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| SMALL SCALE TEST FACILITY AND

»OME FIRE RESISTANCE
TEST RESULTS
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Shei 10 P, Sharma s a Chemical Engineer from University of Rowrkee,
He did his degree in Chemicat Eugineering in 1969 with Houours, Thereafiter,
he joined the Fire Research Division at Cenfral Building Research Institute,
Roorkee, as a Junior Rescarch  Fellow and s fresently working as a Senior

Sclentist there,

iy special intevest Iy in heat transfer, thermadyiamics, fuel techinology
and reavtion kinetics, A present, he is engaged on fire resistance aof huilding
clements, fire behaviowr amd stdies in comparintents and Jire extingutshing

media. He is also a member of IS1 Sectfonal Commirtee,

Shri Br{j Blusan Lol and - Shri Su

resh Kumar are Scientists worktng in

the Fire Research Division at Central Building - Rescarch  Institwte,  Roorkee,

They are assoctared Lith Stei Sharma in the said Pregect,

INTRODUGTION
The perormmice of walls, floors, beams,

columns and other building members under fire -

exposure conditions is an item of major importance
foe voneietin by censtructions which are nelther
hazardous to neighbouring structure nor to the
public. Fire performunce of g building elentent

cun be characterized by two mujor fuetors :
(@) The thermal behaviour ;- ‘

() The structural behaviour, .

Al building elements used i a building con- .
struction must petform w structurns function, ut -,

least to the extent that they are able to carry their

own weight. Thus, ge:lertllly,.mal_criu!s'with low:

thermal properties are placed closest o the fire
exposed surfuce, while those performing primarily
Wstructural function ure separited from fire hy

i,

some form of protection, This is true even for
reinforeed concrete Nexurnl members where the

© nonsstructural concrete on the tension side provides

insulation to the reinforced steel as well as the
conerete in compression,

Thus conventional building materials do not
possess the ideal combination of good thermal

~und struetwral properties and it is for this redson
that it is geaerilly agreed that must effective Wiy
ol preventing the spread of fire in alorge building
s 1o divide the building into y number of comparl-

ments, by dppropriate use of clenents of satis-
factory fire resistance. This technique is culled

“compurtmentation. Building  clements  used  for

cotipirtmentation. must hive lire resistunce slightly
more than e is required for corresponding fire.

Cloud Tor particulpy type ol occupaney. ©

Fire endurnnge resistancé “of 0 building cle-
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ment is determined both theoreticully (by nutuericul
method) and practically (by vonducting {esls on
Luilding clements). For wall and floor elements
tixe fire resistance test methods which re in comm-
ol use dre as por B, 8. 476, ASTM E119, CSA-B.
54.3, A, 5. A-30, 1. 8. 3809 and 1. 8, O, 834, These
siandard tests are essentinlly situluted fire expos
ures, One side of building element i exposed o
(o atmosphere of o test -furnice, the tempersture
of which .is controlled to follow a stondard time-

. ACHipermure s curve  representing  an idealized
Chuildbop five

The sinafl-seitle test Turnuce Lo detetmine fire

registance in respeet of thermal insulation criterion. -

tuts veen pravided in - Fire Research Divislon of
Ceuntral Building Resenrch Institute, Roorkee nnd

is in-scrvice since 1973, This equipment is used not -

only for fire tests on wull or floor punels but ulso
fot fire doors, windows, proto-type recordl protect-
ion cabinct ete. The furnuceis o rescarch tool
designed for evalunting fire resistance of building
cleméits (wull or floor) of size 1m & tm in respeet

of thermal insulation criterion only. The unigue
feaiure of ﬂje amull scale test Facility s its capabi-
" lity.to* evalunte fire resistunce of both wall and
" floor or"‘ij"("{f)[vby-r‘pruviding openings both at top

und in front und closing one or other of these with

" appropriate blunking units depending upon whether

it is used for testing a floor or wall specimen.

