINDER

No.
3.32 - 7

NOTES

For increased usable headroom or floor space, the frame may be increased in
width. This will require that more than one plastic sheet be used to cover.
(See Section 3.27 - 11 - Design Information.)

N £ 0% Y
X D~

——~ 790 cm wide sheeting

\ig /



FRAME TYPE : POLE TENT No.

3.33-1 .
ORAWING: PERSPECTIVE SKETCH
SEISMIC REFERENCE DETAILS
HIGH DD e e
FLOCD 3.54 3.7
fRAME MATERIALS 3.55 3.8
Dicensional Lumber 3.61
Bamboo 3.62
Poles 3.64
Pipes 3.65
Rope

i

i

ey

One piece plastic sheeting
roof covering over pole
and rope frane

vm— Y

C:round Interface

See Section 3.7 for details

Gable end vent
See Section 3.83

See Section 3.8l
for door opening
details

End wall infill
construction




A N

POLE TENT

ERECTION SEQUENCE

1. Layout the building site and dig
foundations according to guidelines
jn Section 3.7 - Ground Interface
Connections. Fabricate the frames
on the ground and tip into place.

2. Diagonally brace the frames with
rope to resist movement down the

No.

e e e S ————————asee]

length of the structure.
i
3. With heavy ropes, tie the three
frames together. Start at the )
center ridge and then tie off to
the outer poles.
4. Layout interior partitions and
frame in end walls and partitions.
Include diagonal bracing in the
end walls.
.. '\/
A0



POLE TENT

ERECTION SEQUENCE
e

The end walls below the roof line
can be infilled with any available
construction material. The gable
ends are common framing covered
with plastic sheeting.

w,
L]

6. Partial walls on the long sides
come up to window sill height (100.cm)
and can be constructed out of any
available material.

7. Layout and cut a single piece of
plastic sheeting for the roof
covering. Start at the ridge and
unroll the sheeting over the ropes.-
Tack in place at both ends and along
the eave lines.

8. Cable the ends of the sheeting
according to the guidelines in
Section 3.6 - Plastic Sheeting
Connections. Pull the sheeting
tight and secure on both gable
ends. (See Section 3.27 -~ 8 & 9 - 4
Design Information for batten
details.)




POLE TENT

No.

ELEVATIONS

3.3344

Plastic sheeting
roof covering pulled
over the gable

o i D
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Diagonal Bdracing

L

Berm up soil at the base of
the structure. See SEction 3.7

Ropes over the sheeting
prevent the roof from
flapping in high winds.

Ground LineJ

-

PN A R

LA R AN LR A R

e

‘s~ Groundline

Rope over supports as
required. See 3.61

,'ﬂ Ground Interface

See Section 3.7 for details

-\,. -
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POLE TENT

PARTITION FRAME

"~ ] 150 /
———— P —

200

40

350

[
Y
£

500

_-~~ Open abové

“+—

. SRR .
;{,’CGround Line
Y

Hang sheeting over

cospon framing

1b

‘Q/‘Groun

d Line

\\" See Section 3.7

for details




POLE TENT o

3.33-6
rRAMING PLAN AND ELEYATION
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Build up the ground level
around the structure to insure
adequate water drainage

FRANE TYPE:  LRAP ARGUND FRAME No.
por:. 3.34 -1
DRAWING:  PERSPECTIVE SKETCH
SEISHIC @ /\ REFERENCE DETAILS
HIGH WIND ® _— 3.52 3.8
FLOOD s ] . 3.53
e T 3.61
FRARKE HATERIALS
3.62
Dimensional Lusber l 3.64 -
Bastoo -) A 3.65
3.71
P | B 3.72
— — |
Ine piece roof covering Gable vent. See Section
3.83 - Vents
See Section 3.82 - Duors, Windows, -
and Openings for window - S \
details L ',-:' TN
/ s . . - - ==
/ IR R R A A R R N NN PRV Y IS Ll e,
j ( ~A ‘

Walls can be constructed

out of 2 variety of locally
available materials, or
covered in plastic sheeting.




Ne.
WRAP AROUND FRAME

ERECTION SEQUENCE

1. Layout the building site and pre-
pare for each frame according to
the guidelines listed in Section
3.7 - Ground Interface Connection.
Set the two end frames first and
brace securely.

2. Stretch a string between the two

3.34 - 2

,..--
| P

end frames and set the remaining
frames to that line.

After all the frames are in place

and adjusted for level permanent
bracing at the ridge and eaves are
attached. Diagonal bracing, t:
resist lateral forces, are fabricated
and nailed in place (roof and walls).

4. Determine where door, window and
vent openings are needed. Frame in
these openings according to the

guidelines in Section 3.8 - Doors,
Windows, and Openings.




| WRAP AROUND FRAME

ERECTION SEQUENCE

To use plastic sheeting, cut a piece
to fit around the building (approxi-
mately 2 meters x 30 meters). Roll
the sheeting up from both ends and
temporarily nail in place, wrapping
the sheeting evenly around the struc-
ture.

6. After the sheeting is up and checked
for proper coverage, attach permanently
according to the guidelines listed in
Section 3.5 - Structural Connections.
Trim window and door openings according
to Section 3.8 - Doors, Windows, and
Openings.

7. Cover both gable ends making provi-
sions for vents if required.

8. A single piece of sheeting (7.9 meters
x 10 meters) should cover the roof.
Roll the sheeting up and start at
the ridge line working down to the
eave line. Use battens at the edge
of the roof to secure the sheeting.

—L-—:-‘..'.'-:" ‘e

4



WRAP AROUND FRAME

ELECTIVES

Gable vent, See Section 3.83 -

e |

3.34 - 4

Plastic sheeting over
dimensional lumber frasme.
See Section 3.52 - Struc-

The walls below the roof
line can be any available

Plastic sheeting over dimensional
lumnber. Additional ropes or battens
may be required in high wind areas.

Vents
tural Connections.
uvaterial.
Vo e ——— : Ground line
it i
Foundations. See Section 3.72 -
Foundations

construction.

: : : / : ....:...'.".“..'2
- : ¥ : s :
3 . N : -
. . :'.: a— .
BRI . . 0, c,
| PR : o A -
, Ground line
/
I
See Section 3.5 - Siructural Connections.h;/) Window openings For day
Depending on the material used for wall ~ — lighting and ventilation

requiresents




WRAP AROUND FRAME

PARTITION FRAME

The top center of the partition wall Try to line up the internal
can be braced to the adjacent roof partitions with the frasing
fraeing members. ’ system.

Anchor base of partition fraae
according to Section 3.7 -
Ground Interface Connections.

Tack the sheeting up and check
for adequate coverage before
permanently attaching. Open above

( See Section 3.8 - Doors, ¥indows,
Ne— . and Ope: ings for details,
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WRAP AROUND FRAME No.
FRAMING PLAN ARD ELEVATIONS
925
- Iﬂ T h L
! See 3.61‘[._j‘.‘b !
g g ) B e 5

G0 ca x 200 cm
Door openings

Approxinately 50 square seters

8 2

L 8

>

Primary striestural frame

Diagonal bracing for roof

Ridge beas 7

Horizontal bracing at the

eave line "‘>

500

s S TR e T

- . - — ,/ __.1;
\ 150
ﬂ‘
krr—\\ 200
U1 1 vl Il P Vot
L i [ i ) L}
| ' P || |1 b 100
Ground line
. Diagonal bracing for the walls See Section 3.72 - Foundations I
_' — I T .
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FRAME TYPE:

HANGING TENT SHED

DRAWING: PERSPECTIVE SKETCH

3.35 - 1

SEISMI ¢
HIGH WIND Q|
FLOOD D

FRAME MATERIALS

Dimensiznal Lusber
Bambon

Poles

Pipe

Rope

REFERENCE DETAILS

3.52 3.67
3.53 3.7
3.564 3.8

Diagonal

Wall

One piece plastic sheeting
suspended from ropes

Bracing

Anchors for Ropes
See Section 3.73

Dour Opening

End walls can

be constructed
froe any avail-
2ble material §
or\ covered with J
plagtic sheet-
ing.

See Section 3.81

il
\.
o
-~
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HANGING TENT SHED

ERECTION SEQUENCE

SIS 77 VUV o 0 s s sy £ VO ST | L
e e e

1. La_ out the building site and
prepare foundations for each
frame according to the guide-
Tines Tisted in Section 3.7.
Set the four corner posts
first, bracing in both direc-
tions.

2. Fabricate the remaining posts
on the ground and tip them into
place. After the walls are up
and have been checked for level-
ness, add diagonal bracing.

3. lay out the internal partitions
and construct the end walls and
partitions. If plastic sheet-
ing is used for the end walls
and partitions, common framing
techniques can be followed.

4. Locate door, window, and vent
openings before covering the
end wall frame. Tack the
sheeting in place and check
for coverage before fastening
it permanently.

No.
3.35 - 2

[




HANGING TENT SHED

ERECTION SEQUENCE

5. Lay out a piece of sheeting
7.9 meters x 12 meters. Fas-
teners to connect the sheeting
to the ropes must be construc-
ted. (See Section 3.67.)
After the connectors are in
place, cut and attach 15 meter
ropes to the fabric.

6. Place the sheeting and ropes
inside the structure and loop
the ropes over the top of
each post. Then, pulling the
ropes from both sides, evenly
raise the sheeting and secure
the ends of the ropes.

