&
US.Departiment
of Transportation

Federal Raliroad

Ccer CRe Hasdhay | Konthe eyt o870
) Tom L9t
Evaluation of the Thermal

Effectiveness of Urethane Foam
and Fiberglass as Insulation

Administration

Systems for Tank Cars o

)
T;m Da /(’hp
7 Ty /ff R

William P. Wright

Wayne A. Slack

Willis F. Jackson

U.S. Army Laboratory Command

Ballistic Research Laboratory

Aberdeen Proving Ground, MD 21005- 5066
FRA/ORD-87/11 July 1987 This document is available to the U.S, public

JUN 1 v 1993

through the Nationa! Technical Information
Service, Springfield, Virginia 22161



NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation {n the interest
of information exchange. The United States Govern-
ment assumes no Tiability for {its contents or use
thereof.

NOTICE

The United States Govermment does not endorse prod-
ucts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.




Technical Report Documentation Page

L. Report No. 1. Governmant Accession Me.

FRA/ORD-87/11

3 Rscipient’s Catnlog No,

4. Title and Subritle

EVALUATION OF THE THERMAL EFFECTIVENESS OF URETHANE

5. Report Dete

DECEMBER 1985

FOAM AND FIBERGLASS AS INSULATION SYSTEMS FOR TANK
CARS

6. Purfoming Orgonixation Code

2. Purforming Orgonixation Report No

7 Authorfs)
William P. Wright, Wayne A, Slack, Willis F, Jackson

¥ Pesrforming Orgonisation Name ond Address
U. 5. Army Laboratory Command
Ballistic Research Laboratory
ATTN: SLCBR-TB-S
Aberdeen Proving Ground, Mb 2]005-5066

Waork Unit Na (TRAIS)

. Contract or Grant e,

DTFR53-84-X-00008

12. Sponsaring Agency Nome end Addrass

Type of Report and Pariod Coversd

Final
May 1985 - September 1985

Department of Transportation
Federal Raflroad Administration

M. Sponnering Agency Code

400 Seventh Street, S$.W.
Washington, D.C. 20530

15, Supplemantary Notes

This work was monitored by the Equipment & Operating Practices Safety Research
Mvision of the Federal Raflrocad Admtnistration

18, Abatrack
A total of 39 thermal fire tests were conducted using the torch fire faciiity

for the Federal Rallroad Administration. These tests were performed in accordance
with the procedures presented in Title 49, Code of Federal Regqulations, Part 179.
105-4, The insulations tested were urethane foam and fiberglass. Urethane foam is
installed on a number of railroad tank cars which are used to transport chlorine.
Fiberglass constitutes the insulation system on a number of tank cars which are
used to transport other materials. In this sest series, 1t was found that urethane
foam can hold the tank car shell below 493 “F fn the environments which may exist
in railroad accidents. This test criterla 1s a more stringent requirement than
previously fmposed for the tnsulation system of the chlorine tank car. The fiber-
glass performed much better than anticipated when a means was provided to hold it
in place in the test fixture during the tests, It was recommended that the test
specimen holder be redesigned and tests performed on fiberglass to determine if
the modtficatton s satisfactory and to verifg that fiberglass has the abilfty

to hold the back plate temperature below 800 "F,

i7. Kay Words 8, Distribution Stotement
Thermal Systems Railroad Tank Cars This document 15 available to the U.S.
Yrethane Foam Fire Tests public through the National Technical
Fiberglass Information Service, Springfield,
Safety Virginfa 22161
Chlorine

V9. Secwsity Clonsil. {of this repoct} 2. Sacurity Classif. {of this page) Il Ha of Pogus | 22, Prize

Unclassified Unclassified 22

Form DOT F 1700.7 1-72

Reproduction of complated poge cuthorizad

iii/iv



Jo g [\ e 3
4,1 09 va oz " oz [+ o
[ 1 L i H 1 i L 4 1 1 ]
17 __n_~wuq___“~m_q_m__j
1.4 51 0xi 08 oy 0 or—
Ziz 586 TE do
do
Bameasdue {ZE Ppre smeasdion
do Nefsayey usylj 9/g mt) Da
[199x8) JUNLYHIINTL
tPA TRIRA 2191 £ eI ojqna [
2 108} 2igm a% L g0 e
L, sugimd S0 31 i
b ruenb -1 sy {
1d nud %A LT ]
L FH FINBG prngy ) R T 1w
Y r—————_—
AWATIONA
01 Loy L {Ax DO0L) teuuoy b}
Ll 1punad 44 Surtio)x Bx
w0 HOUnNG qg0°0 EitF ¥ B
D —
{ayBiem) goviy
woe ST 172 00001) seoey sl
it S8 Bienbe o BRI erenby T
PA spuwh nyenby fof 8 T aienbe u
Zur U arenbs 910 LAIMUIUE ety i
et e
Yauy
[ badiid 8g Lnswo)y iy
pA IpsEA 1"t EIT ) w
Y 1.y £F L w
uf L T=2T] o LE T TTHET . s
1 L T=1173 24 4] Egm_m_nﬁ [HIFES
B o O,
HLIONTIT
10GWAS PUIIOL  AQAidRIN  moux noa usym  joquisg

sUNIeY SINo woly OISO Meunxosddy

4z

§
ll!l’lﬂl
qu

[

-]

P

’f',’%TJ’['iT%’;'I'!

™

o

- 2
'IEIILE[HII

'ff;'x'l's'pu‘

™
-

"y *J‘[‘i’!'i']’f"‘l']‘f*l

-«

-
e

i

Al

i

1

fil

o
-

!ll‘liil

[
-

EIIILIH

8

'v,':"'r"'r]{":urvrvrvl

A

b
i

EINLiH

’l',’!"*!’,'l’,'l*,'i‘ *;','a'l

™~

[
o

-]

Boimiey ag gEIE WOlid WRINFEpY pus JUBIeM JO Byun bl
B4 BIQKL [ TISD MIDW PUN EUDIISALDS 120 xE SO0 S0 Anowm)

G8L Ot €13 ON

and TN gEN
W 90 - U 1,

Terta

EEgkE

10quAg

SHOLOV3 NOISHIANOD JIu.LIW

wineasdure)
EniEiey

e
Bujoennem

e g/g

S iEedum)
Usueiyey

BaRXB} IYN ) YHIINTL

E1M18UI Sy L TAGH SpuRA ngyny
BB DIgRo 3] 199y 2igno
Eny [:£4 riof[eD
1y oD anh
ey f 5 fad
*Z'0 wiro
ot oUnD ping
91 SUOOER QN
q SUDOTITERL
FWNIOA
{2 00T}
IuOL 80 U0 Oy
nuwsBopy -2 spunod
EER 2] ;-4 HOUND
nytem} sgviy
sy o 1
RIB)EHIrO Y Sty [-¥ 4 St wranbe
Livisu mimbe a0 SOIRA Brenn
KINTOEL BrEnDy [ ays] 188] Biunts
Liarsulyes mambs op U Baenbe
—re—————
vy
LRImL0 g j: 41 -
L LT [.10] A
LI LT o) o ]
LIl ues [+ 3 [} i1
H1ON3?
pulg of Ag Adiynyy - moust no g usym

10IMEsW AN OF SUOJRIVALOY) Grux0ddy

do

P
th
L]

bi-}
w

a
2013
dagy)
dn

g2

i

prt
gut

[3TH
pA

u

foquAg

vivi



I.
1.
III.
Iv.
v,
YI.
VII.
VIil
IX.

XI.

17.
18.
19.
20.
21,
22,
23,
4.

« THERMAL TESTS OF URETHANE FOAM

FLUKE DATA LOGGER CHANNELS
SUMMARY OF TESTS PERFORMED
DENSITIES OF THE INSULATION SPECIMENS

The Propane Flame Generator teesasaneneae
The Insulation Test Assembly Holder

and At vttt ir et
The Insulation Test Assembly ............
A Dynamic Bargraph of the Back Plate
Temperatures Tt reestenentrnstnrnan e
Temperatures and Wind Speed for the

First
Temperatures and Wind Speed for the
Second Pool Fire Calibration Test sevsnne
Temperatures and Wind Speed for the

Third Pool Fire Calibration Testoo.vonen,
Temperatures and Wind Speed for the
Fourth Pool Fire Calibration Test s
Temperatures and Wind Speed for the

Fifth Pool Fire Calibration Test theveaa
Temperatures and Wind Speed for the

Sixth Pool Fire Calibration Test crennas
Temperatures and Wind Speed for the
Seventh Pool Fire Calibration Test
Temperatures and Wind Speed for the
Eighth Pool Fire Calibration Test .......
Temperatures and Wind Speed for the

Ninth Pool Fire Calibration Test .......
Temperaturas and Wind Speed for the

Tenth Pool Fire Calibration Test
Temperatures and Wind Speed for the
ETeventh Pool Fire Calibration Test .
Temperatures and Wingd Speed for the
Twelfth Pool Fire Calibration Test sevses 9
Temperatures and Wind Speed for the

