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INTRODUCTION
____________

,

( ) The Clinton Nuclear Station has supply air and return air ducts that
'( provide ventilation for Safety Class I electrical equipment in the

control building. The ducts pass _through a switchgear room near
column row 122V at the 781'-0" elevation in the auxiliary building.
The ventilation air provides for cooling the equipment essential for
safe shutdown.

A second ventilation duct system provides cooling air for the
switchgear room. Therefore, in the event of a fire in the
switchgear room, both systems could be disabled by this single fire.
To eliminate this possibility, Transco undertook a program to -

develop an insulation system for the supply and return air ducts
passing through the switchgear room. This system was to have the
capability of experiencing a 3-hour fire (as defined by ASTM-E119)
without allowing the air to undergo more than a 12 deg. F rise (from
73 deg. F entering to 85 deg. F exiting) as it passed through the
ductwork in the switchgear room.

The system developed, termed " FLAME GUARD" by Transco, combines
high-temperature insulation capable of withstanding operating

. temperatures to 2300 deg. F (Cer-Wool, by CE Refractories) with
high-thermal-performance insulation (Microtherm, by Micropore
International) in a sandwich construction which also contains
protective stainless steel facings and stainless steel vapor
barriers. Proceeding from the fire-side of the FLAME GUARD system,

[~N the construction is as follows (see Figure 1): outer lagging of
\_) 24 ga. stainless steel; (1) layer of 2-inch thick 8 lb/cu.ft. Cer-

'

Wool; (7) layers of 1/2-inch thick Microtherm; 0.002-inch thick
stainless steel foil vapor barrier; (1) layer of 1/2-inch thick
Microtherm.

Although the FLAME GUARD system can be applied to other fire
protection situations, the particular configuration described here
is unique to the Clinton project outlined above. For example, the
ducts to be treated are approximately 38 feet in length; because a
12 deg. F air temperature rise applies, longer ducts would require
more insulation while shorter would require less thickness.

Another aspect of the problem addressed was the extent of insulation
required on the steel support structures for the ductwork. Both
calculations and testing indicate 4'-6" of the support steel (from
the ductwork) must receive FLAME GUARD.

This report describes the developmental analyses and testing
performed by Transco to determine the proper configuration for FLAME
GUARD and provides support for its capability to meet the design
requirements outlined above.



l a ge 2.
-

24 GA. G.S. OUTER SHELL'

T R A N S C O I N C.
'.I LAYER OF 2" TH tCK
CERWOOL IMSULATIONm-

(#
s

IuO LAYERS OF /2 T HlCK
4

, MICROTHERM INSUL,

.00 2" FOI L VAPOR BARR.~

/ LSETWEEN Y.tCROTH ERM

VE NT\LATINCa-
DUCT WALL

i , i ,

w z:.:.:.:.:.:. r w
L

f e .:.:.:.:.: e r_i
- . . . , , , < - . . ~

'

, -. -.
''

. . -

,

% = . -

- - - .

g e mumm -

$

~ ~ ~ m

-e. mmg

O
4" nom.-." .e--

.~)
%.)

'

|

b4 _

_m_ _

.

|

|-
:

f- 11

| RANSCO ELAME 6UARD
--

(TY P I C A L)

._ G LINTON 90WER. 6 T AT I O N
s -O Ficuas._,v,

__.



.

TRANSCO INC.
Page 3

PRELIMINARY MATERIAL SELECTION
7 ,

______________________________

; ;
''

Transco contacted several companies which eith~r manufacture
.e .

insulation products or are familiar with such products and solicited
their recommendations for materials which (a) proven fire-
environment capabilities and (b) which was both thin and light in
weight. These companies included:

Owens-Corning
Johns-Manville
Carborundum
Babcock & Wilcox
Fiberfrax
Combustion Engineering
W. R. Grace Co.
Micropore International
TSI, Incorporated
Portland Cement Association, Construction Technologies Lab.

These companies' unanimous recommendation'was that either alumina
silica blanket or subliming materials be investigated by Transco.

.

Subliming materials are frequently applied in such areas as beam
and cable tray coatings. When these materials.are exposed to flame
or high temperatures, they sublime (pass directly from the solid to

fS vapor state). One product, Thermalog by TSI, Inc., sublimes near

. w) 600 deg. F.(

However, Transco found that subliming materials generally had
relatively high thermal conductivities, high density, and may also
suffer from product inconsistency due to the mixing process
required. This line of products was therefore discarded as a
possible material for FLAME GUARD.

Further study of alumina silicate blanket materials showed them to
be non_ combustible, capable of withstanding temperatures of 2300
deg. F, light (3-8 lb/cu.ft.), and to have relatively low thermal

i conductivities and neglible water absorption and shrinkage
E characteristics. This material was therefore selected as one
! primary component of the FLAME GUARD system. Specifically, 8

lb/cu.ft. density Cer-Wool by CE Refractories was selected.

In the interest of minimizing interference problems with
installation of the insulation system, Transco looked for a material
with a very low thermal conductivity vis-a-vis Cer-Wool. The
objective was to minimize the total insulation thickness by using
---the Cer-Wool to reduce the temperatures to such levels that better
insulating materials could be used behind the Cer-Wool; in

,

! particular, Microtherm by Micropore International.

|

:
L
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As long as Cer-Wool of sufficient thickness is used on the fire-side
of the combination to reduce the Microtherm temperature to 1700 deg.
F or less, Microtherm properties are well suited for the present~

(_)g application. (The physical properties of Microtherm are illustrated
on the following 4 pages.) Also, the potential advantage to be
gained by using a Cer-Wool /Microtherm combination in lieu of all
Cer-Wool, in terms of reduce'd total thickness, can be seen from
Figure 2 showing a comparison of thermal conductivities.

In summary, Transco's studies of suitable materials to be used in
the FLAME GUARD system resulted in the selection of a combination of
Cer-Wool (" hot" side) and Microtherm (" cold" side). Analyses and
testing was then required to determine the appropriate thicknesses
to ensure no more than a 12 deg. F air temperature rise in the
(approx.) 38-feet long supply and return ducts when exposed to the
ASTM-E119 3-hour fire test.

Although mineral wool thermal conductivities are considerably
greater than Microtherm's, some published literature reviewed by
Transco indicated that its " thermal diffusivity" was quite low.
(The importance of this will be seen in the discussions presented
below.) -Because of mineral wool's low cost, Transco therefore
included testing of mineral wool to determine if it could be used in

" combination with Cer-Wool.

ANALYSES AND TESTING -- PROCEDURES AND RESULTS
- ______________________________________________

G
A. Steady-State

____________

The problem of determining appropriate insulation thicknesses for
'

the FLAME GUARD system was first approached from a steady-state
viewpoint. Consider Figure 3 illustrating a section of the ductwork
and an incremental volume of air:

*
INsuLATIoM
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Flow 'I

4. e [s A4 ffd )4>-
: :-

. /rswa///xt/s v /4% /w/ynm wp //'.uw .',:

| Duc T WALL#
Kxo dK PE AM GTEf:. " P,' hl

FIG. 3-Energy balance on incremental
volume of air in ductwork
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ec PHYSICAL, CHEMICAL we s
- AND GENERAL PROPERTIES

OF MICROTHERM
9 To avoid this damage a water resistant MICRODIERM

has been developed in which the silica partcles are coated
MICRODIERM is a very high efficiency thermal with a hydrophobic chemical to inhibit water entenng the

insulation matenal with a thermal conducuvity on!y one structure.This water resistaat MICRODERM can be totaDy
third that of most high temperature insulation matenals a submerged in water without suffenng damage within the
the temperature range 400 100TC. following hnuts:

MICRODIERM has a rrucroporous structure which is (1) Maximum time of submersion at room temperature is

also opactfled to prevent mfra red radiation passing 72 hours After this length of time the MICROUfERM must

through It is even better as a thermal insulation than "still be dned
air"When it is used in an or other gases it gives a better (2)The water must not contam surface tension reducmg

msulation performance than any other known insulaton. agents such as detergents
The only way to produce a lower thermal conductivity (3)The temperature must not exceed 3S&C. Above this

is to use an evacuated system which,in generalindustnal temperature the hydrophobic MICROniERM reverts to the
appbcations,is not feas61e. and in more sophistcated Propertes of normal MICROTHERM and is no longer water

resistant.systems is usually very expensive and requires pumping
' Water resistant MICROTHERM is ideal for situationsdown facihtes.

(-
The km thermal conductivity of MICROTHERM makes where refractory cements are cast agamst it as in some

fumace constructions.it possible to perform any insulation task with a much,

thmner layer of insulaton than would normally be needed,
with a consequent saving in the overall size of the insulated Q{ f {ui ment often a reducton in weight of the insulaton

MICROniERM is used on all types of equipment to give ,

low surface temperatures and to reduce heat losses. 1200-
MICRODIERM is totaDy incombustble is reststant to 1150-

damage by vibration and mechanical shock and has a 1100- ,,

high resistance to compression.It is generally easy 1050- ,

and pleasant to handle. 1

CONSTRUCTION M M+
-

w0,
' - The pnncipleconsttuents of MICROTHERM are $M'

Mp;T( ) microporous sihcas, ceramic fibres and opacifiers which
are intimately mixed and bonded to form a panel, block orv q
moulded shape.The block may be contained in an 600- g,9+s

envelope of glass cloth to provide for robust handhng and . ,gi. Mf
flex 6ihty.

"

,1 kK4
W. <

The range of products produced by different ,
appbcations of the glass cloth are more fuDy discussed m ij Tt
section 3 to 7 of this brochure. yE

AllMICROTHERM products have the general propertes g
( described in this secton of the brochure. 200- Q .

'

N h

MOM E M M IN B_'

MICROTHERM normally has a moisture content of1-3%
by weight.This can increase tfit is stored in damp MICROTHERM is available as a standard formulaton or
conditons. Dry storage is important. as a high temperature formulaton (MICROTHERM HT).

The thermal and mechanical performances of
MICROTHERM are not affected by severe changes m Standard MICROTHERM withstands prolonged exposure to

950*C and MICROTHERM HT has a similar hfe to 1025*Chumidity or temperature.
Liquid water,however,does have an adverse effect on Both can be used for short penods at higher

normal MICROTHERM and contact with water must be temperatures which depend on the exact nature of the
avoided If MICROTHERM has become thoroughly wet its apphcation.
structure is irreversibly damaged by substantial shnnkage.

Whe re contact with water is unavoidable then the water The glass cloth m which MICROTHERM may be encased
'

resistant grade - Hydrophobic MICROTHERM - should be as panel or slatted blanket retams its mtegnty up to 650*- 700*C

specified. Above this temperature it devitnSes slowly This has no effect on
the thermal performance of the MICR0 THERM but mechanically
MICRC7 THERM panels may be dfcult to handle when the glass
cloth skm has been damaged

QC MICROTHERM panel is usuaDy contained between
other materia!s and continues to perform its.insulaton

Normal MICROTHERM is made up from extremely fine function without the glass cloth envelope.
_

structured partcles of amorphous sihca which are hnked On the rare occasions when it is essental that the skm
together to form a ceUular structure.When the cens are remams intact at very high temperatures then the glass

~'- perfused with water the structure is damaged by capillary cloth may be supplemented or replaced by other high
forces. tempe.ature fabncs or fibres-

.

48 E
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.c - CHEMICAL M1ACK RESISTANCE TO
MICRTHERM is resistant to most chemicals. .;

includmg the vapours of hydrochlonc acid and sulphuric'
acid but contact with most hquids must be avoided.

However MICROTHERM can withstand duect contact Resistance of Microtherm to compression
with hquid sodium at temperatures below about 450"C 50 r g]
At higher temperatures the presence of the alkah earth La-._ s - ~ H --[ r-- ~L-' '

e i ii i,
,, rc

@40 f[ d - 4 7 y
4- 4 U --metals accelerates the high tempera *ure shnnkage of ' '

g fI i ; p |MICROTHERM '

L-Y j-i
2w U +- --Generally the chemicalproperties of MICROTHERM are

@ M d--those of its pnnciple individual consttuents - sihca and 1 -4

. , _ , _ -@30
* - -

j M _!ttania. ,

20- - 5
---f --

-L- --

,

@ TDi ~ ~I' M~T ~i M .

}lOh--{i 7- H - y p-
MICROTHERM is safe to handle There are noknown

, L L 4 i
y--. (yM-heahh hazards associated with its use.No health hazards are

known to be associated with any of the individual _w_a_L . ._ up
constituents of MICROTHERM.If the MICROTHERM is bl liji| | ; i i

machined in a way such that large quanutes of dust are 0 1 2 3 4 S 6 7 8 9 101112
generated then normal precautions associated with the % Deflection ( Specimen Thickness 25 mm)
handhng of nutsance dusts are necessary.

MiCRTHERM contams no asbestos. The enteria for the selection of MICROTIERM density

p TG are cost and handleabihty.High densities are available
v IV where high resistance to compression is important but the*

CHEMICAL AN ALYSIS OF STAND ARD MICROTHERM higher the density the greater the cost.

BY WEIGHT.

SiO2 . 6468% 1 MdO - Trace5

A s3ig "%O f'Tdies AND EXPANSION
' ZrO ' U 1023i Na O ~ O'.06i. ' At high temperatures the thermal expansion oi

j ,

s b :: 1 ,w'< MICROTHERM ts small and can be ignored in practice.'
:

A!Os 237%. Nbos .. ' ; ; 'Wace ' It has a resilie it stucture and no great stresses are created.
_ reg,'

2 Ob" " r 0.'ISf ' Aner prolonged periods at high temperatures a small
' 033% ~ V

7 f amount of shnnkage can be measured (on the cooled bkv:k).
, :g ;' . . . .

G Crpsi' ~ 007% > S'.J ' L 0020-

Therrnalshnnkage of Microtherrn"e>
' ' n ._.o ; a

..POs w 0.02% -- ~ Cl _0.01% 100* m,rjj. ..]' ;j|j;j
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||%;!j;y>.
..-
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.am.m e -

- - e r,, p :' 4 e" aIn addition MICROTHERM may be contamed in glass e 106
fabnc treated with orgame starch and sewn with glass i sb-,I

-4
' ;'' W.,,i,'''' '

thread coated with P.TII j jji
,
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i
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-
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, ;u ';CHEMICAL ANALYSISOFGLASS CLOTHBY m

WEIGirr. 3 ",7~ ~|[f i;

J SiO: ; _ , . 54 2% ^ )((MgOf ! '3 %. o[[ 1 .
7

,Ih. || !
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*h|jii!'''y ; ISE% - Napf ' [0|6k
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Soak Temperature 'C for 1000 hours.

LEACHABLE VIBRATION
Acouste

Tests in acoustic charrbers camed out in connection withInde;mndent tests give the followmg figures which
indicate that all types of MICRTHERM may be used aircran appbcations show that MICROTHERM is unaffected
satsfactonly in contact with stainless steel. (It is widely used by high noise levels of varying frequency.
on the stamless steel pipework of the coohng circuits of Mechanical
nuclear reactors) However.the whole queston of stainless MICRMHERM by itself is not very strong but only
steel attack is the subject of debate and contnuing contmuous flexing causes the structure to break up Wnere

s

'; investigation, so testing in each situation is advised. mechanical vibraton is enec.untered MICROTHERM must
Summary of results from tests in accordance with the be well contained c.o that it can move with the vibtating [-

Amoncan Spect'ication RDT M12 -IT MIL-1-24244 A (SHIPS) structure. Properly a pphed it gives indefmite hfe on diesel s
are: exhaust pipes and pipework of ships and aeroplanes.
Irachable(Cl + F) content 100 ppm MICROBERM does not shake down nor do its individual
teachable (Na + SiO3) content 4000pprn construents separate out.

rw mcen?
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: r COMBUSHBIIRY - ,

Because MICRC7 THERM is a vitreous ceramic matenal Organics are also present in Hydrophobic
contamed in glass cloth it is entirely incombustble:- MICROTHERM but again m quanntes too small to igmte.
Organic matenals pre ;ent are those used for the finislung hECRC7DIERM has been tested to the American
treatment of the glass cloth and glass thread.Ouantues are Standard A.S T.M.E -84 and shownto be incombustible
too small to igmte but when heat is applied they produce a and to have zero flame spread.
brown colour before bemg completely removed by MICROTHERMhas alsobeen classified
oxidaton. " incombustible in tests to ISORll82 by the University

ofGhent.

EWECT OF DENSITY
CHANGE ONTHERMAL.

CONDUCTIVITY'

,-,

Thermal Conductivity of MiCrotherm v Density
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y- Typical Surface temperatures which can be expected when using MICROTHERM
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An energy balance on the incremental air volume is:

,3

(_/ 5Cpt+UPdx[t -1/2{t+(t+dt}}] = 5Cp ( t+dt) ....Eq. (1)

where U = overall heat traWsfer coefficient
t= temperature

dt = differential temperature
Cp = specific heat of air
m = air mass flow rate
x = distance along duct

dx = differential distance
.

P = duct perimeter ,

If second-order terms in the differentals are neglected, Eq. (1) can
be written:

dx/ (5Cp) = - dt/[UP (t-t )] ....Eq. (2)
,

' Equation (2) has the solution

t(x) = [1-exp{ (-UP/5Cp) x} ] t + exp{ (-UP/5Cp) x} t ....Eq. (3)o
,m

V
which also may be written as

1

U = - (ECp/Px) ln [ ( t -t) / ( to -to )] ....Eq. (4)

This latter form is of interest since it expresses the steady-state
overall heat transfer coefficient U in terms of the air temperature
at a distance x from the duct entrance (x=0). U is related
directly to the thickness of the insulation and its " effective"
thermal conductivity kerf . In particular, setting x = 38 feet at
which point the temperature of the air is set at 85 deg. F, and
using the value of 0.24 Btu /lb-F for Cp, 7.33 feet for the duct
perimeter P, and 19,235 lb/hr for the air mass flow rate m -

(corresponding to 4360 cfm of 13.6 cu.ft./lb air), Eq. (4) becomes

.

U = 0.108 Btu /hr-sq.ft.-F ....Eq. (5)

Assuming the fire-side of the insulation remains at the ASTM-E119
temperatures at all points in time, U is related to the conductive

C\
U

. . .. _- -_ - . _ . . ._ . . .. _ . _ - _ _ .
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resistance 1/kgr of the insulation and the convective resistance
h of the air film at the interior duct surface according to

U = 1/[l/kenf +1/h] ....Eq. (6)'
.-

where the total insulation thickness is represented by 1, in
inches. From Eq.'(6), the relationship between the effective
thermal conductivity and the total thickness of the insulation is

k pp = 1/[l/U - 1/h] 1 ....Eq. (7)

The value of the internal convective film coefficient is estimated
from the ASHRAE Handbook of Fundamentals (1972, p. 42):

hT 0.00365 (G ' /d 'b ....Eq. (8)
.

where .G = mass velocity of the air (lb/hr-sq. f t. )
= 5771 lb/hr-sq.ft.

d=4x (duct cross sectional area / total perimeter)gs
3,,,) = 1.82 feet.

Therefore, h = 3.3 Btu /hr-sq.ft.-F, and Eq. (8) becomes

k .pp = 0.112 1 ....Eq. (9)

Equation 9 is plotted in Figure 4, illustrating the required
relationship between the ef fective thermal conductivity and the
overall thickness of the insulation to ensure the air temperature
exiting the 38 feet of duct in the switchgear room does not exceed. .

85 deg. F when the entering air is 73 deg. F.

Remembering the fact that the thermal conductivity of a porous
material varies with temperature (see Figure 2), the possible range
of. thicknesses for either all.Cer-Wool or all Microtherm applied to
the duct is shown in. Figure 4 for the temperatures encountered from
73 deg. F up to the 1925 deg. F maximum of the ASTM-E119 procedure.

Although this steady-state analysis provides some insight into the
potential minimum and maximum insulation thicknesses, it is not
adequate to establish the minimum acceptable thickness to limit

n

U

.

i
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interferences in the actual installation. Its primary limitations
are (a) the assumption of no variation in thermal conductivity with

/~T temperature and (b) the assumption of no thermal capacitance (heat
(_/ storage capability) of the insulation. Therefore, Transco had to

undertake a more realistic transient analysis procedure in which*

these limiting assumptions c,o,uld be relaxed. In the hope of
minimizing analysis time, these assumptions were addressed
individually to see if a successful analytical model would result.

B. Transient Analysis -- Thermal Capacitance Effects of Insulation
_______________________________________________________________

Cer-Wool properties (8 lb/cu.ft.) were selected to determine the .

adequacy of a transient analytical model including the effects of
the insulation's thermal capacitance. Actual lab testing on a
nominal thickness of 14-inches of Cer-Wool was conducted to (a)
provide information on a suitable " time / temperature averaged"
thermal conductivity to use in the analytical model and (b)
establish a baseline for comparison form analytical results.

4 Test TTR-30N (note: all TTR tests referred to in this report are
included at the end of the report) discusses in detail the
. analytical procedure used to evaluate transient temperatures inside
the insulation. A standard "Schmidt" approach was used, as
referenced in many heat transfer texts.

Referring to Figure XII in TTR-30N, it is seen that, except for the
fN end points (faces of the insulation), the transient analysis which
(_) does not account for variations in thermal conductivity with

temperature does not adequately represent the actual situation. For
example, at location #6 (about 5.4 inches from the hot face) the
measured temperature exceeds the calculated temperature by nearly
700 deg. F.

C. Transient Analysis -- Thermal Capacitance of Insulation and
Thermal Conductivity Variations.

___________________________________________________________

The analytical model derived to include the effects of both the
thermal capacitance and variations in thermal conductivity of the
insulation considers the elemental configuration in Figure 5 below.

TorAL ulhyL A TooH THIC Kk)ES 5
-

i | | | 1 I
I

| NODAL. TtEMP ERATU RE:L | | | AISFIRE i I

'of O Si te*I $ 102I
3'*E* * * '

seoer o
i l i li

l I il I i

4X 4 |d4K|$_f
FIG. 5-Elemental Representation of

Insulation for Transient Analysis

. .. . . -- _- -
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Twenty-one elemental (nodal) temperatures were selected to
characterize the insulation thickness depicted in Fig. 5. The

. T', ') model is built around 12-inches of Microtherm.
\~J

fl'w into and out of each elementEquating the difference in heat o
for a short duration of time to the increase in the elements-

internal energy, the expressions governing the transient heat
transfer process are:

Nodal Point "0"
______________

t(0,0) = 73 F ....Eq. (10a)

f(ASTM Profile) ....Eq. (10b)t(0,n*dt) =

Nodal Point "1"
_______________

....Eq. (lla)t(1,0) = 73 F .

t (1, { n-1 } *dt) + (B/dx) * [ t (0, { n-1 } *dt)-t(1,n*dt) =
,

1. 5 * t (1, { n-1 } *d t) + . 5 * t (2, { n-1} *dtl
....Eq. (llb)

Nodal Point "m"; m=2,3,...,19

3 _____________________________

v
t(m,0) = 73 F ....Eq (12a)

t(m,n*dt) = t (m, { n-1 } *dt+ (B/dx) * [ t ( { m-1 } , { n-1 } *dt)-
t (m, { n-1 } *d t+ . 5 * t ( { m+1 } , { n-1 } *dt) 1

....Eq. (12b)

Nodal Point "20"
________________

t(20,0) = 73 F ....Eq. (13a)

t (20, { n-1 } *d t+ (B/dx) * [ . 5 * t (19, { n-1 } *dt)-t(20,n*dt) =

1. 5 * t (2 0, { n-1 } *d t) + t (21, { n-1 } *d t) ]
....Eq. (13b)

Nodal Point "21" (Adjacent to duct wall)
________________________________________

t(21,0) = 73 F ....Eq. (14a)

[h* t ( air ) + ( 2 *k/d x) * t (2 0, n *d t) ] / [ h+ (2 * k/dx) ]t(21,n*dt) =

....Eq. (14b)
O
U
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In the above equations, the following boundary conditions were
_

assumed to prevail:

\_s)
I

1. t(0,n*dt) = temperature of "0" nodal point after a time
"

increment of (n*dt) = ASTM-E119 profile

2. .t(21,n*dt) = tempera'ture of the (last) "21" nodal point
after a "n" time increments each of duration
"dt" adjusts instantaneously such that the
the conductive heat transfer rate due to the
temperature gradient between the "20" and the
"21" nodal points always equals the convect-
ive heat transfer f rom the "21" node to the
air in the duct. A convection coefficient of
h=5 Btu /hr-sq. f t.-F and constant air tempera-
ture of t(air)=73 F was assumed for the calcu-
lations.

3. The thermal conductivity "k" varies with temperature in
accordance with the manufacture's data.

.

4. Parameter values and definitions:
.

k= thermal conductivity as a function of insulation
temperature

dt= time increment =0.15 hours =9 minutes
dx= element width =.6 inches =.05 feet

(~'} rho = density of Microtherm insulation =12.5 lb/cu.ft.
(_/ cp= specific heat of Microtherm insulation =.24 Btu /lb-F

B=(2*k*dt)/(dx* rho *cp)
t(air)= air temperature in duct = constant =73 F
t(m,n*dt)= temperature of "m"-th nodal point after "n"

time increments each of "dt" duration.
n= number of time increments; n=1,2,...,20.

Figure 6 shows the results of the above transient (numerical) model
for 12-inches of Microtherm in terms of the predicted temperature
profile inside the insulation at various times during the 3-hour
ASTM-E119 fire test. Note that distances only up to about 5-inches
from the hot face of the insulation are shown since beyond this
point no temperature increase is predicted even at the end of 3
hours.

.

D. Selection of Insulation Thicknesses
..----------------------------------

Figure 6 illustrates the results of the most comprehensive model
developed by Transco in the analytical area. These results were
used to select tentative final insulation thicknesses to be
confirmed as adequate by actual test results.

(v)

_ ._ ___ __. __



1
|

7-
fag e_ /0

s :
% ../

\-
.

~~ ___ _ __ _ |. _ . _ _ _ . _ _ _ _ _ . __
. _._ __

Fi .6-Tine /Tenp Profiles in 12" liicroThern
3

2000 -

FI

'7hn 1500 -

| s,.\ \
.

,m .

r s-

a 1000 - \-

t '$.
u c.3 nea. '.

887 HIM**

''h500 _ ',S $ " '" - - s.

eo n a. ~

N''.9y.
.

% _.~ % __F ,,uc
o n,a. 7

i _.__._.i _ p .....~.P.._.J p_F__:1_._ ..>.p_

____p _,g p ___, ___
,

9.3-9.91.5 2.1 2.7 3.3 3.9 4.5 5.1

Inches fron Hot Face
-

. _ _ _ ._ _ _ _ _ . _ _ _ ___.
-_ _

e

G



TRANSCO INC. Page 17
i

A conservative criterion of allowing no temperature increase of the
duct wall (adjacent to the air flow) was used to select the

/ insulation thickness. Based on this, and referring to Figure 6, it

\s is seen that about 5-inches of Microtherm is sufficient.
Remembering, however, that (standard) Microtherm cannot be subjected
to more than 1700 deg. F, the problem of applying an appropriate
thickness of Cer-Wool on the fire-side (hot face) was still
unsolved.

In order to determine how much the Microtherm thickness could be
reduced and, simultaneously, how much Cer-Wool must replace this
amount of Microtherm, the following criterion was applied: for the
transient numerical model to remain valid, it is necessary that the
following relationship be satisfied:

[km/(rho, cpy(dx))) ] Micro. [kc/@ho cp, (dxI))]Cer-Wool ....Eq. (15)=

From Eq. (15), the relationship between the thickness of Microtherm
dx to be replaced by an equivalent thickness of Cer_ Wool dxe ,
can be expressed as:

.

d x, = [ ( ke /k, ) ( rho,cp,, / rho cpc ) ] dx, ....Eq. (16)e

(']/
Using tae appropriate values for the physical parameters, the

x- relationship between equivalent thicknesses of Microtherm and Cer-
Wool is:

dxe% 2.65 (dx%) ....Eq. (17)

-

Referring to Figure 6, it is seen that if approximately 1-inch of
Microtherm is replaced on the hot side, the maximum temperature at
the Cer-Wool /Microtherm interface will be about 1700 deg. F.
According to Eq. (17), this requires about 2.65-inches of Cer-Wool
to replace the 1-inch of Microtherm. Transco chose, for practical
reasons, to use 2-inches of Cer-Wool for testing. Therefore, the
final FLAME GUARD configuration (regarding insulation types and
thicknesses) became 2-inches Cer-Wool /4-inches Microtherm, as
illustrated in Figure 1, contingent upon tests showing its adequacy.

