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components from each of three different manufacturers were used in the |

|
flame tests as follows:

Components used Parts Number |
Air Firestone Inflated \
Cruisers Coated Fabrics Fabrics r
2 Inflatable Section Assemblies 889139 5-4~1380 5=li=1260~1 5
L, End Panel Assemblies 889138 5=L4~1373 5=4~1275
| | 2 Plenum Assemblies, Inflated |
: Section 694475 5ly=1409 5-ly=1267
1 2 Air-Conditioning Ducts 697941-3 S=ly=211l, S=ly=2111, 1
3 2 Floor Assembly Sections 889429 5=4~1410 Sely=1270 ‘

Fuel Supply
B. TEST EQUIPMENT

Utility Power Pack and its associated components. ‘
|
|

The equipment listed below was required to conduct the various
tests and analyses. ‘

Item

Quantity Required |
Test site layout - |
Fire fighting equipment =
Photo coverage - 16 mm color movies and still -

photographs were taken of the tests.
Shredded paper

i Propane torch

: Isopropyl alcohol 6

Metal wastebasket

Evacuated glass bottles

Raman Spectrometer =

Infra-Red Spectrometer ‘
|
|
\

150 pounds
|

ITII. TEST LAYOUT AND CONDITIONS

The tests were conducted to simulate both internal and external
fires.

The shelters used were separated a sufficient distance to prevent
damage to any other shelter while any test was in progress. The shelters ‘
were erected and tested in the following sequence (see Figure 1).

FIGURE 1. Sequence of Tests
5 L 3

6 2 1 l
and 3, Inflated Products Co. ‘

and 4, Firestone Coated Fabrics Co. i
and 6, Air Cruiser Co.

‘ 4
' 2
5

8







after ignition, dense black smoke was produced (see Figure 6) and

increased in density (see Figures 7 and 8) so that the shelter was usually '

|

evacuated by test personnel within 60 seconds of ignition. The fire did

‘ not spread rapidly during the test, but in general contained itself to an
area of 3 feet (915 m) in diameter (see Figure 9) and appeared to be r
self-extinguishing. The residual fire was easily extinguished with a

E‘ carbon-dioxide fire extinguisher.
| 4. Newspaper test. Two pounds (.9 kg) of shredded newspaper

‘ | was placed in a metal wastepaper basket and one pound (.45 kg) of shredded

| newspaper was scattered on the floor around the basket, In shelters 1, 2,

| and 6, the basket was positioned in £hé‘comer against an end panel and

\ the shelter inner wall, and the shredded paper ignited (see Figure 10). \

Shortly after ignition (between 20 and 25 seconds), one of the inflated

i I cells ruptured, scattering the flaming newspaper about the tent and

| propelling the wastepaper basket several feet across the room (see ’
Figures 11, 12, and 13). The scattered paper burned out quickly. The

} newspaper in the basket continued to burn for as long as 10 minutes. \

| In the other tests in shelters 1, 2, and 5, the basket was placed near

the window along an end panel. The shredded newspaper in the basket and

around the basket was ignited. In approximately one and one half minutes

after ignition the shelters began to fill with smoke. Flames penetrated }

through the end panel in two and one-quarter to two and one-half minutes 3
1 after the basket was ignited.




Figure 2. MUST Shelters at Sudbury Annex

Figure 3.

Effects of Lighted Cigarettes on MUST
Shelter Floors




Figure 4.

Effects of a Propane Torch on the Air Distribution Plenum.

Figure 5. Effect of a Spilled Alcohol Fire,

Immediately After Ignition
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Figure 6.

Effect of an Alcohol Fire, 30 Seconds After Ignition.

Figure 7,

Effect of an Alcohol Fire, 45 Seconds After Ignition.
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Figure 8. Alcohol Test 60 Seconds After Ignition.