* DESIGN CRITERION OF FURNACE

In generil the design requirements of furnuce
nre S

-~ Suitable t)f:cﬂings

—  Furnage dimensions- \

—  Composition and temperature conditions

~—  Wall construction - '

—-  Puassnge

—  Means for elimination of undesired materiuls

— Adequuate doors ’

—  Furnace atmosphere

—~~ Type of burners

— “Type of fuel

tndustrist or luboratory furnaces and ovens

ate, us o rule, used for prolonged heating of

muterind (charped) ot some constant fetmperature
level.  As the fength of time, to bring the furnaces .
ot ovens to temperature (although early is desirable),
is rarely critical, the desipn cun be bused on the
caleuluted hent loss to the surrounding at o
maximum operating temperature  wnder steady
state conditions, However, In furnaces which ure
used (o determine fire resistunce of huilding\
clements, criterion, deposition of slag, elimination
of flynsh and furnoce atmosphere ure not appli-
cuble. The Turiinces used are not of Industriul type
(which are cosy™o design bused on steady state
maximum {emperiture 45 mentioned above) but
are- of special type having  varinble temperature
with time und with fiye sides only (the specimen

_under nest is monted it such n way that it forms

the'closipg. silé of the furnace) nlways operated
under vuriable state conditions. Thus il we tuke
cure of testing the gluzingspid compare it with the
fire resistance testing of light-weight concrete wall,
consideribly more heat energy hus to be supplicd
in former case, to have the same time-temperature

“ eurve inboth the coses, us the heat Josses through
“plazing will be considerable higher thun: in the

lattey euse.  Thus, the heat requirement conditions
in Fire ‘Research furnuces vary from test to test -
although the standurd time-tempernture_ curve is
sume in all the cases, ‘

SMALL SCALE TEST FURNACE

Simply described, the small scnde test furnace
is o rectungular shaped  refractory brick lined steel
box heited by six mhedium capacity gas -busners.
The test specimen F15m % -1.15m serves us top oF
Front closer of the box, Perimeter support of the
test specimen is provided by specimen holder which
is supported by structural streel frame  of the
furnuee.

FURNACE DETAILS

(a) Refroctory

It can be noted from Fig, | thut the steuctural
frame ol the furnace consists of steel plates assem-
bled by bolling and welding,  The floor and sidz
walls of the furnace are proteeted by o permanent
refructory system consisting of 112.5 min. faycts
of light-weight insulating bricks and medium duty
fire bricks. Bulk density of light-weight insuluting

g
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brivks Is 0.77 ganfec, mad that of medium duty
fire bricks is about 2.6 gmsfe. &
conductivity of Hight-weizht and medium duty e
bricks are L76a10-" and 8.5310-1 ai 106°C & 3.66%
W0V and 218104 qu/m s Chinad 12000C
rospectively, Two o sauare fraes of siructural
steel fined with castable teliantory end vermiculite
cement are fiked o fop wnd front sides of the
furnace with nits and Folis to cesontmodate speci-
e (1o oe tesled) und ofualiag vover,

biwew Lo

(h) Buinors peloetion Dud oreniyomant
in e golection and
drnece dre -

Mujor  consigerition
arrangemests of buraers foy |
= Ciednitinl Digh heat detaned nnd preeision
temperoture conteed Hesed vy stendard tise-
temporattre el cnst..g:,

— the reauicement o) saiforss i'uz!in"pui" the
entive ire exnosed e of tost fipseiszi,

— avoidance of direct fTame impingoment ur.én 12

‘wiy portion of the speeltaen which would
cause loctl hot spots, sl

~ Juminosity of flame sollicizat (o permit
ready observation of the speciten thiough
viewing windows even during the eerly
phuses of u fire test,

A supvey of other testing furteces of Bigger
size instulled indicated the ponular solution of this
problesit to be coe of employing o multplicity of
independently  conteolled small  burners.  One
furnees installztion was equipped with o total of
- 80 number of busrers. This. design fucility could

tet b followed duz to seme technical complications,
The solullus obisined wuy to-use ix medium cupa-
VY o wuines mevened i1 sldes of 'the
iurnice aind in stuggered arrngement as shown in
Fig, 1. Hach buener has o muximum out put
capucity of about €5600 Kealfhe, and can be
adjusted to project ﬂnmc ilmm 0.75 m width of
COMBUSTION SPASC,  Lisy min wavidos DETNCEU
and operuted in unison, lay down o uniform blanket
of flame which covers the plan srea of the fvsnce
at the buiner level. Flame turbulunce results in
further filling the furnace volume with live fiumes
to o level somewhat below the tips of the himace
thermocouples,