E. Testing and Model Validation
____________________________

Test TTR-34N presents the measured results for the final FLAME GUARD
configuration. (Note that the test included the exterior stainless

O
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steel lagging and vapor barrier which is part of the actual FLAME
GUARD system--however, these components are not expected to have'') significant impact on the comparison of measurements with model'

s/ results.)

Figure IV of TTR-34N shows the relevant data for evaluating
Transco's final proposed configuration for the Clinton ventilating
ducts as well as for evaluating the adequacy of the model used in
its preliminary selection. The test data shows that, at the end of
the 3-hour fire test period, (a) the interface temperature between
the Cer-Wool and Microtherm is about 1700 F and (b) neglible
temperature rise is experienced at the cold side of the Microtherm
(i.e., adjacent to the duct wall); these are precisely as predicted .

by_the analytical model which includes both thermal capacitance and
variable thermal conductivity of the insulation.

Figure 7 shows a final comparison of predicted and measured results.
It compares the 3-hour temperature profile curve of Fig. 6 with the
TTR-34N results, shifted in accordance with the " thickness
equivalency" relationship discussed above. The model results and
measurements compare quite favorably. .

F. Problem of Steel Duct Support Structures.

________________________________________

Test TTR-31N addresses both the analytical and testing aspects of
the necessary extent of application of FLAME GUARD to the duct

()} support steel. In summary, the results show about 4'-6" of steelC
c

(measured from the duct) must be treated to avoid heat transfer to
the duct and air.

G. Alternative System Evaluation -- Mineral Wool / Foils
___________________________________________________

During its developmental program, Transco encountered two
potentially cost- and/or space-saving aspects of insulation systems
that seemed worth investigating. The first was the published fact
that mineral wool had a very low thermal diffusivity, which in the
final analytical model was the governing factor for insulation
thickness. The second was that foils used between layers of
insulation might provide better insulation characteristics than the
same total insulation thickness without the foils.

No analytical approach was used to investigate these possibilities,
~

however testing was conducted to determine their effects. Regarding
the use of mineral wool, testing showed (TTR-32N) that it was not
suitable due to the great thickness required. The foil concept did,
however, indicate the possibility of reducing the total thickness.

TTR-33N therefore addressed the foil concept with the Cer-Wool
product. However, unlike the case for mineral wool, the foil did
not seem to have such a space-saving potential.

O

i
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Based on the results of the testing, Transco excluded the use of
~

) mineral wool and foil in the final FLAME GUARD system.,

CONCLUSION
;. - __________ .. s

This program of analysis and testing was undertaken by Transco to
develop a practical fire-protection insulation system for the
ventilating ducts at the Clinton station which would limit the
temperature rise in the air to 12 deg. F when exposed to a 3-hour
ASTM-E119 fire test. The resulting system was termed FLAME GUARD by
Transco.

Both analytical results and actual tests show FLAME GUARD to meet
the design requirements at Clinton.

The FLAME GUARD insulation must be applied both to the ductwork and
about 4'-6" of all steel duct supports. Typical installation
details and scope are illustrated on Transco Dwg. Nos. DB-3822-SKl,
-SK2 and -SK7, attached. '

.
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TRANSCO I N C.
TEST REPORT No. : TTR-30N
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1. INTRODUCTION _ _ .

The Schmidt calculational technique has been used to predict the
temperature response of a wall of eight (8) pound per cubic foot
density Cer-wool to a three (3) hour fire. The temperature of
the fire being defined by ASTM E119.

The Schmidt method is ideal for one dimensional unsteady state

problems with varying boundary conditions.

t ~ The Schmidt method can be either a graphical or computer
technique. The wall section of interest is divided into equal
width segments. Temperature plots are then made on the assump-
tion that the temperature at a point one inch in from the front
face (or one_ division) must equal the average of the front face
temperature, and the temperature two inches in from the front
face: The temperature three inches in from the front face must
equal the average of the temperature two inches in and four..

inches in from the front face: etc. This is a simplified

explanation. For a complete explanation, a heat transfer text
may be consulted. After a temperature versus thickness plot is
made, the total wall thickness'is'obtained by solving the-

/ following equation:

V],

t -t =c L2p/2ko f p

Where:

t -t = The time increments between temperature averages,o f
In this case, ten minutes, or 10/60 hours.

= The specific heat of the material, in BTU /Lb *F.cp
I k = Thermal Conductivity in BTU /Hr-Ft *F.

L = Distance between anes, in feet.

p = Density in Lbs/Ft
n = Number of wall increments (discussed in the following

paragraphs).

A table was made to predict the thickness of Cer-wool required to
totally isolate a steel surface from the af fects of a three (3)
hour fire. The table is in Appendix I.

Each horizontal row of the table is the predicted temperature

profile in that ten minute time increment. Each column
represents a plane L feet thick spaced n~. feet from the front
face. The actual dimension L being determined by the above
equation.

p To weight the thermal conductivity and specific heat by the time
V averaged temperature, all temperatures were added in each column,

and the total number of time increments in each column were
noted.
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The total temperature,'in all the columns divided by the total
number of time increments-yield a time weighted temperature in
this case of 550.4*F. This temperature was then used to deter-
mine thermal conductivity, and specific heat values. Subs titu-
ting the values of specific heat and thermal conductivity in the
Schmidt equation (above) yielded a distance between planes of
0.9214 inches. -

The Schmidt calculation in Appendix I indicated that 12.9 (14 x
0.9214) inches of Cer-wool will thermally . isolate a body from the
affects of a three hour fire. The cold face should see a two
degree temperature rise at the end of the three hours.

The purpose of this test is to validate the calculational tech-
nique.

*
! 2. TEST APPARATUS

The test assembly was mounted on the Construction Technologies-

Laboratories gas fired pilot furnace. The test assembly
consisted of a horizontal 24 gage stainless plate laid over the
furnace opening. The plate was reinforced by 3 x 3 x 1/4" angles
spanning the furnace opening. The furnace opening is about 30

[ '{. inches square (See figure I).;

v
i On top of the plate, seven (7) layers of two (2) inch thick

.Cer-wool were stacked. The actual thickness varied between 1-3/4
and 2 inches. The layers were 36 inches square. Beginning at
the steel plate, each interface had three (3) thermocouples
mounted in it; one at the center, and two on quarter points (See
Figures IV and V).

.

I- The test assembly was completed with three two-inch thick
peripheral wraps of Cer-wool and a 24 gage stainless steel plate
mounted on top of the assembly.

Figures II and III show the nearly completed test assembly, less
' top thermocouples. Thermocouples were later placed on the top of

the cover plate. No thermocouples were placed between the bottom
of the steel plate, and the top of the first layer of Cer-wool.

-The furnace is instrumented normally for 24 thermocouples. To
record the temperature on the bottom surface of the steel plate
would have required an additional three thermocouples over the
furnace's standard 24.

Bricks were placed on the periphery of the top cover to minimize
air spaces between the plate and the insulation. Figures IV and
V show the completed assembly. Note the steel weights placed on

- (''}
the thermocouples to assure metal-to-metal contact between the

\- thermocouples and the plate.
,

w
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'' # The furnace is a gas fired, negative draft furnace capable of

producing a temperature / time curve in accordance with ASTM E-119.
~

Fluc gas is. inducted from the bottom of the furnace to the building
chimney by an induced draft fan, located below the floor. The fur-
nace had'four.(4) burners, one on each wall. The burner plane is
located approximately 30 inches below the test assembly bottom plate.

The thermocouples are connected to a computer in the control room.

3. TEST RESULTS

The test results are shown in Figures X, XI, and XII. Figures X, XI,
and XII are the measured and calculated temperature profile in a 14
increment (14 x 0.9214 - 12.9 inches) thick wall of Cer-wool, at one
hour, two hours, and three_ hours into the fire.

In reviewing the three curves-the followin,g three points are obvious:

1. The slopes of the curves, dT/dL for the measured and the cal-
culated are approximately equal on each graph.-

2. The asymptotic approach to room temperature of the measured
and calculated are approximately identical in regard to slope.
The calculated temperature curve lags the measured by approxi-

|,_) mately 1"-1 " of material thickness, in the intermediate tem-
V peratures.

3. The temperature profile in the intermediate temperatures (at
the midpoint of the wall) are on the order of 400, 600, and

0700 F difference between the measured and the calculated tem-
peratures.

The calculation was to determine the thickness required to assure the
three-hour fire did not reach the cold facc. The calculation is based
on the hot face _and cold face temperatures being known; and the thermal
coefficients being determined by time and temperature weighting of the
thermal properties over the entire three-hour fire. The hot face tem-
perature is 19250F, and the desired cold face temperature is 750F.

Due to the weighting, the predicted value by the Schmidt calculational
technique should be most accurate at the three (3) hour point; and at
the indicated cold face temperature. Comparing the two asymptotes of
the calculated and the measured, on the three-hour graph, Figure XII,
at the cold face, the method seems accurate.

i. /

l
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' l'- / Specifically, the calculational technique predicted at 12.9

inches from the hot face, the temperature would rise
approximately 2*F, assuming negligible resistance beyond the 12.9
inches (14 spaces times 0.9214 inches / space). Due to manufac-
turing tolerances, the Cer-wool piles of seven layers had a
actual dimension of between 12.5 and 13 inches thick. The back
face rose 2*F at the end of the three hour test. This is exactly
the temperature the Schnidq technique predicted. When it is
considered that there is a' front face temperature of 1925'F, the
Schmidt calculational technique seems remarkably accurate.

At intermediate temperatures, however, the accuracy falls off
significantly.

( THICKNESS ERROR IN PREDICTING THE 100*F THICKNESS, AND 1000*F
| THICKNESS

; _

To quantify the accuracy of the calculational technique, a
j defined temperature may be chosen to compare the thickness pre-

dicted by the calculation, and the thickness actually measured.
The thickness required to provide a 75'F temperature cannot be.

read from the graphs with any degree of accuracy, because the
temperature line is nearly horizontal at this point.

,

Choose the 100*F as the temperature point to compare the thickness
-

(~") predicted with the thickness of material measured. By the

(_ / calculated curve of Figure XII, at the end of three hours at
(10.5 spaces x 0.9214 inches / space =) 9.67 inches into the pile,
the temperature should be 100*F. At 12.1 inches times 12.75/14,
or 11 inches into the pile, a 100*F temperature was measured,

r

The 0.9214 multiplier on the calculated thickness is the actual L
in the Schmidt calculation. Fortunately, the 12.75/14 inches
multiplier for the actual pile height is 0.910. Hence both
thickness multipliers are almost the same.

Using an error equation for equal temperature thickness of:

100 (calculated thickness-measured thickness)/ Measured
thickness = percent of thickness error.

The error in the Schmidt calculational technique when used to
predict the thickness at the intermediate temperature of 100*F
three hours into the fire is:

' 100(9.67-11)/11 = - 13%

:

\,t t;

%j
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Using the same equation ~t"the 100*F point for the two and one
hour temperature profiles, the error is -14 percent, and -17
percent respectively.

However, at the 1000'F point for the three hour curve, the error
is on the order of 55 percent.

The raw data recorded by Construction Technologies Laboratory,
Fire Research Department is Appendix II, available upon request

from Transco Inc.

4. CONCLUSIONS
The Schmidt calculational technique is accurate for Cer-wool when
used to predict the thickness and temperature of a cold face for
a one dimensional body experiencing a well defined' temperature.

transient. However, the thermal coefficients must be weighted by
time and temperature.

,

; The Schmidt calculational technique has reduced accuracy at
temperatures and thicknesses between the hot face and the cold

''
.

face.
,

i (''S 3j (,,/ Approximately 13 inches of 81b/Ft Cer-wool will isolate a steel
member from the effects of a three (3) hour ASTM fire.;

h.
!
.

.

k

*

v



_ _ . - _ _._ ___. . .m. _.. _ m .._ _ _ _

|

;
,

f TRANSCO I N C. ;

TEST REPORT No. : TTR-30N'

!

~

t

,

;.
'r, -

.,

g * t.

g

4 ,
,

%' "
'

* * - * ' "4 .

. ''
..Q

~

.

.,, *

. . " , = , o.##' .
j .. , , ,

.;6 '

. 'f ,, '.
*

.<
.

.l|'% ,
, '

%
~ I'; , -

*

,

* *
-

.
.

. .; -. ..,c, . ;
,

, :' .y ... c;.4- .
,,

.* *
.

i
g i.

O Figure | |
.

1

I

I'

*' * * - .
,

.-

F

.

-.

.m. _
>

O
_

.
. .

Fiqure ii

4

|
-|

,

,

s,----,---. ,, - .., __ . - , , - _ _ _ _ _ - - _ - . . - _ - - - -



__. _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ ._. _ _ _.._ . _ _ . _ _ . _ _ _ _

l

i

TRANSCO I N C.
TEST REPORT No. : TTR-30N -

s4 ns VM .- . .,

- . ,w

|

I~,s
''

- 1 .

*;
, ,j,

;

'
+g i

,

',

Figure ill

|
|

,

.as
|

m>

L & it !
.T3''' dWiMEMEMm ',

MAI IIAMm gd|
* ,

!

IfM M g tag g g
$I L W **t'

-

'b# $5 g
.- M W- 4 .',,- g7'

;

;

I
a c,y- - - - *, ;

i 4 ,< . g . , V . - *
,

,% _.g . _ a,
'

. s ' : h. , ,q <;, ||.
'

-
,

= v' C '* f *'{. g ;,g r a, 4
* - = p ,_.

..
_ ,

t, w-s g ..

. i.i

>t c
.

.,
,

3;'
'

!O ' --- --
-

|
Figure IV

|
1
:|

}
;
1

'
:



- . _ _ _ _ _

I
i

!

|

1

| T R A N S C O I N C.

TEST REPORT No. : TT R-30N
:
!

!
.i

|
,

i

!

!
i

'l

' &' ,

-

- ..
1'

3 \
~

'
-

- . ,

1 4 - --
_

I 'TS
-v-

.. .

,r ,

i
&

.,

Figure V

._

,

m ,4

' ~ ~c 2.;- 'w ,~,
- %.,,, ,

f N' L , gg;%c; ...- ..
_

;w-
- -T

_ , ' T.
-

, ,, ._.

,e

Z t* D- h'
~

- y ct . . . -
,

' -- --
'O

Figure VI



._. . _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ . _ _ _ _ ._ _ _ _ _ _ ._ _ _ _ _ . _ __ _ _ _ _ . ____

|
,

T R A N S C O I N C.
TEST REPORT No. : TTR-30N

4

',

i

|

_

; . .:,w . _. . _ .....

l
~

.|sq" ,
,

--

%. -- . .-, . ,

r, - W- - - - ~ . _
--. , _ .

. - _ - - - - ;, , , . .

;# W w . af

, -,.: ..,
. ..

I

L 3 _ u~iu .a
'

- ~'

|:i .

:

Figure VII

.

i

;

t
.-

i
,.

L, .

. . _ _ _

. - .
,

t

.

,1 .

l. _ . , - -
-

. ,-- .

r

' I,

I
*

!.

:

|

i'

O -

Figure Vill ,

,

I

__ _. _ _ _ _ _ _ _ _ _ _
'

_ _ - . . . - _ _ . _ _ - - _ _ _ _ . - - - - - _ _ _



_ .. .__ _ _ _ . _ _ . _._ _ _ __ _ --_ _ _ _ _ _ _ _ _ . __

,

4

TRANSCO I N C.
TEST REPORT No. : TTR-30N'

'.
!

,

|

| .. |*
.

| > .r * s ey
. - =, ,

~.

- . .- . . . .
-

.m s w
s

4
\

. , ,

i -

[\K-%
# -

, , _ _
,

. \ ' *,.;, - Z _' fm

-s . . ,

,
'

..

- .c
,

.-. .

o . .

Fig 0re IX

|
6

I

l

!
:

i

,

O

I

O
,

,

p

,- .ev- er , _ _ _ . _ - . - ---r,------ - - - - - - - - - - - -- ------e----



i s. .> i ..ma no. . T W-3s.

----

.. ..tr : Inn.::n:.n:.:. utn C.71:j: :i: :;r.- n:t:nr;n:innun;;p;p}n:qnn}nn: . -":+:|:n::n.:1:nu nt *nnung -
. a . un t . . '. n n : .n::::n:: - ' ' -- ' - - n

:+ n-++ nn:= ~
:n n :::: .:n;u nt:..::"::

U~~ICi~i~ d
u n ::n "u n"itin nnt untin:l:*++I

.::::n:: n 14" 0F 8 LB/FT3 DENSITY CERWOOL TC!U-
. .. .$:. .. .:: .t.. in.+. :.:. INSULATION ON A STEEL PLATE

. : M. .i n.. ;. .~ n.. : t' :..:=. .

~~

u.n .nt.. :

!!!!hj [j}jfjjf {{|[|||fL [[h: $ DURING M ASTM ;-114 F?RE. $E![jjM !!!j[!!ij [d+d|}+'ho'{{}}h
. . -' -"+" " ' " " + + ~ ' " " + - ~ ~ ". . .

6, -

I' iiiiii'F E}} i::: }}}Lji4hj/ iEsT,}4}::unw .im$
t++E . | . A+4++++4+h+++++ti: .

.ttil st+;
^''

::+:::M3 finantt 'I++
J|+}+:lli:i11:1B ntu in= ONE HOUR INTO FIRE ::2 W:itt:1 !Iliit g-

.

li .V !:ttt:t :0.

d)ilr?rut iii - m % 3;t.nniqp n:n:7.
re^ ngp tuttetn: n9nnr :ytp:t tth+.pttir. 2nz::e

g++: tut:
,2 m

! rinr'+ft .itt*
.p: j..1: ::g:

+ n. en5:04Itt AP 198 .riLntcitatil
.au w a u.RIL 14a.u,mhua"3::.~1. +!::11*M

dt; p: t ng q.z n
j.f.;:

n:t n:. 4R i:p MFdr"nn+ int,in..tr
unb2

^ "
- + - - ++ - ---++ +-.

t
+2g 2El .d=1.n.:..IF+I"F.* tin":*3% n D :-+ .1 a" ui4; Ip un;+nn : :e t:~n9 r.e. >:X:t 3:. .. .

::.tc* :t "*F :c*" t + *-* + _- n. t r- m -+- t~+n t +-++ t**+-

-*3._..~.._ enn;ji.r ant: p:n
.

:na :nnt:u r u:: t;2t n:nt:11 :n::n ::n r.n : ttr c
: - }t::: }3t[ nnen;tuttunt:- in::[p ti.g::

nr:!:n.3:
n1

2.;L::_4. + tt un: *
<

{:1,1 gly 3jtq..[yn:7
. an:n.r-:ntent. n;:-

.n. ::g n:t un nt3:n =n: --d+i!.
n:p r+ nu :::t. t u n n:n.n :rnann :n:

d:}t
an:2.:n

a|-j{+: dtt jpt;j ae :n ni;r..
N, i; 93.. ;gy 2. tt..imI...Lp.r.t=.,;gt;5.- }

.._..

n,.q. r.e. .:p. rtzze.gn: ;d..pu. n. p.u..xq.t!. :;].,t;
. :.n.t. .t.ru_..n qu. :.:c .;n . . ,

... s. v, , ,_.

:ji:tnn.. n::n
.. . . y

it
_

"

-|t|.u-"it . }12
i:3i.g; ni.t.a .p ;tunit+t mi: .n: :ni i nu .u2 t::ttnt . :n;;r.;n;. nntnan u nntn nu :nn unupn ni.4. 1

1 Mn rin. ghnin:!: ,I:p
.. nn: .tn .

t r :.at u :t

;.r12
naput: n tem n:r un :t :::t::c: :n;3_.u: nrun

:+ f U.. 2+ 2 ' 3 4. N. :iM*n33 ,I.M.Ol,itiWIgj
;- ; eptr :.. ; . ;+= :ru ua

I},p
n ... . .. . .3.,2..

i, *
'

+ ll. i. U. .;. ;. C.li|..U.E. M., A. .R. C. O.
. . . . ~ . . . 1._;....

: n,i{iiU. i: 24 TED i.!
*[1.wCALCULAlil9

J. . '. +.ii W1IUt.. . . .. 22 n 2 g..

;hj! q:: 1:n: eq :~nt.t*n n:tgjp liii;itu n j.. . t,. . :t- Tw. .En;r ~:rg}* :p+I., r-tie
Y'j"r if{

14}t.
: th:hn

,j * tit utt. t"}t
tu +t

+ ;r:

'qh.: :+n;:
o

it'..H! :t m 'l*. C 1: t :.n. t:tr .n. :I : :In 1:n ttti. nu 11.,: upd'

hp}tz - - E ~t ' rj nn' IHF ' mnt j{t:: :nt nn -- In: t;;r+nj [hi}
..

=141. n1utt rn:: ::n:np n {"";n-
Ih Illi int i 7 MEASURED lh{3li{ti Ull itut1 ':{. T..h,. } {p. 3.ly.u.r.,:3 ftn *: m nt u{t ;nt ntH. I. .. m un 3 .. .. .. .... .

y..
4 m .. . ... .. . . .; Ij...1

{jQj'gdj f j [:If. ] .f jl't';?*; ]-- {,-: {{jh'
i'* tair int n+1 un nt:unirnu tii; : 1:jutit ImnEjio+ji

'

5
;t{{ f.jft,tq ] IIFU2 M *#iU' !!I;TIU2 tI'"*Ui';221'Il~T

- -

t 1 . p tjitt j;ata !*

.'.lijj.. ;}p* {{|j 7h
.f1;. . . li.t..;;; n{+ 7g4 . . .

1'
::

r[a
r: 1g,.

9hp.jpj cd:.n-{p
j.. .m ;;n: ;n; gt; q,. nyr.- -4r

+: [..

:Ir l. H;t.t4.te : :.:
~

{"U unM.gH:(.
.l

p. -
. tjjj ngua;q:u). . j +: ..jf.: ~

ag y
2}{
.tt

u- :t :
-

f
.,

{}g

.

p p{ij :ng 3:~1.gj ;2: p: :.

I :: _.p% ..u :,2 +n: - % #*~^. >-

11:
_ a :,.. n -c :.y . :.

.

a;
:

' j'
- {n

,

ljl] ~il ]!t:y1 i l| -j:
tt ; j: : .

2j"ij
++ l';t .p:t ;T ?i;t t q$

-

rj ::3;a. . .t
r . .

t l1i Il4z; t. . u : :: J m t
~1

e
..*+~

;.

(g'g-3[to

.:-
" in: :

-
.

t
.

.
~1

:11+ L: ti . r.
A L++ Jt -

11
~

t7 - f_ . . .
t-

.

jl p..{:
. fig:9 c,: I :.jj {.p] l}t.: rd. . p}t [:.t

u'njn:
- - + -

:n. I: 1t - :es i n:
- -

g |

.

i :{jlyh g.; hu. t~h.t . . y : itt
- . t;.g.

;
. ) y gt~g#

n r e 1 1
+

t:
-

._ . .
.

];' git; tj:j 7:[:h . u !
_

pf .]
. * *L 1: .:t i jf{~L ~ t t-"* in t : t+tpf un j i :tind. it :

* *

pu :,.::. ;|{t rg g
-

~! l:- |: -

in ..t:2
r :t pf m{':t : . }

q cm
t;t -

:t;7
- tg:{

. !}--
ut :| rt3 . to p

: :

f 11 11:. 1

-

: 112- :g p...@ j . t:: y ut: 1 pg
k!L }E

- .ft1
g:

:$ p;"jr
w3 r

[it:j1 ~. .t
- -[- :t}};i.N. ~!i| DI! f:

-

tr ; :.

tfi 133 liti .f.if : . I : il 2 ! ll t ? L.
- +

7+ r .

|
-

y.1 ,,j :g*r.+
n+!r

s=mt.p iny ny +

m{r
p, .

t
t t . ; n' ... n.. 5,:f;. y; .

*
- 3 !L) Oh n. ...

-

. :+|.
.

{j *.r .n. ft.
LJ*t::t:t.!. +r .t..t .1.

. m t t t:: < :ntn r.a u
" :5 u t+ : .r u.

: 3.F l +"-"n :: m - t" -

t: ;; +

lif'=; g .n;p+b. .
.. tt+3n t. :;.! ;. Ul1 IH} Hi 1U :if f. :i f . . .i.

.

al:- lp~:~n.
4

f ,7 f:+ e
-

n; ;ttr. I:+ tit} !!!
.

w =h"l *s:i. _ : it =
'

1 - T. . . .

. [~
- .

' '
'

fffI LFl
+p . ,

. . . . . .. n
|*"l=l}

r- TIE .b~ ie hl. - |t 'ffL 2}}
' r" + ~+-

_l;t-l!ia'fp
. . , ~

jj
.M.l:

'- E T 2P Yi t -1. - nt .

n!
1

-
-

{;L
Uj".{yjd

1

~l. mum
sx

tt-.I. }p gl *.{ f
.:

1

| l.;J I:d!!
pj r[ -jjt: :t 1 t

[}..g;t!jH {p ..1 ;}it.
: *

.!g;:
- nu

7
dLL

f.Q
4 +i.

im i}fl ;.g!
.t, .

.f p-

n{.n]h.

~:!.{j

.

[j _ :1 p:} . j: l yj1'. i tt+3 :{ .Il{n,j
,

t. [i.t !t r :

].g
*

:qif4:.[
1 oa .

]a:{n {7 .j1
-

::1 or 1r

..
u - ~{Jj:ltti

t,no:tt:
th;4,:. .g.u

. : .. .

t:j;p.
i.

,

tgt.g |{. +n+ L.; tat.t[ g. ti t 2 .

g i. , . r :n2t
n.4;1.. .

.

. ...... . . ..
+'

t*il, '[c :.|
**11

h+ +t'..

jI :f,j'
t:'

t+l
*

nj+t I++* t' -{j11 .!!:;r
4x t -

{
}n,ili

!i1 q .a, u w ai t ;11p:
+ + 4

:nl. Jrrtanu
+-:

qng . .

pn.
n ,ito7 m- p~-

o

gu, t :n
m 7 # .t 7n t a...c .t .

n Lp . n .

i m um,mn. 1 . . . .. n
1 n. :.7

~

i 1 m
_

. .i r m - - + It jg}i 0.yF
ea . . tr

{*;r~_ g
.

g_
r +-+ - 7

'

| f . j

i: ' t h' U},:.

.g{an r in p ': r :

' ' N
...._.

fl
.h;::

_l , j:.__b.t}!ti
"

g' n u . . _ . . r 1 - ..; .:+nt7 :.

*
.

ux
I _: .: ' : tm $nf tu:~ ho ffs.:hnD Y

g. .|- : nt: .]I |:
'

n . r. <

.' :

+rtg.0F.
.. y ;

. .,

tut
t a}

.

7 . _.6
_

j! T .. ,

}- '

,,

,,. j !., t j t .
t ...t t, ~ .

:ll
.f..

.

j!., j . tit,-]t . - !
, } ,! -.

..
3

.

pt. ::lt .

.

.

e

.... ,

.L. 1 :t tt
' -- :n . it. t. p n c u t

g . tM mn- j e-- ;rk..:X
f

-

.tj .

]
?

- *
g' | ' b

:j;3 1

:f- *::n
n r

*t }| TN-
. ..

~

UTT2b
'

it' ' *t j
' i

@i+1.!T. [: -%
M'n"i ''t

W.4@.#T
~ ~ ~ ~ I4t ~ N.e't

-

g i M.fij.ih11
"

j.s i .- in- pin :.t .n. z

.f.n.mniic..]p 4*s . j .

[..[
; =t n :=

:.3.r. m...| .i . .

13 ,

f,3-::pt' p}fntjhfy ..I..t..
, .

.t
311 .

. 1 . .g.:toJ. :=t:.u. 2 _

| L'
: r :

m .%-.. .z .r . _ .. q.- ,,1): jf r~ :tpnn+;m tL '

[;l mgj- jtt; jgj nn n:)
:r+ :n;

I'.{.jp: [. 1[,.
. j .};p;<_

1 ;

,..j;;u 4 [ .

::.-
.. .tan a : . .l.j:.t=g .p- :r.. . .

.t..v,7,:t.g :t.tj . |.
( -

7 , . .ilr:.:|i
nen.. .

e+Lthj. uj -d.=: .|[ -|jj. -

tt..n :
-

n ::r
|r

2 +

.:jql

j r . :

g [ |y-
..

id . .

. .

