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Because of the thermal insulating nature of the Kevlar-49 fiber - ‘~~~

resin composite material used in the b las t  hardened S-2~ t) e l e c t r i c a l  5h l t e r
With the blas t hardened wall and roof construct ion of the s h e l t e r , t h e

shel ter will survive the recommended nuclear therma l radia tio n leve l s.
flowever, since the thermal environment precedes the blast env i ronmcnt and
the Keviar material is an integral part of the walls and roof , the h 1a~ t
hardnt’ss of the shelter is dependent on the effects of the therma l ~~

DO ~~~~~~~ 1473 EDITION OF 1 NOV 65 IS OBSOLETE ‘~~l \’~ IF  I EU) ~~~~~~~ 
, - 

) SECURITY CLASSI ~~ICAT tOM OF THIS PAGE 



- —5- .- ---—---5--- -~~
~

—-. .-

UNCLASSIFIED
SECURITY CLASSIFICATION OF TNIS PAGE(When Data littered)

~environment on the exposed Keviar material.

Samples of the Keviar material were exposed to several simulated nuclear
thermal radiation environments. The analysis of the effects of these
environments on the material show that the following effects will occur at
the recommended thermal hardening level of the shelter : a) transient flaming
of the exposed surface for the duration of the environment , b) the exposed
layer of the multi-layeyed material will char and break and debond from the
adjacent layer, and c)fthe maximum increase of the back surface temperature
will be less than 108 C.
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I . INTROD U CTI ON

The existing S-280 electrical shelter is not hardened to  t t ~
recommended nuclear blast environment levels. In order to bla st-harden
the shelter , its walls and roof required strengthening wh ic h ~~~~ accom-
plished by adding a combination of a 0.23 cm thick , 1ave ri. -~ , Kevlar -~°
fiber epoxy material and an aluminum honeycomb to both sides of the
wall and roof panels . The resulting construction is shown in Figii rc 1 .
In addition to the blast environment , one or more sides of the shelter
may be exposed to a nuclear thermal radiation environment. This environ-
ment is shown in Figure 2 where tm (the fise time of the e n v i r on~~s~~)
is 0.21 s, Elm (the maximum irradiance of the environment) is 5.~~ Mlvn ,

and Q is 2.66 MJm 2.

Because of the thermal insulating nature of the Keviar m a t e r i a l  arid
of the blast hardened wall construction , the shelter w i l l  s u r v i v e  t h e
nuclear thermal environment . However , since the therma l environment
precedes the blast environment and the Kevlar material is an integr a l
part of the wall , the blast hardness of the shelter is dependent upon
the effects of the thermal environment on the Kevlar material. Thc:;e
effects must be determined experimentally because of the lack of the
therinophysical property data for the material.

A series of tests were conducted at the White Sands M i s s i l e  F a n ’ e ~
solar furnace to determine these effects and this report presents ~~
results obtained ,

I I .  EXPERIMENT A L PROCEDURE

Ideally, the shape and irradiance of a simulated nucle ar thermal
- 

- pulse should he identical to the expected real nuclea r t herm a l p u l s e .
Al though  the solar furnace has nuc l ear pulse shaping c ipaHl iti es t~o
weapon yields greater than 10 kt (t~ >O.ll5). the m a x i m u m  i r r a d i i n c e  of
these pulses is 3.34 MWm~

2 or le ss, the actua l value being a function of
atmospheric conditions . Since it was not possible to complet -l ~’
simulate the thermal environment , it was decided to simulate only Q
using several different pulses. This decision was based on the assump-
tion that the effects of the ideal pulse could be exirapo lated kr ~m t h ~
effects obtained for the selected pulses. Three pulses ser - i- ed . t s o
square wave (SW1 and SW2) and one nuclear shape (NS~ . lhc ’t.- ~Ire
in Fi gure 3 along with the ideally simulated therma l j ) , i ) S C  t I \ P ) .

Two painted samp les of the material were exposed to each o f t he
pulses. The irradiance history of each pulse was measured immedi at ely
before and after duplicated sample run using a commercial heat flux
calorimeter . The average pulse parameters for each type of p u l s e  l e t-

presen ted in Tab le I .
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fable I - Pulse Parameters

Pulse  R i s e  Time U ec ay Time Durat  ion Max m u m  J r r : i d  l a n c e  Q

(s) (s) (s~) (Mhmn - - 2 ) ~~ In

SW1 0.25 0.25 1.55 2.2-1

SW2 0.15 0.15 2.64 1,02 2.?ri

0,90 7.40 8.30 1 .88 2 . 70

The back surface temperature of each sample was monit ored is  in ~~
Tempilabe ls .  These are temperature sensitive materials which turn
black at a specific temperature. The Tempilabels used sere SCnSi t iVC
to 14°C increments , and the temperature data obtained was of t he for m
T0<T<T0÷l4°C. High speed motion pictures of the exposed s u rf a c e  S O F t-

taken during each sample exposure .

Ill . RESULTS AND D ISCUSS I ON

Figures 4, 5, and 6 show the effects of each pulse type on the
exposed surface of the Keviar material . The effects were identic a l for
every pulse; namely, the tap layer of fibers was charred and h r o L e ~~,
and waS dehonded from the next layer . Consequently, one can c o n c l u d e
tha t  t h ese e f fec t s  a r e independent of t he sha pe and the maximum
irradiance of these p’:ises and that similar effects would o c c u r  fr o : .
the  ideal l y s imula ted  environr 5.ent .

.-\ summary of the maximum , back surface tempera ture  i n c r e a - e  i s
presented in Table II where T is the temperature increase.

‘I’ahle  I I .  Ma x im um Bac k Su r face  Temperature lnCr (’ase

Pulse Temperature

SW1 76 °C < T < 90°C
SW2 94°C < T < 108°C

NS 108 °C < T < 122 °C

An analysis of these temperature increases indicate t h a t  t h c~ a re
independen t of the rise time , the maximum irradiance , and Q of each

pulse. Th ey cou ld , however , he a function of l I ( t )d t . I i ,S.~urc 7
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Figure  5. ~~~ Pulse s ur f a c e  E f fe c t s
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Pt
shows a plot of I El(t ’)dt for each pulse. It is seen from this Figure

that 
(t 

H(t)dt~ >(j~ H(t)dt~ >(j 1I(t)dt~ for all

/ SWI \ / SW2 \ / NP

values ~f t . From Tabl e 2 we have TNP > Ts~2 
> Tswi 

‘l’his indicates

therefore, that the back surface temperature increase is a function of
t 

P
t

5 H ( t ) d t . Also plotted in Figure 7 isj  H(t)dt for the ideall y

0 0

simulated nuclear thermal pulse (INP). One sees that for all values of

t , (f~ 
lI(:)dt) > j  lI(t)dt 

SW2 
Therefore , one can conclude

that the maximum increase in the back surface temperature from the ideally
s~inulated pulse will be less than 108°C.

IV. CONCLUSION

The Kevlar —49 fiber epoxy resin composite material used in the
blast hardened S-280 electrical shelter when exposed to the nuclear
thermal environment will exhibit transient flaming for the durat i on of
the environment . The exposed layer will char and break and will dehond
from the adjacent layer , and the maximum increase of the back surface
temperature will be less than 108°C.
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