TABLE OF CONTENTS
. Page
LIST OF TABLES
LIST OF FIGURES
INTRODUCTICN R LT T T,
DOT PERFORMANCE STANDARDS theransenrinan
TORCH FIRE FACILITY & TEST SET up
DATA ACQUISITION .......
SUMMARY OF TESTS Peeabtiarrtertantnenannn
POOL FIRE CALIBRATION TESTS
TORCH FIRE CALIBRATION TESTS

L R L O N R R

M A L N e

LR N

L ]

SOl

LR I NI B R

10
12
15
21
21

L A I Y

LI N PR

THERMAL TESTS OF FIBERGLASS Crrrananes
THERMAL TESTS OF AIR .vvvvveenvennnn...
CONCLUSIONS AND RECOMMENDATIONS

LIST OF TABLES

L N YR 5

6
LI 6
LIST OF FIGURES

Pool Fire Calibration Testenennns

LR NI

mmmmmmmmmmnww

I AR IR}

b =B Y = 4

First Torch Fire Calibration Test ....... 10
Temperatures and Wind Speed for the
Second Torch Fire Calibration Test ..o... 10
Temperatures and Wind Speed for the
Third Torch Fire Calibration Test ....vus 10
Temperatures and Wind Speed for the
Fourth Torch Fire Calibration Test vesnes 10
Temperatures and Wind Speed for the
Fifth Torch Fire Calibration Test ....... 10
Temperatures and Wind Speed for the
Sixth Torch Fire Calibration Test ....... 10
Temperatures and Wind Speed for the
Seventh Torch Fire Calibration Test...... 10

Jacket Temperatures and Wind Speed

for the First Torch Fire Test of

vii

25.

26.

27.

28.

29.

30.

3.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Urethane Foam (F-3) Sereienrarrrineeensaes 13
Back Plate and Rear Enclosure Afr
Temperatures for the First Torch

Fire Test of Urethane Foam {F-3}.veuvvna. 13
Jacket Temperatures and Wind Speed

for the Second Torch Fire Test of
Urethane Foam 3
Back Plate and Rear Enclosure Ar
Temperatures for the Second Torch

Fire Test of Urethane Foam (Feb)eerrannnn
Jacket Temperatures and Wind Speed

for the Third Torch Fire Test of
Urethane Foam L B T
Back Plate and Rear Enclosure Air
Temperatures for the Third Torch

Fire Test of Urethane Foam (FeT}uur......
dacket Temperatures and Wind Speed

for the First Pool Fire Test of
Urethane Foam 2 8
Back Plate and Rear Enclosure Alr
Temperatures for the First Pool

Fire Test of Urethane Foam (F-1).........
Jacket Temperatures and Wind Speed

for the Second Pool Fire Test of
Urethane Foam (Fol)erurrirenrnneronncnnns
Back Plate and Rear Enclosure Air
Temperatures for the Second Pool
Fire Test of Urethane Foam {F-2)
Jacket Temperatures and Wind Speed

for the Third Pool Fire Test of

Urethane Foam . 3
Back Plate and Rear Enclosure Atr
Temperatures for the Third Pool

Fire Test of Urethane Foam (F-d).........
Jacket Temperatures and Wind Speed

for the Fourth Pool Fire Test of

Urethane Foam L T
Back Plate and Rear Enclosure Air
Temperatures for the Fourth Pool
Fire Test of Urethane Foam (F-5)
Jacket Temperatures and Wind Speed

for the Pool Fire Test of

Fiberglass (G-2) T S
Back Plate and Rear Enclosure Air
Temperatures for the Pool Fire

Test of Fiberglass (6-2) vvevvuevrnnnnnn.
Jacket Temperatures and Wind Speed

for the First Torch Fire Test of
Fiberglass (G-1) T T N
Back Plate and Rear Enclosure Air
Temperatures for the First Torch

Fire Test of Fiberglass {G-1) ...........
Jacket Temperatures and Wind Speed

for the Second Torch Fire Test of
Fiberg‘ass (A“l) M N Y R TS
Back Plate and Rear Enclosure Ar
Temperatures for the Second Torch

Fire Test of Fiberglass (A-1) ...........
Jacket Temperatures and Wind Speed

for the Third Torch Fire Test of
Fiberglass (A-2) Cerrmeenarertarenaaraaas
Back Plate and Rear Enclosure Air
Temperatures for the Third Torch

Fire Test of Fiberglass (A-2) ...........
Jacket Temperatures and Wind Speed
for the Fourth Torch Fire Test of
Fiberglass (B-2} ,.......00uuun....
Back Plate and Rear Enclosure Afr
Temperatures for the Fourth Torch
Fire Test of Fiberglass (B-2) R ¥ |

13

13

13

13

i4

14

14

14

LI I

LI N

------



49‘

50,

51.

52.

§3.

54,

55l

56.

57.

58.

59.

60.

61,

62.

63.

64.
65.

66.
67.

Jacket Temperatures and Wind Speed

for the Fifth Torch Fire Test of

?iberg]dss (8”3) nnnnnnnnnnnnnnnn [ N Y 1?
Back Plate and Rear Enclosure Alr
Temperatures for the Fifth Torch

Fire Test of Fiberglass {B-3).vevevnraens 17
Jacket Temperatures and Wind Speed

for the Sixth Torch Fire Test of

Fiberglass {G-3) cevuviirannnricannes eees 18
Back Plate and Rear Enclosure Alr
Temperatures for the Sixth Torch

Fire Test of Fiberglass (G-3) ...0vevve.. 18
Jacket Temperatures and Wind Speed

for the Seventh Torch Fire Test of
Fiberglass {(G-4)...uvviuvivannravionanna, 18
Back Plate and Rear Enclosure Air
Temperatures for the Seventh Torch

Fire Test of Fiberglass {G-4) ...cvuvun. . 18
Jacket Temperatures and Wind Speed

for the Efght Torch Fire Test of

Fiberglass {G-5} ..ievvrnnn. B £ -
Back Plate and Rear Enclosure Air
Temperatures for the Efght Torch

Fire Test of Fibergiass (G-5) ciuiverenen . 18
Jacket Temperatures and Wind Speed

for the Ninth Torch Fire Test of

Fiberglass {A-3) viviiiiininininnrnnnrane 19
Back Plate and Rear Enclosure Alr
Temperatures for the Ninth Torch

Fire Test of Fiberglass (A-3} ..... sreens 18
Jacket Temperatures and Wind Speed

for the Tenth Torch Fire Test of

Fiberglass {C-1) +.vvvvvnnvenasn. vevene . 19
Back Plate and Rear Enclosure Air
Temperatures for the Tenth Torch

Fire Test of Fiberglass (C-1) ...... evaes 19
Jacket Temperatures and Wind Speed

for the Eleventh Torch Fire Test of
Fiberglass (G-6) . ceversrrasrenanasss 19
Back Plate and Rear Enc1osure Alr
Temperatures for the Eleventh Torch

Fire Test of Fiberglass (G-6) .....0vvuv. 19
Jacket Temperatures and Wind Speed

for the Twelfth Torch Fire Test of
Fiberg‘lass ‘G"'7) LR N WA L N I N R A 20
Back Plate and Rear Enclosure Afr
Temperatures for the Twelfth Torch

Fire Test of Fiberglass {G-7) «vvvvunnvsns 20
Jacket Temperatures and Wind Speed

for the Torch Fire Test of Air ...... veae 22
Back Plate and Rear Enclosure Air
Temperatures for the Torch Fire

Test of Alr vvvvvriinninnees Shreressenaas 22
Jacket Temperatures and Wind Speed

for the Pool Fire Test of Afr ........... 22
Back Plate and Rear Enclosure Afr
Temperatures for the Pool Fire

Test of Alr oo viininranrraressienns veae 22

viii



b amand

I. INTRODUCTION

The Ballistic Research Laborator{ (BRL) has
been under contract to the Federal Rallroad
Administrat{on (FRA} to operate and maintatn a
torch fire facflity used to test tnsulatton
systems for railroad tank cars. Under a final
contract of this nature, the BRL provided tratn-
ing for geraonnal from the FRA Transportation
Test Center (TTC) and proceaded to transfer
control of the fac{lity to TTC, An {important
aspect of the tratning was the performance of a
number of actyal thermal fire tests on tnsula-
tion systems which were of fnterest to the FRA,
This report constttutes the documentatton of
those tests and a number of torch calfhpation
tests which were also performed.

