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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

BACKGROUND

o FIRE IS A MAJOR CONTRIBUTOR TO NPP RISK.

FIRE-INDUCED DAMAGE TO ELECTRICAL CABLES AND CIRCUITS.

[m]

TYPES AND LIKELIHOOD OF FIRE-INDUCED FAILURES MODES.

[m]

o CONDUCTOR TO CONDUCTOR SHORTING FAILURE MODE.

o FIRE TESTING PROGRAMS (EPRI, NRC, ...)

: B

v BETTER UNDERSTANDING OF FIRE-INDUCED CABLE FAILURE MODES.

+ KNOWLEDGE OF CAELE FAILURE BAHAYIOR UNDER EXTERNAL THERMAL INSULT.

+ IDENTIFICATION OF INFLUENCE FACTORS TO KEY CIRCUIT FAILURES MODES.

: B

MODELS TO ESTIMATE THE LIKELIHOOD OF FIRE-INDUCED CABLE
DAMAGE AND CIRCUIT FAILURE MODES THAT DO NOT CONSIDER
THE UNDERLAYING CAUSALITIES AND MECHANISMS OF FAILURES.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

OBJETIVE

THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP
PROBABILISTIC MODELS TO PREDICT FIRE-INDUCED CABLE
DAMAGE GIVEN A SPECTFIED FIRE PROFILE.

TO THE EXTENT POSSIBLE, THE MODELS MUST BE PHYSICS-
BASED IN DESCRIBING THE UNDERLYING MECHANISMS OF
FATLURE THAT TAKE PLACE WITHIN OR AMONG THE
ELECTRICATL CABLES DURING THE FIRE ACCIDENT.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFOSED MODELS

APPLICABLE
MECHANISMS
OF
DEGRADATION
AND
FAILURE

@ Copyright M. Modarres 2007

>
Time/Temperature

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE
PROPOSED MODELS

. mocdarres 2007 H|

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFOSED MODELS

PHYSICS - BASED MODEL

POLYMER
INSULATION
@ &y
THEREMAL DEGRADATION

< g

Hon-Combustible Gases

Combustibles Gases

CHEMICAL-BASED MATHEMATICAL MODEL
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Solid Charred Residue

aty: degradation lewvel

t time

T: temperature

A pre-exponential factors
E: activation energy

K, m, n, p: constants
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE
PROPOSED MODELS
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFOSED MODELS

EMPIRICAL - BASED MODEL: “K Factor” Model

Insulation resistant drops exponentially with increasing termperature.
One of the models proposed as an indirect approach to evaluate cable
functionality upon external thermal insult is the "k factor model.

L (T
R= K(T)Ihn|—2 kT )= C,.e W
n
niulation Rarlnlnes
1.EO07
1.E+DS f—
g E ——
; 1.1 _Hh'r,.
1.B 02
1.BE 01
1.0 T
u 100 pran | a1 {0 91 a1 T a0
E Temperakire (Kl
E )
Dy = outer diameter of the insulation {m)

0. = inside diameter of the insulation {m)
C, and C, constant for a given insulation material.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFOSED MODELS

COMEBINED MODEL

EXPERIMENTAL DATA E} DATA BASED MODEL

S

COMEINED MODEL

THERMAL DEGRADATION PHYSICS/CHEMICAL
HEAT TRANSFER E} BASED MODEL
| “K FACTOR” MODEL
: >
t, time/Temperature
: -
d, Degradation
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DATA GATHERING

DATA SOURCES

MUREG/CR-5546, SAND 90-0696.

fnvestigation of the effects of thermal aging on the fire damageabilify of
electric cables.

NUREG/CR 6776, SAND 2002 - 0447P.
Cable Insulation Resistance Measurements made during cable fire tests.

EPRI 1003326.
C haracterization of Fire-fnduced Circuif Faults.

Cable Response fo Live Fire (CAROLFIRE).

A combined test effort involving representatives of RES, SNL, NIST, and
Ulid (in progress).
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DEGRADATION ESTIMATION

EINETIC MODEL - ENDURANCE LEVEL
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DEGRADATION ESTIMATION

HEAT TRANSFER MODEL - ENDURANCE LEVEL
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DEGRADATION ESTIMATION

THRESHOLD LEVEL: HEAT TRANSFER MODEL

CAROLFIRE P ¥LPE EPR PE TEF7EL Ep ™
tean (°k) 493EH)2 | BEEE+HI2 | B92E+D2 | 523E402 [N A [ &,
standard Deviation | 4 gzeiny | 3338401 | 1.44E+01 | 1058401 M A, A
NUREG P ¥LPE EFR PE ! TEFZEL Ep@
Mean (*k) I A FEREH]Z | 7.23EH12 s A59EH12 | BA1E+02
Standard Deviation A, 302E+401 | 3.84E+HN MA 2 48E+01 | 3.45E+00
EPRI =V ¥LPE EPR PE TEFZEL ep™
Mean (*k) AEREH2 | B72E402 | 704E+02 | 452E402 | 5.00E+H2 [,
Standard Deviation | 3188401 | 4266401 | 5.50E+01 | 408E+011 | 4.61E+01 MA