7. With a short length of rope
tied to the top of each post,
pull the fabric as tight as
possible. The fabric for the
side walls will be hanging
straight down and will naed
to be attached to the post
with battens.

8. Pull 20 - 30 cm of sheeting
ovar the top of the end walls
and secure it with battens.
Use soil to build up a berm
around the base of the struc-
ture so as to secure the bot-
tom of the sheeting.

3.35 -3

Ul




r HANGING TENT SHED

No.
3.35 - 4

| ELEVATIONS

Ropes

Diagonal

Vent Details
See Section 3.83

Plastic Sheeting
over Ccrmon Framing

Ground Line

\“<?“T‘“~\\\\ The end walls below
See Section 3.8]1 & the roof line can

be constructed from
a variety of available

500 materials.

Horizontal

Bracing

N

Bracing

140

700

—T
.,
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HANGING TENT SHED

PARTITION FRAME
e

T

11
J y
Frase can be 100 Individual foundations
constructed out for each partition
of any available framing aeaber -
material See Section 3.7.

A 12
| Door Opening
3,//’—‘ See Section 3.81
-------- O T
Ground Interface Ground Line

See Section 3.7




P S
HANGING TENT SHED No.
3.35 - 6

FRAMING PLAN AND ELEVATION
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FRAME TYPE: DUGOUT

Mo.

DRAWIKG:  pERSPECTIVE SKETCH

3.36 - 1

 A——— ) 54

FRAME MATERIALS

Diaensional Lumber
Baanboo

SEISMIC @
HIGH WIND &
FLOOD O

=0 o

3.52
3.53
3.54
3.61
3.62
3.64
3.65

3.66

See Section 3.36 - 7 - Plastic
Sheeting Connections for supporting
detail

Excavated earth bermed

One piece plastic
‘sheeting roof covering

Gable end vent

REFERENGE DETAILS

—— W
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DUGOUT

ERCECTION SEGUENCE

1. The Dugout may be cut into the side of
a hill if there is no seism’z, landslide,
avalanche or other danger associated
witih the slope. Level ground is prefer-
able in areas with danger.

2. If a bulldozer is available, the trench
can be quickly formed. Digging with
shovels would be also possible.
CAUTION: The inside walls must be
angled or braced to prevent cave-ins.
In sandy or wet soil 45° may he necessary.
Clays allow a staeper angle. If there
is any concern, make the walls 45°. In
earthquake areas, use 45° in any soil.

3. Erect and brace the end
as shown at right. (See ‘\\\*KQ:,,
3.36 - 7 - Plastic *g’&\ 2
Sheeting Connections for

supporting details.) ‘dhere
the spans exceed 5 metars, a
center pole is necessary.

4. Fill in the interior trusses
and secure permanent
bracing as shown at right.
(See Section 3.61 - Plastic
Sheeting Connections for
spacing.) Line the inside of
tihe trench with plastic and cover
the fioor with packed soil or sand.

—
SN
SN
r



No.

§ DUBOUT

3-36 - 3

ERECTIOKR SEQUENCE

e wcowc - rum—

5. Frame in the end walls as shown
at right. Erect any partitions
required making sure they ’
line up with a roof truss,

6. Cover the end walls with plas-
tic sheeting and cut out doors
and windows. (See Section
3.8 - Windows, Doors, and
Openings. )

7. Secure the plastic sheeting to
the roof using batten connec-
tions. (See Section 3.27 -

8 & 9 - Design Information.)

8. Secure the plastic of the
eaves using the continuous
interface shown in Section
3.71 - Ground Interface
Connections.




I DUGOUT

ELEVATIONS

Vent Details
See Section 3.83

A 1 O , End wall can be made from
. ‘J R4 any available material.
h . - If plastic is used,

See Section 3.6,

' S i rom— e Fy
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I DuGoOUT

PARTTTION FRAME

To see how the roof is F

joined to the ground,
See 3.36 - 7 -- / \
Eave Detail.
J ﬂfloo 100

Walls should be lined

The walls may have
to be cut at an angle
or braced. In earth-

quake areas, the ualls with plastic sheeting

must be at 459, to prevent moisture
from entering the
structure.

See Section 3.36 - 8
for ill.strations on
how to access the
building.




l DUGOUT o-
3.36 - 6

FRAMING PLAN AND ELEVATION

|

500

e | '

— — — |
/—\ See Section 3.61 for Truss Spacing
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E DUGOUT no.

NOTES

CAUTION: In areas with seismic risk, the walls of the Dugout must be sloped
at a 45° angle.

Rock support placed to .!—“,,fff

, level the eave o
EAVE DETAIL _ )’,,/f”"”””‘

- q/; 50
[V

——
—

See Section 3.71




DUGOUT o

3.36 - 8

NOTES

If more than one structure is placed in a trench, access between the structures
is required. Ramp down through one side of the trench.




A IR SRR
FR‘HE TYPE: CIRCULAR FRAME No.
3.37 - 1
DRAWING:  pERSPECTIVE SKETCH
SEISMIC ® l;EI;EZRENCE DETAILS
HIGH WD @ 3.53
FLOOD ¢ 3.54
FRAME MATE 3.1
RIALS
. . 3.62
Dimensional Lumber
3.64
Basboo
Poles 3.65
3.66
3.7
3.8
e e —— e ———— i

Open Vent at the Peak
See Section 3.83

Battens
See Section 3.63

Aot ST T RIS I T¢ rTod
& S | ool
—~— ! | 11 u
L L )
In areas of extresely high Foundations
JQ\_’//,—\ winds, additional tension See Section 3.7

tie downs may be required.

r In some cases, because of cultural necessity or to resist high winds, a circular
framing system can be used.

\0\&



CIRCULAR FRAME

ERECTION SEQUENCE
e

No.

3.37 - 2

1. Lay out the building site and .
dig foundation holes according eﬂ::::i;hh_
to the plan on 3.37 - 6.

Te e o212
500

2. Set the center ring of
poles first. Brace them
temporarily and then tie
them all together at the
top and at a point two
meters from the ground.

3. Set the outside ring of
poles. (See Section 3.72
for details on post foun-
dations.) To resist
racking in the frame, dia-
gonal wall bracing is
needed. (See 3.37 - 6
for exact location.)

4. After the inner and outer
posts are in place and
braced, six meter poles
are set up to span between
them. The six meter timbers
are braced at mid-span.

(see Section 3.37 - 4 for
details.)

| - =R ]




E CIRCULAR FRAME

ERECTION SEQUENCE

5.

Frame in the vent at the peak.

Lay out and cut sheeting to fit
over each of the eight roofing
areas according to the sketch
at right.

First cover the peak vent and
then start with the lTower roof.
Tack the sheeting in place before
nailing it permanently. Stretch
the sheeting tightly

After the first segment is tacked
in place, move around the roof
and tack the remaining seven seg-
ments in place. Cover all seams
with sealant and battens.
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IRCULAR FRAME
3.37 - 4

I SECTION AND ELEVATION

225

600

X 100

r 4 \.
500 Diagonal Bracing 1 - \"'
for Center Pole /

RN
* .' LI

S .
' l For deta1ls on Foundat1ons '

“ See Section 3.72 .L.,L )
300 1|_ 450 I "

1350

. . U
e .
R . .

'y

Woven Grill for Vent/—-""""} == " _—Batt~~ Connection

L )
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ble material. If
plastic sheeting is
uscd, see Section 3.6.
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CIRCULAR FRAME

3.37 -5

PARTITION FRAME

m_—a——-—m‘— ramon

X7 s

“ d I

See Section 3.7 \_:53

Internal Partitions can
extend across this
space

Locate Door Openings

4

Lay out the internal
partitions so that they
line up with the faming
system overhead.

K\\_ Tack the sheeting in place
before nailing it down with
battens

1}

I~

///—=0pen above

=4 [ s
Ground Line j

lalermdoa v e oS0 iy 'YPE ;'. ™
S e, o0 :... ",-. . \.
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. Ground L?ne
See Section 3.7
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CIRCULAR FRAME

3.37 - 6

PLAN

Diagonal Wall /
Bracing

——




Rl SEER
F YPE : Yo.
RANE TYPE:  RUBBLE WALL SHED o
DRANING 3.38 - 1
) PERSPECTIVE SKETCH
SEISMIC O REFERENCE DETAILS
3.52 3.72
HIGH WOD q.) e >
FLOOD q.) 3,64 18
FREME MATERIALS ' 3.55
Dieensional Lumber 3.61
Baerboo 3.62
Poles 3.64
Rope 3.65
3.66
7
= B BN E—

In some instances a significant portion of the building is destroyed, leaving
only a few standing walls. These walls can be shored up structurally and used
to support a light weight roofing system.

<o " S, Plastic

Existing
Wall

l‘ Rubble Wall

i

The solution could utilize an entire 790 x 3000 cm sheet of plastic, depending
on the size of the damaged building.




RUBBLE WALL SHED

1. Clear the debris from the
building site and inspect the
remainding walls for structural
problems.

2. Reconstruct the remaining wall,
building up the wall to a uni-
form roof line. Reinforce and
buttress the wall if necessary.

3. Using salvaged or found materi-
als, construct a simple roof
framing system. Be sure to
provide sufficient roof slope
(20" or more) to prevent water
ponding and uplift forces from
high winds.

700

”
ERECTION SEQUENCE
P e —————______———————-_______%




RUBBLE WALL SHED No.