The tnsulatfons tn questton were urethana
faam and fiberglass. The matn 1mgetus for testw
ing these tnsulattons were pesults obtatned tn
& recent sartes of tests performed on candidate
{nsulation S{stems for the chlortne tank car
(Ref, 1). In those tests, the temperatures meas-
ured which represented the fasulating qualities
of the systems were much Tlower than ‘expected
based on previous experience, This wag attribut-
ed to several fmportant modiftcatigns tn the
design of the {nsulation test assembly, These
modifications did not constituyte a change tn the
test procedures or standards, but df grovtde
selutions to seyeral problem areas and 1n fact
enabled tasts to more fully satfsfy the test
procedures  defined in the federal ' regulattons
{Ref. 23. The design charactertstics of the test
equipment are prasented below,

A total of 39 tests were conducted. Thesa
consisted of 19 calibration tests, 7 tests on
urethane foam, and 13 tests on fiberglass, Two
of the fiberglass tests were performed {n the
previous test series under a d{fferent contract.
An 1infaormal report on each test which contained
all of the data generated was deltvered to the
FRA, but only the most pertinate data are used
in this document. The ﬁurpose of the calthpation
tests was to verify the oteruttona1 effictiency
of the torch facility and to determine the cor=
rect lequipment settings. The latter was espece-
lally {mportant stnce a wind shield had been
1?sta11ed and was belng used for the first
time,

IT. TEST PERFORMANCE STANDARDS

The Test Performance Standards are based
on data generated n an extensive research pro-
gram concerning the thermal ?rotection of the
propane tank car, The regulatlons cite not only
the level of protection "an 1{nsulation system

T. W, Hright, W. Stack, and W. Jackson, THERMAL
INSULATION SYSTEMS STUDY FOR THE CHLORINE
TANK CAR, FRA-ORD-85-10, April 1985, Federa)
Railroad Adminfstration, 400 Seventh Street,
S. W,, Washington, D.C. 20590

2. Title 49, Code of Federal Regulations, Part
179.,105-4

-

Rust provide, but also the procedures which must
be used 1n the performance of a test. The {nsy-~
latton must ?rovide a certain level of protec-
tton in a pool fire environment and a torch fire
envtronmemt, both of which are defined. Ia order
to ensure that a specific environment can be
generated, the regulations describe a specific
test to caltbrate the equipment or facfltty be-
fng used, Pour types of tests were performed
s described tn Reference 2, These are the pool
fire caltbration test, the torch fire calibra-
tton test, the pool fire {nsulation test, and
the torch fire tnsulation test.

Prior to actually testing an {nsulation
system, a pool fire caifbration s required to
verify that the torch fife facility 1s operating
with sufficient effictency that a proper pool
fire environment can be created. A pool fire
environment 1s a representative envircnment that
& surface area of & tank car is exposed to while
the tank car 1s engulfed 1n the flames of a pool
ftre. Such a poo) fire would be a typical one
which might occur at the site of a wrecked
raliroad tratn,

The requirements for the performance of a
pool fire calibration test are as follows; *A
pool fire environment shall be simulated 1{n the
following manner; (i) The source of the simu-
lated pool fire shall be a hydrocarbon fuel. The
flame temperature from the simulated pool fire
shall be at 1,600 °F, plus or minus 100 F,
throughout the duration of the test, (11) An
uninsulated square steel plate {bare plate) with
thermal properties equivalent to tank car steel
shall be used, The plate dimensions shall be not
less than one foot by one foot by nominal &/8-
Inch thick, The plate shall be Instrumented with
not less than nine thermocouples to vecord the
thermal response of the plate, The thermocouples
shall be attached to the surface not exposed to
the simulated pool fire, and shall be divided
tnto nine equal squares with a thermocouple
placed 1in the center of each square. (111) The
pool fire stmulator shail be constructed in a
manner that results in total flame engul fment of
the front surface of the bare plate, The apex of
the flame shall be directed at the center of the
plate. (1v] The steel plate holder shall be
constructed tn such a manner that the only heat
transfer to the back side of the plate 1s by
heat conduction through the plate and not by
ather heat paths, (vi Before the plate is
exposed to the simulated pool fire, none_ of the
temperatures shall be fn excess of 100 °F, nor
Tess  that 32 “F, (vi) A minimum ofotwo thermo~
couple devices shall indicate 800 °F after not
less  than 12 minutes nor, more than 14 minutes
of simulated pool fire exposure,®

A torch fire calibration test is required
for the same reason as the pool fire calibra-
tton test except that the ver{fication is to
ascertain that an acceptable torch fire environ-
ment can be created. A torch fire environment is
a simulation of the environment a tank car is
exposed to when 1t has impinging on its outer
surface a propane torch caused by a punctured
propane tank car Jocated nearby,



The required procedure for performing a
torch fire calibration test is as follows: "A
‘orch fire environment shall be simulated in
:he following manner: {i) The source of the sim-
MNated torch shall be a hydrocarbon fuel, The
flame tempgrature from the simu?atsd torch shall
e 2,200 °F, plus or minus 100 °F, throughout
the duration of the test. Torch velocities shall
se 40 miles per hour plus or minus 10 miles per
hour throughout the duration of the test. (i1)
An uninsulated square steel plate with thermal
properties equivalent to tank car steel shall be
used. The plate dimensions shall be not 1less
than four feet by four feet by nmominal 5/8-inch
thick. The plate shall be instrumented with not
Tess than nine thermocouples to recard the ther-
mal response of the plate. The thermocouples
shall be attached to the surface not exposed
to the simulated torch and shall be divided 1nto
nine equal squares with 3 thermocouple placed in
the center of each square. (ifi) The steel-plate
holder shall be constructed in such a manner
that the only heat transfer to the back side of
the plate 1s by heat conduction through the
plate and not by other heat paths., The apex of
the flame shall be directed at the center of the
plate. (iv) Before exposure to the simulated
torch, none of the temperature recording devices
shals indicate a plate Bemperature in excess of
100 “F or less than 32 “F. (v) Aominimum of two
thermocouples shall indicate 800 “F 4n a time of
4.0 minutes, plus or minus 0.5 minutes of torch
simulation exposure."”

Whenever a successful calibration test is
run, the same distance between the torch nozzle
and the front surface of the bare plate must
be used in the following test of an dinsulation
system. The importance of that distance 1s easy
to understand, since normally, the greater its
value, the cooler {s the flame at the front
surface of the bare plate. For convenience, this
distance s referred to as the TN/SS Distance,
where TN and S5 implies torch nozzle and speci-
men surface, respectively.

The procedure for submitting an tnsulation
system to the pool fire enyirgnment according to
Reference 2 13 as follows: * (1) The thermal
{nsulation system shall cover one side of &
steel plate {dentical to that used to simulate
a pool fire. (i1] The uninsulated side of the
steel plate shall be instrumented with not less
than nfne thermocouples placed asg described
above to record the thermal response of the
steel plate. (i11) Before exposure to the pool
fire simulatlon, neone of the thermocougles on
the thermal {nsulation system's steel plate
configuratian sha!& indicate 3 ETate te@gerature
in excess of 100 “F nor Yesy than 32 "F. (v}
The entire finsulated surface of the thermal
Insulation system shall be ex$used te the simu-
Yated pool ftre. (v) The pool fire simulation
test shall run for a ainimem of 100 minutes,
(vt} A minimum of three successful simulattfon
peel fire tests shall be performed for each
thermal tnsulation system in question,” During
the 100 mtnstes, none of the thermocouples shall
exceed 800 “F in order for a test to be judged
a successful test,

The procedure for submitting an insulatien
system to the torch fire environment according
to Reference 2 1s as follows: "{1) The thermal
Tnsulation system shall cover one side of a
steel plate {dentical to that used to simulate a
torch fire as described above. {11) The back of
the steel plate shall be {nstrumented with not
Tess than nine thermocouples placed as described
above to record the thermal response of the
steel plate, (i11) Before exposure to the simu-
Tated torch, none of the thermocouples on the
thermal insulation system steel plate configura-

tion shall 1ngfcate a plate temperatura in ex-
cess of 100 "F nor less than 32 “F. {1v) The
entire outside surface of the thermal insula-

tion system shall be exposed to the simulated
torch fire environment., ({v) A torch simulation
test shall be run for a minimum of 30 minutes.
{vl) A mintmum of two successful torch simula-
tion tests shall be performed for each ther-
mal {nsulation system." During the 30 mingtes,
none of the thermocouples shall exceed 800 “F in
order for a test to be judged a successful test.