A, -C.ﬂ..nuﬂ

g, 2

" to - materinls
workmanship, When aoecsaney, the test specimen

Purners are premixed flame type where com-
Cantlan ol required s sucked by bueners from the
atmosphere und 5o oxtre gir frone any equipment
is needed.  Liquefled  Potroleum Qos havipp o
nestting) freat g value of ehout 27500 Kend per mm®

is used as a fuel and is fed to the burners from o

2.5 ems L D, mains ut about one aim. puuge
pressure,

the burners just before the buruer flume. 'The

bwrners are ignited  manually with each burner

haviig o sepurnte vaive to =nsuce agninst the escape
andd neeumulntlon of uny explosive mixture,

(¢) Fural Gas Dlzjooa!

Bpent furnuce puses ure removed through
chitaney uiteched - to-the blunking slab which is
elther placed i fvonit or (op depending  whether
teat is beiag careied out for floor o wall specimen.

{#) Qthordo

Onz window of size 6.25 em. din. for viewing
the fire exposed surfice of the. specimen during

teln

teat is provided it flte back wall of the, facllity, -

Low cust mice, sicet provides .ulcquuu short: erm
servica which is replaced after about six tesis,

Moasureamant of furneee temperature for con-
irab eid yrewrd purpose Y accomplished by two
{aeimeeonpies loceted in the furnace us shown in
Tie toiponure of outshkle fuce of the
apachien ie icosured by copper-constuntan lhc-
riozougis soldered o o copper dise,

TEEVIME f-’t"C:"‘

S AR cnn‘ﬁnio_rq oF
FIRE AEGIOTAMOE,

f;‘ f'-.

Fite resistanea il {o - ct..lled out by cxpnsmu ;

1 tesl specimen o §! 0t in a'nurnice 8o 48 to simu-

fate iy exposure to heat ind a fire.. The test speci-

men, in generad, shotid be - representutive of (he
construetion for whiclh Cassiiieation is desired g
dintensions 6! contpartents and

shouid be conditioned befors testing in order to
bring its streupth, rolsture contents and materinl
properties us in practice,

As far a5 pussible,
wkier sesiraining conditions that are similar (o
¢. Load bearing elements
load  (should be

actuol cosditions in servie
shosid elso be swojeeted o

Mixing of fuel and air oceurs within

thie :.r'"c mann In tested

f

B
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muintiined constang during test) which producesy
stresses I e eritigal regions  of the snme
ntagnitude that would have been prouuced  nor.
mally i full size specimen when subjected to {he
design lond, '

The leat input to the test furiace should ulso

be controlled in such a wiy thul time tcmpcru{‘
ture curve obtained should follow the standard

timestemperature curve (within toleraice limits),

The standard furnage temperature varies with time -

iieeording to the relationship (Fig, 3.)
T--To==345 log (Bt 1 1)

-Where t is time expressed In minutes,
T is furnuce temperiture in °('2'

The mean devintion of furnace, temperature
43 0 percentage is given by the following expression:
MDAl )
~Where A is the integral value of the average furnace
-lemperature as u function of time and

B is the integral vajue of standurd furnace
temperature-us u functlon of thne,

- Furnace temperuture ure in generul mensyred
by scuns of Chromel-Alumel thermoco ples which
ire placed in soversl locutions within thé furnnce
to give on nppruxinmtion_ to its average teniperuture,
Since the standard rute: of change of temperature
is very fust during the early stuges of a flpe test,
it dynamic error )
the thermocouples can b intreduced due to this
rapid rute of chunge. The magnitude of thiy dyng.
mic error  will depend upon the time lag of
thermocouples and their recording device,

T WC [ wC

EYTRY

meidsaring wrrungement),
Wiiere W is weight of thermocoupla in Ibs,

h==Total heat transfer coefllcient at the sup.
fuce of the thermocouple, -

- A=Surfuce aren of (he thermocouple

i

- T==Time lug,

in thé temperature hidicated by’

=T X weomeen where Y& g constant for
h A

If h falls within the tange 5 to 50, they time
constants ranging from 0,01 to 9.0 minutes muy be
anticipnted,