3,38 -3

ERECTION SZQUENCE

|

4. Depending on the availability
of building materials, use
progressively smaller framing
members to infill between the
primary structural members.

5. Starting at the roof ridge,
unroll the plastic sheeting,
stretching the sheeting over
the frame. Secure it at
both ends with the appropri-
ate anchoring system. Wrap
the sheeting around the out-
side structural members and
nail in place.

6. After the roof is in place, the
rck-le walls can be constructed
from locally available materials
and according to local methods.
The final step is to secure
ropes over the plastic sheet-
ing to prevent high winds from
blowing the roof off.




_
FRAME TYPE : .
WOOD TRUSS BENT Ne
ORAWING: 3.39 - 1
PERSPECTIVE SKETCH
SEISMIC ® REFERENCE DETAILS
HIGH WDND ¢ ’ 3.52
3.6!
FLOOD CB 3.62
FRAME MATERIALS J.64
Disensicnal Lumber 3.7
3.72
3.8
————————————xy
For window details, For roof connector and frame spacing,

Ses Section 3.82. See Section 3.61

- For foundation connections, Walls can be made from any
see Section 3.72. saterial. If plastic sheeting
is used, see Section 3.6.

Gable end vent
See Section 3.83

W



I WOOD TRUSS BENT

3,39 - 2

F FRAMING ELEVATION '

END TRUSS WITH DOOR OPENING

10\

U

MID-SPAN TRUSS

¢
‘ /,



WOOD TRUSS BENT no.
3.39 -3
FRAMING DETAILS
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WOOD TRUSS BENT

PLAN AND ELEVATION

110

400

110
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WOOD TRUSS BENT

posrfxvr: ASPECTS
- Ventilation is controlable
- Rainwater would fall well away frcm the base of the building
- There is good shade provision on long side; may not be sufficient
on short side

DETRIMEXTAL ASPECTS

- Material is nailed (polyester fabric will probablv continue to rip)

- Sheeting attached across hip at ends of building would likely rip unless
facia board was added

- Many tools are required, especially nails and glue
- Dimensional lumber is required
- Truss construction would require significantly skilled labor
- Gussets are required and must be cut
- Accurate angles nust be cut for joints and connections
- The overhang on the long side, the lightness of structure, and the ground
attachment may be problems in high wind areas
OBSERVATIONS

- There seems to be air space where the wall plane meets the roof and
ground planes

~ The attachment of the plastic to the wall structural members spanning the
trusses is not clearly described

- The foundation/ground attachments is not explained

- Truss construction/nailing procedure reguires wooden guard blocks to be
scale drawing of the tcuss must be made on the platform. A concrete slab
of this type of platform, space or mater.ials to build it is questionable.

- Openings - window & door - would have less tendency to rip if they were

edges are nailed to Erames.

.39 - 5
ELEVATION

nailed to a platform to form an outline of the truss. In addition, a full

or the ground would not be sufficient for these purposes. The availability

made with rounded - not 90° - corners. This is especially true if opening

RS

71

.
v



H00D TRUSS BRENT Ho.

3.39 - 6
ELEVATION

e e L s s s A Pt et B

|
F
h

-~ It is not clear how gusset and foundation work at door opening

CONCLUSICRIS

-~ Three different sizes of structural grade lumber are required, as is
plywood. If these materials in sufficient quantity are not available, the
frame of the structure cannot be built. The availability of sufficient
quaantities of this material in many countries is guestionable.

- Little detail is given regarding the type or installation of the "poly-
ester fabric." The selected attachmert system is nailing (stapling
optional), which immediately introduces holes and the possibility of
continued ripping of the material. The attachment system and jointing
between walls and roof and walls and ground seem to leave air gaps.

These gaps would allow air (possibly undesired cold) to enter. Perhaps
more impor-tantly, the gaps create significant potential for wind damage -
espacially given the long eave overlang on two sides and the unexplained
system attaching building to the ground.

~ Reasonably skilled labor would be required tw layout, cut, and assamle
the trusses and to connect the trusses and attach the sheeting material,
These types of skills may be available, however not in sufficient quantity.
The fact that the wooden joints do require a relatively high degree of
accuracy introduces the following possibilities. First, there will be
increased wasteof likely limited lumber resources. Second, the trusses
anda resvlting buildings may be weakened to represent an additional risk
to occupants, in the event of a secondary disaster occurance - &.d.
aftershock, additional flooding, high winds.

- Because of the findings of this review, it is concluded that the Wood
Truss-Bent Temporary Emergency Shelter in its current state of develop-
ment is not appropriate to the objectives of this project. Further, that
the efforts required to rodify the Shelter .desian to meet those objectives
are beyond the resources and constraints of this project.




No.
PLASTIC SHEETING CONNECTIONS °

3.63 -1
SHEETING TO MASONRY
W’"—mﬂw—m

]

Plastic sheeting cannot be reliably attached directly to masonry. For secure
connection, a piece of wood must be anchored to the masonry and the plastic
attached to the wood using a battened, stapled, or nailed connection. (See
Section 3.64 - Sheeting to Dimensional Lumber.)

Anchor bolts and filled cores _ Masonry nails

- | :T{

Drilled and bolted through Tied through mortar
joint with wire

|




" PLASTIC SHEETING CONHECTIONS

SHEETING TO MASONRY

No.

3.63 -2
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1. Consideration should be given to
the effects of the lifting force
of the plastic on masonry construc-
tion. Because the plastic is light
and acts like a sail, extreme up-
ward 1ift can be created which may
damage masonry - particularly whe'e
the plastic is attached near the
top of the wall.

2. Plastic sheeting can also he
attac? 2d to masonry by gluing
with contact cement or other
adhesive. This should not be
considered a structural joint
but may be useful if using the
plastic to line a floor in

wet areas.
_———= Masonry wall
/// e
Detail
v\.
b= Plastic
T
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PLASTIC SHEETING CONNECTIONS
3.64 -1

Dimensional lumber provides a very good support for plastic sheeting as it does
for most materials. If dimensional lumber is available, particularly if the
structure is only temporarily to be covered in plastic and will later be roofed
with permanent materials, its use is highly recommended. If it is to be covered
eventually with anothzr material, consider the dimensions of that material.

(See also Section 3.27 - Properties of Plastic Sheeting.)

WOOD BATTEN ~

ROPE BATTEN

SHEETING TO DIMENSIONAL LUMBER i
Py e e e




PLASTIC SHEETING CONNECTIONS

SAEETING TO DIMENSIONAL LUMBER

-t e e

ROOF WASHERS

| —==

Bottle cap

Tire Tread @

Wood

Tin can /:I:?

Ko.
3.64 - 2
Pttt |
[ —] 4 P
<,lj// ]
.-

Battens should be attached to the roof over structure running up and down.

This is to prevent water from ponding.

L,

)

/
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PLASTIC SHEETING CONNECTIONS Ho.
o 3.64 -3

SHEETING TO DIMENSIONAL LUMBER
Fm.@%—?mm

e ——— T e e e —————————
e |

Procedu[g

To cover a roof with battens or roof washer attachments, observe the following
guidelines: .

1. Cut the batten material {2.5 ¢cm x.5 cm) 100
into 1 meter strips.

. A

K™ A =1

2. Cut the plastic to the proper length
and width to cover the roof. If pos-
sible, use a single piece to cover

D

the entire roof.

For best results, let the sheet
lie in the sun unrolled so that
it can expand. (See Section
3.27 - Properties of Plastic
Sheeting.)
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PLASTIC SHEETING CONNECTIONS

SHEETING TO DIMENSIONAL LUMBER

first batten at the eave.

rolled plastic.

3. Roll the plastic sheeting as shown.

inside the roof, leaning over the

4. Starting at one end, nail in place the

Work from

100

’fbgé)



PLASTIC SHEETING CONNECTIONS

5. Proceed along the eave, nailing battens.
Pull the plastic tight between battens.

6. When the first row of battens is in place,
start at the end and install successive
rows, unrolling the plastic one meter at
a time.

200

AV A el

SHEETING YO DTMENSIONAL LUMBER




PLASTIC SHEETING CONNECTIONS

SHEETING TO DIMENSIONAL LUMBER

7. Work over the peak of the roof, cutting
the battens to meet at the ridge.

No.

3.64 - 6

#.__——__—————u——__“,_—_—_—————————

8. Secure the last batten by working
from a ladder.
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PLASTIC SHEETING CONNECTIONS

W———_—__ p—— —— v commcroot
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SHEETING TO DIMENSIONAL LUMBER

._._‘::#

9. Attach the plastic sheeting under the eaves.

6.64 - 7




PLASTIC SHEETING CONRECTIONS

SHEETING TO BAMBOO

The best way to use a bamboo structure

js to stretch the plastic sheeting over

it and anchor the sheeting at its edges.
{

If extra strength is needed to prevent
1ifting, ropes or rolled pieces of the
plastic sheeting can be stretched over
or under the plastic roof.

7




PLASTIC SHEETING CONNECTIONS o
3.65 - 2

SHEETING TO BAMBOO

A YA 3£, AU SRS S MG A VMR L W M, 2 B 4

I I—

If the plastic must be connected directly to the bamboo, the following methods
are suggested.

BATTEN METHOD

Light dimensional lumber can be nailed,
wired, or lashed to the bamboo and a
bazten connection constructed. (See
Section 3.64 - Sheeting to Dimensional
Lumber. )

ROCK TIE METHOD

Tie rocks into the plastic sheeting at
the points where attachments need to be
made, as shown in Section 3.67. Then
tie the rope end to the bamboo.