The work “successful" ‘was used in the regu-
Jattons to indicate that anm 1nsulation system
was performed within the test criteria; and that
a mintmum of three successful pool fire tests
and two successful torch fire tests are required
in order for an tnsulation system to be judged
an approved system. An assumption was that those
tests to be wused would be legitimate in that,
frem a physical standpoint, the regulations were
met and nothing occurred which could be judged
asf ? reason  for concluding that the tests were
unfair,

One of the proceduralvariations from the
regulations was that the thickness of the steel
back plate used s the fnsulation tests of ure-
thane foam was 0.779 inches rather than the 5/8
inches as spectfied fn Reference 2, That modifi-
cation was made because many chlorine tank cars
have a shell thickness of at least 0.779 inches.
In addition, the steel plate was made of TC-128B
steel to correspond to the typical chlorine tank
car shell. Two of the fiberglass tests reported
here were conducted 1n a previous test series
where the TC-128B back plate was used, These two
tests were performed 1in between the primary
tests of candidate ipsulation systems for the
chlorine tank car and were exploratory in nat-
ure. Consequently, the back plate was not chang-
e$ to the conventional one used to test fiber-
glass,

Another vartiation concerned the torch insu-
Tation tests. According to Reference 2, a separ-
ate successful caltbration test must be perform-
ed prior to testing each type of insulation
system. In this program, the urethane foam was
done 1n that manner, but the fiberglass testing
was essentially 1in the area of research. The
problem was that fiberglass performed extremely
well, but then {n other tests the insulation
failed, Consequently, a substantial effort was
made to determine the cause of this {nconsisten-
cy. As will be indicated in the following sec-
tions, it was found that whenever the fiberglass
was held fn place in the test fixture the test



was successful., The failures were due to the
fiberglass specimens €alling down and exposing
the backplate thermocouples. At any rate, many
of the fiberglass tests were performed without
the prior performance of calibration tests.

II1. THE TORCH FIRE FAGILITY & TEST SETUP
The torch fire facility was designed to
produce a Targe hydrocarbon fuel flame for

impingment on the front surface of a test speci~
men so that its Jinsulating qualities could be
evaluated. The characteristics of the flame cor-
responded to the requirements cited in Reference
Z. Therefore, the facility was qualified as one
approved for testing insulation systems,

The propane flame was generated byhthe torch
device displayed in Figure 1. The basic struc-
ture of the torch was two four-inch diameter
pipes leading vertically from a propane supply
tank and then horizontally to the torch nozzle.
One of the pipes was used to transport propane
vapor while the other was used to transport
Tiquid propane. Each pipe had a compressed air
actuated valve which was used to regulate the
propane flow rate. Prior to reaching the nozzle,
the two pipes joined so that a mixture of Tiquid
and vapor propane flowed through the nozzle.
These valves were regulated by a torch operator

remotely from inside an instrumentation and con-
trol trailer. The propane valve was opened about
28 percent and the 1iquid valve was closed. That
flame

combination of valve openings produced a
with the desired thermal characteristics.

Figure 1: The Propane Flame Generator
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of the insulation test
assembly holder and the supporting cart were as
shown in Figure 2. The cart was setting on a
track so that the TH/SS Distance could be changed
to fit the need of a specific test. The holder,
which actually supported the test specimen assem-
bly, was mounted vertically on top of the cart.
The holder consisted of a holder box, a rear
flame shield, and a rear enclosure. Thermocouples
were mounted on the test assembly and other loca-
tions on the holder. The leads to these thermo-
couples were passed through the six-inch pipe
indicated in Figure 2. The purpose of the rear
flame shield was to prevent flames from wrapping
around the holder box and heating up the outside
surface of the rear enclosure. The inside syr-
faces of the holder box and the rear enclosure
were lined with insulation, twe inches thick, to
minimize the loss of heat. A thermal blanket was
placed over the rear enclosure and the six-inch
pipe to further protect against sTgnificant heat
transport out of or into the rear enclosure,

The configuration

THERMKDUMLE LEADS

KEAR ENCLOSURE

Figure 2: The Insulation Test Assembly Holder
and Cart
The test specimen assembly consisted of a

sandwich of thermal insulation, backed by a
steel plate, referred to as the back plate, and
covered on the front (toward the torch nozzle )
by a eleven gauge steel plate, referred to as
the jacket. Thic combination corresponded to

a section of a jacketed type insulated tank car:
sandwich

The physical characteristics of the
structure were as shown in Figure 3.




The back plate was the first component of
the test assembly installed on the holder box.
It was four feet square and 0.799 inches thick
in the tests of urethane foam, but was only
6.625 inches thick otherwise. The former thick-
ness was to simulate the shell thickness of the
chlorine tank car and the latter was to simulate
the shell thickness of the propane tank car. The
design was such that the thickness of the plate
extended completely beyond the front edge of the
holder box. In the center of the front surface
of the back plate was a square bracket. The
bracket was similar to stand-off brackets used
in the construction of some <chlorine tank cars.
The bracket was 4.0 inches high, 3.0 Jnches
wide, and 6.0 inches long.
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Figure 3: The Insulation Test Assembly

The insulation specimens were four-foot
square that fitted snugly inside the insulation
box. A three sided rectangular shaped incision
was made in the insulation to accommodate the
stand-off bracket. The flap of insulation was
pushed under the top of the bracket such that
the steel bracket completed a thermal short
circult. That is, no thermal insulation barrier
was placed between the top of the bracket and
the inner surface of the jacket. Such a barrier
was not included because none exists in at least
some of the chlorine tank cars. All other metal
to metal surfaces were separated by a thermal

barrier to preclude unauthorized heat conduction.

lye

The jacket was the last component to be in-
stalled. An extension of jacket metal beyond the
insulation box was for the purpose of diverting
the torch flames to prevent them from heating
the sides of the box. This extension was refer-
red to as the front flame shield. About four
inches of 1nsulation was placed over the sides
of the insulation box and between the front and
rear flame shields to reduce further the possi-
bi1{ty of heat conduction through the sides.
Insulation was stuffed under the {insulation box
and a row of fire bricks placed on top of the
cart against the front of the jacket,

In the performance of previous tests, it was
found that variations 4n the wind constituted
the dominate factor which caused inconsistencies
in data between one test and another. For that
reason a wind shield was constructed. The wind
shield consisted of a solid vertical wall which
surrounded the holder, the cart, and the entire
track on which the cart was moved to vary the
TN/SS Distance. It was 16 ft high, 20 ft wide,
and 47 ft long. There was no top cover on the
final design, although 1t was found that a
partial cover was probably desirable. The torch
nozzle extended inside the south end of the wind
shield. The solid wall on the south end extended
from the top edge down to several Inches above
the torch nozzle. On either side of the torch
nozzle, a canvas was stretched from the lower
edge of the solid portion to the ground. In the
center of the south wall the canvas was opened
for the purpose of allowing air to enter the
enclosure and supply oxygen to the torch flame.
This opening also allowed personnel to enter the
wind shield for the purpose of changing the test
specimen. Changes in the wind shield which Jed
to the final version are explained below.

IV. DATA ACQUISITION

The Data Acquisition System consisted of
several devices which recorded with redundancy
in order to minimize the chance of losing data.
The key device in the system was the Fluke Data
logger which accepted 28 channels of measure-
ments. The device transformed the signals into
units consistent with the parameters measured
and passed the data to other devices. Besides
obtaining a permanent record, data concerning
the operation of the facility was displayed for
monitoring purposes. That was important because
adjustments during testing were required to
maintain an appropriate flame environment. More
important, such monitoring would have provided
information which could have warned of develop-
ing circumstances that would have warranted
aborting the test for safety reasons.

Definitions of the 2B channels are listed
in Tabte 1. In those cases where locations of
measuring devices were defined by Tndicating
right or left, the observer was assumed to be
facing the rear of the holder. The temperature
signals were immediately converted from milli-
volts to degrees Fahrenheit, tabulated, and
stored. The other parameters listed were stor-
ed in milTivolts {or volts) and converted tater
by the formulas given in Table 1.



TABLE 1: FLUKE DATA LOGGER CHANNELS

Channel
Number Parameter & Location
i1 Temp. - Back Plate, Top Left Square
2 Temp. - Back Plate, Top Center Square
3 Temp. - Back Plate, Top Right Square
4 Temp. - Back Plate, Center Left Square
5 Temp. - Back Plate, Center Center Square
6 Temp. - Back Plate, Center Right Square
7 Temp. - Back Plate, Bottom Left Square
8 Temp. - Back Plate, Bottom Center Square
9 Temp. - Back Plate, Bottom Right Square
10 Temp. - Rear Enclosure, Free Air, Back
11 Temp. - Back Plate, Center Left Edge
12 Temp. - Back Plate, Center Top Edge
13 Temp. - Back Plate, Center Right Edge
14 Temp. - Rear Encl., Center Left Side
15 Temp. - Rear Encl., Center Left Door
16 Temp. - Rear Enctl., Center Right Door
17 Temp. - Rear Encl., Center Right Side
18 Temp. - Jacket, Center Left Square
19 Temp. - Jacket, Top Center Square

20 Temp. - Jacket,
21 Temp. - Mater Bath
22 Temp. - Torch Orifice

Center Right Square

23 Speed (mph) = # mv/10, Wind
24 Direction {Deg) = # mv, Wind
25 Pressure {psi = # mv x 10, Supply Tank
26 Percent Open = # v x 100, Liquid Yalve
27 Percent Open = # v x 100, Vapor Yalve
28 Pressure (psl) = # mv x 10, Torch Orifice

The first nine channels provided the tem-
peratures on the back plate. These were the most
important set of data since they served as the
basis for evaluating the {nsulatien systems in
question. The same nine channels were used to
acquire temperatures on the back of the bare
Plate in calibration tests. The positions of the
nine thermocouples were in accordance with the
regulations presented in Reference 2. That {s,
1n the center of each of nine equal size squares
was attached a thermocouple. Viewing the back
plate from the rear of holder, the signals for
Channel Number 1 and Channe! Number 9 were meas-
ured by thermocouples located in the centers
of the top-left and the bottom-right sguares,
respectively. The others were located 1n numer-
ical order; proceeding left to right and top to
bottom. The nine thermocouples in question were
referred to as the back plate thermocouples.