.u..p. n...;: :: 9 r:
. '. .... ,,-

r : n|
nuann nrlin: ::j[

. .y ;
It

y,.

tut} tj}t h' L

. ' .
tu.. 1 "n it

j i..
.. [ tt;

!!!r ip till'r}
'

ta
1: t"*g :!! f i: ,d

-

Im ._1

c. :. ; p..'n...u. .nj:.r ' a.l} nf [t'. b'..i
-

t, c :t
-M+r;q untun a.. :. ::: uttt:ig

.dqt;. --tn;
II.i. 2 . .IC[h

. 9-* nam;. uninn- t 1 t r no-

y"1 Iht T ;:!!.IMl
x:n -

. .'i k ..J'
.g ....

I . . |:.! .U. .m+~Ifi. ..

221 P,! .-. . , .

-
~

.. . nu3 m .

.jijf jj - tf"||-t.p t ulo: U]. y|j '| p| :u! .jl.j::fin:qat;u: ~:j n: y j ! sit tti (:.. j:tj! 1.?pFI :le 11_| .liaint !! + +u ; t ;n
fjt: q; .

.tt ;;; :11 y.: .:!..:+ ..ar n:g. . no ; {t!
- 'r .. tug .

-

q d+F : ;r
.l j h;3 1|tj rI

.

k+q |L
. 1

g |'g:
h'L{

; . Mr ry:
; ) ".jnt.

} fj:l l |}

~

r t- vu..
.:nt. n. 3. n. . . d. - <:p fj ;n n;

gtiy.H. t.i,!!s..
HMp;;, : Es:sJin|{t"= illi Mu.

. , . .

ity nn. : t t..a.: t j n: "! lo j 4 :t .qg

ih0B '_iiH!il. ini un n,,i,,iM,,, . .liti.M,d,h,;h_g_,-~s@
- in -

.I!42F 2-
- _t

... egm , - . . ,-,

c,:;j101j!jt *nt; y+: .:
14I* 2II 1I d' "

.H
" T ottfl:::'i

-

n .W nW'm: ';"" *;UIdi"jung}}jju:[ Jew.?I "9-t+ M Mn"! turn = u.:n
:.o__.! DIST/.NC(l'lj0M !!OT FACE . IN 0. " INCil_ I._N_CHEME NTO_}.Y.H"! f.g.14'.=t!,14t btMand ""ant:n.L. min " .jt

- ~. - ._* m | :: ._. _._. 2_1.:"ng n ' :--m :
_



iniST KLPoid No.: ~litb A -
MAAA

:nrn nn:=+ = ~4: n t n C )nntnnL: ntun untnn: :::"+ 3 =~ ~~nn+:n:{:n:;tn:{nn}:n:p=;n~h n:--innt==:hnt:nn;= : n n: = tu :: n:3:nm;n :n:n:n : := t -++- ' " ' ' - - 'n
iil:[+jt : ::nif.:n*i

~;ntini: E 14" 0F 8 LB/FT3U" DENSITY CERWOOL :i. - nj4 ~ :,_.+~n. ;2. n--jj:ig
* ~ + + .~.-~

.

nn,.. ; *- unt ;mn:tti: nt:= n INSULATION ON A STEEL PLATE 21 2+ iC- a--- nr4C-+
5^0('j-

'1
!.k!_$iIh!:N[tkfiit::f.ir.]IH:j DURING AN ASTM E-119 FIRE.

"

{.'g'y33iElijiF,3+Q - . igg:
..t x .. .

. .m.u : % ms rm.
,-

w=r a -:
--

.e
-

..

n'r.-.x :g< :tm t .- .m: :

:m
-

m.*~.. - 1. ~ ..-

ami Ui lh:iittp:ttilTWO HOURS INTO FIRE $E:''.+111:n: U**
. .~ zj tt ! lii! !!E: tilt:titi J

.-

*'

p ,@~g
g

p, +pL..gj: tt+ -'+ttt"t tt -++ ++ +++++++ Wililiilitttt W R 1;4
.

++ n >
- ++tt~++++ 1: nn ttt: nit +::t"..+.iii-

e.
U .f4t!! t"itwnJi

,

MNE AP.RIL 14, 1 UU~iFI"iW
* =-+.98.3.'t ~ .. - .'.' .

' 'm

F."J"p)re :Xt:::ru.~n.=#:nnnn:El r'. .
. ,1 t. . .ng. w.-.y .u- .+'mm:nt+ +t :.5t+:tn 9..t

.u. a. u..
== :=.:}=l.,..

.

;.2..;+t.~n tnn:mun:. m.at:n-
. . . - .-

ut: +I! .

.
nt; +nt:I< g_ n

. .

+rtt- .. + ~t +* n;r -++t- +++;~.++" e - i-
-

; ~ ~ .

n:tunt.== g :
.,

je p;p. uitng n:l nri;n:it unn untun=u;;nn,nn=:: 1:tt=no n==:tun: =np mtut
un :t unan.t:mt2:n: :rr

gr ...

n:: ++t.:- . n. ne:1.2 :n -m- n: tent:t=..t n==p;:: :n n =r:
..2

-
nn

un urkm -- rnr*r7n-2
r;7p: :pnt: :~ n :m

:.:m{{{7t1!,;.p
u nn =:ntr. n

:}i.rr.m-.n:h. n._n:::a._::rd.h::
m 1..

:+jll jd..t,I t_N ngi.nn._==1 Lo.b..
_ . . . . .

; t..t tr.. nn a.np.:..t. t ...., :u..t..n. E.. g. tut :n+ i.:.. . . _ ._ _[,t p. r. n,. p.:,:2
m

t_. .. .- ..

+it:{u !J.ptp{it:.
.m n. ... ..q.. . , . 1....

. .g:g - "-* : :tt.
4 .. .... ..._ . . . . _. w .. . .

m.. M:n:t l..
-.

y'dit++t::: it :2. .ni:!!p:. . _:n:- :12.
:In= .n;:nn.r.:n- f *+ + -- 'gf.::;:'nR '* {nn-----{* r t ~1{n:.;!!i : .t +11:+tl :g3 :1pi . ** M 1,+

]. :: "q*k'
i. .

.: *+ n". nn nl:: ::t

t }: +Ij4 : n

. .
/u n?j:.

"'' '+'''

* +{' ''!!
._ u" *- *t-++-

M ::t:: ut* n' 1n' 1*n .On 30:: un:t++"; rf'"in:tn=={ntrt

'i}o}b. ';dit: 1jn't n'iE:; +1Ett: : ..
Ei2:':: nl::: ::n .. :n : ituttt nn:=t +ft:tc=- -~t-Ltt-. {.t t+t! . CALCULATED 8 ,1 ::n=t

-

. mi.. .
i' ! .

..f2*'a
.._l $4 6-

ing+.."g|nr4p.
t :tnen . tr

-

4 % gb..ur .q g' nij n:: }. .. tu:tnu nit
. :n= .4...3 . i

-}..p- It t {{-;t |a:
.- . , . , .

2tn 1 f r y}! +:j ':n:t jpft.[,3} n:n:rq4
4

.;p1-
1 nnt+

y1. :tprurn: p ---=+i r 1g 2~~;;t1 nn:snd:ur tJI j- n:r g=+::n "

g".l.g:t
t..m. fr

- - -

-r7
-

j:d
;:n

.. un c. .
- 1- U-[.:tup1 Hijtit.{p.. MEASURED: .p[ y:IIit n

itu::t"in:::1:r
;::: -t:tMttt 1:+1:3 :n:n~.t:

. .

3_
-

iw rA-I=-9
=d+ -r tru na +

'nt .t 40 :::t :tl 1:nr..:nr ttn: I:3ti.t: *:nnn::

p@??j}y{;t ;-
:t.

oy w '

bM .fu
; un - .. .,

+1P
p:t lui. 1:p

.

,

.cf -
..a . , .. , .

= 4.f!!h:.i. hN ,:L ! ' ,7

.. f..x:!y*I
.. ... ..

t "td !!It
..

:t l y
zpMp*np+q:m![
H' ~+ 2 i Rn tunur :InR : :u o~

=:pf4 -t; n; .ua 2M :t m :p- y- e. m
3 t n 4i r:._ 7I y gn nu:n

7 -,i=E.[1 |1
-

[u,-
. . .

F.
.

+ : . n:;gp -

re +

!2.n+$4},1 n..n ==:nt =+n.l- [.. - - HU+d.gi.
-y

\1 :ab:7t.

nx

=: .it.n:4t=d dlu. = t U20- :nt. .- : t
' ==

={ 3 0 6-
'*

.: . --

og .
gr
p q1

.

3~] .17
.y g;.7;;. . ._, , , , , ,7

.

= . ; tty 9.3.[3=. }iq,c,.tg;.t3pn.p {,y,

4= - =q7p , , , , , .s.=ngj.gg
, _ ,

u, y-
. .

: x. ,

:n;p.
~' di t;n

-,

:jt n-+-+=:}=-*If.
:. ;n. nn : ,:

pt u}p n t ,1 i
.

..cl_~. ..Ji}-bj t
- .

4 tun: :q.: $;

_

p:tt. .t.t}}
it-

::tn:3': tar- :n.Igtr
8

-

t ~2 i: ,: . t l.'_hj 1_ :p
-

. I88 at: Jit : n .nr b. = n- "ga:. . .. n-

- -o_
h_ y:-

.ngi_}.::t
.

3

tt + m

S .. Ergtr
...

+++t
.

}p=u ! ..P''t* - tcij .

t}:: 1 2f i..p:.. 21xt -+I pp
n ?tttnn :+g:}}{1c Itd= n. -+--

. - i =;<=:_
- *- t- t

~

-

1

I'n . .

1 nn m: :

1~a -

y' .I p
i+t- {=r- Jtr tt; aga 15:n't'+1+ Ik~ :-

:1
~ ,t

. : nt up
_ . lj!!.-,[ ttg:' y11 E' {- __

,1x.I
-+M _ : a 2-

. . : m..
pw}tpig

un .-:

y .e tra
- _

. .. .

1+f S m=1.n-

*
- .

: ..t1 n: 1 6
mj jd* 1fg+d:n

* 4 +

t

- n :r+:
-

tourm. E q. : t ty~ _

_p ,w

m
-

n;p p< =n t..!j.
2 dir n

,

re A;. :..+: . .

.. . _ # =1 .=g 2 -

r=pu
im itL Ft1 lu,lHilb.ild IEl. .Hi,di,:Mt!UI_ 1 - d - 1 |Et r =gf_1.n+a.. . . .

. _t
.

4 il,l
'

-}u:- . .

. .

- x"
L

-

* !!E Ljn if
Q{i

Tjlii [!.!E N3r4.:l'l lijlilii Eij ; _

r =4 =
t: .

- 1nzi
.

x.eg!JL
-

p::g,
n m} h4

r - nr=;n
.I'''nj

_

j _
a=:

i ] r]tt:jg:
- 71:u g tr : 1 'n.~

=Q;r
L z -n~7 7a

, ~~1:nu
., -

.

a - t .-.: . ;
..

:;p1p.q .ta - +

-

nt e rtt
.

pi; pill..j; yt tp:t =,. 1.ttp; x an j +1 4

L p=1 p:.1:
t rt=:

:r..
.

=l( tt4 mj-
g.n

zt:1 nng
~ -

ul t. q.|.
-

pm a
jt3d.,j/.I;M7

un .3o u..a. m z.g-em..en.nh ..

=j[.n.e. y.
.

g. _;
-

tr =
n . ;p=n;ii.lgg.

p x= ) (to
: 2 t ng ="n"9" 12.H h.e"te"

.g
:5..:r._n =

=_ 4+

:. -

f.jn .

..

p t 1r.u4
u : u '

. u.g . . .. .. ..,.. .

h_x pt.]p ;.pi nt3 m
_

p.p_j .p =p
.

4:
_

eil:l. ||1t3
tm yn u u n,n;n=.p:. .:p.._1 ottlj7 y~ t 11p: .

y rf }L
1,[j nh =ne :at a.. . tn 2 =. fr.t.z t e

|~ ij. .

1 : x

7. |.|.;n=;7..pu!tl ;.t,f}
. . . t... , .e

..j fa.
an: m

m;jQ. : ng; n=!nqtj -

+}l f . ? W ep u itpu..:yunjrppnrn :. - nn.

,l
E "=n H .s 5st% =t =in;;r=: - rmt

- = - !3

}1
. -

=+1
- :t

:- ~
1 111.-D - _"tl-,'I.Fe . ==ntO ".

h ''Ea t::si .=T:
=

mi..j=a

: 3:r=-+ :nga y n - :;z = x 1 2
f u 1 f ilt:pt {. j .n- u 1 fa r : ci j: n}Jn: lait. yip

' jn E_

_p
. In :.!E =g:= n' 2

*ux t1
.n 2 t

- q :

.m .t +!
n 1, . .on

--[ ;
.

h..j:t
. -g .

% g .

_~
.

+ - - : :

u}Q.j- x| -

Itj { 1

. !

. ''
Fj iH ||| i? E I 1Nij : r

#| tfjEtj| jjnw EE;=n:i2 -

1 it;-1 1 :

. t= - z _ c u r = t =. ..

$
..

'

. .. -

} , f to y. i:nq nrp-h..
+

11 : tr1t . .i:. ~. {.
:: . .

.n-
gt. .

- t-
*Jp du

- 1. ;
t: . o: . . ._

7.+
. - .1 : z t - ut. =.nt

--

d 4,..-.. . ..

7 = y _:t :2
...+--.,

lta 1 _ r:E
.

}l.i. -
z

.

ilt. ;+ ypI i
: s n.

tr

' - un:

.l:-q!nm. _ !..t:a d . tt.t: : .a r.am a a.
_{n..n._1

= n. -

.. ry tni
.

1..: :
~

ej.i . .E p- pu r
.g; ;jg, + tty =:e3 l\ t n. y t

-

au = tunt3 g: aqr.}:
z :.

tl(. ; t .W .c .tn11. ! t tt:i :tm t:t. m:1.nn :n *tm.. . . . . 3,

+..!--- S h.a. . o .. .- n
n.... h a.. u+a

.

. d. i=e1%!:1:. .i ..
. g: ,1 u.]..i4t: ..& nr. :t.m.. n_ 1:

.. t w-.. .

1. !!.7:.n..:i
. . , . -

1 i: .ua~tt r. .t .

l.f.lp ' inj '

t.'
u. m. 1

+

. ] t . . n..:.,. . .. :.n .. r ::
t .t

-

.--
.

;1;.t ..

q..
.a ... . .afa- tpr

.. . ..- y't k_ i? gip
.

ttfl tat #g :=: etj
_.

,|. -

f..
; 71n : : 1 j=1p=t:::t . := - n:;;

:.{ {1: .:+ 4 rr 9T. j :

}h.
.g|

, _ . .

[I Ij
d..

.i;t.
' ' '

1p. dm t J +

q .3jn ry.n a f:nt.tgi -,.,,3 '. o;
: su,

Ij n:j k}* pf.j .{ji.
.

: t [" iP .j:.-. :1 ti. f 21
1'ij}i

1.
. tiln.7

-
..

: t 7 p 1 m
- tjc

f . [Ln: =: :. . tar :ttril+ T r tjf tut}*
7

,

_hpn :j'-.jit +gn:if .. = ..:.
it !. t:t iMn i:: j

n
.j*t t 1rtt t tn it

.(;C
p q} s:

a. ta. .

j.j:f. .,. !{p+

n :. ,unn:t:. . . . . _ = .
.

3
.

:i.|t
p

|
-

t .;
. .

t

!{{{ p:
" Y:}:N. =1_

t

:h.:.
t r n::. . t . .. =:: ::

ifh: . II N|1:
. ...

=y:t. t.
._

t!.. . .,F. i;F *:': ~ .: Mn
.

t :: tt:n* n. ,n:1 ..Fu'-.xjn*aa :M
'-

ua a..a .

t.
. .

d- :nt = r : ,.. .:, - . _It t. jjj tz :t 1%j |'|
:

-

.Ij
' tiy'

:t : .::n n*: nn :.
-

;*tt :t:: t
.:}.|t t}* p1jt'

:11 . [ tt: . :"j :::t.:It .m: d
4 ".n =t.".}h

inn ! :tt! :th
' - N itt. :rt

'" Lh11
in :a .:.:n M. ...

[l

. N.W1:n. I!!
:

"*]!
t-t;j It1. . . . ..

'

jjp} :{ } t :' '- . MI K

~2 ? il
. I. . ..I| I. . . ....

tP.a'!!j
f!.";- }:di.
~t: : : = *'

y1g

mn =d.
.

.!. 'I( I.~
. . . . .

t
.!j' IU'jo. . tit 3.1 ! i t d4 .I C.. I.I._I.M.: o :1.+.. t n..n. _=_.M..!t.a .p . W;

i.i.i. t ,i ...,!.I_ _,T liH. .ti,i,iirti i,,l,l,sliii . leiFi i,lli
. . .. .

.ii!P.D ,'
. .

mi it i fin n *

unm ==t=tj r

a .T .ji 4 m m'- m. . . . 41- . 43 9 41 un . U., -

0 :n nit; & .. m i. o,1. ..m. t o v b.,:. ; # l a f ;.. o n ...m..-;; ;:1;1;ntml 2 . a_....e,4in. . . . . . . . . . . .. .. : .t4

pi;N;tt liiNp. t. : Nut !!!:
.

1t t ::nmtir :n:Rt.7 E .t' DISTANCE l'h0M' HOT FACE IN 0.9 INCH INCRry.ENTS d:. . 13.nE::!
m...,g.,...

il{:7 ": "E~:ii' i



ioy ai.io;a .w. .i H UN
4AAA

uni +nnn:nnn = n] nnt:ntun :n:}nnj:nn:n t| t:=:n:j nnp=j nnjnn}nninn: un, ._.u a n n h = n = j == y 4.._.:n = l == =n. .t:nnnn==:nn . = . n= m nt: e~ - - ~~'-" -- - -- '=y:n- . a.L...

n 14" 0F 8 LB/FT3 DENSITY CERWOO!* U"n =-n"='" tunn :::t= :::;ty;g: _n..;-. t. _'.:= ~..j:n:.
.

+- --"A---+-----"Im:
y.
: n... :n.T r=.* :. .:.:y+n.4 ::' = 2:I1 --'-"+-t 1 g'

-

. p n::: INSULATION ON A STEEL PLATE. . *+ "'* ~+

[j j fj$@d 5j|jjjj[jhjh[Nj f DUPING AN ASTM E-119 FIRE. $!Niisn:1ji+h fi3Ei33355 *hM'

,

:n-nn did33E} I[un+ ' i'U3i3
fti:fiit"THREE HOURS INTO FIRE

!iltidi ;i ; 2+4*+++ -+t-+4*""''"'"''" ""'''''i.n n ' ' '

> m

4 t *+4 +*

IlinV) 4ntnn nttt:::n: nn num nt p:..-

.,

i+jqg :. : g : ++typ
nn: nti::tttinititthiluiiiiiiiiihin4"E.t:;t;gjw - 1 >

. Jttt- : ntt:2nt
-n:;J.;nd

".11t
^

Cit # l ^ ^^^' '

r 1gp,. t .. it*t inp Then: 198312L - .'- "z1

. i .+ inn.APRI L. - 14
4gy: 4 . tn ----- niHite m..itrt:gp

p 1 ..

in 1. @. 4 ."rn: In. . it .4 +ili*ill:
~ ._.

t
.

11 n n
~~g:W "2 4"2-ent

F @ttttti .."uf:t:~"y"2
dta!n: % t._j_x+t:t::tJinn.;:. :: .n ~+t-t f-12 .pttt-t -1: :tn.in - i -*---++- ~~

7-"M".
------- -- ~ ~ *

~~"r++:ti:
-~

ffj' ' tit j:tj::n
-rp: :u:njjiiE.n:2:^L.:" tnt:::Fn:nun-T.E!:

:11t :!'+j nn 1*
tui"n::t =unt un

2:2 :4:: : t't: t :^2ri::xt:J^~n9
'

1n i.:t"
::

nunt unn:nn:;ncnnnilg y a:.=n a n.-

1'ti.rv+:.. s
t.. ,mn:n tr n;+ n

[x{,g;.ip.i._:g:p::n.m. =t.t
n ~+ unu;pn:p'r prd3.. j..+u+h

. U.%d+n '4+*+ + - "
+bt.di" CALCULATED":

+ +--

.$.3:t fi-.aimt...itM _Un.4 m' ti . 3..$1 MOtIL 1 .*A .41+ UR.9:
'*'-

.t
. z. . m v n _vg . , . .

ipij 1: g;n:.;:.g:rp;j;. figggin ugin nujp!n- 4dM Nil::9:.F.:riir n. i int:rg2 t -t n:
+

un u :li"i B ":n tnnn..t=af n.'; 9.F:- "--- t:itiffd.~:t ati ' tu!: ::ni.
~"

.l:1n .n.t un: t tn-turr n, : n..n:nt; n;g L
......

Ci'C'nnt"7 ~;n %- +t Inti 2+++ hi- =2
litp t:t:p-" f.d. 4:

:j';rst;t
"

'd+ WitiTE:iiltun 9Pd~; - @. - -#; - I'I_
'

'_ j;n}ji _ M..E.ASURED y4.12:h.;._}:
- + -

4 -~~ . ~ + ,-.~Fdi"3-nt.. -g . . y* : : .F-n tt 2 r m '

--n-

7+1-
- .-

g q3
t ' itnu :nl !!}} -|n:n. nh.

P *u- ud 4.Fi11.:![1 :Fd:ttusopit.tl* nae

. .
,

tM titt: uttt# t':-
4

)7{.
2: g.n n "

't!1't
n==2 0:t =t:n

7 !i 41 tyt:
:2++ lit g ntu :nt :

gr.t.i pu.t
q.: in rn : .to

.+r -

u t : r: nn~t, +3hp _i. ;*19:t:g;}lj x} ::. g=nt :p., u.. ;Iro.ttipn.t t4..
u. .:l.y p:.1:-

ni .atr
q3.t. ;t:.:r,_. n ..q;[.

-t :z : : r.yr 1.3..
t ngn-.m t

t.n.:
...j n

. f. ._:I d_ I.L.1..' r*r. tsntt -Hi.
..

:i : 4:t.t tn.y
_ _

it t r.n r.; .; t.... n.; ..
_

. .

( b : 1:: It: !?
_

:.jl. i 1.

=Mi47'n: :y 4.1 [c jgf- [t
. $? .. Iq: Q:

*

[het
m{' . u ngt jd't }!1tT11 .M l.'!t i : ;'t'$ .,.,. it!' ti;i Itt'p~

ir; nh*
i~: - -

::

;; '::" 7 ie:
ua i :nl =1;nt:gjya m .it"+r.:mj ;th g: ]: j; ijf,t in

. . .,

Q: J[ T Pii ijli 21 241 Iptti ntE
nr} u r . dkfilhuli jAdg ::u=nuztinia+

:; titi :nt n:ettn : . ;g .~: 1: 4 nn a :+1r.{ : n !!! t; t
i. .*.. . 7,jj;;..

-

4
n:n::: n

:.J. . .00-
.or op - -

tor :. r r - - tr :t . .. .. y i,r a. . a- rt
.;I .;jg3 jg jgy)..{.

. n ;dp .gy4pjji1 i} LI.: Mi B j
'

l - y: (. [ -.g[
{j 3d

.,

4 21 )
a t : .

|J7J 7: g: j p3 y

v, jp. h..;5[3:.f
-- c g

-

p_ _ q. .y. :.p :}~
grn; r Utc

hy af. .a).g_:.35p, E:nmy.t
- q{.j3

r ::

c{:
.

.r r: ::Ut,:_g.r
. j,.. : .r :gm

,1 .. .. _ . 7 ,. .. _ __
. ,

h:. 12{.::ju .} *!+.. I n*
. . [ : h.

pf

2, }
.. J. _.ty- _*ip - .}

E t .: } } Zit #+ ~ ':11..;

- ~ 1~l4:
gJ{:+t tttt i

2' .In2.y Mt j g.+_f,
1 :: ] : r

1r .n. rn, # :1: -ytt.:w e.1._.
r -

y zz c - =. .

tp;l.- n. .p
-

:- - ::t.
.*

1 - -

hm- l: d

+
.

hm
: 2 - n-

. . r
h:tn..

2 u. . ...

..}
...

1 13 jiii !t y an:::n:
..

|; pt} 3}

i t. 9}g;i4*1
c :.: : u -

: :
' ,ii

tj}n p_f. - 4"}'
.:::i- ti2+ irn i[j- p y{t tt ntt . .".'Q, ,T Eii a;yj)

2

57 D01-7 r L H rt tyn
un: rd un un fi :- mt .

.m f:}} 1 1. 2
,

[[{n
:p+t [u nktnjtun n;g y ~n.r.ngp t4:1 1.

4"1
g .E t.m

+j5tnp
v1

h{.:-{t
t- y u ne -- *

nt;y.,g;f
nn : n: r +u r a

t i:: {t: il :=n.ynn p . I:
. :. . m

n m+t +11.1 [.ltT } .If} :tt:(ufl:;j.t ~

on .tn :1 1:lt i;1[ [9{:x[[ rntnn - wn 1.tt9 d.i: :n tot ; Ita
inj

~

: nt ni fin n. n-,* tt*.:: 2 t... ~

O ij
.

". anu=n m: 5 NJjli .[i i i t t-E

i L h up q: t p.l. tttt i~N-) {pt ::: tru Un. ; 2 l ut nr.t tjtLj [o: ptu +n-+

gjIt
i:

{p<:.. n ~

g.h-
,u :tp p

{n.p:p
- --

t..n .tr .t t:p ur ut : n;rnn un e ;g;nnt
.i .~}|:r.

n2
-

,-

~[: l1,1
I

..

t g:
- itu
tt }Y: a n::1"p:] 11 : t:.

r t"**:~ itr:r

.]{{ hc
.tr nt-;rrt~ naut

i} }a:
. .

i| .t.1
;;n:.t fr. dn - h. .ip mrt --

2 t j.
11,

tr ., { :: ~.t Jtr.:2: t.::- : +

.i 4 :..st_ x . e-+

f{u p1 .e 1
.~ e ta= -. ~z ~

'..p3.t.,

g{i
+ {-}[ilt g.:d .: - 1'j:~ |1 :jj p

..
E m -

+1

.

:gjl b p'ryg g:g{jd* IIJ{ l :7:j+2P!+}r;;it .

*+Ig#
u t: .

t' 1. + 1 :

t n: 3y fts +

*;nt
~

{tL -

|} t[ :p. i: [ r{+..|
- -

.
g 1

s+1I$_It . n"
~t"--S

I I++t3-
o I +iz

."M=.
'

.

#'{L
.. +

{;p::i,p|-}!nu.r.npr
..... ..

unn .m r : :: r q tt"
Jh=

*

"*.,.rFa i-id*
. *-

ig
-

! w . .g ; .n u.: mt un u, . - ... . .

d - - kr |L 1 $ [[:: N
F 5}[ [}E!N.}%p [r[NME$ illl}${!N~-~y$5 | 5} Sk5!! 1-|I l Il f[If

:

b.

I 1
- m 7 nj]{ r:, at

p" :| h y.r!n!!!? - .

y ta p t: q:
Ttu 1Li.

~

b.-lt jj - Etd 12E!!!!E t3!!!!?HHj!
m

dn *--
o

a.h.ii
i!D 1

~ t'
. : - -

1tt: ::it ,

L dit:tr-Eg :tnf"!! gH'-fr1c
- -c I

a1 n
y- )

- - - r- -

j:34
n .:: tj-i

.tha .x]
.t

._ . t
-

t;4 :p;In_ . t~t. attt
p : . Ltt t t r4

=n.t.;;t..l!.l..mhj
,

gq,_- j:
_

+.

| .

~. 7,g ... [. . r1.. t.3, t_t m. .
... _ _ .

y . . ;. . 4. . .- .

7;[. 4- ;[. - |j|: }; L .J:1- - w
e m t tt it"1 || .

7.3i=-e
e an

. t:.
h}:jl;{r

un ai 1 - t.3; ] n;rndn2 g ; .*.
g |n

t :
-o

[ff -}'- ii

' ' '

t z
1.

.

-

,b
.

...j
[f.a- ~'

3 2
. . t: : : 1-

13.}'It ' 'b
. +r

Id.
-'

Ic[
'st .r:. . r ut tr :

-}};

~
[ ,+t -[' nn -U+i

' I inI
-- 2U In3 I"T" I~

+ o

c . . ,...
;ir

_ {g ''.
!