This method causes the plastic to distort
and it cannot be stretched smooth. Another
disadvantage is that rainwater may catch

in the pockets formed by the rock and
eventually may leak into the structure.




PLASTIC SHEETING CCNNECTIONS

SHEETING TO BAMROOQ

LASHING METHOD

This method is a simple and

inexpensive way of securing plastic
sheeting to bamboo. However, since it
requires punching holes in the shesting,
it is likely to cause leaks and may lead
to ripping of the sheeting. The outside
piece of bamboo should be smaller %han
the piece to which the sheeting is being
attached.

BAMBOO SANDWICH MAT

Plastic sheeting may be sandwiched between
two woven bamboo mats or frames ar-l then
used as a large shingle or panel.

mmmw

No.




' no.
PLACTIC SHEETING CONICCTIONS

SHEETIHG TO BAMBOO
T T e S S

3

D
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I

TENSION FRAME

Starter strip
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PLASTIC SHEETING CORNECTIONS

3.66 - 1

. SHEETING TO PIPE

R Pert
DAt e

Where metal or piastic pipe is used as a structural material, the Batten,

Rock Tie, and Lashing methods are suggested. Because metal pipe will get very
hot under the plastic sheeting, it is suggested that an insulator (e.g., papei,
cloth, cardboard, or leaves) be placed betweer tha pipe and plastic wherever
thay meet.

LASHING METHOD

This metnod is a simple and inexpensive
way of securing plastic sheeting to a
metal pipe frame. !owever, since it
requires punching holes in the sheet- s
ing, it is likely to cause leaks and ==~
may lead to ripping of the sheeting.

The best way to cover a pipe struc-
ture is to stretch the plastic
sheeting over it and anchor the
sheeting at its edges.

Anchor hare -

G



PLASTIC SHEETING CONNECTIONS

SHEETING TO PIPE

3.66 - 2

J———
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If extra strength is needed to prevent
uplifting of the plastic sheeting, ropes
can be stretched over the plastic roof.

ROCK TIE METHOD

Tie rocks into the plastic sheeting
at the points where attachments need
to be made, as shown in Section 3.67.
Then, tie the rope end to the metal
pipe.

This method causes the plastic to
distort and it cannot be stretched
smooth. Another disadvantage is
that rainwater may catch in the
pockets formed by the rocks and
eventually may leak into the
structure.




PLASTIC SHEETIRG CONNHECTIONS

SHEETING TO ROPE

No.

3.67 -1
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PLASTIC CONNECTOR METHOD

The plastic connectors enclosed in the
package are the simplest method of con-
necting plastic sheeting to rope.

ROCK TIE METHOD

1. Place a 3 - 5 cm rock about 15 cm
in from the edge of the plastic
sheeting.




PLASTIC SHEETING CONNECTIONS

o~

. SHEETING TO ROPE
e o —

erri=So—rr pveebiebr e e

2.

3.

Ko.

3.67 - 2

Twist the sheeting around the rock.

—©_

Tie a piece of rope around the neck of
the embedded rock.




PLASTIC SHEETING CONNECTIONS

SHEETING TO ROPE
_—-———-——ese——mrsesoereres

XNOT METHOD

1. At corners of the plastic, tie & knot as shown.

2. Tie a rope around the knot.




3.7 GROUND INTERFACE CONNECTIONS

3.71 Plastic Sheeting
3.72 Foundations
3.73 Anchors
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GROUND INTERFACE CONNECTIONS No.

.71 -1

PLASTIC SHEETING

Whare the plastic sheeting is used as a wall covering or where the roof covering
comes to the ground, as in in Bamboo Lattice Cylinder in Section 3.32, the
sheeting should be secured at the ground to prevent flapping. The foliowing
illustrations show several ways to secure the sheeting.

1. One of the easiest methods is to
bury the sheeting in a long con-
tinuous trench.

2. Where trenching is impossible
or undesireable, the sheeting
can be secured by a continuous
wood beam attached to stakes.
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GROUND INTERFACE CONNECTIONS

No.

3.71 - 2

PLASTIC SHEETING

il
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3. Where framed structures are
walled with sheeting, the
plastic can be secured as
shown.

4. The least secure but most simple
connecticn, using sandbags, is
shown below.




GROUND INTERFACE CONNECTIGNS
3.72 - 1

FOUNDATIONS
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This section is not intended to offer an exhaustive listing of foundation types,
but rather to illustrate a selected few which are adaptable to quick erection
and lateral force resistance. It is good practice to observe successful founda-
tion types in the disaster area and use the one which best adapts to the problem
at hand.

POSTS IN S0IL
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POSTS IN CONCREYE
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GROUND INTERFACE CONNECTIONS

FOUNDATIONS
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CONCRETE_FC :DATION

//,,——”’——"Hood Plate Reinforcing Golted
{ {/"""'” Anchor Bolt Through ¥ood \
. 200 on Center

Reinforcing May
Be Bent Over F

.;;J e
Ve R

BLOCK FOUNDATION

Reinforcing Through Cores And Reinforcing Continues Upward Through

(’ Bolted Through Wood Block Wall -\\\

3




P.
GROUND INTERFACE

CONNECTIORS

FOUNDATIONS
Homrmmrarey

SLAB FOUNDATION

Ro.

3.72 - 3
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GROUND INTERFACE CONNECTIONS i
3.73 - 1
ANCHORS
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For the framing systems which require ropes to fasten or restrain them, the
weakest structural part of the system is likely to be the anchorage of the rope.

& i (m\\
AR
N, < _

In high wind areas, simple stakes are not likely to hold - particularly in wet
ground. The following drawings illustrate a variety of anchor types.

LOW STRENGTH
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GROUND INTERFACE CONNECTIOGNS

ANCHORS

HIGH STRENGTH

L

Buried Rock Concrete Footing

100

Buried old tire Auger

Green tree branch , Buried log or pipe




3.8 DOORS, WINDOWS, AND OPENINGS

3.81
3.82
3.83
3.84
3.85

Doors

Windows

Vents

Chimney Openings
Eiectrical Service Entry



DOORS, WINDOWS, AND OPENINGS

DOORS

No.

The primary function of doors and door openings is to coatrol the movement
of people into and out of an enclosed space. Door cpenings can also function
as a means of ventilation and a source for daylighting. Typically, doors are
rated and specified according to their frequency of use. Doors which are used
i 100 times per day must be significantly stronger than doors which are used

5 per day if they are to hold up and function adequately. If the interior room
layout or design will permit, doors shouid swing inwards where they can be
secured and protected from being buffeted and damaged in strong winds. Two
external door openings 7or an enclosed area of 50 square meters is sufficient,
unless special conditicns prevail.

DOOR OPENINGS WITHOUT DOORS
l M l r Zr(r

T

For this type, the door opening itself must be framed in and the plastic
sheeting attached to the frame. The following factors should be considered:
This system provides visual privacy only.
This system can be used in conjunction with other door configurations to
reduce wind penetration into the structure.

Some degree of daylighting and ventilation of the enclosed space is
accommodated by this system.

Where climate and security conditions will allow, this is a good system
for very high use areas where even a sturdy door and frame may fail.




DQ0RS,

WINDOWS, ANC OPENINGS

DOORS

DOORS WITHCUT RIGID FRAMES

attached to the frame.

HOO¥X DOOR IN

&~ . CLOSED POSITION OR IN OPEN posmonf

VFFBATTEN v
/
3
J
R N S -4 \ i
— .

YOU PASS BETWEEN THE
THO PIECES OF FABRIC

/"

‘?ZATHER FABRIC OVER
TO ONE SIDE OR TO
THE TOP AND TIE IT

OFF

3.81 -2

In this sytem, the door opening must be framed in and the fabric securely
Consider the following:
Where security conditions will allew, this system is good for doors which
are used infrequently.

When the doors are open, interior lighting and ventilation are achieved.

FOR COLD CLIMATES, WHERE NO
INFILTRATION THROUGH THE
DOCR OPENING IS DESIRABLE,
THIS SYSTEM WORKS WELL
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DOCRS, WINDOWS, AND OPENINGS ’
3.81 -3

DOORS
e e ey

RIGID DOOR FRAMES

A variety of materials can be used to construct rigid door frames. Diagonal
bracing is required to prevent the weight of the door from causing it to sag
and become difficult to operate. After the door frame is complete, cover the
frame with plastic sheeting or other available covering.

, & i L_75CH MIN/SOCM HMAX.

o

180 CM MIN.
200 CM MAX.
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DIMENSIONED LUMBER  BAMBOO PLYWOOD
' F RIGID DOOR FRAMES DOOR DIMENSICHS
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PLASTIC FABRIC ' CORRUGATED METAL  W0OD PLANKS MATS

J00R COVERINGS




DOORS, WINDOWS, AND OPENINGS
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DOOR OPENING Frame Opening

UOOR HEADEKS
Bamboo

UOOR JAMBS

Bamboo

Cover With
Sheeting

Trim and wrap
the sheeting
around the frame

1

Dimensional Lumber

Dimensional Lumber

1,2
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000RS, WINDOUS, AND OPENINGS Ho-

WINDCWS

The primary function of windows and window openings is to allow natural day-
lighting into an enclosed space, and to ventilate the space. The placement
or location of the window openings is dependent upon the interior layout.
Four external window openings, of approximately one square each, are suffi-

cient for an enclosed area of 50 square meters unless special conditions
prevail.