Figure 4 presents a sample of a bargraph of
the temperature measurements made by the nine
back plate thermocouples during a test. The bar-
graph generation began at time zero and the
first set of bars presented the inftfal temper-
atures measuréd by each thermocouple. For every
tenth data readout cycle from the data logger,
the bargraph was extended %o reflect the new
temperatures and the temperature values at that
particular cycle were printed out below the
appropriate bar. The elapsed time and the actual
time were printed out near the top of the graph.
The top of the bars at each cycle recorded were
retained and a series of horizontal lines were
generated on each bar. The separation of these
provided a qualitative view as to how rapid the
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temperature had risen while the test was in pro-
gress and the relative height of the bars gave
4 good measure as to how the test had proceeded.
The bargraph was shown on the screen of the Hew-
lett Packard 9845 Computer as it was generated
so the torch faciiity operator could use the in-
formation to make corrections or terminate the
test 1f the temperatures exceeded some critical
temperature level. A hard copy of the bargraph
was printed out each time new information was
added and these became a permanent part of the
test record.
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Figure 4: A Dynamic Bargraph of the Back Plate
Temperatures

There was interest in determining the con-
duction of heat to the back plate through the
stdes of the insulation box. Therefore, three
thermocouples were installed near the edges of
the back plate. As noted in Table 1, the numeri-
cal desfgnation for these thermocouples were 11,
12, and 13. These measurements were only taken
during the testing of insulation systems.

Channel Kumbers 14 through 17 corresponded
to thermocouples which were positioned outside
the rear enclosure and mounted directly on the
steel surface. The purpose of these measurements
was to determine 1f a substantial amount of heat
was lost through these surfaces. The term “cen-
ter" refers to the middle of the surface and
half way up the holder, The side of the rear en-
closure was taken to be the surface behind the
rear flame shield. Thermocouples were mounted
on the back of the jacket to measure the level
of the temperature on the front surface of the
fnsulation. These proved to be quite usefu) for
monitoring the location of the torch flame rela-
tive to the center of the jacket. The channels
used for this purpose were Numbers 18 through
20, which were in line with the back plate ther-
mocouples 4, 2, and 6, respectively, The wind
speed and direction were recorded on Channels 23
and 24, respectively. The remaining channels were
used to record values which findicated important
information concerning the operatien of the fa-
cility. A1) of these were displayed on the con-
sole.



V. SUMMARY OF TESTS

The tests described in this report are }iste
ed in Table 2, Many of the tests are calibration
tests which were needed to determine the TN/SS
Distance inside the new wind shield. Several
modifications in the wind shield were required
before a satisfactory performance was achieved.
In addition to urethane foam and fiberglass, a
poot fire test and a torch fire test were con-
ducted with no insulation between the jacket
and the back plate. These were to research the
basic characteristics of the test setup. A total
of 37 tests were conducted in this test series
with the first two of those 1isted having been
done in the previous test series.

TABLE 2: SUMMARY OF TESTS PERFORMED

Test Test Test
No. ID Number Specimen Type
1 TF-21-06-84-CHL-B {G-1} Torch
2 TF-23-06-84-CHL-A {6-2) Pool
3 TF-03-11-84-CHL~-A {Bare) Pool
4 TF-03-11-84-CHL-B {Bare) Pootl
5 TF-06-11-84-CHL -A {Bare) Pool
6 TF-06-11-B4-CHL.-B {Bare) Pool
7 TF-06-11-84-CHL-C {Bare) Pool
8 TF-06-11-84-CHL-D (Bare) Pool
9 TF-07-11-84-CHL-A {Bare) Pool

10 TF-07-11-84-CHL-B (Bare) Pool

il TF-07-11-84-CHL-C (F-1) Pool

12 TF-08-11-84-CHl.~-A {F-2) Pool

13 TF-09-11-84-CHL-A {F-3) Torch

14 TF-10-11-84-CHL-A {Bare) Torch

15 TF-10-11-84-CHL-B {Bare) Torch

16 TF-11-11-84-CHL-A (Bare) Torch

17 TF-11-11-84-CHL-B (Bare) Torch

18 TF-12-11-84-CHL-A {Bare) Torch

19 TF-12-11-84-CHL-B (F-4} Pool

20 TF~13-11-84~CHL-A {Fa5) Pool

21 TF~13«11-84-CHL-B {F-5) Torch

22 TF-14-11-84-CHL-A (F-7) Torch

23 1¥-04-12-84-RES-A Alr Torch

24 TF-04-12-84-105-B (Bare) Torch

25 TF-04-12-84-RES-C Air Pool

24 TF-05-12-B4-105-A {A-1) Torch

25 TF-05-12-84-105-8 (A-2} Torch

26 TF-05~12-84-105-C {Bare) Torch

27 TF-06-12-84-1056-A {B-2) Torch

28 TF-06-12-84-105-B {8-3) Torch

29 TF-06-12-84-RES-C {G-3) Torch

30 TF-07-12-84-RES-A (G-4) Torch

31 TF-07-12-84-RES-B {G-5) Torch

32 TF-10-12-84-RES-A (A-3) Torch

i3 TF-10-12-84-RES-B (C-1} Torch

34 TF-11-12-84-RES-A (Bare) Pool

35 TF-11-12-B4-RES-B (Bare) Pool

36 TF-11-12-84-RES-C {Bare) Pool

37 TF=12-12-B4-RES-A (Bare) Pool

38 TF-12-12-84-RES-B {G~6) Torch

39 TF-12-12-B4-RES-C {G-7) Torch

The tests are listed in the order of perfor-
mance, but are grouped in categories for discus-
sion purposes. These categories are Pool Fire
Tests, Torch Fire Tests, Urethane Foam Tests,
and Fibergtass Tests. In addition, a short dis-
cussion of the two tests performed with no insu-
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lation 1in the insulation box {s presented. In
the 1ist the calibration tests are identified by
the term "Bare". The {insulation tests can be
identified by the specimen symbol which is ex-
piained below.

The Identification Number attached to each
of the tests was generated on the following
basis. The first two letters signifies that the
test was performed using the torch facility, The
six following numbers indicates the day, the
month, and the year 1in which the test was per-
formed. The following three letters are to
provide some indication as to the purpose of the
test. In this case, CHL, 105, and RES signify
Chlorine Tank Car, 105 Tank Car, and Research,
respectively. The last letter indicates the ord-
er in which the test was done 1{n a particular
day. A number of the ID Numbers have a "C" as
the last letter which indicates that three tests
were done in a single day. That was made possi-
bie by the wind shield.

A list of the densities of the test speci-
mens are presented in Table 3. The urethane foam
specimens were identified by the letter *F" with
densities near 2.81 ibs/cu ft. Four groups of
fiberglass specimens were available. The “A",
"G and "C" groups were manufactured by the Owens
Corning Company and the "B" group was manufact-
ured by the CertainTeed Company. The "A" and "G"
groups had densities around 0.75 lbs/cu ft and
the “C" and "B" groups had densities near 1.0
Tb/eu ft. The "G" group had a 1ight plastic mesh
attached; the significance of which is discussed
in the text below.

TABLE 3: DENSITIES OF THE INSULATION SPECIMENS

Test
Specimen

Densities
{kg/cu m) {(1bs/cu ft)

Urethane Foam
2.9 2.68
44,2 2.76
45.0 z2.81
43.9 2.74
46.0 2.87
46.9 2.93
43.9 2.74

Owens-Corning Fiberglass

A-1 11.7 0.73
A-2 11.9 0.74
A-3 11.6 0.73
G-1 12.0 0.75
G-2 12.0 0.75
6-3 12.0 0.75
G-4 11.8 0.74
G-5 12.3 0.76
G-6 12.3 0.76
G-7 11.6 0.73
C-1 16.0 1.00
Certainteed Fiberglass
8.2 15.8 0.99
B-3 14.9 0.93
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VI. POOL FIRE CALIBRATION TESTS

A number of pool fire calibration tests were
required before the best TN/SS Distance had beaen
achieved, because the wind shield had been modi-
fied. Initfally the entire south end of the wind
shield was open and immediately it was decided
that some wind control would be necessary from
that direction. The first attempt to do that was
the placement of a heavy canvas which could not
be moved or adjusted easily, Once that proved to
be unsatisfactory, the end was covered by metal
from the top down to six inches above the torch
noztle. The remaining area was covered with a
11ght canvas, with an opening in the middle to
accommodate the torch nozzle and to allow air to
enter the wind shield, That desfgn was the final
arrangement used throughout the remainder of the
test period. The data for these tests are pre-
sented In Figures 5 through 16.