-

I. j'
.." _

1,

t

d.: 'UI 6 I II I ''' F
;. . .'.tpt g"n . ..,.5 0 4 *-d,

; ,':Ih. ~ n..r,,q i
-

t- w' .I
t.2 q'.

t.

.+g:t.r-[x ~} . .*e, o.3.... ...
n;1F,,.:1

}ljn-
..g.~

f
.

i 7 ..

ngt..pr t
~

n . . ,
-

3:. 2tto
t"{t:;;1r+t.

.z.

+ *t
-.u.

. r y - - --

}i,l.; .;.:!..!.{.n:nc :t.c u cru
e||.. c

~

t
- **r

d.
t

h. .p n:rgut tga.: :: .
a ._.t

|d .r .

3 }~ .n...ni,r_ {
t . . ~::. . ~ *

+4r_ ...t..tt:u g, x=+t1 gx2t :m.. .~. .- . .~ . _ -

T n:nn : ~

~ l'
'

[- in - gj ttu :n: :nt:A: ;nnutJt yft .[Mt +*hran g2d:._.:
n: !:n

n}]+m.p tung nn
n\,:

...

-} h.
un l >n1 :=; .;: ;::. ...

q-
n+ ::.: :. t qnn

tj: - *gi
y

:aj
nu .t;:. : -:.

3-hn r ett
(t}

./ m:. ur- p..jli.: :in ::= nr
: = p .. nnt np -

m!
. ....

:j . I3 s a[ ||. |; |":j ;;h; 14+
q :p:l

...

-Inn m: .2d 3:
. j .:p. '1 -

t 1 gg.nn :n: : ut = :=2s mt t~:ia.:2 at~ .- t-- up+*ji |t
p

|t- :nt .a. g:..

rat en t H+:-
. .

I.
.

t|
.! .t

-

{11 !s.i.t '.1 ;u.p:.

}::+ ttut :n-

|p.;j
o}a

: a. . nunt::nnnnup M t :

n |j!2
-

s

mal =_.{lt tl .y
:nt:0::n tid si

- : 1--} t1 I : n::=:nn d rn ca :
-- 1[j .-..n.=_:U. j.g tot-t

nr!. o11.! _-|l{f-_.uj p. .m. .
..

%q

t~ = - un In; . .n 1. |:
;.t

=n.F.2 nn. . u. .
n a

t ng...f.a~
nt:n_...: +x

m. I:10 quj dj{. n
t 1. p.:.

.

qg. .g j t. ...u. n-u.t! } t t}: u
. (e .p~ ,.. .

.u.22n .w _

. .. ..

1111i :t.
r ,

.

:o 2 iiTi_|p,!jotj i.}*-

..
_

r n j=.c. 4; yt ..:tu:n tn an' ...::tn
p.j d;m|:;lj .[p:-*n

[y| n:n.
;p-

ut::~
t ..:::ut : 4: *n :a up:n; :qq;:=1tp.=. n; r.. i;

- o;t rn :'
r[.
g. ;.r i .t n: n+: n : ::. c.u n.. .

nr| },! |- .

n: np: in :.p;
+

y:m.d. i1:1 lk
.m w a _n.n :n :- y:.n-- rp m n r

; t i" q). itj
n:.;. y . t j. !r. . :L jh' d-je!! 2 .tj.jI M. L:A :nnhinm k:t=r

c!ip:-i3- 4n : r: 2tt!H :. n. r u:: t.nt 2 L:d+. 2.t ttnIn c
:
,d, . =,:t,te n n h. H + : . ,n t itn ti.tt th.: .: ttu:.v

--

: n-fm=:
nuani tot 1 :- a-

... nn-pn nu -

~c t:1.!.!.a.q, { .:::, .n...d.n...*.:g. t1.F.,n
~~tu: %

. . .u.n(+E..g:u*m: A.tt.!.'t.iq. 1jl n't..u.!: ..i f td,:"h. =", in 4.m. .. . . . tL. =_.,f n_. 4
y" n . -ag .. -

3
m,

.~. i.lllt- n + +

n"a ..tn. :.! .. -:nu.:
n t

un n e. . 2. . .o .

o ,.,, . . ...,.p... jpgy ; ..
. . _ . . _ .

.,
..t DISTANCE FROM HOT FliCE IN 0.9 INCH INCRD1ENTS.. . . - - -



f

TRANSCO I N C.
TEST REPORT No. : TTR-30N

,

'. -

,

-

|

|

I

.

APPENDIX I

SCHMIDT CALCULATION'

For a 14" (Nominal) Thick
Blanket of 8 lb/Ft3

CERWOOL ,

;
,

.

TABLUATION

.

4
4

:
,

!

.

.
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TEST REPORT No."TTR-30N
8LB /Ft' Cerwool, 7-2 Inch

Layers - Schmidt Method for a Three Hour ASTM E-119 Fire

Plane 0 1 2 3 4 5 6 7 8 7 10 1 2 3 4

Time

0 min. 75 75
'

to min. 1300 687.5 75 j
20 min. 1462 687.5 381 75

,

30 min. 1550 966 381 228 75

40 min. 1613 966 597 228 152 75 .

( L) =2m'

50 min. 1661 1129 597 374 152 114 75
C p'

1:00 Hours 1700 1129 752 374 244 114 94 75 p

1:10 min. 1735 1244 752 498 244 169 94 84.5 75 a

1:23 min. 1765 1244 871 498 333 169 127 84.5 80 75
' = (2) (0.36) (10 min.)L

( 0. 212)( 60T{TI) (12),

1:D min. 1792 1331 871 602 333 230 127 103.5 80 77.5 75 Lx = 0.07678 ft.
1:40 min. 1815 1331 966 602 416 230 167 103.5 90.5 77.5 76.2 75 L = 0.9214 inch
1:30 min. 1835 1400 966 691 416 292 167 129 90.5 83.4 76.2 75.6 75 nl = 14 x 0.9214 inches = 12.9
2:00 Hours 1850 1400 1046 6 91 492 292 210 129 106 83.4 79.5 75.6 75.3 75 inches total thickness
2:10 min. 1862 1454 1046 769 492 351 210 158 106 92.8 79.5 77.4 75.3 75.2 75

2:20 min. 1875 1454 1112 769 560 351 254 - 158 125.4 92.8 85.1 77.4 76.3 75.2 75

2:30 min. 1888 1500 1112 836 560 407 254 190 125.4 105.2 85.1 80.7 76.3 75.8 75.2

2:40 min. 1900 1500 1168 836 621.5 407 298.5 190 147.6 105.2 93.0 80.7 78.2 75.8 75.2

2:50 min. 1912 1540 1168 895 621.5 460 298.5 223 147.6 120.3 93.0 85.6' 78.2 77 75.8

3:00 min. 1925 1540 1217 895 678 460 342 223 172 120.3 .103 85.6 81.3 77 77

31443 22503 15003 9786 6315 4046 2643 1776 1271 958.4 770.6 638.6 540.8 456 373.2 93.525.5
I J = 55 0. 418 18 17 16 15 14 13 12 11 10 9 8 7 6 5

ke 0.36

C q712e

.
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.
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.CONSTRUCllON TECHNOLOGY LABORATORIES
-

A Division of the PORTL AND CEMENT ASSOCIATION
5420 Orj Orch:es Ro:d. Shohee. Ilknois 60077/Arra Code 312'966-6200

.

pgg,fergAJ $8,,, / M
Initials O8 Date # Y* *

T1l, _ b4Ef_(O -

Checked Date Reviwd Date
,

S
+i3 +is

'

+g +2

+| +9

SHEET META L 4 TH LAYER

Y Y3 it
e-

)
(~u.

Y 'b15 20

l - ST LAYCR 3*TH LAYER

.

16 47

+G l2

4 8

r'* 2 NO LAYER 6-TH L AY E Rr''w:;

3 Ro LAYER NEXT P A rq E W[ TOP GMEET METAL

.



-CONSTRUCTION TECHNOLOGY LABORATORIES
A Division of the PORTLAND CEMENT ASSOCI ATION
$420 O'<? Or: i t'16#c S* m *'nois @77 Area Code 312 966 6000 pg , _ Qq t 3_ $3,,. _. _ , c2_ er _ ,. F_.

'

in.uai - . _ .__ . _ o a v e _ __ . -- - --

g _.M# ## ---- Check ed -._ Date _..__ R e.,; sed _.. _ _. . Dat e _Tetti /%
.-

%)

+7 +
24|

+2319

|
+ +22'21

3 - RD LAYER TOP SMCET NETAL COVER

'(

8'Le, oens. cenAMic j- CERAMIC. e,L ANKET w e.AP
| BLANKET.

L AY E R CE R AMic. BL AN K ET,,
!

| L C ~2...- @ _Y l W D D 'g@
f| +
+,

C '"

[ FURMAGESiWWM AWELMIATnT

r
| ,. . I

*.

o

| 0

.

n ---,r,- .--,~r- --- r-r---r,,---,- < -. .r.-- ,c- - . < , - - - - -ew- -~---,---~-------pw-,-------r----------,e r- ,,-rw , , , ,u-~~ ,,.----y
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m.:

TRANSCO (CR5163) - 04/14/03

THERMOCOUPLE REFERENCE CHART
-s

7( ,) ' FRAHE PRINT THERNOCOUPLE THERN0 COUPLE

H0. HO. HO.s LOCATION
,

__

11 1 1 IST LAYER SHEET NETAL W 1/4 PT
11 2 2 4TH LAYER BLANKET CENTER'

il 3 3 1ST LAYER BLANKET W 1/4 PT (S),
'

11 4 4 2HD LAYER BLANKET W 1/4 PT (H)
3

'

11 5 5 1ST LAYER SHEET NETAL CENTER

11 6 6 2HD LAYER BLANKET CENTER'

11 7 7 3RD LAYER BLANKET W 1/4 PT (S),

11 8 8 6TH LAYER BLANKET W 1/4 PT (H)

| 11 9 9 4TH LAYER BLANKET W 1/4 PT (H)
11 10 10 1ST LAYER BLANKET CENTER
11 11 11 5TH LAYER BLAHKET W 1/4 PT (H)
11 12 12 GTH LAYER BLANKET CENTER
12 1 13 IST LAYER SHEET NETAL E 1/4 PT

*

12 2 14 STH LAYER BLAHKET CEHIER
,

'
12 3 15 2ND LAYER BLAHKET E 1/4 PT (S)

,

I 12 4 r6 4TH LAYER BLANKET E 1/4 PT (S) -,
,

12 5 17 6TH LAYER BLANKET E 1/4 PT (S)
7- '
; ,j 12 6 18 2HD LAYER BLANKET E 1/4 PT (S),

' 12 7 19 3RD LAYER BLAHkET CENTER,

i 12 8 E0 STH LAYER BLANKET E 1/4 PT (H)*-

: 12 9 El 3RD LAYER BLAHKET E 1/4 PT (H)

| 12 10 E2 TOP SHEET NETAL COVER E 1/4 PT

| 12 11 13 TOP SHEET HETAL COVER CENTER
' 12 12 i'4 TOP SHEET NETAL COVER W 1/4 PT

4

i
.

e

g 6

0

v

5

. ._
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|.
TRAH5CO (CR5163) - 04/14/83

FURHACE ATMOSPHERE TEMPERATURE (DEG. F)

7-
k_) TEST TIME, FURNACE ASTM E119 VAP1ATION FROM

'

Hr: Min TEMP. TEMP. ASTM TEMP.
F- F F

4

0:00 79 68 11

0:05 1023 1000 23
0:10 125& 1300 -42

0:15 1395 1399 -4

0:20 1471 1462 9

0:25 1509 1510 -1

| 0:30 1550 1550 0

0:35 1587 1584 3
'

'

0:40 1617 1613 4

0:45 1633 1638 -5

0:50 1662 1861 1

0:55 16e4 1631 3
.

1:00 1689 1700 -11
1:05 1718 1718 0

1:10 1738 . 1735 3

es 1:15 1753 1750 3

\s,) 1:20 1769 1765 4

1:25 1775 1779 -4

1:30 1791 1792 -1

| 1:35 1807 1004 3

1: 40 1815 1815 -0

1:45 1831 1826 5

| 1:50 1840 1835 5

1:55 1842 1043 -1
2:00 1848 1950 -2

2:10 1867 1862 5:

2:20 1874 1875 -1
2:30 1885 1888 -3
2:40 1905 1900 5

2:50 1914 1912 2

3:00 1930 1925 - 5

3:10 1166 1938 -772

3:20 903 1950 -1047
_

Y

\-)

[_
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TPAtliCO (CRS163) - 04/14/83

T/C TEltP. (LEG. F.)

(3
<

) TEST 11NE, T/C 110.
Hr: Min 1 2 3 4 5 6 -

,

..
-

0:00 93 78 78 78 104 78-

0:05 932 77 79 77 953 77
0:10 1203 77 140 78 1197 77.

0:15 1316 77 260 78 ,1350 77

0:20 1392 77 409 79 1430 79
0:25 1437 77 555 86 1476 66

0:30 1492 77 757 102 1533 105
*

0:35 1538 78 1061 130 1570 142

0:40 1570 78 994 169 1599 208
0:45 1594 78 1018 219 1620 232
0:50 1623 78 1059 276 1649 357
0:55 1648 78 1104 .337 1676 432
1:00 1653 79 1146 401 1683 507

1:05 1687 80 1185 468 1715 589-

1:10 1707 83 1225 540 1735 693
*

1:15 1726 86 1262 631 1755 824
,

1:20 1743 90 1297 754 1769 972

() 1:25 1750 95 1329 932 1776 972
''

1:30 1765 102 1358 940 1790 961
1:35 1781 114 1387 907 1807 982
1:40 1793 128 1413 918 1818 1012
1:45 1805 145 1436 940 1832 1044
1:50 1817 164 1460 967 1844 1078
1:55 1818 185 1482 996 1846 1112
2:00 1827 208 1500 1925 1855 1149
2:10 1843 262 1534 1080 1873 1210
2:20 1852 325 1560 1130 1883 1265
2:30 1862 392 1598 1175 1894 1305
2:40 1884 458 1624 1216 1917 1340
2:50 1893 526 1648 1255 1927 1376

3:00 1909 597 1668 1291 1944 1410
3:10 !!45 677 1507 1310 1166 1425

3:20 924 753 1323 1260 961 1360

s_s
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I vnl4 LC O .r.G5163 - 04 14 03

TC T E11P . (DEG. F.> 'j@,"',$DfT
' Npi ' f/.

;,h f~

TEST T il1E, T/C HO. .g
,

- Hr: Min 7 8 9 10 11 12 s.,,;g
w

.k.]te0:00 78 79 ~~ 78 78 79 79
..

,;j}.}0:05 77 77 77 82 77 0r

0:10 77 77 77 104 77 77 g'J

0:15 77 77 77 203 77 77 , *y{
0:20 77 77 77 376 77 77 ,% n y*

,a

0:25 77 77 77 557 77 77 , + -,,

0:30 78 77 77 822 77 77 ' iS2;w,
0:35 81 77 77 982 77 77 M
0:40 81 77 77 980 77 77

0:45 86 77 77 1029 77 78

0:50 96 77 77 1082 77 77

0:55 til 77 78 1134 77 77

1:00 130 77 78 '1182 77 77

1:05 153 77 79 1226 77 77
.

1:10 180 77 80 1281 77 78

1:15 210 77 83 1336 78 78

1:20 244 78 86 1377 78 79
~

1:25 279 77 90 1406 79 78
:

1:30 317 78 94 1430 79 79

1:35 356 78 100 1453 80 79

1:40 397 78 110 1475 82 79

1:45 437 78 122 1496 S3 80

1:50 479 76 134 1517 86 80

1:55 523 78 149 1539 89 80

2:00 569 78 165 1557 93 80

2:10 667 79 201 1589 103 81

2:20 765 30 241 1619 118 82

2:30 949 81 286 1641 136 84

2: 40 900 83 333 1664 160 88

2:50 925 86 382 1687 189 96

3:00 965 91 432 1708 224 106

3:10 1004 96 485 1551 260 117

3:20 1024 104 542 1366 299 132
_ _ _ _ . ~ . _ .

_
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TRANSCO (CR$163) - 04/14/83
T/C TEHP. (DEG. F.)

f- s.

( ,) TEST T1HE, T/C HO.
'

Hr: Min 13 14s 15 16 17 18

0:00 92 78 78 78 79 78
0:05, 976 77 78 77 77 78
0:10 1165 77 141 77 77 77
0:15 1302 77 286 77 77 80.

0:20 1398 77 463 77 77 83
0:25 1450 77 630 77 77 98
0:30 1505 77 853 77 77 128

*

0:35 1553 77 991 77 77 175
0:40 1587 77 1020 77 77 233
0:45 1610 77 1068 77 77 ,302

'

0:50 1637 77 1117 78 77 375
'0:55 1660 77 1164 79 77 450

1:00 1666 77 1204 80 77 529
*

1:05 1701 77 1241 83 77 619
1:10 1722 78 1278 87 77 _ 732
1:15 1743 78 13.12, 92 78 885
1:20 1758 79 1344 98 78 927, [ ) 1:25 1764 80 1372 107 78 920

''

1130 1778 81 1398 120 79 944
1:35 1795 81 1424 135 79 974
1:40 1805 82 1447 153 79 1007
1:45 1817 83 1469 174 79 1040'
1:50 1829 85 1491 197 SO 1071
1:55 1830 88 1510 222 80 1101
2:00 1e36 92 1526 248 80 1131
2:10 1854 104 1557 304 81 1182
2:20 1861 120 1590 363 82 1229

| 2:30 0 142 1618 424 85 1271
2:40 0 169 1643 487 90 1309
2:50 0 202 1661 553 97 1346
3:00 0 239 1683 623 106 1381
3:10 33 280 497 699 118 1394

| 3:20 794 323 0 770 132 1324
i

f)v) '

!
:

|
L



,

. TRAllSCO (CR5163> - 04/14/83
T/C TEMP. (DEG. F.)

i

. TEST TIME, T/C 110.

Hr:Hin 19 20 s 21 22 23 24
,

.

0:00 78 79 78 79 79 80

0:05 76 77 76 78 78 78

0:10 77 77 76 78 78 78

0:15 77 77 1 77 78 77 78

0:20 77 77 76 78 77 78

0:25 77 77 77 77 77 78

0:30 77 77 79 .
77 77 78

'

0:35 79 77 80 77 77 78

0:40 80 77 80 77 77 78

.0:45 84 77 84 77 77 78

0:50 92 77 90 77 77 77
*

0:55 105 77 101 77 77 77

1:00 123 77 117 77 77 77
,

1:05 147 77 138 77 77 78

1:10 176 77 162 77 77 77

1:15 212 78 -190- 77 77 77

1:20 255 78 222 77 77 78
('N'%) 1:25 306 79 256 77 77 78

1:30 359 79 292 77 77 77

1:35 409 80 330 77 77 77

1:40 458 81 369 77 77 78

1:45 507 82 408 77 77 78

1:50 561 84 450 77 77 78
.

1:55 618 86 493 78 77 78

2:00 686 89 543 78 77 78

2:10 828 98 652 78 77 78

2:20 906 109 767 78 77 78

2:30 905 124 955 78 78 78

2: 40 947 145 890 78 78 78

2:50 994 172 913 79 78 79

3:00 1043 204 947 79 78 79

3:10 1093 236 985 79 78 80

3:20 1116 271 1005 80 79 81

( .
.

z
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HLEXo 2 .

.

FRAME PR1HT T/C TEMPERATURE, TEMPERATURE T !!1E INCR.,

HO. HO. H0. DEG. F INCR., DEC. F MINUTES

,m

( )
x_/ 11 1 1 93.2 93.2 0

11 2 *2 78.3 78.3 0,

11 3 3 78.1 J,1 0
~~

11 4 4 78.2 76.2 0
11 5 5 103.7 103.7 0
11 6 6 78.1 78.1 0
11 7 7 78.3 78.3 0
11 8 8 78.9 78.9 0
11 9 9 70.4 78.4 0
11 10 10 78.0 78.0 0
11 11 11 78.6 78.6 0
11 12 12 78.8 78.8 0
12 1 13 92.5 ,92.5 0,

12 2 14 78.4 78.4 0-

12 3 15 78.0 78.0 0
12 4 16 78.3 78.3 0
12 5 17 78.8 78.8 0
12 6 18 78.1 78.1 0
12 7 19 78.1 78.1 0,

12 8 20 78.5 78.5 0
12 9 21 78.1 78.1 0

*
12 to 22 79.5 79.5 0

h 12 11 23 79.5 79.5 0
12 12 24 79.6 79.6 0-

. -
,

f

/ ';~ ' TEST TIME: 0:00:00
N-- FURNACE ATMOSPHERE TEMPERATURE: 78.7 DEG. F

ASTM TEMPERATURE: 68 DEG. F
DIFFERENCE: 10.7 DEG. F

ilVG TEMP. OF T/C 1-5-13= 96 F
HVG TEMP. OF T/C 3-10-15= 78 F
HVG TEMP. OF T/C 4-6-18= 78 F
HVG TEMP. OF T/C 7-19-21= 78 F
HVG TEMP. OF T/C 9-2-16= 78 F
HVG TEMP. OF T/C 11-14-20= 79 F
HVG TEMP. OF T/C 8-12-17= 79 F
HVG TEMP. OF T/C 22-23-24= 80 F

,

o

|

n
Q
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CD - ~HLEXn 3
,

.

F R Af1E PR!llT T/C TEMPERATURE, TEMPER 6TURE T il1E IllCR. ,
i10. t10. 14 0 . DEG. F litCR. , DEC. F H!l4UTES,-,.

i' -

11 1 1 P31.7 838.5 *5
11 2 2 76.7 -1.6 5~ ~

11 3 3 79.1 1.1 5
11 4 4 77.1 -1.1 5
11 5 5 953.0 849.3 5,

11 6 6 76.7 -1.4 5
11 7 7 76.7 -1.6 5.

11 8 8 77:3 -1.6 5
11 9 9 76.8 -1.6 5.

11 10 10 82.4 4.5 5
11 11 11 77.0 -1.6 5
11 12 12 0.0 -78.8 5 -

12 1 13 975.6 883.1 5
12 2 14 76.7 -1.7 5
12 3 15 78.1 .1 5 .

12 4 16 76.7 -1.6 5
12 5 17 77.0 -1.8 5
12 6 18 77.7 .4 5.

12 7 19 76.4 -1.7 5,

12 ' 8 20 76.9 -1.6 5
'12 9 21 76.4 -1.7 5*-

12 10 22 77.7 -1.8 5
12 11 23 77.6 -1.9 5-

12 12 24 77.8 - - -1.8 5
.

(L. t . .

'-

TEST TDE: 0:05:00
FURUCE ATFDSPIIERE TDIPERA'IURE: 1023.5 DEG. F
ASIM TDIPERA7URE: 1000 DEG. F
DIFFERENCE: 23.5 DEG. F

IIVG I El1P. OF T/C 1-5-13= 953 F
flVG TEl1P. OF T/C 3-10-15= 80 F -

IIVG TE!1P. OF T/C 4-6-18= 77 F -

flVG T Et1P. OF T/C 7-19-21= 77 F
ftVG TEMP. OF T/C'9-2-16= 77 F
flVG T EMP. OF T/C 11-14-20= 77 F -

flVG TEMP. OF T/C 8-12-17= , 77 F -

!!VG T El1P. OF T/C 22-23-24 = 73 T- -

.

/

'% ,s

'; .

.
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32D :llI'Ene 4

.

FRAME PRiflT T/C TEMPERATURE, TEMPERATURE TIf1E INCR. ,

H0. HO. 11 0 . DEG. F INCR., DEG. F 111HUTES
'

/''x .

(\ ')
11 1 1 1202.8 271.1 5-

11 2 2 '77.0 .3 5
11 3 2 140.1 61.0 5
11 4 4 77.8 .7 5
11 5 5 1196.8 243.8 5
11 6 6 77.2 .5 5
11 7 7 76.8 .1 5t

| 11 8 9 77,3 .0 5

| 11 9 9 77.0 .3 5

| 11 10 10 103.8 21.3 5
11 11 11 77.1 .1 5'

11 12 12 77.2 77.2 5
12 1 13 1165.3 189.7 5
12 2 14 76.8 .1 5
12 3 15 141.3 63.2 5
12 4 16 76.7 .0 5
12 5 17 77.1 .1 5
12 6 18 77.3 .4 5

' '

12 7 19 76.6 .2 5
12 8 20 76.9 .0 5

-12 9 21 76.5 .0 5
12 10 22 77.7 .0 5
12 11 23 77.6 .0 5.,

12 12 24 , 77.8 ,, , .0 5

() TEST Tit 1E: 0:10:00 .

FURNRCE ATMOSPHERE TEMPERATURE: 1258.5 DEG. F
ASTM TEMPERATURE: 1300 DEG. F
DIFFERENCE: -41.5 DEG. F

HVG TEllP. OF T/C 1-5-13= 1188 F
flVG TEMP. OF T/C 3-10-15= 128 F
HVG TEl1P. OF T/C 4-6-18= 77 F _

HVG TEMP. OF T/C 7-19-21= 77 F
HVG TEMP. OF T/C 9-2-16= 77 F
HVG TEMP. OF T/C 11-14-20= 77 F

.HVG TEMP. OF T/C 8-12-17= 77 F
HVG TEMP. OF T/C 22-23-24= 78 F

..

e

v

.
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I

CIS THDExa =

l

FRAME PRIHT T/C TEMPERATURE, TEf1PERATURE TIME INCR.,
NO. HO. HO. DEG. F INCR., DEG. F MINUTES

,

q) - -
*

11 1 1 1,315.6 112.8 5
11 2 2 77.2 .2 5 ..

11' 3 3 259.6 119.5 5
11 4 4 77.5 .3 5
11 5 5 1350.1 153.3 5
11 6 6 77.5 .3 5
11 7 7 76.9 .1 5
11 8 8 77s4 .1 5
11 9 9 77.0 .0 5
11 10 10 203.1 99.3 5

'

11 11 11 77.1 .0 5
11 12 12 77.0 .1 5
12 1 13 1302.4 137.1 5
12 2 14 76.9 .1 5
12 3 15 286.2 144.8 5
12 4 16 76.8 .1 5
12 .5 17 77.1 .0 5
12 6 18 79.8 2.5 5.

12 7 19 76.6 .0 5
12 8 20 76.9 .1 5

~12 9 21 76.6 .1- 5,

12 10 22 77.7 .e 5
512 11 23 77.5 .1 -

12 12 24 77.8 . - .0 5

,f 3
'

.

TEST TIME: 0:15:00--

FURNACE ATMOSPHERE TEMPERRTURE: 1395.2 DEG. F
ASTM TEMPERATURE: 1399 DEG. F

*

DIFFERENCE: -3.8 DEG. F

ItVG TEllP. OF T/C 1-5-13= 1323 F
HVG TEMP. OF T/C 3-10-15= 250 F
HVG TEMP. OF T/C 4-6-18= 78 F
AVG TEMP. OF T/C 7-19-21= 77 F
HVG TEMP. OF T/C 9-2-16= 77 F
AVG TEMP. OF T/C 11-14-20= 77 F
HVG TEMP. OF T/C 8-12-17= 77 F
AVG TEMP. OF T/C 22-23-24= 78 F

..

!
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C.: :UDENu 6

.

FRANE PRINT T/C TE!1F ER ATURE, TEhPERATURE TIME INCR.,
NO. HO. NO. DEG. F IHCR., DEG. F MINUTES

._

'' '' 11 1 1 1392.0 76.4 5
11 2 2 '77.3 .0 5
11 3 3 409.3 149.7 5
11 4 4 79.1 1.6 5
11 5 5 1430.1 80.0 5
11 6 6 78.8 1.3 5
11 7 7 77.0 .0 5
11 9 8 77.3 .1 5
11 9 9 76.9 .1 5
11 10 10 376.5 173.4 5
11 11 11 77.1 .0 5
11 12 12 77.1 .1 5
12 1 13 1397.8 95.4 5
12 2 14 76.9 .0 5
12 3 15 463.2 177.1 5
12 4 16 76.9 .1 5
12 5 17 77.0 .1 5
12 6 18 83.1 3.3 5

*
12 7 19 76.6 .1 5
12 8 20 76.8 .1 5

-12 9 21 76.5 .1 5
12 10 22 77.5 .1 5
12 11 23 77.3 .2

'
5

12 12 24 77.6 , .2 5

*
_

) TEST TIME: 0:20':00
' ~ ' FURNACE ATt10 SPHERE TEMPERATURE: 1470.6 DEG. F

ASTM TEMPERATURE: 1462 DEG. F
DIFFEPENCE: 8.6 DEG. F

ilVG TEMP. OF T/C 1-5-13= 1407 F
HVG TEMP. OF T/C 3-10-15= 416 F
HVG TEMP. OF T/C 4-6-18= 80 F
HVG TEMP. OF T/C 7-19-21= 77 F
HVG TEMP. OF T/C 9-2-16= 77 F
HVG TEMP. OF T/C 11-14-20= 77 F
HVG TEMP. OF T/C 8-12-17= 77 F
HVG TEMP. OF T/C 22-23-24= 77 F

.