(Note decrease in visibility)

Figure 9,

Damage to the Floor Caused by the Alcohol Test.
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Figure 10. Effect of an Interior Wastebasket Fire.
(Note ruptured inner side wall) i[ 1

Flgure 11, Effect of an Interior Wastebasket Fire, 25 Seconds After Ignition
(Note bladder has exploded, scattering burning debris)
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Figure 12. Effect of Interior Wastebasket Fire, 25 Seconds ’
After Ignition, Debris Scattered to Opposite Side
of Shelter.

Figure 13. Effect of Interior Wastebasket Fire, Several Minutes
After Ignition.

. (Note debris on the floor has self-extinguished)
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e of fire (Shelter 6).

damage caused to an end panel by this typ
Detailed observations made during the tests are given in

-f-hs

Tables 1 and 2.
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Figure 14. Exterior Fire 1, 6 lbs. of Shredded Newspaper
Approximately 45 Seconds After Ignition.

Figur}, 15. Exterior Fire No. 1, Approximately 75 Seconds After Ignition. “
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Figure 18.

Figure 19,

-
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Exterior Fire No. 2, Approximately 2 Minutes After Ignition. p







F
igure 22. Exterior Fire No. 3, Approximately 2 Minutes After Ignition.

Figure 23. Damage Caused by Exterior Fire No. 3.
(Fire Extinguished by Water)
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TABLE 1.

INTERIOR FIRE TESTS CONDUCTED ON MUST SHELTERS

Type of Tests

Cigarette Test
Torch Test (Plenum)
Alcohol Spill Test

Black smoke begins,
seconds

Dense smoke forced

personnel to leave
shelter

Fire out

Burn area

Newspaper Test
(Metal wastepaper
basket placed in
corner of shelter)

Cell exploded

Inflated Products Co.

OK

OK

30

60 sec.,

shortly

OK

OK

35

6 min.

3 feet in
diameter

Shelter No.

Firestone Coated

Fabrics

OK

OK

25

60 sec.

2 min.

3 feet in
diameter

20

Co.
L

OK

OK

30

50 sec.

10 min,

Air Cruisers Co.

OK

OK

20

1 min,
L5 secs
Gas Mask
Worn

3 min.

OK

OK

30

3 min, 58 sec

one hole

1l ft dia
another hole
30 in X 12 in

25




IABLE 1. INTERIOR FIRE TESTS CONDUCTED ON MUST SHELTERS (CONT. )

Type of Tests Shelter No.

Inflated Products Co. Firestone Coated

Air Cruisers Co.
Fabriecs Co.

1 3 2 L 5 6
Fire extinguished 10 min, -

- 2 min, 05 sec.
Newspaper Test

(Metal wastepaper

basket placed near

the window along end

assembly panel, )

6z

Shelter burning 30 sec. -
on its own

Forced to leave 1 min, - 1 mine - 1 min., -

shelter 15 sec. 4O sec,

Severe dense 1 min, - 2 min, - - -

smoke 30 sec.

Flames burned 2 min, - 2 min. ~ appeared to -
15 sec, 30 sec. be self-

extinguishing
Fire extinguished - - B - 3 min, -

10 sec.




TABLE 2. EXTERIOR FIRE TESTS CONDUCTED ON MUST SHELTERS

Type of Test Shelter No,.

Inflated Products Co. Firestone Coated Air Cruisers Co,
Fabrics Co.

14 3 3 L 5 6

Newspaper Test

(6 pounds shredded
newspaper placed
along the outside
of the end panel.)

Shelter ignited - 25 sec. - 20 sec. 25 sec. -

Hole burned in - L5 sec. - 30 sec., 1 min, -
shelter s

9¢

Corner cell - - - 2 min. = =
exploded 25 sec.

Fire extinguished

2 mirl. i 2 mj_n.. l mj-no -
35 sec. L5 sec. 50 sec.

Newspaper Test

(12 pounds of shredded
newspaper placed along
the outside of the end
panel.)

Shelter ignited 28 sec, - 30 sec. - - 20 sec.