The results from the first pool fire cali-
bration test using the wind shisld are presented
in Figure 5. The TN/SS Distance used was 21.§
feet which was the distance used without the
wind shield. Since the wind shield was intended
to neutralize wind effects, the test was con-
ducted even though the wind speed exceeded three
miles per hour. That value was the maximum which
was previously accepted as the upper 1imit when
starting a test without the wind shield. As Fig-
ure 5 shows, the wind speed was above that cri-
teria during most of the test. From the video
monitor, 1t was concluded that the flame tended
toward the right edge of the test plate. The
bare plate temperatures also indicated such a
trend because Thermecouples 1, 4, and 7 measured
the highest values. The trend was attributed to
twa factors, One was the large opening 1in the
heavy canvas on the right stde of the south end,
with the left side secured tight against the
west wall of the shield, The other factor was
the existence of two port holes 1in the right
side of the wind shield, These port holes were
two feet square in size. The port holes were
made to allow side-video coverage of the torch
flame. The port holes and the large opening in
the canvas caused the draft 1in the wind shield
to be off center and hence caused the torch fm-
pingement to be off center. It was concluded
that the wind shield helped a great deal even
though this particular test was not successful.

The same day the test was repeated with no
modification of the wind shield except that the
port holes were covered with one-half fnch thick
plexiglass. As shown in Figure 6, the wind speed
was below three miles per hour during the entire
test, That in combination with the fact that the
plexiglass remained intact caused the bare plate
temperatures to rise smoothly, That was an indi-
cation that the torch flame had remained on the
center of the test plate. A1 thermocouples
measured 800 “F before 14 minutes, with only one
reaching that value before 12 minutes. Conse-
quently, it was concluded that the test was a
success, However, an improvement 1in the wind
shield was required so that successful tests
could be conducted during pericds when the wind
speeds exceeded three miles per hour.
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The wind shield was modifled prior to con-
ducting the third pool fire calibration test.
The heavy canvas was removed and metal was plac-
ed over the south end from the top of the wind
shield down to about six inches from the top of
the torch nozzle, On either side of the torch
nozzle, the remaining opening was covered with a
Tight canvas except for an opening in the middle
which was about four feet wide. That opening was
to permit a draft 1nto the wind shield and to
allow space for the torch structure. That space
also provided a convenient way for personnel to
enter the wind shield to change the insulation
specimens. The plexiglass partially melted in
the previous test due to the high temperatures.
That caused 1t to lose fits transparency which
prectuded its usefulness. The plexiglass was re-
placed with heavy plate glass,

Temperatures and wind speed for the third
pool fire calibratfon test are presented in Fig-
ure 7. The wind speed was generally low through
most of the test. The test appeared to proceed
well to about six minutes even though the plate
glass had shattered almost immediately due to
vibrations in the wind shield. It was felt that
unwanted draft effects occurred due to the open
port holes and that was the reason the test was

arginal., Two of the thermocouples measured 800
F before 12 minutes. It was decided to place
steel over the port holes prior to repeating the
test, As will be seen in the following discus-
sfon, this made a significant difference in the
torch flame.

The data from the following three tests are
presented in Figures 8 through 10. These tests
were conducted with TN/SS Distances of 21.5 feet,
22.0 feet, and 22.5 feet, respectively. The wind
speed during each test was calm. The shapes and
spread in each set of curves are similar with
Tittle indication of wind effects. In each case,
the flame temperature at the surface of the bare
plate was too hot, but as the TN/SS Distance was
increased, the flame temperature became cooler,
These sets of curves show that the wind shield
helped a great deal to make the torch flame con-
sistent from test to test. However, more tests
were needed to determine the best TN/SS Distance.

Two more pool fire calibration tests were
conducted prior to pool fire testing of urethane
foam. The temperatures and wind speed for the
first of these tests are given in Figure 11. The
TN/SS Distance used was 23.5 feet which was ane
foot Tonger than in  the previocus test and the
wind was calm. As the data indicates, the flame
temperature at the front surface of the bare
plate was too Tow. The second test was conducted
with a TN/5S Distance of 23 feet, but again the
flame temperature was too low. In this case, the
wind was high with peaks reaching seven miles
per hour. With the need to begin testing the
urethane foam, it was decided to begin these
tests with a TN/SS Distance of 22.5 feet.

The remaining pool fire calibration tests
were conducted following the fire testing of
urethane foam and following a two week period of
inactivity. These were in preparation for test-
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ing fiberglass, but no pool fire tests were con-
ducted due to intense interest in the torch fire
testing of that {nsulation. The data from the
four tests, which constituted the ninth, tenth,
eleventh, and twelfth 1{n the series, are pre-
sented 1n Flgures 13 through 16, The ninth and
twelfth were successful, but the tenth and ele-
venth were not. The data indicates that the wind
had an affect even 1n the presence of the wind
shield, but the rates of temperature increase
were consistent from test to test. Only when
wind gusts reached high levels were there signi-
ficant correlations between temperature varia-
tions and variations in the wind speed. Based
on these pool fire calibration tests and exper-
{ence gained In previous test programs, it was
concluded that a chance for achieving a success-
ful pool fire calibration test on each single
attempt was much greater with the wind shield
in place.

VII. TORCH FIRE CALIBRATION TESTS

Wind effects on torch fire tests were small
compared to effects on pool fire tests. That was
because the TN/SS Distance was not as Tong and
therefare the torch flame was much stronger at
the surface of the test specimen. As a conse-
quence of ut1lizing the wind shield, the wind
speed had no detectable influence even when it
reached 10 miles per hour. This was quite evi-
dent from the data generated in the seven torch
calibration tests conducted. The data from these
tests are presented in Figures 17 through 23,

The results for the first torch calibration
test are presented in Figure 17. The TN/SS Dis-
tance used was 12 feet, which was the correct
value without the wind shield. The temperatures
measured indicated a successful 3est since only
one thermocouple exceeded BOO “F prior to 3.5
minutes and a minimum of two reached 800 “F in
the interval between 3.5 minutes and 4.5 minutes.
In this test, the wind speed exceeded 10 miles
per hour at various times.

For verification purposes, the test was re-
peated with the same TN/SS Distance. The data,
presented in Figure 18, dindicated that the heat-
ing effect of the flame was greater than in the
previous test and again the wind speed exceeded
10 miles per hour,

The test was repeated with the TN/SS Dis-
tance increased to 12.5 feet so that the heat-
ing effect of the flame would be less. However,
as shown in Figure 19, the heating effect of
the flame 1increased. One explanation for this
could be that as the distance was f{ncreased,
the flame had more opportunity to entrain oxy-
gen, thus aiding in the combustion processes,
With the flame enclosed inside the wind shield,
it may be that oxygen entrainment became more
difficuit. However, since  the calibration test
procedure was based on the study of results from
previous tests which determined that when a
successful calibration test is performed using
this facility the flame temperatyre at the
bare plate 1is approximately 2200 “F, it was
assumed that the same was true even inside the

10w

flame shield. That 1s, whenever a successful
calibration test was run inside the wind shield,
tha tempersture of the flame was assumed to have
b$en 2200 “F at the front surface of the bare
plate,

The final
Distance was
more calibration tests.
increased to 13 feet,
Figure 20,

determination of the best TN/SS

accomplished after performing four
The TN/SS Distance was
The data, presented in
indicated that the heating effect of
the flame increased again over the previous
test. The next three tests were performed with
the TN/SS Distance dIncreased to 14 feet. The
first test of these three resulted in temperat-
ures which showed that the heating effect of the
flame was greater than in the previous test. The
data from this test are presented 1in Figure 21.
The data from the next two tests are presented
in Figures 22 and 23, respectively. The data in
Figure 22 1ndicated that the heating effect of
the flame was greater than previously, but the
data in Figure 23 showed that the heating effect
of the flame had decreased. As a consequence of
these final tests, 1t was decided that the best
value for the TN/SS Distance was 14 feet and
that value was used in all of the torch fire
tests on the insulation specimens. As indicated
above, the purpose of these tests was to deter-
mine the best value for the TN/SS Distance be-
cause fin fact all of the calibration tests were
successful in terms of the regulations. That is,
in avery tess a minimum of two thermocouples in-
dicated 800 “F in the time of four minutes, plus
or minys 0.5 minutes.
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Figure 17: Temperature and Wind Speed for the

First Torch Fire Calibration Test
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YII1. THERMAL TESTS OF URETHANE FOAM very similar betwegn each test and no tempera-
ture exceeded 493 “F except for the values meas-