The test specimen is considered fire resistant
us long as it sutisfles certnin criterin with respect
to lts stability, integrity und therma) insulation,
The fire resistunce of 4 test specimen is the timg
expressed In hours and minutes from the start of
the “test under standard conditions, until filyre
oceurs.  During this time upproprinte criterln of
(1) stability (ii) integrity and (iii) thermal insullion
should be sutishied,

However, owing to the incomplete understan-
ding of the efleet of the size of specimen on the
first two modes of failute, whether or not » speci-
men is linble to fuil by collupse or crack formation,
can be determined only by means of stundurd fire
tests carried out on full size specimens (theoretically
ulso, this is possible, although the method of deter-

“mination 1s very cumbersome), . The third mode of

fuilure i.c. thermal insulation,” on the other hind,
depends very little on-the size of the specimen
(because heat flows -through the wall ulong the
thickriess of the specinien). Hence this criterion ¢in
be determined from 1ests carried out on specimens
of reduced size so thut specimen fits the furmace,
thermal pecformance may be itpproximately snme
as for the full construction, But structura) perforn-
anee will not be sime even if ap fittemapt hws been
made to apply louds to develop deslgn stresses in
the specimen; for exumple, if we consider the case of
i 10 meter long simply supported uniformly louded
beam, it this beam iy reduced in length to fita 5
meter furnace, (shear stresses can be maintuined hy
applying the sume [ull design load for the full size
beam to the -shorter specimen) the moximum
normal stresses will be only one half of those deve-
loped In the full size beam bectuse normal stresses
are directly proportionul to beum length squire,

CONCLUSBIONS

The fire resistance test for load bearing cle-
meants such ay walls and Noors should be conducted
on full size specimens in lurge furnaces, However,
sinafl scale test furnice besides determining the fire
resistance in respeet of thermal insulation criterion
can also be used to study various aspects of (he
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performance of constructions such as effect of
nioisture on the thenmal fire‘enclurango, tho liubility
of component materlals to spall, ve progress of
their deterioration during fire exposure ete.  As the
relative merits or wenknestes of different coustrie.
tions can be estublisked very conveniently by means

oo

of auch smull veale fire endurance tests, there 18 un
Increaslng Interest by munufucturers (of building
materinls) and designer to use such tests in thelr
developmental work. Some tosts of wall punels
which huve been conducted on thiy furnace are
shown in table |,
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TABLE - 5

NON-LOAD BEARING WALL PANELS - FIRE RESISTANCE TESTING

Fire Resistapce {Thermal - -

Specification of Construction g Tl .
Specimen details -- - Inszlztion Criterion-only - Remarks
1 2 3 LG 4
1. Lighrweight foamed - ‘I The expossd surface plaster of
ecncreze wall panels o : specmnen developed crack and fell
auociaved. Jointing mortar cement : sand (1:3). > 5 hours - - - Gown just after ome hoxr. .
Size: 1.15m x 300mm Exposed side of the specimen, (Refer Fig. 4) - & S .
% 125mm. plasiered with two coats. - ST . 2. Hair cracks were observed ar curar
] . 7 ; - surface” of the -penel. after 179
Istcoat : Thickness -4mm lime, p : minutes. The temp. of surface =p
cement, sand mortar. - g AR . = that place was 61°C, while at the
: . wr - ! joint it was 70°C,
3
2nd coat : Thickness 12 to 16mm. w W ] £ 3. The cxposed surface of the panel
Lime, cement, sand mortar. . — L= after cooling becomes  yeliowish
Totai thickness of plaster - oo i (colour change) and 2Dprox. 2cms.
BOT More than 20mm. . > m :: thick pieces spalls froms this surface,
, . , : (Test discontinped)., =
. : 1. Vertical cracks appeared on plasrer
2. Ligifweight foamed , ¢ : 3 of exposed surface after 45
concrets wail papnels = : ; ® e munutes and plaster fell down after
antoclaved. : : . 2z 95 minutes. .
Size : 1.15m. x 600mm. R . : e o . A A
- X 100mum. Mode of cornstruction Zhoms = ¢ & mw.nmm %ﬁm on the exposed surfuce
same as in I above. - - (Refer Fig. 5) - ° aiter 180 min.
. : a Same 25 in 1 above.