<x
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':D :HDEXo 7

.

FPAME PRINT T/C TEMPERATURE. TEMPERATURE TIME INCR.,

HO. HO. HO. DEG. F IHCR., DEG. F MINUTES
-s7 ,

s )
' ''

1 1437.4 45.4 5- 11 1 *

11 2 2 '77.3 .1 5

11 3 3 555.0 145.7 5
11 4 4 86.1 7.0 5
11 5 5 1476.0 45.9 5

11 6 6 85.8 7.0 5
11 7 7 77.1 .1 5

11 8 8 77,4 .1 5
11 9 9 76.8 .1 5
11 10 10 557.0 180.6 5
11 11 11 77.1 .0 5

11 12 12 77.2 .1 5'

12 1 13 1450.2 52.3 5
12 2 14 76.9 .1 5

12 3 15 630.0 166.7 5

12 4 16 76.8 .1 5

12 5 17 77.1 .1 5
12 6 18 97.7 14.6 5

'

12 7 19 76.6 .1 5
12 8 20 76.9 .1 5

-12 9 21 76.7 .3 5
12 10 22 77.5 .1 5
12 11 23 77.3 .1 5,

12 12 24 77.7 ,, , .1 5

( ) TEST TIME: 0:25:00
' ' ' FURHACE ATM03PHERE TEMPERATURE: 1508.9 DEG. F

ASTM TEMPERATURE: 1510 DEG. F
DIFFERENCE: -1.1 DEG. F

flVG TEMP. OF T/C 1-5-13= 1455 F
flVG TEMP. OF T/C 3-10-15= 581 F
flVG TEMP. OF T/C 4-6-18= 90 F
f1VG TEMP. OF T/C 7-19-21= 77 F
flVG TEMP. OF T/C 9-2-16= 77 F
f1VG TEMP. OF T/C 11-14-20= 77 F
flVG TEMP. OF T/C 8-12-17= 77 F
f1VG TEMP. OF T/C 22-23-24= 77 F

..

/ \

\_,/
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G9 :HDEXu c
.

FRAME PRINT T/C TEMPEFATURE, TEMPERATURE TIME INCR.,
H0. HO. HO. DEG. F INCR., DEG. F M1HUTES

--

)-
''

11 1 1 1,491.8 54.4 5
*

11 2 2 77.5 .1 5
11 3 3 ?$6.7 201.8 5
11 4 4 102.3 16.1 5
11 5 5 1533.1 57.0 5
11 6 6 104.8 19.0 5
11 7 7 78.0 .9 5
11 3 8 77s2 .2 5
11 9 9 76.7 .1 5
11 10 10 821.7 264.7 5
11 11 11 76.9 .2 5
11 12 12 77.1 .1 5
12 1 13 1505.2 55.0 5
12 2 14 76.9 .0 5
12 3 15 852.8 222.9 5
12 4 16 76.6 .1 5
12 5 17 77.0 .1 5
12 6 18 128.4 30.8 5.

12 7 19 77.3 .7 5
12 8 20 76.9 .0 5

*12 9 21 78.6 1.9 5
12 10 22 77.3 .1

-

5
12 11 23 77.1 .2 5-

12 12 24 77.6 - .1 5

*

(3 .

(s) TEST TIME: 0:30:00
FUPHACE ATMOSPHERE TEMP'ERATURE: 1550.4 DEG. F
ASTM TEMPERATURE: 1550 DEG. F
DIFFEPENCE: .4 DEG. F

flVG TEMP. OF T/C 1-5-13= 1510 F
HVG TEMP. OF T/C 3-10-15= 810 F
HVG TEMP. OF T/C 4-6-18= 112 F
HVG TEMP. OF T/C 7-19-21= 78 F
HVG TEMP. OF T/C 9-2-16= 77 F
HVG TEMP. OF T/C 11-14-20= 77 F .

HVG TEMP. OF T/C 8-12-17= 77 F
HVG TEMP. OF T/C 22-23-24= 77 F

.

/

'
j
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P :NDEX= 9

. - -

FRAME FPIf4T T/C TEMPERATURE, TEMPEFftTURE TIME INCR.,
NO. NO. HO. DEG. F INCR.. LEG. F MINUTES

O-
''

11 1 1 1537.6 45.8 5
11 2 2 '78.1 .7 5
11 3 3 1051.0 304.2 5
11 4 4 130.1 27.8 5
11 5 5 1569.9 36.8 5
11 6 6 141.9 37.1 5
11 7 7 80.9 3.0 5
11 8 8 77,3 .0 5
11 9 9 77.0 .3 5
11 10 10 982.4 160.7 5
11 11 11 77.0 .1 5
11 12 12 77.2 .0 5
12 1 13 1553.1 47.9 5
12 2 14 77.1 .2 5
12 3 15 990.6 137.7 5
12 4 16 77.0 .3 5
12 5 17 77.0 .0 5.
12 6 18 174.6 46.1 5,

12 7 19 79.2 1.8 5
12 8 20 77.0 .2 5

l *12 9 21 79.5 .9 5
12 10 22 77.4 .0 5
12 11 23 77.1 .0 5-

12 12 24 77.6 .. . .0 5
*

k,s) TEST TIME: 0:35:00
. FURNACE ATMOSPHERE TEMPERATURE: 1587.1 DEG. F
! ASTM TEMPEPATURE: 1584 DEG. F
| DIFFERENCE: 3.1 DEG. F

itVG TEMP. OF T/C 1-5-13= 1554 F
j HVG TEMP. OF T/C 3-10-15= 1011 F
' HVG TEMP. OF T/C 4-6-1S= 149 F

HVG TEMP. OF T/C 7-19-21= 80 F,

!, HVG TEMP. OF T/C 9-2-16= 77 F
HVG TEMP. OF T/C 11-14-20= 77 F
HVG TEMP. OF T/C 8-12-17= 77 F
HVG TEMP. OF T/C 22-23-24= 77 F

-<

e

h
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Ji :HDEXu 10

FRAME PRINT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
HO. HO. HO. - DEG. F INCR., DEG. F HINUTES

m

11 1 1 1570.2 32.6 5w-

11 2 2 J78.3 .2 5
11 3 3 993.7 -67.2 5 .

11 4 4 i~64.4 39.3 5
11 5 5 1598.5 28.6 5
11 6 6 207.6 65.7 5
11 7 7 81.3 .4 5
11 8 8 77.3 .0 5
11 9 9 77.0 .0 5
11 10 10 979.8 -2.6 5
11 11 11 77.0 .0 5
11 12 12 77.4 .2 5
12 1 13 1587.0 33.9 5
12 2 14 77.4 .2 5
12 3 15 1820.4 29.& 5
12 4 16 77.1 .1 5
12 5 17 77.0 .0 5,

12 6 18 233.3 58.8 5
1.0 512 7 19 80.1 .

12 8 20 77.1 .0 5-
12 9 21 79.9 .4 5

~12 10 22 77.5 .1 5
12 11 23 77.0 .1 5

512 12 24 77.7 .0 -
.

.. ~
_

$

'[O- TEST TIME: 0:40:00
\- FURNACE ATMOSPHERE TEMPERATURE: 1617.4 DEG. F

3 ASTM TEMPERATURE: 1613 DEG. F
DIFFERENCE: 4.4 DEG. F

HVG TEMP. OF T/C 1-5-13= 1585 F.
. HVG TEMP. OF T/C 3-10-15= 998 F

'

. HVG TEMP. OF T/C 4-6-18= 203 F
HVG TEMP. OF T/C 7-19-21= 80 F

s.4 HVG TEMP. OF T/C 9-2-16= 77 F

* .
HVG TEMP. OF T/C 11-14-20=.77 F :

.,b HVG TEMP. OF T/C 8-12-17= 77 F ~|
nVG TEMP. OF T/C 22-23-24= 77 F

..

9

v
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S.J 'HDEXe 11

FRAME PRINT T/C TEMPEPATURE, TEMPERATURE TIME INCR.,
|

HO. NO. HO. DEG. F INCR., DEG. F MINUTES

(3-,

! k/ 11 1 1 1594.1 23.9 5
,

| 11 2 2 s78.3 .0 5
l 11 3 3 1017.6 23.8 5

11 4 4 219.0 49.7 5
11 5 5 1620.0 21.5 5
11 6 6 281.7 74.1 5
11 7 7 86.5 5.1 5
11 8 8 77.4 .0 5
11 9 9 77'2 .2 5
11 10 10 1028.7 48.9 5

i

| 11 11 11 77.3 .3 5
11 12 12 77.5 .1 5
12 1 13 1610.0 23.0 5

f 12 2 14 77.4 .0 5
'

12 3 15 1067.9 47.5 5
12 4 16 77.4 .4 5
12 5 17 77.0 .0 5
12 6 18 302.1 68.8 5

3.9 512 7 19 84.0 a

12 8 20 77.1 .0 5'

,12 9 21 83.9 4.0 5
12 10 22 77.4 .0 5.- *,.,.

- 12 11 23 77.1 .0 5
'

12' 12 24 77.7 .0 5"'

. ~
_

/

(- ) TEST TIME: 0: 45:00 ,

; FURNACE ATMOSPHERE TEMPERATURE: 1633.1 DEG. F
ASTM TEMPERATURE: 1638 DEG. F*

, ,

; DIFFERENCE: -4.9 DEG. F q
-

' 'HVG TEMP. OF T/C 1-5-13= 1608 F -

''' HVG TEMP. OF T/C 3-10-15= 1938 Fg
HVG TEt1P. OF T/C 4-6-18= 268 F,

HVG TEMP. OF T/C 7-19-21= 85 F
'

HVG TEMP. OF T/C 9-2-16= 78 F
HVG TEMP. OF T/C 11-14-20= 77 F

'

HVG TEMP. OF T/C 8-12-17= 77 F
HVG TEMP. OF T/C 22-23-24= 77 F

.

.

O
,, .

s .

h = = -_-_J_____ __ _:-__- -
---- --



CO ~NDEX= 12

FRAME PPINT T/C TEMPERATURE, TEMFERATURE TIttE INCR.,

HO. HO. HO. DEG. F INCR., DEG. F MlHUTES

/ T-
''

11 1 1 1623.1 29.0 5*

11 2 2 '78.2 .1 5
11 3 3 1058.9 41.4 5
11 4 4 276.3 57.2 5
11 5 5 1649.0 29.0 5
11 6 6 356.6 74.9 5
11 7 7 96.2 9.7 5
11 8 8 77,2 .1 5
11 9 9 77.2 .0 5
11 10 10 1082.1 53.4 5
11 11 11 76.8 .4 5
11 12 12 77.2 .3 5
12 1 13 1636.9 27.0 5
12 2 14 77.4 .1 5
12 3 15 1117.1 49.2 5
12 4 16 78.0 .5 5
12 5 17 77.0 .0 5
12 6 18 374.9 72.8 5,

12 7 19 92.2 8.2 5
12 8 20 77.0 .1 5

*12 9 21 90.2 6.4 5
*

12 10 22 77.3 .1 5
12 11 23 76.9 .2 5
12 12 24 77.5 - .2 5

,-.

(_) TEST TIME: 0:50:00
FURHACE ATMOSPHERE TEMPERATURE: 1661.8 DEG. F
ASTM TEMPERATURE: 1661 DEG. F
DIFFERENCE: .8 DEG. F

,

HVG TEMP. OF T/C 1-5-13= 1636 F
HVG TEMP. OF T/C 3-10-15= 1086 F
flVG TEMP. OF T/C 4-6-18= 336 F
AVG TEMP. OF T/C 7-19-21= 93 F
f1VG TEMP. OF T/C 9-2-16= 78 F
f1VG TEMP. OF T/C 11-14-20= 77 F
flVG TEMP. OF T/C 8-12-17= 77 F
flVG TEMP. OF T/C 22-23-24= 77 F

.

N

& ,1

k* ,d
. - _ _ _ _ . _ _ _ _ _ _ _

__



f.Oir :HLEXo 13

FFAME PRINT T/C TEMPERATURE, TEMPERATUF.E TIME 1HCF.,
HO. NO. HO. DEG. F INCR., DEC. F M1HUTES

(-
_

!

' _-' 11 1 1 1647.6 ,24.5 5
11 2 2 s70.3 .1 5
11 3 3 1104.2 45.3 5
11 4 4 337.4 61.2 5
11 5 5 1676.1 27.1 5
11 6 6 431.6 75.0 5
11 7 7 110.5 14.3 5
11 8 8 77.3 .0 5
11 9 9 77*.5 .3 5
11 10 10 1134.0 51.9 5
11 11 11 77.1 .3 5
11 12 12 77.4 .2 5
12 1 13 1659.8 22.9 5
12 2 14 77.4 .1 5
12 3 15 1163.9 46.7 5
12 4 16 78.9 .9 5
12 5 17 76.9 .1 5
12 6 18 450.2 75.3 5
12 7 19 105.1 13.0 5'

12 8 20 77.0 .0 5
12 9 21 101.3 11.1 5
12 10 22 77.5 .0 5
12 11 23 77.0 .0 5
12 12 24 77.5 .0 5

'

. ,

!
.

/ ~.

) TEST TIME: 0:55:00
,\/ FURNACE ATMOSPHERE TEMPERATURE: 1684.4 DEG. F

SSTM TEMPERATURE: 1681 DEG. F
DiFFEREHCE: 3.4 DEG. F

HVG TEMP. OF T/C 1-5-13= 1661 F
HVG TEMP. OF T/C 3-10-15= 1134 F
HVG TEMP. OF T/C 4-6-18= 406 F
HVG TEMP. OF T/C 7-19-21= 106 F
HVG TEMP. OF T/C 9-2-16= 78 F
HVG TEMP. OF T/C 11-14-20= 77 F
HVG TEMP. OF T/C 8-12-17= 77 F

,

HVG TEMP. OF T/C 22-23-24= 77 F

.

i

/

%
_

- . .

- _ . . _ _ _



*

m: * -:HDEXs- 14,

..

FRAllE PRiflT T/C TEMPERATURE, TE!!PERATURE T IME IllCR. ,
HD.- HO. HO. DEC. .F INCR., DEG. F HIHUTES

A.
'
; i
'b' 11 1 1 1653.4 5.8 5

11 2 2 '78.8 .5 5
11 .3- 3 1146.2 42.0 5
11 4 4 400.8 63.4 5
11 5 5 1682.5 6.4 5
11 6 6 507.0 75.4 5,

11 7 7 129.6 19.0 5
11 8 8 77.2 .1 5
11 9 9 78'.1 .5 5

*

11 10 10 1181.6 47.6 5
11 11 11 76.6 .5 5
11 12 12 77.4 .0 5
12 1 13 1666.0 6.2 5
12 2 14 77.3 .1 5
12 3 15 1204.3 40.4 5
12 4 16 80.5 1.6 5
12 5 17 77.0 .2 5
12 6 18 528.6 78.3 5'

'12 7 19 123.1 18.0 5
12 8 20 77.2 .2 5 ,

-12 9 21 117.2 15.8' 5
12 10 22 77.2 .1 5 .

12 11 23 76.9 .1 5
'

12 12 , 24 77.5 .0 5
.. ,

,

--
-

k,y TEST TIME: 1:00:00 '

FURUCE AITTEPHERE TDPERATURE; 1689.4 DEX3. F -

ASTM 7D PERATURE: 1700 DEG. F
Dmutu1CE: -10.6 DEG. F

hVG TEl1P. OF T/C 1-5-13= 1667 F 0
(IVG T EMP. OF T/C 3-10-15= 1177 F 2" '

flVG TEMP. OF T/C 4-6-1S= 479 F 4"
ftVG TEMP. OF T/C 7-19-21= 123 F 6"
flVG TEMP. OF T/C 9-2-16= 79 F 8"

~

ftVG TEt1P. OF T/C 11-14-20= 77 F 10" -

flVG TEMP. OF T/C 8-12-17= 77 F 12"
fivG 1EMP. OF Tec 22-23-24= 77 F 14n

.

9

-

w . , -,,. _ _ - , - - - _ - . - - - - - . - - -- - - - - . - -
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F::D ;HDEX= 15

| FEAME PRIllT T/C TEMPERATUPE, TEMPERATURE TIME INCR.,

} HO. NO. HO. DEG. F INCR., DEG. F HINUTES

'

('"
| 11 1 1 1686.8 33.4 5
l 11 2 2 s00.1 1.3 5

11 3 3 1195.0 38.8 5
11 4 4 467.6 66.8 5
11 5 5 1715.1 32.6 5

,

11 6 6 589.2 82.2 5
11 7 7 152.8 23.2 5
11 8 8 77.3 .1 5
11 9 9 7911 1.1 5
11 10 10 1226.1 44.5 5

| 11 11 11 77.3 .7 5
l 11 12 12 77.5 .1 5
l 12 1 13 1701.4 35.4 5

'

12 2 14 77.4 .2 5 l

12 3 15 1240.8 36.5 5 |

12 4 16 83.1 2.7 5
12 5 17 77.2 .2 5
12 6 18 619.3 90.7 5

23.8 512 7 19 147.0 .

'

12 8 20 77.4 .2 5

j ,12 9 21 137.6 20.4 5
12. 10 22 77.3 .1 5
12 11 23 77.0 .1 5
12 12 24 77.6 .1 5t ~

-

(s) TEST TIME: 1:05:00j
FURNACE ATMOSPHERE TEMPERATURE: 1718.3 DEG. F
ASTM TEMPERATURE: 1718 DEG. F
DIFFEREHCE: .3 DEG. F

flVG TEMP. OF T/C 1-5-13= 1701 F
HVG TEMP. OF T/C 3-10-15= 1217 F
HYG TEMP. OF T/C 4-6-18= 559 F
f1VG TEMP. OF T/C 7-19-21= 146 F
f1VG TEMP. OF T/C 9-2-16= 81 F
HVG TEMP. OF T/C 11-14-20= 77 F
flVG TEMP. OF T/C 8-12-17= 77 F
flVG TEMP. OF T/C 22-23-24= 77 F

.

.

-

. ..... . ... .



6:::- "HDEXu 16

.

FRAf1E PRINT T/C TEMPERATURE, TEt1PERATURE TIME INCR.,
NO. HO. HO. DEG. F INCR., DEG. F MINUTES

- -

(-
tuj 11 1 1 1707.3 20.5 5

11 2 - 2 582.6 2.5 5
11 3 3 1224.9 39.9 5
11 4 4 540.1 72.5 5
11 5 5 1735.4 20.3 5
11 6 6 692.7 103.6 5
11 7 7 179.6 26.8 5
11 8 8 77.2 .1 5
11 9 9 80'.4 1.2 5
11 10 10 1280.6 54.4 5
11 11 11 77.0 .3 5
11 12 12 77.5 .0 5' . , .

12 1 13 1721.8 20.3 5
12 2 14 77.7 .3 5
12 3 15 1277.9 37.2 5
12 4 16 87.2 4.1 5

*

12 5 17 77.4 j .1 5,*

12 6 18 732.2 112.9 - 5 .

12 7 19 176.3 $ i 29.3 5 s,'
,.

| .0 '- 5*12 8 20 77.5 '
'

.12 9 21 161.9 24.3' 5<

12 10 22
~

77.2 .1 - 5 '
.-

12 11 23 76.7 .3 5
'

12 12 24 77.4 .2 5.
,

s s ,<

|
[ ') TEST TIME: 1:10:00 . .J :
V FURNACE ATMOSPHERE TEMPERATURE: 1738.3 DEG. F''* ; ,

*'

- 3 ASTM TEMPERATURE: 1735 DEG. F - -
.

.

^ [ i)- IDIFFERENCE: 3.3 DEG. F. t
, ,

s

flVG TEMP. OF T/C 1-5-13= 1721 F i -

HVG TEMP. OF T/C 3-10-15= 1261 F

' HVG TEt1P.~ OF T/C 4-6-18= 655 F
AVG TEMP. <

!OF T/C 7-19-21= 173 F
IIVG TEMP. OF T/C 9-2-16= 83 F '

.

I HVG TEMP.'0FLT/C 11-14-20= 77 F !
*

,RVG TEMP.'0F..T/C 8-12-17= 77 F' | ,

~

HVG TEMP. OF T/C 22-23-24= 77 F
'

.

e

' * |. ,.

I%,
I -

|-
.

!
'

l

_ ;
'

w ,

j; ..

.

.[ 'g

L)
v I

+8' $

J '
*
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.

!
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.

C3 ~t4DEX= 17
i

!
.

FRAME PRIllT T/C TEMPERATURE, TEMPERATURE TIME lt4CR. ,

11 0 . 14 0 . 11 0 . DEG. F I t4CR. , DEG. F MIt4UTES
~

( )
, 11 1 1 1725.9 18.6 5 '

11 2 2 '86.2 3.6 5
11 3 3 1252.1 37.2 5

,

11 4 4 631.0 90.9 5
'

11 5 5 1755.2 19.9 5
11 6 6 024.0 131.3 5
11 7 7 210.0 38.4 5
11 8 8 77.3 .1 . 5
11 9 ,9 82.7 2.3 5
11 10 10 1336.2 55.7 5
11 11 11 77.5 .5 5 .

*

11 12 12 77.8 | .3 5

12 1 13 1743.0 ; 21.2 5
.5~ 512 2 14 78.2 '

34.3 512 3 15 1312.2 ;
'

12 4 16 91.9 4.7 5
.

12 5 17 77.6 .2 5.
*'

12 6 18 884.0 152.6 -, 5,

12 7 19 212.0 35.7 54' '

12 8 20 77.7 | .

.2 5's

-12 9 21 190.2 ! 28.3 5
'.

, ~~~'

Y
'

12 10 22 77.1 -} .0 5,
'

12 11 23 76.8 | .1 5-

12 12 24 77.4 .s j .1 5
,

|. ,

J'
'

/ . *

( )) . , ,
..

,

TEST TIME: 1:15: 00 |_.- l ,,
_

's FURt1 ACE ATt10$PHERE TEt1PERATURE: 1753.3 DEG. F .
,

' ''

g*
i. ASTM TEMPERATURE: 1750 DEG..F ,t , ,

*

~ '" ' h 9 '. DIFFEREliCE: 3.3 DEG. F e-
*?N -

*
.pw. ,..

~A:.
',Jf . IIVG TEMP. OF T/C 1-5-13= 1741 F

. ': #: IIVG TEMP. OF T/C 3-10-15= 1303 F .

!i'[.'d.HVGTEMP. OF T/C.4-6-18=,780 F .

5 f ,flVG TEMP. OF.,T/C 7-19-21=.204 F~
.

'. T. .

|,,i /[j[IlVG TEMP.~' OF T/C 9-2-16= 87 F j. (,

{*',flVGTEMP. OF T/C 11-14-20= 78 F- A.l- 5'' + . '
'

if*. ,f1VG TEMP. OF T/C 8-12-17= 78 F
HVG TEMP. OF T/C 22-23-24= 77 F -

'

..

.

< .,

*-'w'. *

..

.
-

- .

' ' !
~

:..

|' -+,

.

*
; <

I
v r
y .|m' ,

'

i $. .. . .,
_

.

*
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,

.
i

h
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Em2 HDEXs is

FRAME PRINT T/C T Et1PER A TUR E , TEMPERATURE TINE INCR..
HO. HO. NO. DEG. F INCR., DEG. F MINUTES

,- .

/ \

\s_) 11 1 1 1742.8 17.0 5
'

11 2 2 90.0 3.8 5s
11 3 3 1297.1 35.0 5
11 4 4 T54.1 123.1 5
11 5 5 1769.5 14.2 5 j
11 6 6 972.4 148.4 5 1

11 7 7 243.6 33.6 5 |

11 8 8 77.6 .3 5
11 9 9 8652 3.5 5
11 10 10 1376.5 40.3 5
11 11 11 78.3 .8 5
11 12 12 78.5 .7 5
12 1 13 1758.3 15.4 5
12 2 14 79.3 1.0 5
12 3 15 1344.4 32.1 5

~
12 4 16 98.0 6.2 5
12 5 17 78.2 .6 5
12 6 18 927.1 42.4 5
12 7 19 254.7 42.7 5.

12 8 20 78.3 .6 5
12 9 21 221.5 31.3 5

*12 10 22 77.4 .3 . 5
12 11 23 77.0 .2 5
12 12 24 77.7 .3 5

.
'

.

/^ TEST TINE: 1:20:00
'

k-)T FURNACE ATMOSPHERE TEMPERATURE: 1768.7 DEG. F
ASTM TEt1PERATURE: 1765 DEG. F

( DIFFEREHCE: 3.7 DEG. F ,

HVG TEMP. OF T/C 1-5-13= 1757 F
'

HVG TEMP. OF T/C 3-10-15= 1339 F
HVG TEf1P. OF T/C 4-6-18= 885 F
AVG TEMP. OF T/C 7-19-21= 240 F

,

HVG TEMP. OF T/C 9-2-16= 91 F,
,

HVG TEMP. OF T/C 11-14-20= 79 F .

HVG TEMP. OF T/C 8-12-17= 78 F '

HVG TEMP. OF T/C 22-23-24= 77 F

| -
.

|
t

I
I

(G
'N

- -

_ _- - -
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r" :: :NDEXn 19

.

FRAME PRIHT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
HO. HO. HO. DEG. F INCR., EEG. F M1HUTES

,~)-
,

'~'
7.3 511 1 1 1750.1 -

11 2 2 '94.5 4.5 5
11 3 3 1329.0 32.0 5
11 4 4 931.9 177.8 5
11 5 5 1775.8 6.3 5
11 6 6 972.4 .0 5
11 7 7 279.5 35.9 5
11 8 8 77,5 .1 5
11 9 9 89.8 3.6 5
11 10 10 1406.2 29.7 5
11 11 11 78.6 .2 5
11 12 12 78.4 .1 5
12 1 13 1764.4 6.0 5
12 2 14 79.9 .7 5
12 3 15 1372.4 28.1 5.

12 4 16 107.3 9.3 5 .

12 5 17 78.5 .3 5
12 6 18 919.9 -7.2 5 -

'

12 7 19 305.6 51.0 5
12 8 20 78.6 .3 5

-12 9 21 255.7 34.2 5
12 10 22 77.3 .1 5 ,

12 11 23 77.0 .1 5.

12 12 24 77.5.., .1 5
,

.

q_) TEST TIME: 1:25:00
,

'FURNACE ATMOSPHERE TEMPERATURE: 1774.7 DEG. F
ASTM TEMPERATURE: 1779 DEG. F
DIFFERENCE: -4.3 DEG. F,

*

.
flVG TEMP. OF T/C 1-5-13= 1763 F -

f1VG TEMP. OF T/C 3-10-15= 1369 F
f1VG TEMP. OF T/C 4-6-18= 941 F
f)VG TEMP. OF T/C 7-19-21= 280 F-

flVG TEMP. OF T/C 9-2-16= 97 F
f)VG TEMP. OF T/C 11-14-20= 79 F
RVG TEMP. OF T/C 8-12-17= 78 F
flVG TEMP. OF T/C 22-23-24= 77 F

|
*

8

,

.

.
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C2D "flDEZ= 20

! -

i FPAME PRINT T/C T Et1PER A T UR E , TEt1PERATURE TIME INCR.,

f NO. NO. NO. DEG. F INCR., DEG. F MINUTES
i

\<~
'| i I

'

11 1 1 1765.2 15.0 5''

| 11 2 2 '102.4 7.9 5
| 11 3 3 1358.5 29.4 5
! 11 4 4 939.8 7.9 5

11 5 5 1789.9 14.2 5
11 6 6 961.0 -11.5 5 |

11 7 7 317.4 37.9 5
11 8 8 77,.8 .3 5
11 9 9 93.5 3.7 5
11 10 10 1429.7 23.5 5
11 11 11 79.4 .9 5
11 12 12 78.6 .2 5
12 1 13 1778.5 14.1 5
12 2 14 80.6 .6 5
12 3 15 1398.5 26.0 5
12 4 16 120.1 12.8 5
12 5 17 79.0 .5 5
12 6 18 943.9 24.0 5 .