Urethane foam has been a standard insulation ured by Thermocouple Number 2 in the first test
system used in the construction of chlorine tank mentioned. It required five to seven minutes for
cars. With the discovery that chlorine vapor can the back plate temperatures to begin to rise
cause serfous corrosisn in tank car steel in the above ambient and then the rate of increase was
neighborhood of 493 “F, it was believed that a slow enough for the rear enclosure air tempera-
better insulation system would be needed. There- ture rise to maintain pace with the back plate
fore, insulation systems, which included a type temperatures, Between five and seven minutes,
of ceramic fiber, were chosen and tested. The the data indicates several humps in the temper-
results of those tests, which were done with an ture Yevels. The added heat input was probably
improved testing facility, exceeded expectations. from the burning urethane foam. The urethane
That prompted an interest in the testing of ure- foam was a blacken ash-1ike substance at the end
thane foam with the modified equipment. The use of the test with the gquantity of ash decreasing
of the modified equipment did not cause a funda- from the.top of the insulation box toward the
mental change 1n the test, but constituted a bottom. Consequently, the upper thermocouples
more precise application of the performance {Numbers 1, 2, and 3} were not as protected as
standards. A total of seven fire tests were dons the others and therefore measured the highest
with urethane foam as the insulation system. The temperatures.
data for these tests are presented in Figures 24
through 37. The data for the four pool fire tests are

presented 1in Figures 30 through 37. As the data

The wind speed and jacket temperature data shows, the wind oscillated rapidly over the 100
from the first torch!:.fire test are presented in minute period with values exceeding 10 miles per
Figure 24, The closeness of the jacket tempera- hour, The highest peaks were experienced in the
ture curves indicates that the flame remained first of this group of tests. Even though gusts
centered on the test specimen, even though the of wind entered the wind shield, the shield es-
wind speed exceeded 10 miles per hour several sentially smoothed out or averaged out the ef-
times. In addition, the flame evidently remained fects on the torch flame. That can be seen most
steady since the jacket tempgratures varied 11t~ clearly in the first test whose data are present-
tle from approximately 1400 “F, It was believed ed in F1gur8 30. The jacket temperatures reach

that the wind shield had been especially effec- about 11080 “F and due to an Increase inothe wind
tive in this case. . speed, declined to approximately 1000 “F. Then,
as the wind gradually increased on the average,

The Jjacket temperature and wind speed data the jacket temperatures remained at about the
for the second torch fire test are presented in same Tevel. However, separation between curves
Figure 26. In this case, the wind speed was shows that the wind was able to blow the flame
fairly tow but appeared to have affected the off center to some degree. From direct observa-
torch flame muych more than in the previocus test, tion, 1t could be seen that after being pushed
The same was true for the third torch fire test away from the center of the test specimen, the
according to the data presented in Figure 28, In flame had a tendency to recover 1ts‘centraf pos -
both of these tests, the wind was from the south, 1tion. The data from the remaining tests indi-
The jacket temperatures _for both tests rematned cates also the stabilizing effect of the wind
in the vicinity of 1400 °F. shistd. In the four tests, the jackgt tempera~-

Eures were 1n the range between 1000 “F and 1200

The following 1s a simple explanation as to F, with a tendency toward the latter when the

why the wind shield appeared to be more effec- wind had {ts minimum effect,
tive against north winds than to south winds,
The torch facility was located on a flat surface The back plate temperatures for all four
carved out of a hiliside. Therefore, the terrain pool fire tests of urethane foam {ndicates that
on all sides of the facility was zbove the high~ this material {s an effective {nsulation and
est point on the wind shield except for the side suitable for use in the construction of chlorine
facing north. As a result, any wind which came tank cars, Only in two of the ppol fire tests
from the south, southwest, or southeast, moved did the Number 1 Thermocouple measure tempera-
off of the high terrain and could affect the air tures above 493 “F with no other temperatures
flow through the open top of the wind shield. On measurement above that leyel, Normally the Num-
the other hand, a north wind came off of a ter- ber 5 Thermocouple would have measured the high-~
rain level below the ground level of the torch est values due to the stand-off bracket, However,
site. Therefore, the wind had difficulty enter- the urethane foam was a hard solid substance and
ing the top of the wind shield. For that reason, for that reason could not be installed with the
it is believed that the wind shield could be stand-off bracket in place, Therefore, the brac-
more effective if perhaps two-thirds of the top ket was removed for the urethane foam tests,

were covered, starting from the south end. The
remaining one-third would be required to provide
passage for the combustion products from the
torch

The back plate and rear enclosure air temper-
atures for these three torch fire tests are pre-
sented in Figures 25, 27, and 29. The results are

-12-
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IX. TORCH FIRE TESTS OF FIBERGLASS
Similarly, as with urethane foam, interest
in testing fiberglass developed due to the data
generated in the testing of ceramic fiber insu-
lation systems. Therefore, in the previous tests
conducted in June 1984, two tests were conducted

on fiberglass. Prior to the tests, there was
Tittle hope that the fiberglass 0wou]d hold the
back plate temperature below BOD “F, It was ex-

pected that the insulation would break down in a
short time in the fintense heat, especially in
the torch fire simulation environment. The unex-
pected low values. obtained created a whole new
interest in testing fiberglass. The data from
the fiberglass tests are presented in Figures 38
through 63. '

The results from the pool fire test and the
torch fire test performed on fiberglass in June
1684 in the previous test series are presented
in Figures 38 through 41. The wind spead and the
jacket temperatures for the pool fire test indi-
cates that perhaps a slightly cool flame envir-
onmen3 existed. The temperature averaged around
1100 “F. No wind shield was present, but the
wind speed was fairly calm. Tae back plate tem-
peratures never exceeded 200 “F with the excep-
tion of the temperatures measured by the Number
5 thermocoupte. That thermocouple measurements
were influenced by the metal stand-off bracket
which acted as a heat conductor through the fi-
berglass.

In the torch fire test, the gacket temper-
atures reached approximately 1600 “F within five
minutes and remained there for the full 30 min-
ute interval. Une of the three thermocouple lead
connections was faulty so the values measured by
that one should be disregarded. The back plate
tempsratures, shown in Figure 41 remained below
500 “F which indicated that the fiberglass did
not entirely break down. Post-test inspection
revealed that the fiberglass, while having its
structure affected greatly by the extreme heat,
still held its position in front of the back
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Figure 37: B.tk Plate and Rear Enclosure Air
Te wperatures for the Fourth Pool Fire
Te t of Urethane Foam (F~5)

plate. While not considered important at the
time, a thin plastic mesh, which had been placed
against the back plate had melted and an ocutline
of the mesh was imprinted on the surface of the
back piate. The insulating performance had far
exceed>d expectations., The back plate used was
made o TC-128B steel and was 0.779 inches thick
which was similar to the steel used in the manu-
facturce of some types of chlorine tank cars. A
standard back plate required in the regulations
was used in the fiberglass tests in this series,
but this difference was not considered to be
significant, The very low back plate values ob-
tafned in these tests formed the basis for con-
tinuing the tests. The remaining tests utilized
the 0.625 inch thick back plate made of steel
similar to the steel used to construct the pro-
pane tank car. Also, the remaining tests were
performed using the wind shield.

The second torch fire test results are pre-
sented in Flgures 42 and 43. On removing the
jacket following the test, it was observed that
the fiberglass had melted, with the remains lo-
cated near or on the bottom of the Jpsulation
box. The insulation held up well for approximat-
ely five minutes and then the back plate temper-
atures began to rise and the jacket temperatures
began to decline at about the same time. In 21
minutes, the test was stopped because fgur ther-
mocouple measurements had exceeded 800 “F. These
results were in sharp contrast to the test per-
formed in June 1988. It was decided to repeat
the test with a sample from the same group of
fiberglass specimens.

The results from the third torch fire test
of fiberglass are presented in Figures 44 and 45,
The test proceeded normally. The post-test exa-
mination revealed that the fibarglass had melted
with the remains having fallen to the bottom of
the insulation box. As in the previpus test on
this weight of fiberglass, faflure started at
five minutes. However, the shapes of the back
plate temperature curves, having lower slopes,
indicated a slower heating trend. The plastic
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Figure 45: Back Plate
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Figure 47: Back Plate
Temperatures
Fire Test of Fiberglass {B-2)
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Figure 56: Jacket Temperatures and Wind Speed
for the Minth Torch Fire Test of
Fiberglass {A-3)
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Figure 58: Jacket Temperatures and Hind Speed
for the Tenth Torch Fire Test of
Fiberglass (C-1)

1o T T T T T T v 1 - 1]
TF=12~12~84-RES-R

Dy, ©}

e

1 5
)
MIND BPEXD (hetr, )

- s = IRt e

* T =
L ™ Lo s  EEw .
H 3 T is T IT) T
TIMC (mtnutee)

Figure 60: Jacket Temperatures and Wind Speed
for the Eleventh Torch Fire Test of
Fiberglass (6-6)
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Ficure 57: Back Plate and Rear Enclosure Air
Temperatures for the Ninth Torch Fire
Test of Fiberglass (A-3)
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Figure 59: Back Plate and Rear Enclosure Air
Temperatures for the Tenth Torch Fire
Test of Fiberglass (C-1)
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Figure

mesh in the June 1984 tests was the only differ-
ence between those and the tests conducted 1in
this sertes. It appeared very likely that the
plastic mesh had provided an adhesive effect be-
tween the fiberglass and the back plate and thus
held the fiberglass in place.