Hole burned in LO sec. - 50 sec. - - 25 sec.
shelter

Corner cell 30 sec. - — - — 30 sec.
exploded




TABLE 2. EXTERIOR FIRE TESTS CONDUCTED ON MUST SHELTERS (CONT.)

Type of Test Shelter No.
Inflated Products Co. Firestone Coated Air Cruisers Co.
Fabrics Co.
i i 3 2 L 5 6
Multiple cells 2 min, - 2 min. - - 2 min.
exploded 30 sec. 25 sec,
Complete collapse 3 min. - - - - ==
Fire extinguished 3 min., - - - - 5 min,
30 sec, 25 sec,
Newspaper Test
(26 pounds of
shredded news-
paper placed
along the out-
side of the
inflated section
side, )
Shelter ignited - LO sec, - 35 sec. 30 sec. -
1st cell exploded = 20 sec, - 13 sec. 13 sec. -
2nd cell exploded =~ 35 sec. - 20 sec, 23 sec,. -
3rd cell exploded = - - - 35 sec. -
Back collapsed - 1 min, - - 50 sec. -
15 sec.
Complete collapse - 3 min, - 50 sec. 2 min, -
35 sec.

Fire extinguised - 4 min. = 1l min, 30 sec. 2 min, 30 sec, =
















Diagram of Inflated Side Walls with

Identification of Basic Materials. (Ref. Tuble 3)

Fig. 24 Inflated Side Walls

— INNER WALL (A, Class 4)

,\/‘—\/\
‘// f//"::::»’z,-—wEB (A, Class 3)
oy

<—_OUTER WALL (A, Class 1)

A

AIR INFLATED
BLADDER (C, Type I)

Fig. 25

End Panels

s
INNER WALL f

(A, Claggiﬁﬁ !

INSULATOR (B)

Fig. 26

Shelter Floor

OUTER FLOOR—" | =
(A, Class

-{
GﬁbUND CLOTH (A, Clas;:l),




TABLE 3. DESCRIPTION OF MATERTALS USED IN SHELTER COMPONENTS

Material Description
Designation
A Cloth, Polyester, Coated (Chloroprene Base Coated,

Chlorosulphonated Polyethylene Top Coated), MIL-C-
43285B, Type I.
Classes 1 and 2, coated both sides, flame
resistance required,
Classes 4 and 5, uncoated back, no flame
resistance required.
B Foam, Polyurethane.
l. Air Cruiser — no flame resistance required.
Development contract between Surgeon General
and Industry.
2. Firestone - flame resistance required.
LP-P-DES 42-70.
3. Inflated Products - flame resistance required.
MIL-S-43869.
C Cloth, Nylon, Coated, MIL-C-43808.
Type I - Chloroprene coated, flame resistance
required; used in bladder.
Type II - Chlorosulphonated polyethylene coated,
no flame resistance required; used in h
plenum. |
A comparison of Figures 24, 25, and 26, and Table 3 shows that V
the exterior surfaces of the shelter and the interior surface of the I
®nd panels are polyester fabric, coated on both sides, and are required
% meet a flame-resistance test, while the remaining inner surfaces
aré polyester fabrics coated on the exposed side only and are not
Tequired to be flame resistant. ‘
1L, RESULTS OF LABORATORY FLAMMABILITY TESTS |
The data, obtained in the laboratory with those materials for

Which there is a specific flame-resistance requirement, are given in

Table 4, Additionally, measurements were also made on those components
for which flame-resistance is inferred either through the coating used

33







FLAMMABILITY MEASUREMENTS WITH COMPONENTS HAVING A REQUIREMENT OF MEETING METHOD 5903 OR 5905

TABLE /4

Manufacturer

Air Cruiser
Firestone

Inflated
Products
w

\n
Air Cruiser
Firestone

Inflated
Products
Air Cruiser
Firestone
Inflated
Products

*METHOD 5903:
¥*METHOD 5905:

Component
Description

Double-
Coated
Polyester

(Item A)

Double-
Coated
Polyester

(Item A)

Polyurethane
Foam

(Item B)

Not more than 3.0 secs after flame and a char length of not more than 11.4 X lO-2m.