'
12 7 19 359.0 53.3 5
12 8 20 79.0 .4 5

-12 9 21 292.2 36.5 5
12 10 22 77.2 .1 5

~~
12 11 23 76.9 .0

~
5

12 12 24 77.5 ,_ .0 5

,
-

,

,/

) TEST TIME: 1:30:00
'' FURNACE ATMOSPHERE TEMPERATURE: 1791.3 DEG. F

RSTM TEMPERATURE: 1792 DEG. F
DIFFERENCE: .7 DEG. F

,

"

HVG TEMP. OF T/C 1-5-13= 1778 F
HVG TEMP. OF T/C 3-10-15= 1396 F
HVG TEMP. OF T/C 4-6-18= 948 F
HVG TEMP. OF T/C 7-19-21= 323 F
HVG TEMP. OF T/C 9-2-16= 105 F
HVG TEMP. OF T/C 11-14-20= 80 F
HVG TEMP. OF T/C 8-12-17= 78 F
HVG TEMP. OF T/C 22-23-24= 77 F

.

Y~\

V

P -t.

'=WY
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C:!D "HDE%n 21

FRAME PRINT T/C TEMPERATURE, T E!1PER A TUF.E TIME INCR.,
HO. HO. HO. DEG. F INCR., DEG. F MINUTES

,f S .

t'--) 11 1 1 1780.7 15.5 5
11 2 2 '113.9 11.5 5
11 3 3 1386.9 28.4 5
11 4 4 906.6 -33.2 5
11 5 5 1807.0 17.1 5 ,

11 6 6 982.3 21.3 5
11 7 7 356.3 39.0 5
11 8 8 77.7 .0 5
11 9 9 100'.3 6.8 5
11 10 10 1452.5 22.8 5
11 11 11 S0.3 .8 5
11 12 12 79.1 .4 5
12 1 13 1795.2 16.8 5
12 2 14 80.9 .3 5
12 3 15 1423.6 25.1 5
12 4 16 135.3 15.2 5
12 5 17 79.2 .2 5
12 6 18 974.4 30.5 5

*
12 7 19 409.1 50.2 5
12 8 20 79.6 .6 5

.12 9 21 329.8 37.6 5
12 10 22 77.3 .0 5
12. 11 23 77.0 .1 5

~

12 12 24 77.5 ,, .0 5

.

f-)m TEST TIME: 1:35:00i
'- FURHACE ATMOSPHERE TEMPERATURE: 1806.7 DEG. F

HSTM TEMPERATURE: 1804 DEG. F
D1FFERENCE: 2.7 DEG. F

itVG TEMP. OF T/C 1-5-13= 1794 F
HVG TEMP. OF T/C 3-10-15= 1421 F
HVG TEMP. OF T/C 4-6-18= 954 F -

HVG TEMP. OF T/C 7-19-21= 365 F
HVG TEMP. OF T/C 9-2-16= 117 F
HVG TEMP. OF T/C 11-14-20= 80 F
HVG TEMP. OF T/C 8-12-17= 79 F
HVG TEMP. OF T/C 22-23-24= 77 F

..

o

O

:: x ... .
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O HDEXu 22'

,

.

FRAME PRINT T/C TEMPERATURE, TEMPERATURE TIME IHCR..
HO. HO. H0. DEG. F IHCR., DEG. F MINUTES.

p,
'- ')'

11 1 1 1792.7 12.0 *5
11 2 2 128.2 14.3 5
11 3 3 1413.0 26.1 5
11 4 4 917.7 11.1 5
11 5 5 1818.4 11.4 5
11 6 6 1011.8 29.6 5
11 7 7 396.6 40.3 5
11 8 8 77.9 .1 5
11 9 9 109.9 9.6 5
11 10 10 1475.3 22.7 5
11 11 11 81.6 1.3 5 -

11 12 12 79.4 .3 5
12 1 13 1805.2 9.9 5
12 2 14 81.6 .7 5
12 3 15 1447.4 23.8 5
12 4 16 153.2 17.9 5 ,

12 5 17 79.2 .0 5
12 6 18 1007.2 32.8 5

,

12 7 19 458.0 48.9 5'

12 8 20 80.6 1.0 5
-12 9 21 368.5 38.7 5'

12 10 22 77.3 .6 5
12 11 23 76.9 .1 5.

12 12 24 77.5 .1 5., ,

O
- y' TEST TIME: 1: 40:00

FURHACE ATMOSPHERE TEMPERATURE: 1814.6 DEG. F
RSTM TEMPERATURE: 1815 DEG. F
DIFFERENCE: .4 DEG. F

|
'

ilVG TEMP OF T/C 1-5-13= 1805 F.

HVG TEMP. OF T/C 3-10-15= 1445 F
i HVG TEMP. OF T/C 4-6-18= 979 F .

| HVG TEMP. OF T/C 7-19-21= 408 F
HVG TEMP. OF T/C 9-2-16= 130 F
HVG TEMP. OF T/C 11-14-20= 81 F
HVG TEMP. OF T/C 8-12-17= 79 F
HVG TEMP. OF T/C 22-23-24= 77 F

..

e

Gg. .

f'h. -

iv _ _ _ _
_

_ _ _________L_.
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C T HDE;M 23

FRAl1E PRIHT T 'C T Et1PER ATUP E , TEMPERATURE TIME INCR.,

H0. HO. HO. DEG. F INCR., DEG. F f11HUTES

-

j
11 1 1 1804.6 11.9 5*

11 2 2 144.9 16.6 5
11 3 3 1436.2 23.2 5
11 4 4 940.4 22.7 3
11 5 5 1831.6 13.1 5
11 6 6 1044.1 32.3 5
11 7 7 437.3 40.6 5
11 8 8 77 7 ~*2 5

t

11 9 9 121.7 11.8 5
11 10 10 1496.1 20.8 5
11 11 11 83.2 1.6 5
11 12 12 79.5 .1 5

12 1 13 1817.3 12.1 5
12 2 14 82.6 1.0 5
12 3 15 1468.5 21.2 5
12 4 16 173.7 20.5 5

#
12 5 17 79.4 .1 5
12 6 10 1039.7 32.5 5,

12 7 19 507.0 49.0 5
12 8 20 81.7 1.2 5

-12 9 21 408.5 40.0 5
12 10 22 77.4 .1

-' 5
12 11 23 77.1 .2 5-

., , .1 512 12 24 77.6

,
| \
) TEST TIME: 1:45:00x

FURHACE ATMOSPHERE TEMPERATURE: 1830.8 DEG. F
'

ASTM TEMPERATURE: 1826 DEC. F
DIFFERENCE: 4.8 DEG. F'

iiVG TEMP. OF T/C 1-5-13= 1818 F
HVG TEMP. OF T/C 3-10-15= 1467 F
HVG TEMP. OF T/C 4-6-18= 1008 F,

HVG TEMP. OF T/C 7-19-21= 451 F
HVG TEMP. OF T/C 9-2-16= 147 F
HVG TEMP. OF T/C 11-14-20= 82 F
HVG TEMP. OF T/C 8-12-17= 79 F
HVG TEMP. OF T/C 22-23-24= 77 F

.
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CD .~NDEXo 24

F R At1E PRINT T/C TEMPERATURE, TEMPERATURE TIME 1HCR.,

H0. HO. HO. DEG. F 1HCR., DEG. F fl1HUTES
_,

' 12.3 5 .11 1 1 1816.9 -

| 11 2 2 464.4 19.5 5
"

.

| 11 3 3 1459.6 23.4 5
| 11 4 4 967.5 27.0 5

',
-

l 11 5 5 1844.3 12.8 5
11 6 6 1077.7 33.5 5 '

11 7 7 479.3 42.1 5
11 8 8 77,8 .1 5
11 9 9 134'.5 12.7 5

11 10 10 1517.4 21.4 5
11 11 11 85.7 2.5 5
11 12 12 80.4 .8 5
12 1 13 1829.1 11.8 5
12 2 14 84.6 2.0 5
12 3 15 1490.7 22.2 5
12 4 16 196.6 22.9 5
12 5 17 79.6 .2 5
12 6 18 1070.9 31.2 5

'

12 7 19 560.9 53.9 5 *

12 8 20 83.6 1.9 5
- 12 9 21 450.2 41.8 5

12 10 22 77.4 .0 5
512 11 23 77.1 .0

,

5.012 12 24 77.6
,,,

.

'

/~ N
! ) TEST TIME: 1:50:00

''# FURHACE ATt10 SPHERE TEMPERATURE: 1839.9 DEG. F
ASTM TEMPERATURE: 1835 DEG. F
LIFFERENCE: 4.9 DEG. F

.

ItVG TEMP. OF T'C 1-5-13= 1830 F -

HVG TEMP. OF T/C 3-10-15= 1489 F
'

HVG TEMP. OF T/C 4-6-18= 1039 F
HVG TEMP. OF T/C 7-19-21= 497 F
HVG TEMP. OF T/C 9-2-16= 165 F =

HVG TEMP. OF T/C 11-14-20= 85 F f
HvG TEMP. OF T/C 8-12-17= 79 F :

~

HVG TEMP. OF T/C 22-23-24= 77 F ,

,

* .
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f3 |HDExa 25
.

FFAME PRINT T/C TEMPERATURE, TEMPERATURE TIME IHCR.,

14 0 . H0. HO. DEG. F INCR., DEG. F HINUTES

l' b -
'n )

11 1 1 1818.1 1.2 5"

11 2 2 185.2 20.8 5

11 3 3 1481.9 22.3 5 ,

*

11 4 4 996.3 28.8 5 -

11 5 5 1845.6 1.3 5
11 6 6 1112.3 34.6 5

11 7 7 522.6 43.2 5 ,

11 8 8 78 0 .2 5g

11 9 9 149.'O 14.6 5
11 10 10 1538.6 21.2 5

11 11 11 88.8 3.1 5 .

11 12 12 80.2 .2 5

12 1 13 1829.6 .6 5
12 2 14 87.9 3.3 5
12 3 15 1509.9 19.2 5
12 4 16 221.6 25.0 5 ,

'

12 5 17 79.8 .2 5

12 6 '18 1101.5 30.6 5
12 7 19 618.1 57.1 5 i,

'

12 8 20 86.2 2.7 5

-12 9 21 493.5 43.2 5
12 10 22 77.5 .1 5 -

12 11 23 77.2 .1 5 -

.

.1 512 12 24 77.7 ,, ..

;-

,_

( ) TEST TINE: 1:55:00
'~ < FUPHACE ATN0 SPHERE TEMPERATURE: 1841.7 DEG. F -

7
RSTN TEMPERATURE: 1843 DEG. F
DIFFERENCE: -1.3 DEG. F

3

ilVG TEMP. OF T/C 1-5-13= 1831 F ,

flVG TEMP. OF T'C 3-10-15= 1510 F |
ItVG TEMP. OF T/C 4-6-18= 1070 F e

flVG TEMP. OF T/C 7-19-21= 545 F y

flVG TEMP. OF T/C 9-2-16= 185 F
flVG TEMP. OF T/C 11-14-20= 88 F -

IIVG TEMP. OF T/C 8-12-17= 79 F
InVG TEMP. OF T/C 22-23-24= 78 F

.

e

t

.

4

I

'e

'
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c. .:. "HDEXe s'8 ,.
*

.
<

.

FRAME PRIHT T/C TEMPERATURE, TEMPERATURE TIME INCP.., *

11 0 . HO. HO. DEG. F !!4CR. , DEG. F MINUTES :
'

.

11 1 1 1927.1 9.1 5 |

,

11 2 2 248.4 23.2 5
11 3 3 1500.2 18.3 5

-

11 4 4
'

1025.4 29.1 5
11 5 5 1854.9 9.3 5 *

11' 6 6 1148.5 36.2 5
11 7 7 -568.7 46.2

,

11 8 8 78'.1 .1
~ 5

5
11 9 9 165.1 16.0, 5 *

11 10 10 1557.0 18.4 5
11 11 11 92.7 3.9 5 *
11 12 12 80.1 .0 5

.

'

12 1 13 1838.0 8.3 512 2 14 92.0 4.1 5
.
*

12 3 15 1525.7 15.7 5 ,*
12 4 16 247.8 26.3 5 -*

.12 5 17 79.8 .0 5 ;
12 6 18 1130.5 29.1 5 |

'

12 7 19 685.9 67.8 5 ',
,

12 8 20 89.3 3.1 5 *

12 9 21 543.2 49.7 5 .;12 10 22 77.6 .0 5 *
.

12 11 23 77.'1 .2 5 ','
'

12 12 24 7 7. 7 '' .0
'

/~T ' 5. -

~
. *

,{'(_/ .

a

TFST TDE: 2:00:00 r-

-

FURWCE AltOSPIERE TEMPERATURE: 1847.7 DEG. F i
ASTM TDIPERNIURE: 1850 DEG. F- ~

DIFFERENCE: -2.3 DEG. F t.
*

. .,
*

ilVG TEMP. OF T/C 1-5-13= 1840 F 0
.HVG TEMP. OF T/C 3-10-15= 1528 F 2" ;.

HVG TEMP. OF T/C 4-6-18= 1101 F 4" '
:.IIVG TEt1P. OF T/C 7-19-21= 599 F 6"

,

HVG TEMP. OF T/C 9-2-16= 207 F gn
.

*

HVG TEMP. OF T/C 11-14-20= 91.F 10" -

*

I ~

IIVG TEMP. OF T/C C-12-17= 79 F 12" IflVG TEMP. OF T/C 22-23-24= 77 F 14u . '.

|
.

*

*

7
i

*

.
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9

*
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m ~HDEX= 27
,

FRAME PPIHT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
NO. HO. HO. DEG. F IHCR.,,DEG. F MINUTES

'

,my -

x- 11 1 1 1828.0 .9 5 -
.

11 2 2 233.7 25.3 5
~

-

11 3 3 1517.0 16.8 5 -

11 4 4 1053.4 28.0 5
11 5 5 1856.8 1.9 5 _

11 6 6 1180.8 32.3 5 {
11 7 7 618.1 49.4 5
11 8 8 78 3 .2 5
11 9 9 182!3 17.3 5 .

11 10 10 1573.2 16.2 5 .

11 11 11 97.8 5.1 5 *

11 12 12 80.7 .6 5 -

12 1 13 1837.0 -1.0 5
12 2 14 97.2 5.2 5 .$,

12 3 15 1540.2 14.5 5 't
12 4 16 275.8 28.0 5
12 5 17 80.0 .2 5 .

'
12 6 18 1157.5 26.9 5 ,

' *12 7 19 748.1 62.3 5
12 8 20 93.1 3.7 5 ',-

-12 9 21 595.2 52.0 5 3
#12 10 22 77.5 .1 5

12 11 23 77.1 .0 5 *
,

12 12 24 77.6 .2 5
.. ..

.

,a
f.( TEST TIME: 2:05:00

FURHACE ATHOSPHERE TEMPERATURE: 1851.0 DEG. F i'

ASTM TEMPERATURE: 1856 DEG. F
DIFFERENCE: -5 DEG. F

,

ilVG TEMP. OF T/C 1-5-13= 1841 F
HVG TEMP. OF T/C 3-10-15= 1543 F .

AVG TEMP. OF T/C 4-6-18= 1131 F
'

HVG TEMP. OF T/C 7-19-21= 654 F
HVG TEMP. OF T/C 9-2-16= 231 F E

HVG TEMP. OF T/C 11-14-20= 96 F .'
HVG TEMP. OF T/C 8-12-17= 80 F
HVG TEMP. OF T/C 22-23-24= 77 F {

..

?

*
.
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C;3 ~HDEXu 28

FRAME PFIHT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
NO. NO. HO. DEG. F INCR., DEG. F MINUTES

't
)

'

11 1 1 1943.0 15.0 5
,

11 2 2 262.2 28.5 5
11 3 3 1$34.5 17.5 5
11 4 4 1079.9 26.5 5

,

11 5 5 1872.8 16.0 5 , !
*

11 6 6 1210.1 29.3 5 |

11 7 7 667.5 49.4 5
11 8 8 78s7 .4 5
11 9 9 201.1 18.7 5
11 10 10 1589.4 16.2 5
11 11 11 103.1 5.3 5 -

11 12 12 81.1 .4 5
12 1 13 1853.9 17.0 5
12 2 14 103.7 6.5 5 i

'

12 3 15 1556.7 16.5 5
12 4 16 304.3 28.5 5

'

12 5 17 80.5 .5 5 -

12 6 18 1182.4 25.0 5 -
.

12 7 19 827.7 79.6 5
'

-

12 8 20 97.6 4.5 5 -

*12 9 21 651.7 56.5 5
12 10 22 77.6 .1 5 i
12 11 23 77.0 .0 - 5-

12 12 24 77.7 - - .1 5 ',

,\
-

1

* 's''') TEST TIME: 2:10:00 -'

FURNACE ATMOSPHERE TEMPERATURE: 1867.1 DEG. F ,f,
ASTM TEMPERATURE: 1862 DEG. F *

.

DIFFERENCE: 5.1 DEG. F p
't

HVG TEMP. OF T/C 1-5-13= 1857 F t

HVG TEMP. OF T/C 3-10-15= 1560 F .

'HVG TEMP. OF T/C 4-6-18= 1157 F
HVG TEMP. OF T/C 7-19-21= 716 F
HVG TEMP. OF T/C 9-2-16= 256 F >

HVG TEMP. OF T/C 11-14-20= 101 F . t.
HVG TEMP. OF T/C 8-12-17= 80 F '.
HVG TEMP. OF T/C 22-23-24= 77 F

.

m
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C3 *HDEXa- 29
. -

FRAME PRINT T/C TEMPERATURE, TEMPERATURE TIME INCR., .

H0. HO. HO. DEG. F INCR., DEG. F MINUTES

/~3 .

's 11 1 1 1843.7 .7 5
| 11 2 2 292.3 30.0 5 -

11 3 3 1553.1 18.6 5
11 4 4 1105.2 25.3 5
11 5 5 1873.8 1.0 5
11 6 6 1238.4 28.3 5

| 11 7 7 720.2 52.7 5
11 8 8 79,4 .7 5

| 11 9 9 221.2 20.1 5 .

| 11 10 10 1606.8 17.3 5
11 11 11 110.2 7.0 5
11 12 12 82.0 .9 5
12 1 13 1847.3 -6.6 5

| 12 2 14 110.7 7.0 5 '

12 3 15 1574.2 17.5 5 ;
12 4 16 333.4 29.1 5
12 5 17 81.2 .7 5

! 12 6 18 1206.3 23.8 5
| '

12 7 19 969.3 141.6 5
12 8 20 102.6 5.0 5 ,.

-12 9 21 712.3 60.6 5
12 10 22 77.6 .0 5
12 11 23 77.1 .0

_
5 -

12 12 24 77.7 ., .0 5
,

$

A) TEST TIME: 2:15:00
'

( .

'''' FURHACE ATMOSPHERE TEMPERATURE: 1868.1 DEG. F ,

RSTM TEMPERATURE: 1368.5 DEG. F
*

DIFFERENCE: .4 DEG. F '
.

.

i1VG TEMP. OF T/C 1-5-13= 1855 F
HVG TEMP. OF T/C 3-10-15= 1578 F .j

HVG TEMP. OF T/C 4-6-18= 1183 F .

HVG TEMP. 0F T/C 7-19-21= 801 F -

,

HVG TEMP. OF T/C 9-2-16= 282 F
HVG TEMP. OF T/C 11-14-20= 108 F
HVG TEMP. OF T/C 8-12-17= 81 F .

'

HVG TEMP. OF T/C 22-23-24= 77 F ,'

.

.

?

I
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| *

m

|

'

'

.

%

I

|
*'

<

. , , , .

'Y' m_ _ - * - ===== *== _ _ _ _ - _ _ ~ _ _ - _ = ~*



, _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ -

:= :HDEXu 30
.

FRAf1E PRINT T .' C TEMPERATURE, T Ef1PER ATUR E T I f1E INCR..
HO. HO. HO. DEG. F INCR., DEG. F MINUTES

,. .

'.3 5s' 11 1 1 1852.1 8 -

j. 11 2 2 324.6 32.4 5
' 11 3 3 1568.2 15.1 5

11 4 4 1129.7 24.6 5
11 5 5 1883.1 9.2 5
11 6 6 1264.8 26.4 5
11 7 7 765.0 44.8 5
11 8 8 79,6 .2 5
11 9 9 241.3 20.1 5 .

11 10 10 1619.4 12.6 5
11 11 11 117.6 7.5 5

| 11 12 - 12 82.4 .4 5
12 1 13 1860.6 13.3 5

'

'
12 2 14 l'19.6 8.9 5
12 3 15 1590.3 16.1 5
12 4 16 363.3 29.9 5
12 5 17 82.1 .8 5

,

12 6 18 1229.3 23.0 5*
12 7 19 905.7 -63.6 5 *

12 8 20 108.8 6.2 5
-12 9 21 766.9 54.6 5

.

12 10 22 77.8 .2 5 '
-

12 11 23 77.2 .1 54
, ,

12 12 24 77.7 .0 5
|.,

[ TEST TIME: 2:20:00 .

'u/ FURHACE ATMOSPHERE TEt1PERATURE: 1874.0 DEG. F .

ASTra TEMPERATURE: 1875 DEG. F
DIFFERENCE: -1 DEG. F (i

IIVG TEMP. OF T/C 1-5-13= 1865 F -

IIVG T EMP. OF T/C 3-10-15= 1593 F
HVG TEMP. OF T/C 4-6-18= 1208 F A

.HVG TEMP. OF T/C 7-19-21= 813 F .

*

HVG TEMP. OF T/C 9-2-16= 310 F -

HVG TEMP. OF T/C 11-14-20= 115 F
4IIVG TEMP. OF T/C 8-12-17= 81 F

HVG TEMP. OF T.'C 22-2 3-24 = 78 F
..,

i
*
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m .- ~HDEK3 51

<

FRAllE PRIl4T T/C TEMPERATURE, TEMPERATURE TIl1E Il4CR. ,
f HO. HO. 14 0 . DEG. F If4CR. , DEG. F 111 t4UT ES

} 4 . -

f. 11 * 1 1 1857.1 5.1 5
11 2 2 359.0 34.3 5

i 11 3 3 1582.3 14.1 5
11 4 4 1153.0 23.3 5
11 5 5 1888.4 5.4 5
11 6 6 1286.4 21.6 5
11 7 7 012.1 47.1 5 . i

11 8 8 .80,0 .4
, 5

'

|11 9 9 263.1 21.8 5 -

.

11 10 10- 1631.0 11.6 5
11 11 11 126.6 9.0 5
11 12 12 83.4 1.0 5 -

12 1 13 ' O.0
- 1860. 58951315 DDDD. D

,

5 |

12 2 14 130.2 10.7 5
12 3 15 1602.8 12.5 5
12 4 16 393.4 30.1 5 -

12 '5 17 83.5 1.4 5.
'

12 6 18 1250.8 21.5 5 *

-12 7 19 091.0 -14.7 5
12 8 20 115.8 7.0 5
12 9 21 873.9 107.0 5
12 10 22 78.0 .2 5 -

,

12 11 23 77.4' .3 5 :

'

, 12 12 24 78.0 .2 , 5
| -i

~

-,

' LISP TDE: 2:25:00 I

FURNPCE AT!OSPIIERE TDPERNIURE: 1879.9 DDG. F
'

ASTM TDTERATURE: 1881.5 DEG. F i -

D11tu<tNCE: -1.6 DEG. F

S.ilVG TEl1P. OF T/C 1-5-13= 1873 F;

t HVG TEMP. OF T/C 3-10-15= 1605 F ~

nVG TEl1P. OF T/C 4-6-18= 1230 F '

flVG T El1P. OF T/C 7-19-21= 859 F
.

L HVG TEt1P. OF T/C 9-2-16= 339 F
'

flVG T El1P. OF T/C 11-14-20= 124 5
flVG T El1P. OF T/C C-12-17= 82 F
flVG T Et1P. OF T/C 22-23-24 = 78 F

|

.

*
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.

O
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h3 . :llDEb 33 *

'
>

. ,

FRA!1E P P. ! H T T/C TEMPERATURE, T EllPE R A T URE Til1E IllCR. ,
11 0 . 11 0 . HO. DEG. F 1HCR., DEG. F NIllVTES -

I
. .

11 1 1 1878.6 '15.6 4
11 2 2 425.0 28.2 4 -

11 3 3 1610.9 10.8 4
11 4 4 1196.1 18.1 4
11 5 5 1911.5 16.5 4

.

11 6 6 1322.9 15.3 4
11 7 7 925.7 -42.5 4
11 8 8 81 7 1.0 41 .

11 9 9 309.5 20.0 4 -

11 10 10 1651.5 8.9 4
11 11 11 147.2 9.5 4
11 12 12 86.3 1.7 4

.

12 1 13 0.0 0.0 4
12 2 14 154.7 11.6 4

'

12 3 15 1630.1 10.5 4
.

'

12 4 16 455.1 26.8 4
12 5 17 87.5 2.2 4
12 6 18 1290.4 16.5 4

,

-

'12 7 19 925.1 18.0 4 -
'

12 8 20 133.5 8.4 4 *

-12 9 21 900.8 -65.3 ' 4
12 10 22 78.5 .4 4
12 11 23 78.0 .3 4

'

-.
12 12 24 78.2.., .2 4 i,

-
_

-
,,

) - .

C'' ' '

TFEf THE: 2:35:00
FURUCE NITOSPIERE TEMPERATURE: 1895.4 DEG. F \
AS'IM TDPERATURE: 1894 DEG. F ' *

DanmCE: 1.4 DEG. F .- ,

.s

'lVG T EllP. OF T/C 1-5-= 1895 F
-

i

DVG TEMP. OF T/C 3-10-15= 1631 F '

flVG TEl1P. OF T/C 4-6-18= 1270 F *-

HVG TEMP. OF T/C 7-19-21= 917 F
OVG TEMP. OF T/C 9-2-16= 397 F
HVG TEMP. OF T/C 11-14-20= 145 F .

ItVG TEMP. OF T/C S-12-17= 85 F
flVG T El1P. OF T/C 22-23-24= 78 F

.

.
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riC .* | TIDE::e 34

.
,

FRAME PRINT T/C TEMPERATURE, TEt1PERATURE TIME li4CR. ,
11 0 . 14 0 . HO. DEG. F litCR. , DEG. F M1HUTES'

M
\ \~

11 1 1 1883.8 5.2 5
11 2 2 h57.6 32.6 5
11 3 3 1624'.2 13.3 5 *

11 4 4 1216.0 19.9 5
11 5 5 1917.3 5.8 5
11 6 6 1340.1 17.2 5.

11 - 7 7 900.4 -25.3 5
11 8 8 82.8 1.1 . 5
11 9 9- 333.0 23.6 5
11 10 10 1663.7 12.2 5
11 11 11 159.6 12.4 5
11 12 12 88.5 2.2 5
12 1 13 0.0 0.0 5
12 2 14 169.3 14.6 5
12 3 15 1643.1 13.0 5
12 4 16 486.5 31.4 5
12 5 17 90.1 2.6 5 *

12^ 6 18 1308.7 18.4 5,

12 7 19. 947.3 22.3 5
12 8 20 144.6 11.1 , 5

-12 9 21 889.7 -11.1 5
12 10 22 78.4 .0 5
12 11 23 78.0 .1 5,

12 12 24 7 8. 2 . ., .0 5,

q'
_

TEST THE: 2:40:00 )
'

.

FUR @CE ATf0SPIIERE TEMPERATURE: 1905.l'DEG. F
AS'D1 TDPERATURE: 1900 DEG. F | -

Dinrut29CE: 5.1 DEG. F *

.IIVG T E!1P. OF T/C 1-5-= 1901 F ~

flVG TEMP. OF T/C 3-10-15= 1644 F
f1VG T EMP. OF T/C 4-6-1S= 1289 F

.

fivG TEMP. OF T/C 7-19-21= 912 F
,

flVG TEMP. OF T/C 9-2-16= 426 F
.

flVG TEMP. OF T/C 11-14-20= 158'F '

-

flVG TEMP. OF T/C 8-12-17= 87 F
f1VG TEt1P. OF T/C 22-23-24= 78 P

.

.