[ i UL

3AMBOO STICKS WOOD PLANKS

WINDOWS WITH FRAMED OPENINGS (NO COVERING)
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PLASTIC FABRIC CORRUGATED METAL WO0D PLANKS MATS
WINDOW COVERINGS OVER RIGID FRAMES

N - T
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PLASTIC FABRIC OR WOVEN MATS ONLY (NO FRAME)
WINDOW COVERINGS WITHOUT FRAMES
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YENTS
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The primary purpose of vents is to improve the level of human comfort inside
the structure. This is achieved by:

(1) Reducing internal temperatures

(2) Reducing internal humidity levels

(3) Increasing internal air movement
8ecause both door and window openings also serve to ventilate the enclosed

space, two vent cpenings totaling one square meter each are sufficient for an
enclosed area of 50 square meters, unless special conditions prevail.

=
pos

VENT OPENINGS OVER DOOR AND WINDOW OPENINGS
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VENTS
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OPERABLE WALL VENTS

ONE SEGMENT OF FABRIC
CAN BE COVERED WITH
INOPERABLE VENTS

NON QPERABLE WALL VENTS

:
/LPLASTIC FABRIC IS

GATHERED AND TIED

AT THE TOP
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VENTS
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RIDGE VENT

ROOF VENT

GABLE VENT
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CHIMNEY QPENINGS
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in cold climates, some form of internal heating will be required. Because the
nizstic sheeting does not breathe, and because in a cold climate door, window,
and vent openings will be sealed, it is critically important for the fumes of
the space heater to be vented to the outside. This is typically done through
the use of an exhaust duct or chimney. The chimney opening should be in a wall,
not the roof, to minimize water penetration problems. Locate the opening on

the downwind side of the structure to minimize the amount of cold air tlowing
into the structure and to keep any sparks coming out of the chimney frecm landing
on the roof. The space heater should not be located closer than 1.5 meters

from any plastic fabric on the walls and optimally should be located in the
center of the enclosed space.

WIND

é?"‘-.___—f LOCATE EXHAUST DUCT DOWN-
o~ WIND OF THE STRUCTURE
M

NON COMBUSTIBLE MATERIAL

AROUND EXHAUST DUCT

.
&/

|}

rlf

s iy et

\

-
\- SUPPORT EXHAUST DUCT LOCATE SPACE HEATER A
WITH A SEPARATE POLE MINIMUM OF 1.5 METERS
D0 NOT ATTACH TO FRAME FROM PLASTIC FEBRIC
OF STRUCTURE AND OPTIMALLY IN THE
CENTER OF THE HEATED
SPACE




DOORS, WINDOWS, AND OPENINGS

No.
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(1)

(2)

ELECTRICAL SERVICE ENTRY
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In the event that a temporary electrical generator is used (for lighting
requirements or to operate squipment), some provisions are required to get the
sower lines into the structure. Depending on local conditions, the power lines
will either be buried or suspended overhead with poles. If the cables are
buried, no special fabric penetration details are reaquired. If, however, the
power lines are carried overhead, the following guidelines should be followed:

Do not connect or tie the power line or its supporting cable to
the frame of the structure. Set up 31 pole just outside the struc-
ture to receive the power line.

Always try not to penetrate the roof; instead, bring the power cable
through the wall or gable end to minimize problems with water pene-

tration.

NE

DO NOT CONNECT OR TIE THE ELECTRICAL POWER
LINE TO THE FRAME OF THE STRUCTURE

SEE 3.85-2

d.

SET A UTILITY POLE DIRECTLY NEXT
TO WHERE THE ELECTRIC SERVICE e

ENTRY IS NEEDED. PULL THE CABLE
THROUGH THE WALL AND NOT THE .ROOF




DOORS, WINDOWS, AND OPENINGS

ELECTRICAL SERVICE ENTRY

A
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3. Reinforce the opening that is
used for the electrical service
entry by placing plastic tape
around the opening on both *
sides of the plastic sheeting.

Ko.

3.85 -2




3.9 MAINTENANCE AND REPAIR

3.91 Maintenance of Plastic
Sheeting Covered Structures

3.92 Repair of Plastic Sheeting
Covered Structures



' MAINTENANCE AND REPAIR

Neo. .
3.91 -1

————
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1. Inspect the structure regularly
to detect any damage or wear. The
plastic sheeting will rapidly
self-dastruct if damage is allowed
to go uncorrected.

|

Doors
£ Windows

The structure should be inspected
weekly and immediately following
severe storms.

F MATNTENANCE OF PLASTIC SHEETING COVERED STRUCTURES

The plastic sheeting supplied by USAID deteriorates over time and is expected to
last with reasonable care for approximately one year.
should be considered to prevent premature failure of the plastic sheeting.

The following procedures

e e o el

TN Ground Lline

Corners

W



MAINTENANCE AND REPAIR

2.

During severe storms, be alert to:

(a) Excessive flapping of the
sheeting

.

If the flapping is loud and
shakes the structure, pull
ropes over the structure
and secure to the ground.

(b) Ponding of water in the
sheeting

If ponding occurs, use a
stick covered with cloth
to push the water out.

Ko.

3.91 - 2

MAINTENANCE OF PLASTIC SHEETING COVERED STRUCTURES
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MAINTENANCE AND REPAIR

MAIN

P e

TENANCE OF PLASTIC SHEETING COVERED STRUCTURES

3. DO NOT use gasoline or other petro-
leum solvents to clean the plastic
sheeting. Use only water.

& ©

4. DO NOT use any fires or open
flames near the plastic sheeting.

)

5. DO NOT allow children tc play on
the plastic sheeting covered

structure. It is dangerous to
both the children and the

structure. ®
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MAINTENANCE AND REPAIR

REPAIR OF PLASTIC SHEETING COVERED STRUCTURES

No.

3.92 - 1
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It is inevitable that some damage to the plastic sheeting will occur. It is

important that any damage be quickly repaired as the plastic sheeting will
The following drawings illustrate

quickly deteriorate once it has been damaged.
methods of repairing various types of damage.

RIPS OR TEARS

1. Plastic Tape

The most ideal repair of rips is
to apply the plastic tape which
was shipped with the sheeting.

(See Section 3.62 -~ Sheeting to
Sheeting.)

2. Lashing or Sewing
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MAINTENANCE AND REPAIR
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BURNED HOLES OR LARGE RIPS

REPAIR OF PLASTIC SHEETING COVERED STRUCTURES

N T e e

3.92 - 2

1. Plastic Tape Patch

(a) Cut a piece of plastic

be repaired.

(b) Firmly attach plastic
tape to each edge.

firmly press the tape,

bles are gone.

sheeting which is larger
than the hole or rip to

(c) Place the patch over the /*
outside of the hole and £ -

making sure all air bub-

AR
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MAINTENANCE AND REPAIR

REPAIR QOF PLASTIC SHEETING COVERED STRUCTURES

ez,

Sewn or Lashed Patch

This method is inferior to the
plastic tape metheod because it
causes holes which will leak.

(a) Cut a piece of plastic
sheeting which is larger
than the hole or rip to
be repaired.

(b) Sew or lash it over the
hole or rip.

(c) Cover the seams with a
sealant for temporary stop-
page of leaks. Wax, roofing
cement, clay, grease, or
other materials may be used.




MAINTENANCE AND REPAIR

L

l’:
REPAIR OF PLASTIC SHEETING COVERED STRUCTURES

P e e s

CONNECTOR FAILURE

1. Replacement after slipping

The most likely failure of a
plastic connector is for it
to slip off. If this happens,
replace it in a location just
next to where it had been at-
tached. If the connector is
damaged, particularly if the
star-shaped insert has folded
over, use 4 new connector.
Certain sized coins can be
used to replace the star-shaped
insert.

No.

% 2. Replacement after ripping loose

If the connector has ripped out
the plastic sheeting: f’w

(@) Trim away the ripped sec-
tion of the sheeting.

(b) Replace the connector.

FERRIONCOY
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REPAIR OF PLASTIC SHEETING COVERED STRUCTURES
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PUNCTURES

Small punctures present more
leakage problems than structural
problems.

1. Plastic Tape

d
2. Sealant
Mud, grease, roofing cement, wax,
or other materials may be placed ‘
over the puncture. They are tem- m
porary and will have to be repiaced.
L A S S Y T SO N S _ )
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APPENDIX 4.1
DISASTER PRONE DEVELOPING COUNTRIES

AFRICA . LAT!N AMERICA
Cape Verde Botivia
Chad ' . Chile
0jiboutt Ecuador
East Africa Reg onal Profile El Salvador
Ethiopla Guatemal a
Mali ' Honduras
Maur{tania Nicaragua
Nlger Peru
Sahe! "ransportation Survey
‘Senega:

Scmal {a
Uganda NEAR EAST
Upper Volta
laire
Turkey
AS|

SOUTH PACIFIC

Bang | adesn :
Burma F1ji

Indla Tonga
Indonesia Western Samoa
Malaysia

Nepa| -

Paklstan INDIAN OCEAN
Philippines

Isiand Countries of the
Indian Ocean

CARIBBEAN

CARICOM Reglonal Profile
Dominican Republic
Halti
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Masonry
Dimensional Lumber
Bamboo

Poles

Rope
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ILLUSTRATION CREDITS

This section is not intended to be a complete manuai on every type of construc-
tion. It does, however, illustrate the details required to construct the
frames shown in Section 3.3 Framing System. The individuals responsible for
construction of the emergency shelter are assumed to have some knowledge of
construction methods and the use of basic tools.