The fourth and fifth torch fire tests on fi-
berglass were conducted with heavier weight spe-
ciments (B-2 and B-3). This was to ascertain if
the added mass would improve the results. The
data from these two tests are presented in Fig-
ures 46 through 49, There was no plastic mesh
installed with these specimens., In the fourth
test, the heavier fiberglass performed better
than the Tighter specimens 1in whose tests the
plastic mesh was not used. Not before ten min-
utes did the rate of temperature increase begin
to rise, with measurements from the upper ther-
mocouples starting first. The number 5 ther-
mocouple measurement's rate of increase began to
decline at 15 minutes. This was attributed to an
accumulation of falling fiberglass on the stand-
off bracket. The temperature curves separated
into two groups with the higher positioned ones
providing the hotter temperature measurements,
That trend implied that the insulation fell to-
ward the bottom of the insulation box.

The sixth, seventh, and eighth tests were
conducted with specimens from the same group as
the one tested in June 1984 (G-3, G-4, and G-5).
The data from these tests are presented 1in Fig-
ures 50 through 55. As aluded to previously, the
plastic mesh was included in this group of spe-
cimens. In the sixth test the insulatign held
the back plate temperatures below BOO “F with
the only exception being the temperatures meas-
ured by thermocouple number 5. A1l of the curves
shown in Figure 51 are clustered together except
for curves representing data measured by thermo-
couples numbers 5, 4, and 8. These curves are
atso grouped together, but are higher. This was
a strange trend since the thermocouples position-
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Figure 63: Back Plate and Rear Enclosure Air
Temperatures for the Twelfth Torch
Fire Test of Fiberglass (G-7)

ed in the highest locatfons measured the lower
values, The problem could have been due to inex-
perience of personnel who Installed the speciw
men and for that reason may have not placed the
mesh snug against the back plate. The 1nitial
Back plate temperatures were very close tg 100

F wlth the range of values being from 81 “F to
102 F. That accounts for the initial spread in
the temperature curves,

The seventh test was a repeat of the sixth
and was conducted the following morning., There-
fore, the 181t1al back plate temperatures were
all near 44 “F, The insulation was carefully in-
stalled with the plastic mesh pressed against
the surface of the back plate. The resuits from
this test are shown in Figures 52 and 53 and are
essentfally a duplication of the results from
the test conducted in June 1984, On 1inspection
behind the jacket, it was clearly Indicated that
the fiberglass had remained {1n position 1n the
test fixture and that the plastic mesh was re-
sponsihble,

An investigation was conducted as to the pur-
pose of the plastic mesh which accompanied the §
group of test specimens. It was found that 1in
the construction of tank cars, the mesh was put
on the outside of the Insulation away from the
tank car shell, Its purpose was to prevent short
insulation fibers from pregrating the air and
jrritating the workers during installation. In
the eighth test, the plastic mesh was placed be-
tween the fiberglass and the jacket in order to
simulate the situation just described. The re-
sults from the eighth test are presented in Fig-
ures 54 and 56. 1In this case, the plastic mesh
helped for 15 minutes, but the dinsulation fell
after that. At the time the fiberglass fell, the
thermocouples numbered 1, 2, and 3 became expos-
ed. The data from the other thermocouples show-
ed that the fiberglass was effective over those
areas where it remained in place; a factor which
supported previous observations.



The ninth torch fire test was with a speci-
men from a light-weight group without a plastic
mesh (A-3). The results are presented in Figures
56 and 57. A 3M-77 Sparay Adhesive was used to
see if such a technigque would be effective in
holding the fiberglass in place. According to
the temperature data, the technique was not ef-
fective.

The tenth torch fire test was with a speci-
men from a medium-weight group (C-1). No plastic
mesh or any technique to hold the fiberglass in
place was used in the test. The results are pre-
sented 1in Figures 58 and 59. The trend in the
temperature data was as expected since there was
no reasen to believe any improvement would be
shown. However, the test was performed since the
insulation was available and it was desirable to
test a sample specimen from that group.

The eleventh torch fire tast was a return to
the 1ight-weight fiberglass which included the
plastic mesh (6-6}. The plastic mesh was placed
against the back plate but the stand-off bracket
was removed. The data are presented in Figures
60 and 61. The results indicate that the insula-
tion failed to remain in position. It was specu-
lated that in addition to the plastic mesh, the
stand-off bracket was needed to support the in-
sulation.

The final {twelfth) torch fire test was on
the 1ight-weight fiberglass specimens which in-
cluded the plastic mesh (6-7). The results are
presented in Figures 62 and 63. In this test,
the fiberglass was placed over the stand-off
bracket. This was not a successful test because
by placing the insulation over the bracket, the
specimen did not cover completely the four-foot
square front surface of the back plate.  There-
fore, one side of the back plate was not pro-
tected during the test. This type of test should
be repeated with an over-sized test speciman to
ensure that the back plate surface 1is covered.
The reason for this test was to simulate the
construction of tank cars where the fiberglass
is placed over the stand-off bracket.

X. THERMAL TESTS WITH AIR

Te understand the thermal transport proces-
ses of the torch facility, two tests were con-
ducted with no insulation in the insulation box.
One was a pool fire test, while the other was a
torch fire test. The data from these tests are
presented in Figures 62 through 65. The torch
fire test results were as anticipated. That is,
even though the wind speed was very high, tge

jacket temperatures remained steady near 1400 °F.

The back plate began immediately to heat up SO
that at 12.5 minutes, two of the thermocouples
had measured values above BOO “F. At that point,
the test was terminated. As pointed out above,
the flame temperature for the torch g1re envir-
gnment was assumed to have been 2200 °F.

The pool fire test had a very different re-
gult. The jacket temperature never exceeded 750
F and remained steady around 700 “F. The flame
temperature of the pool fire environment was
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assumed to have been 1600 ®¢. These jacget tem-
peratures constitutes values 400 to 500 °F below
those obtained when an insulation was placed in
the insulatfon box. The back plate temperatures
rose slowly and did not exceed 550 °F in the 100
minute period. The final slope of the curves in-
dicate that an equalibrium conditien was being
approached where an equal amount of heat would
be lost and gained, The low jacket temperatures
were consistent with observations in previous
tosts where it was noticed that the jacket tem-
perature increased with the ability of the insu-
Jation to act as a thermal barrier.

XI. CONCLUSIONS AND RECOMMENDATIONS

A great improvement in the testing efficien-
cy of the facility was experienced using the
wind shield. The data generated in pool fire
tests were of higher quality than obtained previ-
ously and tests could be started when the wind
speed was substantially higher than three miles
per hour. Consequently, as many as three tests
were performed 1n a single day. However, the

tests showed that the wind shield could be im-

proved by providing a cover for the top. Such a

cover should extend from the torch nozzle end of

the wind shield to perhaps two-thirds of the dis-
tance to the other end. Some opening is required

to provide passage for the combustion gases to

flow out,

The tests performed on urethane foam provid-
ad results which indicate that this insulation
meets the proposed performance standard for the
chlorine tank car, That is, the insulation was
capable og halding the back plate temperature
below 493 °F. These tests were performed without
the stand-off bracket which would have caused
the number 5 thermocouple to measure higher tem-
peratures. However, such a “hot spot" would not
probably be significant in a final analysis.

Fiberglass performed very well when a means
was provided to hold it in place. That support
was provided only when the plastic mesh was in-
stalled between the fiberglass and the front of
the back plate. The characteristics of the plas-
tic mesh should be studied to determine the
mechanism which enabled it to provide adhesive
for holding the fiberglass against the back
plate surface.

1t is further recommended that the holder be
redesigned so that insulations, such as fiber-
glass, can be correctly tested. The reason is
that the burden for holding the insulation in
place lies with the test procedure and not with
the producer of the product. A possible approach
s to install a wider and taller insulation box.
The extra insulation beyond the four-foot square
area, which is required by the regulations, may
retain its Integrity and thereby support the
portion being subjected to the intense heat. One
concept is to move the rear flame shield to the
front edge of the rear enclosure and increase
its width by sixth inches. The insulation box
could then be constructed one foot wider on all
sides. While such an insulation box <could ac-
commodate a larger test specimen, the changes
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Figure 64: Jacket Temperatures and Wind Speed
for the Torch Fire Test of Air
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Figure 66: Jacket Temperature and Wind Speed
for the Pool Fire Test of Air -

would require devising a new method for attach-
ing the insulation box to the rear enclosure.
Such a design change would not be costly and may
solve the problem being addressed. Once such a
holder becomes available, fiberglass should be
retested.
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Figure 65: Back Plate and Rear Enclosure Air
Temperatures for the Torch Fire Test
of Air
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