.*
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O, :11DEX= 35
i

[ .
_

,

j FRAME PR111T T/C TEMPERATURE, TEMPERATURE T IME IllCR. ,
i 14 0 . HO. Il0. DEG. F litCR. , DEG. F MillVTES
r

11 1 1 1884.8 .9 5
11 2 2 491.0 33.4 5
11 3 3 1637.5 13.3 5

i 11 4 4 1235.7 19.8 5
( 11 5 5 1917.9 .6 5

11 6 6 1357.8 17.7 5
'

11 7 7 908.2 7.8 5
11 8 8 84,3 1.5 -

11 9 9 3 5 7.~ 1 24.1
, 5

5
11 10 10 1676.1 12.4 5
11 11 11 174.0 14.4 5

,

11 12 12 91.7 3.2 5
12 1 13 0.0 0.0 5
12 2 14 185.3 16.0 5
12 3 15 1654.1 11.0 5
12 4 16 519.0 32.5 5
12 5 17 93.3 3.3 5 '.
12 6 18 1327.4 18.7 5
12 7 19 970.5 23.1 5

'
-

12 8 20 157.8 13.1
'

5
-12 9 21 898.0 8.3 5'

12 10 22 78.6 .1 5
12 11 23 78.0 .0 5

'
-

,

12- 12 24 78.2 .0 5
.

,

,

p -

o 4

'- , ' JEST TDE: 2:45:00 -

I*JRECE NDDSPIERE TEMPEPATURE: 1904.9 DEX3. F q
ASTM Ti1@ERATURE: 1906 DEG. F

' *
~

~DmhKtNCE: -1.1 DEG. F '' *

*
.

IIVG TEMP. OF T/C 1-5-= 1901 F ~ ~ ~

HVG TEMP. OF T/C 3-10-15= 1656 F
flVG T EMP. OF T/C 4-6-18= 1307 F

OF T/C 7-1'-21= 926 FflVG TEMP. 9
DVG TEMP. OF T/C 9-2-16= 456 F -

*

*
s flVG TEMP. OF T/C 11-14-20= 172 F '

flVG TEMP. OF T/C 0-12-17= 90 F .

livG ICMP. OF T/C 22-23-24= 78 P

r %_-
*..

.

xM '
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|-

FRAME PF.1 HT T/C TEMPERATURE, TEMPERATURE T1HE INCR.,
HD. HO. HO. DEG. F 1HCR., DEG. F M1HUTES

~

.

-

'w/ 11 1 1 1893.2 8.4 .5
"

11 2 2 526.0 35.0 5
|11 3 3 1647.7 10.3 5
|11 4 4 1255.1 19.4 5

'11 - 5 5 1926.5 8.6 5
11 6 6 1375.6 17.7 5.

.11 7 7 925.0 16.8 5
11 8 8 86 2 1.9
11 9 9 381.5 , 24.5

,
5 '

5
11 10 10- 1687.1 11.0 5
11 11 11 189.5 15.5 'S
11 12 12 95.5 3.8 5
12 1 13 0.0 0.0 5

"

12 ,2 14 202.5 17.2 5
12 3 15 1661.3 7.2 51

,

e 12 4 16 553.3 34.3 5
12 5 17 97.2 3.9 5
12 6 18 1346.1 18.7 5
12 7 19 '994.4 24.0 5

'
<

12 8 20 172.2 14.5 5
-12 9 21 912.6 14.7 5

12 10 22 79.1 .5 5 .

12 11 23 '78.4 .4 5
12 12 24 78.8 .5 5

'

. ,

. . ~

'~' TEST THE: 2:50:00- *

FUFNACE ADDSPIERE TD4PEl%TURC: 1914.4 DEG. P
ASD1 TEMPEPA'IURE: 1912 DEG. F -

o-

DIFFERENCE: 2.4 DEG. F ' -

IIVG TE!1P. OF T C 1-5-= 1910 F *

HVG TEt1P. OF T/C 3-10-15= 1665 F
HVG TEt1P. OF T/C 4-6-1S= 1326 F '

,

HVG TEt1P. OF T/C 7-19-21= 944 F
flVG TEl1P. OF T/C 9-2-16= 487 F .-
HVG TEllP. OF T/C 11-14-20= 188 F
HVG T E11P. OF T/C 3-12-17= 93 F
HVG T E11P. OF T/C'22-23-24= 79 F'

.

O
L

.

.

9

_'Il' .-
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M, :llDEM= 37i
i

!

( FRAME PRIllT T ,* C TEMPERATURE, TEMPERATURE TIME IllCR. ,
L t10. HO. HO. DEG. F IllCR. , DEG. F MINUTES
s

11 'l 1 1902.2 9.0 5
' *

11 2 2 $62.3 36.4 5
11 3 3 1657.5 9.8 5
11 4 4 1273.3 18.2 5
11 5 5 1935.9 9.3 5
11 6 6 1392.6 17.1 5
11 7 7 944.5 19.5 5
11 8 8 -88 2 2.0 . 5 .1
11 9 9 406.5 25.0 5
11 10 10' 1698.4 11.2 5
11 11 11 206.5 17.0 5
11 12 12 100.5 5.0 5
12 1 13 0.0 - 0.0 5
12 2 14 220.2 17.8 5
12 3 15 1672.7 11.4 5
12 4 16 588.3 35.0 5

-

12 5 17 101.5 4.2 5.

12 6 18 ' 1363.8 17.7 5-

'12 7 19 1018.9 24.4 5
12 8 20 187.5 15.3 5

-12 9 21 929.4 16.8 5
12 10 22 79.2 .1 - 5
12 11 23 78.3 .0 5,

12 12 24 79. 0 . , .2 5s

, . ~s
-

It,

'ISP TIME: 2:55:00 -

FUINACE ATFOSPHERE TEMPERRIURE: 1922.1 DEG. F -- -

'

1SIM TEMPERNIURE: 1918.5 DEG. F -

DithHezcE: 3.6 DEG. F
.

ilVG TEllP. OF 1/C 1-5-= 1919 F ~

flVG TEMP. OF T/C 3-10-15= 1676 F
flVG T EMP. OF T/C 4-6-1S= 1343 F

~

flVG 1EMP. OF T/C 7-19-21= 964 F .
flVG TEMP. OF T/C 9-2-16= 519 F .

IIVG TEMP. OF T/C 11-14-20= 205 F
IIVG TEMP. OF T/C 8-12-17= 97 F
f1VG TEMP. OF T/C 22-23-24= 79 F-

.

k.
.

.

, h '> '
_

.-

'

,
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t -
.

[ FRA!1E PR1HT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
$ NO. HO. HO. DEG. F INCR., DEG. F MIllVTES
t!

-

j

r
11 1 1 1909.2 7.0 5

i *

j 11 2 2 b96.8 34.4 5
( 11 3 3 1668.1 10.5 5

11 4 4 1291.0 17.6 5g
;- 11 5 5 1943.9 8.0 5

11 6 6 1409.7 17.0 5
11 7 7 964.5 20.1 5
11

. B B 90.6 2.3 . 5
11 9 9 431.9 25.4 5
11 10 10 1708.3 9.9 5
11 11 11 ?23.7 17.2 5
11 12 12 s05.7 5.2 5
12 1 13 s. O 0.0 5-
12 2 14 239.4 19.1 5
12 3 15 1682.8 10.1 512 4 16 622.6 34.4 512 5 17 106.1 4.6 512 6 18 1381.1 17.3 512 7 19 1043.2 24.3 5

,

12 8 20 203.5 16.0 5.-12 9 21 947.1 17.7 5
12 10 22 79.2 .0 5
12 11 23 78.1 .2 5.12 12 24 79.0 ... . .0 5

*

.,
'

TEST TIFE: 3:00:00 S -

FUR 4 ACE ATFOSPHERE TD4PERATURE: 1929.8 DEG.. F
ASIM TEMPERATURE: 1925 DEG. F
DIFFERH4CE: 4.8 DEG. F

I)VG TEMP. OF T/C 1-5-= 1927-F-- 0
-

-

flVG TEMP. OF T/C 3-10-15= 1686 F 2"
flVG TEMP. OF T/C 4-6-18= 1361 F 4 's
flVG TEMP. OF T/C 7-19-21= 985 F 6"HVG TEMP. OF T/C 9-2-16= 550 F gn
ilVG TEMP. OF T/C 11 -14-20= 222 F - 10"HVG TEMP. OF T/C 8-12-17= 101 F

12"flVG 1EMP. OF 1/C 22-23-24 = 79 F' go

.

[ %g

,/

.

D

'
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c- , :HDEX3 40
.

FRAME PRINT T/C TEt1F E P A T URE , TEMPERATURE TIME INCR.,
~

11 0 . HO. NO. DEG. F INCR., DEG. F HINUTES
.

r .
h \ .

: /
'

~

11 1 1 1144.6 -121.5 3
11 2 2 B77.4 28.3 311 3 3 1506.8 -77.4 3
11 4 4 1310.2 -1.4 311 5 5 1186.4 -119.8 3t 11 6 6 1424.6 -4.6 311 7 7 1004.1 12.7 311 8 8. 96 4 2.2 3t11 9 9 485.2 18.2 311 10 10 1550.7 -77.1 3
11 11 11 260.2 12.6 3
11 12 12 117.1 3.6 312 1 13 32.6 32.6 312 2 14 279.5 13.6 312 3 15 497.5 497.5 312 4 16 699.1 25.4 312 5 17 113.4 4.3 312 6 18 1393.6 -7.1 312 7 19 1092.7 16.0 3

'

12 8 20 236.4 11.4 3-12 9 21 984.8 12.3 312 10 22 79.5' .2 3
12 11 23 78.3 .2 312 12 24 79.7 ,

,

.

.3 '3
~w

F ')
.

.

-

TEST TIME: 3:10:00 t

FUINACE ATbOSPIIERE TEMPERATUIE: 1166.2 DEG. P
ASTM TDIPERATURE: 1938 DII. F
DIFFERENCE: -771.8 DEG. F

HVG TEMP. OF T/C 1-5-= 1165 F
HVG TEt1P. OF T/C 3-10-15= 1185 F
HVG TEMP. OF T/C 4-6-18= 1376 F
HVG TEMP. OF T/C 7-19-21= 1027 F
HVG TEMP. OF T/C 9-2-16= 621 F-

f HVG TEMP. OF T/C 11-14-20= 259 F
HVG TEMP. OF T/C 8-12-17= 111 F
HVG TEMP. OF T/C 22-23-24= 79 F

.

,n

K )
g

.

e
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;

.

FRAME PRINT T/C T El1PE R A T URE , TEMPERATURE TIME IliCR.,
HO. HO. 14 0 . DEG. F IllCR. , DEG. F MINUTES

-

4
~

11 1 1 1016.8 -127.8 5
11 2 2 716.8 39.4 5
11 3 3 1406.4 -100.4 5
11 4 4 1290.1 -20.1 5
11 5 5 1053.6 -132.8 5
11 6 6 1397.4 -27.2 5
11 7 7 1018.3 14.3 5
11 8 8 99.8 3.5

~

5
5

11 9 9 512'.5 27.3
11 10 10 1449.5 -101.1 5
11 11 11 279.8 19.6 5
11 12 12 123.5 6.4 5
12 1 13 550.9 518.3 5
12 2 14 300.5 20.9 5
12 3 15 1324.6 827.1 5
12 4 16 734.8 35.7 5
12 5 17 125.1 6.7 5
12 6 18 1362.9 -30.7 5
12 7 19 1109.4 16.7 5

'

12 8 20 253.6 17.2 5
-12 9 21 999.0 14.2 5

12 10 22 79.4 .0 5
12 11 23 78.4 .0 5
12 12 24 79.9 .2 5

'

~. .
. . - - - - - - - . - -

_

b 'IEST TIME: 3:15:00 *
i

FUINACC A'1TDSPHERE TEMPERATURE: 1009.8 DEG. F
'

ASTM 'lHIPERATURE: 1944 DEG. F
DIFFEFECE: -934;2 DEG. F -

HvG TEMP. OF T/C 1-5-= 1035 F
HVG TEMP. OF T/C 3-10-15= 1393 F
flVG TEl1P. OF T/C 4-6-1S= 1350 F
HVG TEMP. OF T/C 7-19-21= 1042 F
HvG TEMP. OF T/C 9-2-16= 655 F
HVG" T EMP. OF T/C 11-14-20= 278 F
HVG TEHP. OF T/C 8-12-17= 116 F
HVG TEMP. OF T/C 22-23-24= 79 F

.

* C

<

-

.

O



[*

.

FRAl1E FR1HT Tec TEMPERATURE, TEt1PERATURE T I t1E 1HCR., -

HO. HO. HO. DEG. F 1HCR., DEG. F HIHUTES
.

. .

11 1 1 924.4 -92.4 5.

11 2 2 F52.9 36.2 5
11 3 3 1323.4 -83.0 5
11 4 4 1260.0 -30.1 5
11 5 5 961.0 -92.7 5
11 6 6 1360.2 -37.2 5
11 7 7 1024.1 5.7 5
11

-

S 8 103.9 4.1 5
11 9 9 542';4 29.9 5

'

11 10 10- 1365.8 -83.7 5
11 11 11 299.0 19.2 5
11 12 12 131.6 8.1 5
12 1 13 794.3 243.4 5
12 2 14 322.7 22.3 5
12 3 15 0.0

-1324.56345091 DDDD.D
5

12 4 16 769.5 34.8 5
12 5- 17 132.3 7.2 5'

12 6 18 1323.9 -39.0 5
-12 7 19 1115.7 6.3 5

12 8 20 271.2 17.5 5
12 9 21 1005.3 6.3 5

"12 10 22 79.9 .4 5
12 11 23 79. 0 '' .6 5

'

12 12 24 30.6 .6 'S '
-

(~s
.; \

,

'
' TEST TDE: 3:20:00

,

FUPNACE ATFDSPIIERS TEMPERATURE: 902.6 DEG. F
ASit! TEMPERATURE: 1950 DEG. F '

DIFFERENCE: -1047.4 DEG. F

III/G T Et1P. OF T/C 1-5-= 943 F~
IIVG T El1P. OF T/C 3-10-15= 1345 F h

~

HVG TEMP. OF T/C 4-6-18= 1315 F '
-

IIVG T El1P. OF T/C 7-19-21= 1043 F
HVG TEMP. OF T/C 9-2-16= 688 F
ltVG TEllP. OF TeC 11-14-20= 298 F
HVG TEMP. OF T/C C-12-17= 123 F
ltVG T EllP. OF T/C 22-23-24= 80 F

,-

\,j

b,g -

e m mo ...___ _ _ _ _ _ _ _



*T2 M k= G8.

FRAME PRINT T/C TEMPERATURE, TEMPERATURE TIME INCR.,
NO. HO. HO. DEG. F INCR., DEG. F n1NUTES ;

I.

11 1 1 852.0 -72.3 5
11 2 2 B03.1 50.2 5
11 3 ' 3 1253.1 -70.3 5
11 4 4 1227.0 -33.0 5
11 5 5 888.4 -72.6 5
11 6 6 1321.2 -39.0 5
11 7 7 1022.1 -2.0 5
11

~

8 8 108,3 4.4
11 9 9 571.8 29.4

,
5
5

11 10 10: 1295.1 -70.7 5
11 11 11 318.8 19.8 5
11 12 12 140.3 8. 6 5
12 1 13 753.0 -41.3 ![, 5
12 2 14 345.4 22.7 5
12 3 15 0.0 0.0 5
12 4 16 806.5 36.9 5
12 5 17 140.4 8.1 5
12 6 48 1284.5 -39.5 5

*

12 7 19 1114.2 -1.6 5
*

12 8 20 288.4 17.2 5
*

-12 9 21 1004.5 .9 5
12 10 22 79.6 .3 5 .

12 11 23 79.2 .2 5
12 12 24 80.2. , .4 5

,

.
,

.

(g TEST TINE: 3:25:00 ~- ~~

FURUCE ATIDSPHERE TEMPERATURE: 820.7 DEG. F
ASTF1 TEMPERATURE: 1956 DEG. F

--

Dirm<tNCE: -1135.3 DEG. F
.

hVG T E11P. OF T/C 1-5-= 870 F .

flVG TEMP. OF T/C 3-10-15=-1274 F \

flVG TEt1P. OF T/C 4-6-18= ~1278 F '~ ~~

flVG T Et1P. OF T/C 7-19-21= 1047 F '

*

IIVG TEMP. OF T/C 9-2-16= 727 F -

flVG TEIIP. OF T/C 11-14-20= 318 F
flVG T EMP. OF T/C 8-12-17= 130 F
IIVG TEMP. OF T/C 22-23-24= 80 F

.

.

/

\\ /-
*

|

'3:: -

-
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TRANSCO (CR5163) - 04/14/83
TEST COMMENTS

|
.

2:25:00,T/C #13 BURN OUT -

'
2:30:00'T/C #13 REMOVED FROM AVG

. l'

3:00:00 BUNERS TURNED OFF. IHST. LEFT RECORING f,

.

H0 SMOKE OR OTHE OCCURANCES HGTED DURING FIRE TEST. -

,

DRAFT RUH AT .08 NEG.
H0 HOSE STREAM TEST RUN.

.

&

*9

*

*

.. !

\O
.

i

;

,

' ''
_ _ _ . . _ _ _ _ _
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!TEST REPORT No,TTR-30N

SLB/Ftt Corwool. 7-2 loch
*

Layers - Schsmidt Method for a Three Hour ASTM E-119 Fire

Plane 0 1 2 3 4 5 6 7 8- 7 10 1 2. 3 4
'

,

Timi

0 min. 75 75 *

#3 0 mi n. 1300 6 87. 5 75 {
20 min. 1462 687.5 381 75

30 min. 1550 966 381 228 75
,

40 min. 1613 966 597 228 152 75 , a

(O =2ht50 min. 1661 1829 597 374 152 114 75
C p'

1:0011ours 1700 1129 752 374 244 114 94 75 p

1:10 min. 1735 1244 752 498 244 169 94 84.5 75 3
g = (2) (0.36) (10 min.)

1:20 min. 1765 1244 871 498 333 169 127 84.5 ' B0 75 (0. 212)(60)(8)(12),

1:30 min. 1792 1331 871 602 333 230 127 133.5 80 77.5 75 Lx = 0.07678 ft.
1:40 min. 1815 1331 966 602 416 230 167 103.5 90.5 77.5 76.2 75 L = 0.9214 inch
3:50 min. 1835 1400 966 691 416 292 167 129 90.5 83.4 76.2 75.6 75 nL = 14 x 0.9214 inches = 12.9
2:00 Hours 1850 1400 1046 6 91 492 292 210 129 106 83.4 79.5 75.6 75.3 75 inches total thickness
2:10 min. 1862 1454 1046 769 492 351 210 1 58 106 92.8 79.5 77.4 75.3 75.2 75

2:20 min. 1875 1454, 1112 769 560 351 254 158 125.4 92.8 85.1 77.4 76.3 75.2 75

2:30 min. 1888 1500 1112 836 560 407 254 190 125.4 105.2 85.1 80.7 76.3 75.8 75.2

2:40 min. 1900 1500 1168 836 621.5 407 298.5 190 147.6 105.2 93.0 80.7 78.2 75.8 75.2

2:50 min. 1912 1540 1168 895 621.5 460 298.5 223 147.6 120.3 93.0 85.6' 78.2 77 75.8

3:00 min. 1925 1540 1217 895 678 450 342 223 172 -120.3 103 85.6 81.3 77 77

31440 22503 15003 9786 6315 4045 2643 1776 1271 958.4 770.6 618.6 540.8 456 378.2 98.525.6
179 = 55 0. 418 18 17 16 15 14 13 12 11 to 9 8 7 6 5

k = 0.36

C = 0212
P

.

4

b

- _ _ _ _ . ._ _ _ _ _ _m
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TEST REPORT
AXIAL HEAT CONDUCTION OF
AN INSULATED STEEL MEMBER

IN AN ASTM E-119 FIRE TEST

,

.

.

( ))A TEST PERFORMED AT STREATOR, ILLINOIS
MAY 10, 1983

Test Performed By: N. .

W. D. Brown, P.E.
Mgr. Product Development
Insulation Products Division

Loren Pitts
Product and Development Engineer
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1. INTRODUCTION -

A Schmidt calculation was performed to predict the amount of insu-
lation necessary to isolate a steel plate from the effects of a

.

three (3)' hour fire, as defined by ASTM E-119. This calculation

formed the basis for TTR-30N. This calculation has been modified
to predict the length of insulated support steel required to iso-
late a steel fabrication from the effects of a three-hour fire.

The Schmidt calculation for an infinite wall assumes heat transfer
is in one direction only, perpendicular to the wall. The front face

-is'at some temperature that may vary with time. It is assumed there
are no edge losses in the infinite wall.

The Schmidt method predicted approximately 5'-5" of insulated steel
would be required to isolate a steel member from the effects of a .
three (3) hour ftre.

See TTR-30N for more background on the Schmidt method.

2. TEST' ASSEMBLY ,'..

The test apparatus consisted of the Transco'2000 F oven, a 2" x 1%" x
:

k" thick eight (8) foot long carbon steel angle, wrapped with Cer-wool,'v
and an oven face plate made from stainless steel.

| The steel oven cover had a-three (3) inch square hole cut in the cen-
[ ter of the plate. The angle iron was then placed horizontally with
j approximately one foot of the member extending into the oven cavity.
L- The oven's internal dimensions measure 10" wide by 8" high by 12"

{' deep. The oven's internals are shown in Figure 1. Oven insulation
consists of six (6) inches of calcium silicate.

The beam was then instrumented with two (2) thermocouples every one
foot, beginning at the face of the oven and working out from the oven.

The angle iron,was then wrapped with Cer-wool as shown in Figures II
and III. The first two (2) feet of angle iron had approximately

eight (8) inches of insulation. The second two (2) feet had approxi-
mately six (6) inches of insulation. The balance of the angle had
approximately four (4) inches of insulation.

The thermocouples are connected to a gang switch. Output voltages
are read by a Fluke 2100A Digital thermometer. Oven temperature is
controlled by a Leeds & Northrup Electromax controller. The con-
troller holds the temperature setpoint to +/- 100F at 19250F. The
oven's outside dimensions are approximately 25" x 25" x 19" deep.

Figures II and III show the completed test assembly.
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.3. TEST PROCEDURE .-

At time zero, the oven was at 102 F. The switch was turned on and
the; oven controller was set to-19250F. Oven temperature readings
were taken every five (5) minutes. All thermocouples were read
every fifteen (15) minutes..

The purpose of taking readings of the oven temperature every five
| (5) minutes was to determine the rate of rise in oven temperature

and compare it with the ASTM E-119 curve for a three (3) hour fire.
<

~Eighty (80) minutes into the. test it was noted the oven temperature
E 'was reading-19450F, even though the controller was set for 1925 F.

The controller was then set down to 1830 F to more closely control
the oven temperature to the actual temperature of 19250F.

Ninety f90) minutes into the test it was noted the oven was hunting
excessively at the setpoint. The door (which may'be seen in the.

left of Figure III) was closed. The oven cycling decreased.

Thirty minutes into the test-it.was noted excess heat was coming
from the steel face plate. Figure IV shows the Cer-wool, steel
face plate interface at the start of the test. The plate was

s/- warping causing excess heat loss at-the oven / plate interface.

'

A loose blanket of marinite was made and placed over the top of
the junction. The blanket is shown in Figure V. Figure VI shows
loose fiberglass packed below the junction to shield the electrical
controller from the effects of the heat leaking from the junction.
Figure VII is a closeup of the junction (same view as Figure V).

4. TEST RESULTS

The results are given in Figure VIII. Figure VIII is the tempera-
ture at various distances from the oven face. The right hand side
of Figure VIII includes an expanded scale to more closely see the
asymptotic approach to room temperature of the temperature profile.

The calculated temperature profile was based on a room temperature
of 750F, and the room was actually close to 700F. Consequently,'

50F was subtracted from the original calculated curve to form the
curve that closely levels off at 700F. The five (5) degree dif-
ferential does not significantly affect the calculated temperatures
over'1500F. *

In Figure VIII the calculated curve always predicts a higher tempera-
ture proffle, than was actually experienced. This could be the tech-
nique, or perhaps the heat loss at the front oven face / insulation

- interface.

L/
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-The heat loss at the insulation / oven front interface is a plausible ex-
planation. In Figure VIII the thermocouples at the interface are
approximately 300 F below the oven temperature. In dismantling the
assembly, it was noted the interface thermocouples were located ap-
proximately %" to 3/4" out from the oven. As the insulation was not

,

tightly wrapped around the angle iron, and the opening in the plate
front face was three (3) inches square, the thermocouples were al-
most."seeing" the inside of the oven. Because the thermocouples
were reading approximately 3000F less than the oven, it appears
the interface was experiencing excessive heat loss.

The calculation indicated that 5'-5" is sufficient to isolate the s-

steel _from the effects of.the three-hour fire. Approximately 4'-6"
was determined by experiment. Using the measured as a basis, the

's calculated length was in error by plus 20, percent of the meas,ured.

Perhaps if the oven interface had been better sealed, the difference
would have been significantly less.-

Figure IX is a-comparison between the.Transco oven temperature rise
and that required'by ASTM E-119.- For experimental uses, the'Transco
oven temperature rise closely approaches that of the ASTM E-119 three <

,,

(3) hour temperature profile..( )
'

s

v
' ~

To verify the two temperature profiles were close to each other, the
total area under the two curves was determined, in degree-minutes.
For the ASTM E-119 the area determined was 302,825 degree, minutes.
The Transco oven had a measured area of 291,435 degree-minutes. The
Transco area is within 96 percent of the ASTM E-119 area. By the
area being within five percent of the ASTM E-119 temperature and
time curve, the oven's response neets the requirements of ASTM E-119.

3

S. CONCLUSIONS

The Transco oven is qualified to reproduce the ASTM E-119 temperature /s

time curve within acceptable tclerances, for a three (3) hour duration.

To prevent a three (3) hour fire from conducting heat down the support-
steel to the item being supported, a minimum of 4'-6" of steel should
be insulated. The steel .hould be insulated to such thickness so as
to prevent any heat gain iro n the fire directly through the insulation
to the steel.

I

.-
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ESTIMATE OF LENGTH OF STEEL.

REQUIRED TO BE INSULATED, FROM DUCT,
TO PREVENT STEEL FROM liEATING DUCT

The Schmidt Analysis done for the Cer-wool is based on an infinite plane,
i.e., there are no edge losses. If the steel is insulated so that the
fire can only "see" bare steel a certain distance away from the ducc, then
the insulated steel will be the same as an infinite plane with a high tem-
perature (the portion cf steel seeing the flame) front face. Only the con-
stants in the Schmidt calculation will change. The constants being for
steel, instead of Cer-wool

By the Schmidt equation:

L = 2k (dT)/c p
p

'

Where:

L = Spacing between planes, feet*

k = Thermal Conductivity, BTUll/Ft. - ,F
dT = Time increment between averages, lirs. -

c = Specific Ileat, BTU /Lb. 0F -

h= Density,Lbs./Ft.3
'_ N n = Number of insulation spaces, no dimension

In reviewing the Schmidt Table, for all practical purposes we can assume
we have 14 spaces with a temperature rise of 20F,

By TTR-30N, the average temperature for 14 spaces will be 550.40F wheres

k = 28 BTull/Ft. 0F
p = 490 Lb./Ft.3 i

n = 14
.13 BTU /Lb. - Fc =

Substituting:

L = (2 x 28)(10/60)/(0.13 x 490)b = 0.38278 Ft. = 4.5934 inches

nb = (14)(4.5934 inches) = 64.30 inches = 5'-5"

.

,m

x_

f

_ _ . - _ _ -_- - -
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1. INTRODUCTION -

Thermal Diffusivity is defined as:

a = k/pc
t

Where:

a = Thermal Diffusivity, in Ft.2/Hr.
k = Thermal Conductivit in BTUH/Ft. - F,

p = Density in Lbs./Ft.
c = Specific lleat, in BTU /Lb. - F

Thermal diffusivity is a measure of the response of an insulation
to a temperature transient. The lower the thermal diffusivity, the
less . rapidly a material responds to a thermal transient. Because
conductivity and specific heat vary with temperature, thermal dif-
fusivity varies with temperature. Generally diffusivity increases.

with temperature.

In TTR-30N Cer-wool thermal diff,usivity was calculated to be 0.0176
ft.2/hr., at a mean temperature of 550 F. TTR-30N predicted a 13-inch

''} . thickness of Cer-wool was needed to thermally isolate a ' steel member.
J

The purpose of the test was to find a material or combination of ma-
terials that would isolate a steel member from the effects of a three
(3) hour fire, and would be less than 13 inches in thickness.