The illustrations in this section are from the publications listed below and
are referenced by a number code in the text. For more complete information
on building materials and methods refer to these documents, or better yet,
local builders.

1. Building Research Establishment. "Earthquake Hurricane Resistant Low-
income Housing." Drawings describing construction of four trial
houses. BRE/HLDC St. Vincent.

2. Ching, Francis D.K. Building Construction I1lustrated. New York: Van
Nostrand Reinhold, 1975

3. Cuny, Frederick C. & Assoc. Relief Operations Guidebook - Section III:
Housing (Draft Copy). Prepared for International Disaster Preparedness
Seminar - A.I.D. INTERTECT, Dallas.

4. Department of Housing and Urban Development, Office of International
Affair, Vlashington. Handbook for Building Homes of Earth, Department
0f Housing and Urban Development, Washington, 1979.

5. Dietz, Albert G.H. Dwelling House Construction. Cambridge, Mass.: MIT
Press, 1974.

6. Durbahn, Walter E. Revised by Elmer W. Sunderberg. Fundamentals of
Carpentry Practical Construction. Chicago: American Technical Society,

7. Eaton, K.J. Low Income Housing and Hurricanes. Reprinted from Wind
Engineering: Proceedings of the Fifth International Congress, Fort
CoiTins, Colorado, U.S.A., July 1979, J.E. Cermak, Editor. Oxford:
Pergamon Press, 1980. pp. 7-27.

8. Eaton, Keith J. How to Make Your Building Withstand Strong Winds. Paper
presented at BRE Seminar on Low-income Housing, St. Vincent, 26-27
March 1980. Garston, Waterford: Building Research Establishment,
1980.

9. Hornbostel, Caleb and Hornung, William J. Materials and Methods for
Contemporary Construction. Englewood C17ffs, N.J.: Prentice Hall,
Inc., 19/4.

10. Kern, Ken. The Owner Built Hcme: A How-to-do-it Book. New York: Charles
Scribner's Sons, 1975. :
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14,

16.

17.

T TLLUSTRATION CREDTS (continued)
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Shelter. Bolinas, California: Shelter Pubiications, 1973.
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STRUCTURAL CONNECTIONS

MASONRY

CONCRETE FOUNDATION

Anchor the first course of open cell
concrete blocks to the foundation.

15 mm bars extend out of the concrete
foundation every 2 meters.

Fill the cells that fall over tke rebar
r with mortar.

HORIZONTAL REINFORCEMENT

Masonry construction will fail easily
from lateral loading unless horizontal
reinforcing is used. A variety of mater-
ials can be used including the following:
deformed steel rods, split cane, bamboo,
and barbed wire. Place the steel rods
every three courses.
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STRUCTURAL CONNECTIONS Ne. é
3.51 - 2 .,

MASONRY

[Rr——

COLUMN TIE

Masonry infill needs to be(tied to)
the structural wall frame (columns

to insure a stable system. Masonry ‘ﬂ;qzrh
ties should be used every three
courses.
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MASONRY

RQenforced Concrete Lintel

wood Lintel
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MASONRY

LINTEL DETAILS

No.
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3.51 -5

STRUCTURAL CONNECTIONS

T

WALL INTERSECTION

MASONRY

-1

i




~

STRUCTURAL CONNECTIONS ko.

MASONRY

(3)
RUBBLE WALL

T 2 e e T Y L S S AT Lt L . I % S B LA Y A .51 Mt Mt
| e e e At o e e e S S SIS L A i A R 4TS SR A T A R 1 LA B e it s e e 5 ]




Wi O TR TS, S

STRUCTURAL CONNECTION

MASONRY
e

MISCELLANEOUS DETAILS

L)
e

)
(17)
Mortar Mixes
- Hydrated lime Mortar sand in
Type of Service Cement or line purty damp, loose
condition
For ordinary 1 - masonry cement® ———— 2 to3
service or
1 - Portland cement 1l to % . 4 to 6
Subject tc ex- |1 - masonry cement®
tremely heavy plus 1 - Portland ————e 4 to 6
loads, violent cement
winds, earth-
quakes or severe or
frost action. 1 ~ Portland cement Oto Xk 2 to3
Tsolated piers.

- . 3)l

. .
s

.

oS
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STRUCTURAL CONNECTION

f At

MASONRY

3.51 - 8
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STRUCTURAL CONNECTIONS

DIMENSIONAL LUMBER

.
T e e A e S e —— e S S S

RAFTER/PURLIN CONNECTIONS

STEEL STRAP FIXING

(16)

WOODEN CLEATS
NAILED TO PURLIN AND RAFTER

(16)

. o . THIS FLAT SHEET PATTERN
oVe ollo ,| CANBE USED WITH
e o VARIATIONS OF BENDING
DIRECTION FOR A NUMBER
OF CONNELTIONS

(16)

3.52 - 1

LARGE WASHERS

BEZACKETS FROM GALVANIZED (]6)
FLAT SHEET
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I STRUCTURAL CONNECTION o

3.52 -2

DIMENSIONAL LUMBER

Wrong - nails
are in direcT
Pull upwards

Righi - all .
nails are being (8)
pulied \oferallj

ROOF CONNECTION DETAILS

{7)

Poclla is Aaitad ¥ Black

E .
(5) ~ 90 ok ia Satd (a
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STRUCTURAL CONRECTIONS

No.
3.52 - 3

DIMENSIONAL LUMBER

ROOF CONNECTION DETAILS

—~5Steel pete
Connectlor

Ve =

(1)

(1)

/

(6)




I STRUCTURAL CONNECTIONS Ro.
| DIMENSIONAL LUMBER

ROOF CONNECTION DETAILS

%\
Joint - Plate
Tie (ceiling joist)

'j,mm Plate

(8) SHED QOOF
(5)

r” Sheathing

- Ledger (mey ba omitted when

'g rofters are short)

H s .

E \ R

c \.”0»

‘e

3 \

M
* ; : : Tie

@iﬂ (may be plete or ribben)

TIPICAL
CONNECTIONS

AN |
. LS

3.52 - 4

(1)




STRUCTURAL CONNECTIONS

DIMENSIONAL LUMBER

B e e ———

ROOF CONNECTION DETAILS.

— EFTIR

CILUNG
JoIsT

NAIL JOIST TO RAFTER

TOP PLATE

GALVANIZED STRAP —
" CONNECTING ROOF

FRAMING TO WALL

FRAMING

(16)

\\\ COMMON RAITIR

A

FASCIA

Y




STRUCTURAL CONNECTIONS

DIMENSIONAL LUMBER

WALL FRAMING DETAILS

spaccrs
dovble header \

devble

to eliminate vertical block

oversized lintels may be vsed

spacer

dovble lintel \
deuble
studs ~

No.
3.52 - 6
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STRUCTURAL CONNECTIONS

DIMENSIONAL LUMBER

S S
W, MMM ALY




STRUCTURAL CONNECTIONS No. l

DIMENSIONAL LUMBER

MISCELLANEQOUS CONNECTION DETAILS

-- 10 ¢ TOE WNALED TO
I RDETR. Oks BACH
©.DB OF JOIRT

JOISTS BEARING ON _WOOD
GIRBER MINIMUM LAP_4° (9)

X

b 2
M .

(16)

o ——————————

QNG BEAM TO

LEnFoRCEMENT RO
C.DUJ"*J ConalEnonN

Cotusans TO PASS THROUGH
GG SEAM ¢ BE mxcP

W
£LoCLIOLK oy - W
" - cu::lETE xlv""‘

fLocKS

(b) BUILT-UP SILL

(1) . (5)

A



STRUCTURAL CONNECTIONS

3.52 -9

DIMENSIONAL LUMBER
———————

MISCELLANEOUS CONNECTION DETAILS

steel U'plate

raet comtinuove nal and

N

side thc/

through bolt

wood poet —
connections d P —

(2) (2) (2)
SFPACED BEAM/S0LID PosT GOUD BEAM/SPACED FOST  EXPOSED COLUMN cAP

DAY

stec! straps with
through boits

shear Flates
and P

use steel L’eanng
plate F post cross-

. .
X 7
\\_“------------\'\

|
24311mal wood .\_L

oteel brackets t 2rea 16 insubhicient
suppert glve- : wih web stifiendrs z: Mj‘ bezrm_gmbr beam
|lamnated or bo! and thraugh bolts n C::r"csomn perpendic-
to rvét a5 required viar to gramn I | '
BEAM CONTINUOUS (2) FosT CONTINUOUS (2) EXPosED'T' 5 (2)

—. 4
A
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STRUCTURAL CONNECTIONS

DIMENSIONAL LUMBER

» spaced beam 'l2p ng pest

min.beanng
in direction of
beam Span—

(2)

‘beam bearing on post

« spaced post lap

/U

(2)

ebeam traming into post

"i & Sncn heart

goor beams

Il

.’:. ¢ 3"“0\3101 Soibs

L‘gQ-i,vnaknvt

(1)
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STRUCTURAL CONNECTIONS

No.
3.53 .- 1

BAMBOO

e e — |

T:e noles
Fireg ro dorec ot o
verhicas ‘o 1es cro
vertcal
TomP viEw memper
5108 view

DOUBLE BUTT TIED JOINT

iOINT FOR CONNECTION
OF SMALL MEMBERS TO
LARGE MEMBERS

Wire or vine

binging
L,,

MORIZONTAL SECTION

ngle
58

Mordwood
. pn

beos . nJ

morigontal filteg 1o
ver’icagl member

. -

" “Horowood
tenon 7 / \

=

K’ [/4 \_.,/

Vem o e ot o

SECTiON

TENON XEY JOINT FOR M’ .avY
DUTY OR FINE WORK

B

ODOUBLE BUTT
BENT JOINT

Surtodls for turniture
ong simdar uses

Tongus dent 1gnt ocross
memoer ond 1140

SECTion

CONNECTION OF BAMBOO
TO ROUNO PINS,ETC.