Flammability Results

Usage
Method 03 %
After Flame Char Le
secs Meter
10~
Outer 1 &y P 13,2
Wall
0.0 7.6
106 6.6
Ground 0.0 9.9
Cloth
Lo 5.6
150 Tely
Used in
the End
Panel and
Floor

Not more than 2.0 secs after flame.,

ngth
m) X

Method 5905%
After Flame % Consumed
8ecC
6.0 73
7.0 67
8.0 80
7.0 L8
7.0 66
7.0 66
23,0
38,0
9'0

Method Required

5903
5903
5903

5903

5903
5903

5905




FLAMMABILITY MEASUREMENTS WITH COMPONENTS HAVING NO FLAMMABILITY REQUIREMENTS

TABLE

Manufacturer

Air Cruiser
Firestone

Inflated
Products

w
o
Air Crusier

Firestone

Inflated
Products

Air Cruiser

Firestone

Inflated

. 0000

Component

Description

Polyester
Coated
One Side

(Item A)

Polyester
Coated
One Side

(Item A)

Nylon
Coated
One Side

(Item C)

Usage

Web

Inner
Wall
and
Floor

Bladder
Plenum

Bladder

Plenum

Bladder

Plernum

Method 5903
After Flame Char Length
secs Meters (m) X 10~
84.0 18.3
26,0 18.3
134.0 277
35.0 13.7
85.0 21,0
143.0 2L.6
7.0 15.5
20.0 22.9
0.0 11,7
31.0 18.0
0.0 10.4
3.k I

Flammability Results

2

Method 5905
After Flame % Consumed
Sec
170 100
17.0 8L
13.6 100
10.0 100
12.0 100
7.0 100
6.0 80
22.0 100
2.0 68
4L6.0
2.2
25.0
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TABLE CONT.

FLAMMABTLITY MEASUREMENTS WITH COMPONENTS HAVING NO FLAMMABILITY REQUTREMENTS

Component
Manufacturer Description Usage Flammability Results
Method 2905
After Flame % Consumed
sec (Foam)
Air Cruiser Foam Composite End 285 100
(with Covering Panels
Firestone Fabrics) 123 100
Inflated (approx. 13 less than
Products 1 inch 10%
- thick)
Air Cruiser Foam Composite Floor 146 100
(with Covering (approx.
Firestone Fabrics) % inch 152 100
thick)
Inflated 90 100

Products










Gasses

CcO

oY

H,O

TABLE 6

RAMAN SPECTROSCOPIC ANALYSIS OF THE COMBUSTION GASSES

Wave Number

-1
cm

2331

1557

1285

3652

Reference
Laboratory
air Firestone
60 cm 165 em
100 100 100
3L 28 33
0.23 1;0 0.5
073 1.6 1.0

Sample Height and Manufacturer

S

Inflated Products Co.

165 cm

100

34

O.4

0.9

210 cm

100

32

0.3

0.8

Air Cruisers Co.

165 cm 165 cm

100 100
30 34
0.8
2.0 1.6
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6. Investigate the feasibility of utilizing inherently non=
( combustible insulating material in lieu of the polyurethane foam.

7. Investigate the feasibility of using high temperature

‘ fabrics as the outer skin of the inflated tubes.

[ 8., Utilize the internal arch support frame (MIL-S-43766 (GL))
which was designed and intended to furnish support of shelter sections

"‘ when there is no internal pressure in the inflated tubes, as required

’ by regulation, to prevent total collapse of the shelters when

* pressurized cells are ruptured.

! 9. Develop test methods for measuring the response of
simulated shelter sections to the various fire hazards, and refine
techniques for estimating the density and composition of smoke evolved
during internal fires.,
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