In Thermal Insulation, by Malloy, 1968, it was noted that mineral
wool had a thermal diffusivity of between 0.01 and 0.026. In one
case a diffusivity of 0.012 was reported. In an attempt to locate
a material that had a lower thermal diffusivity, it was decided to

the temperature response of 8 lb./ft.3 density mineral wool.test

Literature reviews also indicated that highly reflective foil placed
between insulation layers increased the effectiveness of the insula-
tion. The foil introduces a thermal discontinuity which has resulted
in a reduced heat transfer.

2. TEST APPARATUS

-The test apparatus consisted of the Transco test oven at Streator,
Illinois,.with associated instrumentation as detailed in TTR-31N.
The. oven was placed on its back.

A 24-gauge stainless steel plate 24 inches square was placed on the
front face of the oven. As mineral wool has a temperature limit of

<~
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1200F,atwo(2)inchthickCer-woollayer(temperaturelimit0

02300 F) was placed on the plate. Then five layers of mineral
wool, each two (2) inches thick were stacked on the plate. All
layers were approximately 24 inches square. A stainless steel
plate was then placed on the top of the assembly.

Three thermocouples were placed between each layer, one at the
center and two on a common 45 line on each side of the center.
Due to a mixup in the test briefing, the two thermocouples on thei

450 line were placed outside of the projected area of the heated
portion of the oven. Three thermocouples were placed between the'

Cer-wool and the steel bottom plate. Three thermocouples were also
placed on the top of the uppermost cover plate.

No outer wrap was used to minimize edge losses.

The foiled assembly was the same configuration, except -foil was
placed between the layer of Cer-wool and mineral wool. Also,-

,
*

foil was placed between each layer of mineral wool thereafter.
There were-six (6)' layers of mineral wool, for the foiled assembly.
Thermocouples were placed on top of the foil in all cases. 'The
thermocouples were positioned as'before, except all thermocouples

,-w., were placed in the projected area of the oven heated space.'

,

V.

3. TEST PROCEDURE
1

f A set of zero thermocouple readings were taken, and the oven was
then turned on. The temperature controller was set for 1925 F.

Every 15 minutes, a complete set of thermocouple readings were,

taken, and the oven. temperature was recorded every five (5) min-
) utes for the mineral wool assembly without the foil. The assembly
; with the-foil, had complete thermocouple readings taken every 15
t minutes. Oven readings were not taken on the five minutes, as

it was noted the oven was providing reproducible results.

The non-foiled assembly is shown in Figures I and II. The foiled
assembly is shown in Figures III and IV.

4. TEST RESULTS

The tesi results are shown in Figure V. Figure V is the tempera-.

ture p. file after three (3) hours. The measured Cer-wool curve
from 1..-31N plotted in Figure V is a basis for comparison. It
is evi -ent from Figure V that mineral wool has a higher thermal-

diffus.vity than Cer-wool. No attempt to quantify the difference .

in the; mal diffusivity was made. It is sufficient to say the
mineral wool thermal diffusivity was greater than that of Cer-wool.,_s

t 1y,)'
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I Becausetwo(2)ofthethre.e(3)thermocouplesineachlayerwere
outside the projected area of the heated portion of the oven, only
the center thermocouple was used to determine the layer temperature
in the non-foiled test of mineral wool. The scatter of the points
'about the curve is indicative of the thermocouples not being exactly-

on center.
t

The mineral wool with foil curve is a significant result. The addi-
tion of foil effectively reduces the thickness of mineral wool nec-

i ' essary for the same temperature profile by about two (2) inches.

In fact, mineral wool with foil performs better than Cer-wool, al-
lowing approximately one inch in thickness reduction.

[ rigures VI, VII, and VIII are closeups of the first and second layer

{ of mineral wool. Figure VI is the bottom of the first layer of' min-
eral wool. This face was in direct contact with the Cer-wool.4 '
Figure VII is the top of the same layer. Notice the decrease in,

burn diameter. Figure VIII is the bottom of the second layer of

. . mineral wool. Figures VII and VIII are different, because there'

was.a layer of foil separating the two faces.-
~

_

Note in Figure VI, the outer dark ring appears to be preliminary7g
Q chnring of the binder. The white ring is total burnout of the

birider. The dark inner ring is charring of the mineral wool fibers.,

* There appears to be gradeation in the center circle. No explanation
is readily_ apparent for the inner circle gradeation.

The diameter of the charred portion of the mineral wool fibers de-.

creases with increasing distance from the front face of the oven.
The diameter on the first layer of mineral wool is greater because

i of the large amount of transverse heat transfer in the first layer.
The transverse heat transfer is caused by the temperature gradientg

in the horizontal plane.

Isotherms in the mineral wool pile will approach a hemisphere with
the center of the sphere being near the center of the front face of
the oven.

5. CONCLUSIONS

Mineral wool has a thermal diffusivity greater than that of Cer-wool.
Both the Cer-wool and mineral wool were eight (8) pound density mate-
rial.

Mineral wool required approximately one inch greater thickness than
-Cer-wool on a 14-inch pile to produce the same temperature drop be-
' tween hot and cold faces. Or, to produce equivalent temperaturem_

,I'v)

..
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reductions between hot and cold f aces requires approximately 7.5 7. |

more mineral wool than Cer-wool. By placement of stainless steel
foil every two inches _in a stack of mineral' wool, a reduction of-

approximately 15% in' thickness can be realized for the same hot
and cold face _ temperatures.

Foil between layers of miner'al wool make a significant difference
in effective thermal ~diffusivity.
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Ref. Skatett D8
DESC. 1-2* Cerwool - 5 - 2 Mineral Wool - Foil Between

83 |
TIME Oven T!!ERM0 COUPLE TEMPERATURES !

Temp.
*F

68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 85 86 87 88 89 :!, .. . 'L.-0 109 104.2 1043 104.4 19.4 79.1 79.3 65.6 65.7 65.6 63.5 63.6 63.5 63.7 63.7 63.7 64.0 64.1 63.9 66.0 65.0 66.0 ' '

15 1060 1071 1066 1070 181 155 206 67.1 67.3 67.3 63.7 63.8 63.7 63.7 63.9 63.8 64.2 64.0 64.0 66.6 66.4 66.8
30 1474 1472 1475 1473 577 516 636 79.1 81.2 79.6 64.1 64.1 64.1 63.9 64.0 63.9 64.4 64.3 64.2 67.2 67.0 67.1!.3 1806 1806 1812 1804 1012 968 1053 1313 141.2 134.5 65.7 65.7 65.5 64.0 64.5 64.0 64.7 64.6 64.5 67.7 67.5 67.6
1925 @ 53 min.
60 1923 1913 1921 1909 1257 1227 1281 330 370 349 74.7 74.4 73.8 64.6 64.4 64.3 64.9 64.7 64.7 68.3 68.0 68.21:15 1925 1921 1927 1916 1361 1345 1371 588 658 628 101 99.3 97.4 65.2 65.4 65.3 65.1 65.2 64.7 68.7 68.5 68.7 {1:30 1925 1922 1931 1925 1430 1431 1436 926 976 954 317.5 190.8 287 79.5 79.5 80.3 66.2 66.1 66.0 69.5 69.2 69.4 '

2:00 1925 1918 1929 1928 1439 1448 1447 1011 1053 1033 444 417 413 100 100 102 67.6 67.7 67.6 70.2 69.9 70.0
2:15 1925 1920 1920 1918 1450 1464 1457 1092 1128 1109 567 540 530 142 143 147 71.4 71.6 71.7 71.0 70.6 70.8
2:30 1925 1930 1931 1926 1468 1490 1475 1160 !!90 !!70 684 656 642 204 206 211 79.0 80.4 60.0 71.6 71.5 71.62:45 1925 1920 1928 1929 1504 1528 1511 1213 1236 1220 771 749 731 276 283 285 90.0 91.0 91.9 72.4 72.4 72.23:00 1925 1922 1923 1917 1546 1571 1552 1262 1278 1265 842 827 806 362 370 376 107 !!! 113 72.0 74.2 74.0

n
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Raf. Shetch DB.fy,w )$ DESC. 2* Cerwool + 10" Min Wool Page 1 of 2 Ny 19,1983
. %~ .e4.,

4- +J"

.' TIME Owen THERMOCOUPLE TEMPERATURES (*F)
(Min) Temp. Tog,,

*y ($33)

, . , _ ,,- j 71 72 73 69 70 74 76 77 78 89 90 91 79 80 75 81 82 87 F
-SurfaceAmb.

9 887{5~~~
- 0 66.1 66.6 66.5 67.1 66.4 67.0 67.1 67.0 66.8 66.9 66.8 67.5 67.5 66.9 67.1 67.2 67.5 67.7 67.9 64.7 68.6/68.

5 476
10 785 / loc 7
15 986 598.7 975.9 418.9 196 91.6 81.2 67.3 67.6 67.3 67.1 67.4 67.5 67.2 67.2 67.3 67.6 67.8 66.5 66.3 68.2/68.3

;- 20 1147
25 1284
30 1407 1055 1380 859 655 294 225 71.9 86.5 71.1 68.0 67.8 67.8 67.5 66.9 67.4 67.6 67.8 67.5 70.4 63.7/69.5
35 1519

, 40 1621

| 45 1718 1420 1696 1211 1132 646.4 548.6 105.8 287.2 96.0 77.8 71.0 70.3 68.9 68.5 68.2 67.9 68.2 67.8 71.0 68.0/68
- 50 1809

55 1897 / error
60 1925 1712 1900 1518 1430 1086 973 274 797 193.8 106.7 87.1 82.5 75. 72.6 ~ 71.6 69.4 69.0 68.3 66.6 69.3/69.7
65 1935 ~

70 1925 2 8
75 - 1777 1910 1633 1549 1325 1227 710 1049 582 265 !!6.4 109.1 99.6 90.6 87.5 70.6 72.3 69.4 67.7 70.0/70.0
80 " (Closed Door)
85 *

90 1800 1922 1675 1607 1417 1322 943 1174 889 531 265 213 122 !!4.3 109.4 78.9 84.1 73.2 67.3 72.4/71.9
*
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- 3 DESC. 2* Cervoo1 + 10* Min Wool Fage 2 of 2 May 19, 1983
(* i::t'.d

.
..W*

,

. ne

~

TIME Owen THERMOCCUFLE TEMPERATURES (*F)
- - -

.' I', (M1o) Temp. Top,.

*F (#83) Amb. Surface'
:-

" # '' -df 71 72 73 69 70 74 76 77 78 89 90 91 79 80 75 81 82 87 99 89/98_s

', 95 1925 * 8
* *100

105 1820 1920 1707 1651 1478 1390 1080 1267 1059 745 515 435 188.6 133.6 1258 95.0 100.7 83.2 65.7 78.5/74.7
*

*110

*,..5 !!5
**

120 1833 1918 1732 1673 15230 1437 !!52 1323 1189 908.1 736 667 323.7 228.2 214.6 106.5 111.0 94.1 66.6 95.2/80.0
*

.i 125 *

* *
130
135 1837 1917 1755 1698 1559 1479 1205 1355 1331 1003 914 852 507.8 384 383 115.5 118.9 104.1 65.3 92.8/82.2

-

140 *

145 **

150 1843 1922 1739 1719 1584 1500 1252 1410 1402 1087 1039 962 689 566 582 121.5 153.7 111.1 66.6 96.8/84.8
*

155 *

160 *

165 1847 1922 1745 1742 1597 1515 1276 1482 1477 1169 1105 1030 832 743 784 182.7 249.2 134.6 66.3 99.3/
*

170 *

175 *

*180 1848 1926 1747 1760 1605 1527 1305 1537 1532 1251 !!49 1065 947 884 942 312 403 232 66.2 126/
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1. INTRODUCTION __

Transco TTR-30N was performed in an approximately three foot cubed
gas-fired floor furnace, at Construction Technology Laboratories in
Skokie, Illinois. The temperature / time curve of the oven matches
that of ASTM E-119. ,

Transco's recently upgraded oven at Streator, Illinois produces a
temperature / time curve nearly equal to that of Construction
Technology Laboratories's gas-fired furnace. However, the Transco
oven is approximately eight (8) inches by ten (10) inches by twelve
(12) inches deep. TTR-31N and TTR-32N were conducted on the Transco,
Streator, Illinois oven.

The first purpose of this test is to determine if a thick wall of
Cer-wool responds identically to an ASTM E-119 temperature / time
curve as produced by both ovens. In other words, are the Transco
oven tests comparable with Construction Technology Laboratories.

oven tests.

TTR-32N was conducted on a simujated mineral wool wall. TTR-32N
results indicated that foils placed every two (2) inches in a thick
mineral wool wall resulted in a 15 percent reduction in material
thickness required to produce an 1850 F temperature drop.

The second purpose of this test is to determine if foil placed be-
tween two (2) inch layers of Cer-wool will result in an equivalent
reduction in required insulation thickness.

>

2. TEST APPARATUS

The test apparatus consisted of the Transco test oven at Streator,
Illinois with associated instrumentation.

The oven was rotated onto its back. A 24-gauge stainless steel
plate 24 inches square was placed over the eight (8) by ten (10)
inch front oven face. Seven (7) layers of two (2) inch thick
eight (8) pound density Cer-wool was placed on top of the stain-
less steel plate. All layers were approximately 24 inches square.
A stainless steel plate was then placed on top cf the assembly.

' Three (3) thermocouples were placed between each layer; one at the
center and two on a common 450 line on each side of the center.
Great care was taken to place all three thermocouples in the pro-
jected area of the oven.

The foiled assembly was the same configuration, except foil was placed
between each layer of Cer-wool. The thermocouples were mounted on

'

top of the foil. There was no foil on the top of the Cer-wool pile,
just a stainless steel cover sheet.

1<
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Figure I shows a typical.Cer-wool assembly. In this case, the
,

foiled assembly is shown.

3. TEST PROCEDURE-

A set of zero temperature readings were taken, and,the oven was
then turned on. The temperature controller was set for 19250F.

l Every 15 minutes, a complete set of thermocouple readings were
j~ taken. The readings were continued for a full three-hour period.

4 At the end of three hours the oven was turned off, and the insula-
tion and steel plates were removed from the oven face.r

The oven was allowed to c'ool overnight between the non-foiled and
;- the foiled Cer-wool tests.

'

I LThe same Cer-wool blankets were used for both tests.,
.

4. TEST RESULTS

The results are shown in, Figure II,. The first purpose of 'the test
. ,,

.

'' was to see if a thick wall of Cer-wool responds identically to an

F )- N1 ASTM E-119 temperature / time transient produced by both Construction
"\,,,) . Technology Laboratories's furnace, and Transco's oven.

Transco's oven produced a slightly lower temperature curve, on the
order of 600F lower, than the Construction Technology Laboratories

[ furnace curve.

|
'

The two curves are not identical. The thickness is on the order of

h(i
~ 0.3 to 0.4 of an inch difference for equivalent temperatures. However,-

for. experimental purposes the curves are essentially the same. The

I: area on the Transco oven' temperature / time curve was approximately
*

five (5) percent less'than the ASTM.E-119 curve. .Hence, it is logi-
cal the temperature profile of.the Transco oven should be lower than

_

the Construction Technology Laboratories temperature profile.

The second purpose of the test.of Cer-wool was to determine if the,

foil placed between the Cer-wool layers will affect the same change-
'

in required thickness ar the foils between the mineral wool did in
TTR-32N. Approximately a two (2) inch reduction in insulation
thickness was. realized by the insertion of foil;between the layers *4

4. of mineral wool.
.

1

-A review of Figure II indicates a thickness reduction on the order
i l'' .of three quarters of an inch will be realized by the insertion of.

foil every two inches in a 14-inch stack. It appears foil does not
make as'significant a difference with Cer-wool as it'does with min-fs
'eral wool,,

c

.
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On a fourteen (14) inch 1 hick stack, a reduction of 0.8 inches is

a six (6) percent thickness reduction. Whereas the mineral wool
experienced a reduction of two (2) inches, or fourteen (14) percent.

5. CONCLUSION
,

1

The Transco oven at Streator, Illinois can be used to predict the
results of a thick wall of insulation's response to an ASTM E-119

temperature / time transient. The results compare within experimental
limits with the larger gas-fired furnace at Construction Technology
Laboratories in Skokie, Illinois.

f

The use of foil between layers of Cer-wool does reduce the heat
transfer through a thick' wall of Cer-wool. For mineral wool, the

reduction was on the order of 15 percent, for one foil every two
,

(2) inches. For Cer-wool the reduction was only on the order of

six (6) percent. Hence, the effectiveness of the foil seems to be

dependent upon the type of insulation the foil is separating.-

Foil insertion does not make a significant difference in a. thick
wall of Cer-wool. .

f
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j TYPICAL CER-WOOL ASSEMBLY
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FIGURE 1
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-1. INTRODUCTION -

U A series.of tests has been performed to determine the amounts of insu-

E;1ation necessary to isolate a metal body from the. effects of a three(3) hour fire, as defined by ASTM E-119.
i

'It'has been noted in test reports 'TTR-30N through TTR-33N that approx-*

imate'ly 13 inches of eight (8) Ibe/ft.3 density Cer-wool will isolate
.X a fire.from'a steel surface. Adding foil every two (2) inches between

the layers of Cer-wool insulation reduces the 13 inches to 12 inches.

'As the purpose of these tests is to develop a fire-resistant wrap that
is useable in congested areas, it is important that a minimum thickness
insulation be developed. A potential candidate is Microtherm as manu-
factured.by Micropore International, Ltd. Microtherm has a high spe-
cific heat, low conductivity, and high de'nsity (nominally 12-20 lb./ft.3),
Microtherm has physical characteristics that should yield a low thermal

*, diffusivity (thermal conductivity divided by spe#cific heat and density),
thus its response to a transient should be slow.

In reviewing the literature it was noted that insulation thermal con-
ductivities and specific heats for varying temperatures are generally

[-,yj' not available. Microtherm does have known properties that indicate' it
hasgoodtransientresponsechpraVteristics.''

Microtherm does reach an equilibrium concentration of moisture with
humid air. Normal Microtherm will contain about three (3) percent by
weight moisture. Hydrophobic Microtherm will contain about 0.5 per-
cent by weight moisture. When heated sudder.ly, conventional Microtherm
will pass the steam (water vapor) from the hot face to the cold face.

~If the Microtherm is not in a sealed' container the steam will exit the'

"

. insulation and diffuse in the air.. In the case of an outer surface
being exposed to fire, the moisture will be driven into the interior,
or to the body being protected. The steam will stop at the first im-

'

permeable barrier, and condense at 212 F. The heat of condensation
will be then transmitted to the body being protected by the insulation.

!, To minimize the steam vapor effect for this test, two precautions are
" taken. The first is to use Hydrophobic Microtherm so that-the amount

of moisture available to handle is minimized. Secondly, a foil barrier
is placed near the cool surface to prevent water vapor migration to the
steel surface that is being protected from the fire effects.

Microtherm also has an upper temperature limitation of 17420F for con-
ventional, or 19220F for high-temperature insulation. As the Microtherm
Jinsta11ation is for a once-only application, the conventional Microtherm
is recommended. Further, to maintain the Microtherm's geometric shape,

;,_ } . an outer wrap of Cer-wool will be provided to protect the Microtherm
''/. 3 from deformation by the stainless steel lagging. The Cer-wool outer

3
i
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wrap will reduce the temperature seen by the Microtherm to within its
temperature limits also. The Microtherm is normally encapsulated in
a fiberglass cloth that loses its strength at 12000F. The Cer-wool
outer wrap will hold the Microtherm in place during the fire, even
though the. cloth may deteriorate.

- Figure 1: shows Microtherm that was placed directly behind the steel
plate, with no Cer-wool barrier. The material maintained its integ-
.rity until it was physically removed from the oven face, and placed
on the floor (from another test). Hence, even though the temperature
of the glass. cloth was exceeded,-the cloth maintained its shape until
it was disturbed.

The purpose of the test is to determine the ability of two (2) inches
of Cer-wool and four and one-half (4 ) inches of standard,-Hydrophobic
Microtherm'to isolate a steel' body from the effects of a three-hour
ASTM E-119-fire.

2. TEST-APPARATUS

The test apparatus consisted of the Transco test oven at Streator,
Illinois with associated instrumentation.

,A
\_) The oven was rotated onto its back. A 24-gauge stainless steel plate

24 inches square was placed over the eight (8) by ten (10) inch front
oven face. One layer of Cer-wool (8 lb./ft.3) two (2) inches thick
was placed on top of the plate. Nine (9) layers of Hydrophobic stand-
ard temperature Microtherm each 1/2" thick, were placed over the Cer-
wool. Between the seventh and eighth layers of Microtherm a layer of
-0.002", thick stainless steel was inserted.

Three (3) thermocouples were placed on a 45 line'through the center
of the oven face, in various horizontal planes. Care was taken to
maintain the three (3) thermocouples (two on each side of the one in

,

the. exact center) within the projected area of the open oven. A set
of three thermocouples were placed at the following locations:

1. Between the steel plate and the Cer-wool layer;
2. Between the Cer-wool and the first layer of Microtherm (+2");
3. Between the second and third layers of Microtherm (+3");
4. Between'the itarth and fifth layers of Microtherm (+4");
5. Between the sixth and seventh layers of Microtherm (+5");
6. Between the seventh and eighth layers of Microtherm (+5.5");
7. Between the top layer of Microtherm (ninth) and the steel

plate (+6.5").

1The Microtherm used for the test was slotted Microtherm. The slots were

_ (~ ~s aligned in'the same direction and offset on successive layers. Each piece
(,,) of Microtherm was 2' x 3' wide. The offsetting may be seen in Figure III.
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FiguresIIandIIIareth[e_testapparatuscompletelyassembled. The

thermocouple leads may be seen in Figure III. A weight was placed on
the center of the stack of Microtherm to remove any air spaces between
the Microtherm layers and the' steel plates.

3. TEST PROCEDURE

of zeroAfter completing the assembling of the test apparatus, a set
temperature readings were taken. The oven was then turned on, and
the temperature controller was set for 19250F.

.Every fifteen minutes a complete set of thermocouple readings were
taken. The readings were continued for a full three-hour period. At
the end of three hours the oven was turned off, and the insulation
and steel plates were removed from the oven face.

.

-There is a heat soaking effect that occurs with the Calcium Silicate
insulation in the oven wall. Consequently the oven temperature will.

.

rise-to 19250F, with the controller set for 1850 F. The. controller
0will hunt about the 1850 F setting (1 8 F). The oven temperature

will gradually decrease over a 20-minute period to something on the.
-order of 19100F. The controller must then be reset to say 18650F,

0

(~N and the oven temperature will rise to 19250F again (1 8 F). The oven

( ) initially reaches 1925 F approximately eighty (80) minutes into the
test.. The oven temperature stabilizes approximately 120 minutes to,

.130 minutes into the test.

Even though readings are taken every fifteen minutes, the oven is
normally. checked every ten minutes in the 80-130 minute time to as-
sure the 1925 F oven temperature is maintained.

4. TEST RESULTS

The test results are shown in Figure IV. The temperature profile
shows that at the end of three (3) hours the cold face of the insu-
lation was beginning to increase in temperature. From the data sheets,

the cold face temperature increased from 830F to 890F at the end of
the three-hour test.

As there was no calculation performed, there is no theoretical tempera-
ture profile to compare the measured temperature profile with. The in-
tent of the test was to determine the amount of Microtherm, in a
Cer-wool /Microtherm sandwich, necessary to isolate a metal structure
from the results of a three (3) hour ASTM E-119 fire. It appears from
the graph that two (2) inches of Cer-wool and four and one-half (4 )
-inches of Microtherm will effectively isolate a steel structure from
the effects of a three (3) hour fire.

</~N
\x_-)

.
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To compare the effectiveness of the Cer-wool /Microtherm sandwich with
Cer-wool only, the Cer-wool only curve was placed in Figure IV. -To
obtain a-comparative thickness, the thickness required to maintain
the cold face temperature at 1000F was chosen for a reference point.
'Six (6) inches of the Cer-wool /Microtherm sandwich is equivalent to
approximately twelve (12) inches of Cer-wool. In other words, a 50%

| thickness reduction can be realized with the Cer-wool /Microtherm
sandwich.

_ . Figure V is a closeup of the oven / steel plrce interface. A minor
amount of heat leakage can be seen, as orange traces. The orange is
actual line of sight into the oven interior. Perhaps if the seal at'

the oven / steel plate interface were better, the rate of oven cycling
- would have_been less. The oven cycling was on the order of 3/4 of a
minute for a +8 F to -8 F range.

.

Figure VI is the bottom of the first and second layers of Microtherm,
after the ASTM E-Il9 temperature curve. Figure VII is the top of the--

first and second layers of Microtherm. In both pictures, the first
layer.is laying on the floor, the second layer is inclined.

Note in Figure VI the very distinct projection of the oven face onto
|7_ j the bottom of.the fi;st layer. Note on the top of the first layer,

the oven projected area image is gone and only the larger discolored''

area is noticeable (Figure VII).

Of interest in both Figure VII, the top of the second layer, and in
Figure VIII, the bottom of the third layer, is the small dark spot
in the center of the burn area. Comparing this emerging dark spot,
with the full dark spot on the bottom of the fourth layer, it appears
that'the cloth goes through a burn discoloration, then a whitening,
as temperature increases. Reviewing the temperature' profile in
Figure IV, and remembering the layers were 1/2" thick, the bottom of
the third layer where the burn disappears reached a maximum tempera-

<

ture of about 12000F.

The full burning effect is occurring near the bottom of the fourth
layer. By Figure IV, this corresponds to a maximum temperature of
about-9000F. The top of the fifth layer of Microtherm, in Figure IX,
appears to have the discoloration beginning. The discoloration ap-
parently.begins (by Figure IV) near 3500F.

0The cloth that wraps the Microtherm is rated to 1200 F, which is the
temperature at which the darkening disappeared.

Each slat of Microtherm is about 2.75" wide. From the preceding, the

[~}.
dark ring occurs at about 900 F. ~It appears the 900 F ring occured at0

about seven (7) inches from the edge of the 10 inch wide oven face, on
( /; .the bottom face of the first layer of Microtherm.
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1KnowingtheburnpatternE,onecanreviewotherstacksofMicrotherm
andLdiscern peak temperatures reached.

5.. CONCLUSION

From the test results,-Figure IV, a Cer-wool /Microtherm sandwich will
effectively isolate the steel structure from the effects of a three
(3) hour fire.. A 2 inch thickness of 8 lb. density cer-wool, with 4
inches of Microtherm is sufficient.

The outer' cloth wrapping.on Microtherm begins to discolor at about
3500F, fully discolors at about 9000F, and whitens, showing little
burn-damage to the eye at about 12000F.

From Figure IV, two. inches of Cer-wool and four inches of Microtherm
will result in a steel-face temperature of'1000F.

.
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TIME Owen
MM Temp. 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 84 85 66 87 88 89 93

' ''

,

0 107 100 101 99 83 83.5 83.5 77.9 77.4 77.0 76.2 75.9 76.6 76.1 76.9 76.6 76.0 75.9 76.3 76.6 76.6 75.0 79

15 965 734 756 778 101 112 106 79 78 78 76 76 66 65 77 77 77 76 76 78 78 77 80
.

30 1386 1204 1243 1284 301 332 3 29 86 86 86 77 77 77 77 77 77 77 77 77 80 79 78 81

45 1701 1572 1619 1628 727 740 782 109 !!3 111 80 80 80 77 77 77 77 77 77 80 80 79 80

60 1915 1852 1883 1875 1253 1223 1290 156 173 164 94 94 93 79 79 79 78 78 78 81 81 80 80

15 1925 1864 1898 1886 1465 1453 1490 320 369 318 117 117 115 86 85 86 80 80 80 82 82 81 80

30 1925 1875 1897 1898 1541 1533 1559 513 527 486 134 133 132 99 95 99 87 86 85 83 82 82 82

45 1925 1881 1900 1913 1590 1581 1607 704 754 658 160 160 153 !!4 111 114 98 96 95 83 83 83 82

60 1925 1880 1901 2214 1625 1616 1642 857 893 808 231 232 215 129 125 128 113 111 109 84 85 84 83

15 1925 1891 1915 2266 1650 1642 1666 930 967 897 296 298 276 137 134 137 124 121 120 85 86 85 83 ,

30 1925 1892 1907 2240 1676 1673 1691 1019 1064 1012 385 388 358 146 143 147 134 131 130 87.0 87 86 83

45 1925 1885 1915 2222 1690 1687 1710 1075 1120 1063 467 471 437 157 153 160 143 140 139 88 88 87 83

60 1925 1893 1911 2183 1700 1698 1735 1128 1168 1110 541 546 513 184 172 186 152 149 146 89 90 88. 834
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