Wire or
ving 11

SI10E ELEVATION

SINGLE
BUTT JOINT
vine or wirg lig

~QRIJONTAL SECTION

(13)
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STRUCTURAL CONNECTIONS

No.

3.53 - 2

BAMBCO
@mv—mm-m,;mm?mmm

A

\



STRUCTURAL CONNECTIONS No.
3.53 -3
BAMBNO

[ e Y & =
Economcal o000
ollernohivo $Ings
o7y
over

‘::x: ncles

SPRUNG STRIP CONSTRUCTION

Tied 1o
foce Pole
[ s smten | -
. S .
pros! ¥’ Ploster or
stucco

Finigh coot

‘\Bnu or srone bosge

WOVEN OR WATTLE CONSTRUCTION

Roof construction

2L

( Tie beam

P |

bomboo

Post
[a—

s C’ﬂonmnla/ section worizontal
'T y / strips of

woron on

|

[ Plaster or
. stesce . )

orner strips
or goles

S T el £ L B

Slona or brick




No.

3.53 - 4

STRUCTURAL CONNECTIONS

'%@mub/

i,n“’/ 7

- —— -

Wit

BAMBOO

A
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STRUCTURAL CONNECTIONS

POLES

Z RAFTERS BOLTED TO PoLf
AN

2x4 o8 236 PURLINS L7 6"ToP DiA. PRESSRE
o. 3

24" TREAT
+ LD Po:.j:/
\ ] / V/.
N _
/ﬁ‘ . wALL
- S - Giny
NoToH
LEMNOTH o FiT
8'To 14/ t x4
: ,4- %W .
1212 BOoARD VN ESA
SIDING OR A . N YL “gouts
34 PLYWeod § | wIMDOW Ry e o—
witl ; FRAME R
END 1 :*{
} DETAIL )] "
WALL GIRT i}, ! i Pore

W 274 OR 226 FLOOR
d Joi1sTS 214"0c.

2%12%

byt ST
¥ A

SPLATTRR BEY : 0%
moArRD  —Ti” 3”70 x4 posT ]

4" GRAVEL FiLL 2 JOISTS BOLTETD '
JAMPED Yo PoLE
BALKTILL J4— SEE 26.2 To DETERMINE CONC. PIER 4

W IDTH AND DEPTH OF HoLr
v

Yo DowEL
8"conc. 26.2 POLE FRAML DETAILS (10)
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STRUCTURAL CONNECTIONS

POLES

RAFIER ENC POIT , Wi AMIE , RAPTIER

LOWER RAE'TER END, AT FOUT AND WALL PLATE

/f J : v\h
J funad

LAEIIRG RAFTEIR To WAILL FLATE
AT (d), PuL TAUT BEFO™B | OTTING (€Y

LAQFITING MAIN PURLINS 70 RAETERS ANDIOXS

ORMAPMENTAL LasrhMNe, YIEWED FROM INSIDE .

q NOW BAYil FRAAR IS COMPLETED. THE PVRLING ARE
APOELD TO THE PIAmE TO ATTACH TWE THATCHWIS .

. d
E LAGHTIRG PLIRLING TO SUTTINTING X0 :* T"“;l l’;;”"::‘::‘:m ABONE RIGHT POR (15)

- 4



i STRUCTURAL CONNECTIONS No.
I POLES

Crotehn Support

for Lioor beams
M waud wall
Constryction

(17)

&
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STRUCTURAL CCRNECTIONS

No.
3.55 -1

ROPE

Joining two ropes of the same size:

Joining two ropes of different sizes:

i Making a secure loop that can be
placed or tied around a post or -
grommet:

Ve

= _ t =

SQUARE KNO.

.

SE——— |

DOUBLE SHEET BEND

BOWLINE




STRUCTURAL CONNECTIONS

No.

ROPE

Attaching a rope to a plastic
connector:

Tying a rock into the plastic
sheeting, as in the Rock Tie
Method:

Place a small rock under the

plastic sheeting and twist the
sheeting tightly around the
rock. Wrap tne rope around
twice, maka one haif hitch,
and pull tight. Then make

the second haif-hitch and pull -
tight- <AURY AES

FISHERMAN'S BEND

THO HALF HITCHES

3.55 - 2




3.6 PLASTIC SHEETING CONNECTIONS

3.61
3.62
3.63
3.64
3.65
3.66
3.67

Connector Spacing Information
Sheeting to Sheeting

Sheeting to Masonry

Sheeting to Dimensional Lumber
Skeeting to Bamboo

Sheeting to Pipe

Sheeting to Rope

,D“D



PLASTIC SHEETING CONNECTIONS

CONNECTOR SPACING INFORMATION

3.61 -1

The following.chart should be used to determine the proper spacing and size of
the connections described in this section.

A11 dimensions in cm unless
I otherwise noted.

MODERATE STORM
17 meters/sec

TROPICAL STOFM
33 meters/secC

MODERATE HURRICANE
49 meters/sec

NR = Not Recommended (38 mph) (75 mph) (110 moh)
§ CONSTRUCTION X y X y X y
TYPE nail size nail size nail size
(mm) | _(mm) {mm)
50.8] 63.5 50.8]1 63.5 50.8}1 63.5
50 60 90 50 18 25 50 NR 12
100 30 45 100 9 (12.5}| 100 NR NR
150 20 30 150 NR NR 150 NR NR
50 60 90 50 18 25 50 NR 12
100 30 45 100 9 | 12.5{] 100 NR NR
150 20 30 150 NR NR 150 NR NR
X kg | # of b kg | # of X kg | # of
pull | men pull | men pull | men
pull pull pull
ROPE OVER 50 38 .5 50 {134 1.5 50 NR NR
100 75 1 100 | 269 3 100 NR NR
- X¢) 150 { 112 1.25(] 150 NR NR 150 NR NR
—
TIE DOWN 50 38 5 50 NR NR 50 NR NR
) Qv 100 75 1 100 NR NR 100 NR NR
~2% |[150 [112 | 1.25{|150 | NR | NR || 150 | NR [ AR

L -~

,?/a\()



PLASTIC SHEETING CONNECTIONS

No.
3.62 - 1

" SHEETING TO SHEETING - Batten Method
_——ee—ee—-—-———-——-———-———————l

The reinforced plastic sheeting is relatively strong as a single piece. When
attempting to join several pieces together, the joint is by far the weakest
area. Heat sealing, which makes strong joints in the factory, ciannut be done
reliably in the field. This section contains several ways to join the plastic
sheeting; however, none of them are as strong as a single sheet. It is there-
fore important, particularly in areas of high wind, to avoid splices where the
plastic cannot be anchored to the structure.

BATTEN METHOD & % M

The only way of joining two pieces of
plastic sheeting which can be considered
strong enough for high winds is by a
battened connection or over a structured
support. (See Section 3.64 - Sheeting
to Dimensioned Lumber.)

Batten to Batten Connector

- Batten or Structural Support
Strengths Weakness
Strong connection - Uses dimesional lumber

Allows the sheeting to be
tightly stretched-

Procedure 1

1. Attach both pieces to be joined to 'k¢.o
a 2.5 cmx 5 cmpiece of Tumber, ~
as shown. 2 v




PLASTIC SHEETING CONNECTIONS No.

l—%——%—- 2

3.

SHEETING TO SHEETING - Batten Method

3.62 - 2

Nail through the battens every
15 cm and bend the exposed nail
over to cinch the two pieces
together

Orient the joint on the structure
as shown if possible, so that water
will not run inside.
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PLASTIC SHEETING CONNECTIONS No.

3.62 - 3
SHEETING TO SHEETING - Plastic Tape

PLASTIC TAPE

The plastic tape included in the box
with the plastic sheeting will make
relatively strong waterproof joints.

Strengths Weaknesses
Quick, waterproof joints - Strong when intact but rips very
easily if punctured, sliced, or
Ideal for non-structural joining " torn

of large pieces of sheeting
. Loses strength when hot

Ideal for securing sheeting

around windows, doors, etc. * Will not bond if the plastic

. sheeting is wet

Ideal for patching rips or

other damage

The tape included is Scotch brand Package Sealing Tape manufactured by 3M Com-
pany and may be availables locally. The roll contains 55 meters of tape, at
least 15 meters of which should be reserved for repairs.

Procedure

1.  Apply the tape to one of the pieces
to be joined. The sheeting must
be dry.




PLASTIC SHEETING CONNECTIONS

SHEETING TO SHEETING - Plastic Tape

No.

Il
]

rn-u-.—'. N o e 8+« V———— — r——t—t——r

2. Position the second sheet so that

3.62 - 4

it overlaps the first by 5 - 10 cm.

(X8 ]

Press the tape firmly onto the second
sheet, tacking it at intervals of about
500 cm.