i
| ?,‘?_;x




“JoBSTod
ST e pasedwemn s@ o
dmzmsdms W sInoy iy seyy
“InOY pIg
30 r== .y oidn ponEmUOd sy
TREZS] JSYR SmRg gUM sming
592 52D EEnOrR Mo samod
ST L3UPE pIMTIS  S[OdCTHISY Y

“IROY $TO Iaye o7s

T 1353 ¥Eesaq sH9ED [MuezEoy -

"HIRIGZ
zye 3ustd o 2ygrsia

= sozuns pasodyd S wy -

7

{L L1 33}

TIMEC] SInoy o<

' sqefs wreoy Jodoxfag ww g7 7Y
__HB PHq T S7T |

S A4 TYoryH )

|
T
¥
;
L 4

v

X

Y :
Tsed (p : 1) pues
ZdW) wm g

X

"WWCTHGSTIXQST] ¢ 57g

Qe[S eo} Iodolilg
mmeIe Y

G511 X Q511 sz

| “EORSMIISNGD

=eoj zoiciils

- PUE ¥oLIQ GNIMPURG

3AOGE | T S omms

RN

PAOGE | Wi SB oWRS f (€ 813 13300}
SUAWW (3] Py SE e TORTERECS 300 e L
23eprms pasodyd S 0O SYoRW remg 7 { ? y dwa i il
. T w m “pRarjsoine spaed
ST TS moTyRg IoRUmS rasodyy o3 ] 7 { e
; i PITIe0] ARSIy ¢
¥ £ 4 4
SEICWaE AJO0 BOUIY) WowRaST] re
IS 233 t SIRISp B
TEOLI2T T ) 23TRISISOY Ity TORIISTL Jo no_.MUnMMan

———1

NLELS .u.%,.NUZﬂHﬂMMM Fdld - STEINVE TUI9¥M DMINVSE OY067T NOG




SIALNWIE ut IWL i
€ 9E ac 344 aey sz " as 6
- : - - r

LT
- O =gz
~
3
™ 0L -
=
b 3
o
c O0Y
c -
- ~

-

& £
g es z
P =
= »
= 89 By
b4 =
= -
™ oL
- F 4
o 11y
> .
- 08~ -~

06 i~

goL

lw.l‘ll\\hv‘\|l\.\\||r F3¥4 uILNC Ini d0 IAANI IRAAYNTEw T} - Iwy —II

I2VMEMS I8L 40 IAMAD TBNI7Idwii- Il = ¥

e o nf

Rt

’

Ml O,

RERITI R



Smiall Scale Togy Facility asd song, Fire R

wistatce Togy Resulyy

3, M 14 43lno 40 aunnuuuu
A~ 8§ g 8 3
P "' o~

ELT

300

130

TiME 319¢ MautEs




The Fire Engineer

I:G

et ey,

1320 co
’ »
-~ o0 E
-
= o
- 230 g0 g
= a3 o
M "~
T @
5 2
b ™
£ [ =] as M
= H
s
o 5% ©
S .
w
= 483 S0 o
3 . -
= 2
<
= <P
’ = p
4l =
= zuef i -an =
= : i
- 10
- 2 2 | 4 3 L
] : - 722 S0 - HED' 3-8 b
Ting e CIRUTES
FiG. &
T R AN, el M Tt i s o 2

) g 4.!m;4mlumun_.dnm CURVE OF TE FURGACE
- :anqmlrmlbuuan CURVE OF TKE clmnaunmu FLCE OF SPECtacm
12000 ’ ‘




Small Seate fou Factline

amd sone iy Redlstanee 1oy Rosulry

J % Wi 39vs wauno 2wy 40 4NV AN 3y
- 8 & g8 &8 8 " 9 8 B e i
o N 1 T T T ¥ T T T 2
/
(2]
by 418
I
/
o
48
: &
g b
« 3
Wy -]
Ez ~42 “
“
c & 5
[ z
x 2 H
a'g ®
o W s x
2 2 1= =
‘e S,
L
W
o o
R g
W
i
W
T ¥
- e 43
4
4
l‘l 1 N
g 2 2 g 2 .
(] [=] 3’ T £ N L]
- v : .
%, M 3avHung g 40 vy admy,

FIG.7

oy

41