4, Firmly press the tape to both sheets,
making sure there is complete contact.
This is an important step, particu-
larly in rainy areas. Any gaps will
allow water to get under the tape and
destroy the bond.




A

PLASTIC SHEETING CONNECTIONS

SHEETING TO SHEETING - Plastic Tape

| —

5. At the ends of the joint, lap the
end of the tape under about 5 cm.

6. The tape should be positioned on
the inside of the structure with
the lap joint facing downward on

the outside to shed water. l‘/J

7. For short joints, the tape may be
applied on both sides. This con-
siderably increases the strength
and security of the joint. DO
NOT overlap the coverage of the
tape.

Do not overlap
the tape

Ho.,

3.62 -5
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PLASTIC SHEETING CONNECTIONS

SHEETING TO SHEETING - Plastic Tape

8. To help prevent migration of rips,

short strips can be placed across
the joint on the opposite side of
the plastic sheeting. Space the
strips about 1 m apart.

Continuous taped joint
on the inside
'_S A
30 cm lengths of tape
on the outside, turned
90° to the joint and spaced
1 a apart

9. Do not attempt to rip the plastic

tape. It must be cut with a knife
ur sharp object across its length.
Any cut along its length will
seriously affect the strength of
the joint.




I PLASTIC SHEETING CONNECTIONS [Nm

SHEETING TO SHEETING - Sewing and Taping

SEWING AND TAPING

Two pieces of plastic may be joined by machine sewing and taping over the sewn
joint.

Strengths Weakness
Smooth, strong joint + The sewing somewhat weakens the
plastic sheeting
Waterproof
Procedure
1. Overlap the pieces to be joined by o A
5 -10 cm.

2. Sew the two pieces together with at
least two rows of stitches 2 cm
from the edge of the top piece of
plastic.




PLASTIC SHEETING CONMECTIONS No.

SHEETING TO SHEZTING - Sewing and Taping

[TV ]
.

3.62 - 8

Firmly place the plastic tape over
both the stitches and the lap joint
and seal tightly.

If possible, orient the joint so that
the lap faces down the roof.




PLASTIC SHEETING CONNECTIONS No.

3.62 - 9

SHEETING TO SHEETING - Rock Tie Method

(1)

ROCK TIE METHOD

A very crude yet simple way of attach-

ing two pieces of plastic sheeting is ) ___,17‘
to overlap the sheets and tie rocks

into the overlap.

The connectors provided in the
package may also be used in this (3)
way; however, they are much more Qe
useful as a rope connector. s
(See Section 3.67 - Sheeting to
Rope. )
~
trengths Weaknesses
Yery inexpensive - Not a strong connection
Waterproof - Distorts the shape of the fabric.

Because it does not stretch, it
will not smooth out.

Procedure

1. Overlap the two pieces of sheeting
about 25 - 30 cm.




r PLASTIC SHEETING CONNECTIONS

| SHEETING TO SHEETING - Rock Tie Method

2. Place a 3 - 5 cm smooth rock in
the center of the overlap and twist
the sheeting around the rock.

3. Tie a piece of twine or small rope
around the neck of embedded rock.

()

4. Space the rock tie connections about
0.75 - 1 m along the joint. REMEMBER -
H the fabric does not stretch and will

bunch up at the rock ties. This
will shorten the joined width of

material.




PLASTIC SHEETING CONNECTIONS o

SHEETING TO SHEETING - Lashing Method

LASHING METHOD

Two pieces of plastic sheeting may be joined by lashing them with twine or light
rope. It is also possible to unravel a piece of the reinforcing of the sheeting
itself to use as the lashing.

Strengths lieaknesses
Inexpensive - Not a strong joint
Requires no additional materials - Weakens the plastic sheeting

Not waterproof

Procedure

1. Overlap the two pieces of plastic
sheeting to be joined by 25 - 30 cm.

25-30

2. Puncture a series of holes in the
middle of the overlap about every -~
15 cm. Be sure to puncture both -
pieces.




ENAPLASTIC SHEETING CONNECTIONS

Na.
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3. Roll the edges of the pieces
together until the holes are
next to each other.

4. Lash a piece of twine or light
rope through the holes and tie
securely.

5. The plastic will rip slightly
around the lashing holes and

i As the plastic will continrue to
rip over time, any sealant will
have to be replaced often.

SHEETING TO SHEETING - Lashing Method

water will be able to penetrate.




3.4 USE OF PLASTIC WITH EXISTING
DAMAGED STRUCTURES

3.41 Partially Blown Off Roof
3.42 MWall Reconstruction
3.43 New Roof

3.44 New Doors and Windows

,9 l:),l)
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S S —————
FRAHE TYPE:

No.
P .
ARTIALLY BLOWN OFF ROOF ' 3.4] - 1
DRAKING:
PERSPECTIVE SKETCH
SEISMI O REFERENCE DETAILS
HIGH WD 4

3.5
FLOOD ¢ 3.6
FRAME MATERIALS

Same as éexisting materials

Some structures will only be partially damaged.

In this illustration, part of
the roofing has been blown off and can be replace

d with plastic sheeting.

« See 3.41-2
//””“’“" See 3.41-3

L~ —/ Z

//// /
Lol Id T T ]

See 3.41-3

Salvage as much of the existing roofing material as possible. Areas of blown off

roofing should be trimmed so as to make simple rectangular spaces to be filled
in with plastic sheeting.

Renail the existing roof covering.




" — R

PARTIALLY BLOWN OFF ROOF

REPAIR SEQUENCE

f ————— e

1. 'Remove nails and pull the
existing roofing up along the
edge.

2. Nail a strip under the existing
roofing to which the plastic
sheeting can be fastened.

3. Stretch the sheeting under the
existing roofing and over the
nailing strip. Secure it in
place. .

4. Nail the existing roofing over
the plastic sheeting. Use a
layer of cardboard or cloth
between the two roof coverings
to prevent the plastic sheeting
from ripping.




I PARTIALLY BLOWN OFF ROOF No.

I REPAIR SEQUENCE

1. Nail a strip at the end of the
purlins over which to stretch
the plastic sheeting.

3.41 - 3

f 2. Stretch the plastic over the
edge and, using a batten, nail
the sheeting to the roof joist.

3. nail a strip under the roof
Joists so that the sheeting can
be stretch back under the joist.

4. Stretch the sheeting under the
roof joist and, using a batten,
nail the sheeting to the under-
side of the roof joist.




Same as existing materials

FRAME TYPE: - No.
WALL RECONSTRUCTION
ORAWING: 3.42 - 1
) PERSPECTIVE SKETCH

SEISMIC ¢ ) REFERENCE DETAILS
HIGH WIND 9_ -

FLOOD ® 3.6

FRAME MATERIALS 3.8

d

In this illustration, part of the wall has been damaged but the roof and remaining
exterior walls are structurally sound. '

* See Sect. 3.52

AAZ”,,———- See Sect.

y 4

HJ

Jack the roof up and frame in the damaged part of the wall.

,')) kﬂ. '



R

WALL RECONSTRUCTION

REPAIR SEQUENCE

| —— &

1. Remove debris from the building site
and tempor:,ily brace the roof.

2. Jack the roof up to the desired
height and frame in the remaining
wall. Frame in door and window
openings.

3. After the framing is up, remove
the temporary bracing and cover
the framing with plastic sheeting.
Cut out door and window openings.

Y 0y
77J
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FRAME TYPE: o oooe : No.
. g 3.43 - 1
DRANING: PERSPECTIVE SKETCH
SELSMIC Q A~ REFERENCE DETAILS
HIGH WD ¢ 15
FLOOD [} 3.6 1
— e e —— |
FRANE MATERIALS
Same as existing materials
— v m— e e e |

In this illustration, the roof has been blown off and comp'lete]y‘ destroyed,
requiring a new roof frame and covering.

/‘ See Sect. 3.5
ARy

AR G :

Before putting up new roof framing, inspect the walls for structural damage.

200



NEW ROOF

1.

REPAIR SEQUENCE

Remove debris from the building site

and repair the top of the walls.

Salvage and reconstruct new roof

trusses. Set the two end trusses

first, then stretch a string
between them and set the remain-
ing trusses to the string.

If possible, only one piece of
plastic sheeting should be used
to cover the roof. Cut the
sheeting to fit the roof, then
roll up the sheeting and carry
it onto the roof. Start at the
ridge and work down to the
bottom. (See Section 3.52.)

After the roof covering is in
place, secure the edges.
(See Section 3.6.)

No.

3.43 - 2




No.

FRAKE TYPE:  NEW DOORS AND WINDOWS
3.44 - 1

DRAWING: PERSPECTIVE SXETCH

SEISMIC REFERENCE DETAILS

HIGH WIND

OlOIO

3.5
3.6

FLOOD
FRAME MATERIALS

Masonry
Poles
Pipes

In "this illustration, the building is still standing but has several structural
problems and must be significantly shored up.

See Sect. 3.8

The plastic sheeting is used here to cover the window openings where the glass
has been broken; 1likewise, it has been used to cover door openings where doors

have been damaged.

Dimensional Lumber
— |

\

\



NEW DOORS AND WINDOWS

No.

REPAIR SEQUENCE

1. Survey damage to the building and
remove debris from the site.

If the wall is severely cracked,
major buttressing may be required
to stabilize the wall.

After the building is made struc-
turally sound, doors and windows

can be fabricated from the plastic
sheeting.

3.44 - 2