(11 Mot available

(21 Estimation based on one test.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DEGRADATION ESTIMATION

IR “E FACTOR" MODEL - ENDURANCE LEVEL
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DEGRADATION ESTIMATION

THRESHOLD LEVEL: “K FACTOR” MODEL

NURE G Pyt YLFPE EFE* | TEFZEL
IR - Threshold Nleat 3.29E404 | 6.11E+H13 1 06E+04 | 1.34E+04
Levwel (52 wtandard
Deviation | 1.70E+04 | 243E+03 1 22E+04 | 6 75E-HI3
Weaty 553E+12 | 515E+l11  THIE+1E | T.AFE+LO
IR - Standard
Deviation | I60E+4 | I90E+12  229E+20 | 2.50E+12
Ilean 2.75E-02 | 208E-02  407E-02 | 2.19E-02
IR - Ty Standard
Dievi ation 6.53E-03 | 132E-03  448E-03 | 5.70E-03
CAROLFIRE PV ¥LFE EFR TEFZEL'
IE - Threshold Ilean 219E+04 | 1.05E+04 | 7.E2EHI3 M&
L evel (&) Atandard
T e ati ot 255E+04 | 2.66E+03 | 4.79EHI3 M
Mean 1 D0E+16 | 1.14F+15 | 3.03E+13 &
IR-Cy Standard
D e ati o ATIE+12 | 9.02E+16 | 1.61E+14 M
Ilean A20E-02 | 2.83E-02 | 2.63E-02 M
IR-Cy Standard
D e ati o 1.01E-02 | 5.48E-03 | 3.97E-03 M
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

KINETIC MODEL

€
THERMOPLASTIC

THERMOSET

The model should be able to
cover a plausible range of
temperature.

The thermoplastic material
deqrades faster than
thermosets material.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANCE MODEL

KINETIC MODEL

i Pre-exponential Factor
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

HEAT TRANSFER MODEL
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ANALYSIS
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANCE MODEL

‘K FACTOR’ MODEL

C. Factor t =
T | R= J[jﬂﬂdr}gmdf

DAMAGE-ENDURANCE
ANALYSIS
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

HEAT TRANSFER MODEL:

deamm

[ A BT T 1) — o Y

smm mnm : anm anm

Constant Damage:

| Bfailire= Pl Endurance = Damage) = r;' giyd,

Distributed Damage:

Piailtire= FlEndirance= Damagedi=1- T[E f (I}ﬂix}g (e,

Time-Temperature Pattern:

Pfailure .. = P, = 21—

L,

time
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

HEAT TRANSFER MODEL:

Probability of Cable Damage Constant
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

HEAT TRANSFER MODEL.: time-temperature pattern

& rroLnd rg Tenpsratrs Frdils (1) T — TU - E jl ('?1:' _E—[ﬁﬁ:uu[ﬁ?‘:l]
e 17, GG+
il
z I':: --------------------------------------- d(T) _ Z(T;) 4 d[(Ta B TU)'CI'E_I;I]
i " = imu[:l:lnuhl: © ” ” {IEII.' dt dr

Teo=To + e = Ty )= Cre ™ \Tropny = Topy) + Crtitgpe ™ (T, — T)

Time-Temperature Profile

Tih+1): inner ternp. cable attime ffk+7)

TYK): inner ternp. cable attime take). 1000 " Inner Tempertire (10
=) initial ternp. cable (t=07. E ggg Percertile)
Tugk+7).  surrounding temp. at time {gk+7). 2 oo B e
TLrk ) surrounding temp. at time {ake). g GO0 7= Iner Tempemtore (90
_ . . £ 400 - Percertik)
K infegrating step parameter ® o v Surundng
%00 Teamperd e

B CORYHGRT ML Modakres 000 L

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE
RESULTS

B CAROLFIRE Daa Base

B EPR| 1003326 Oata Base

BCAROQOLFIRE Data Base

OMUREGE YA Data Base

BEFPRI 1003326 DaE Base

4 III
[ &n
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

BMCAROLFIRE Data Base
OHUREG 6776 Data Baze
B EPFRI 1002326 Oata Base

B CAROLFIRE Data Base
8 EPRI 1003326 Data Base 1% [ipt 227%

. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

“K FACTOR” MODEL :
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

|mcerOLFIRE Data Base

[oHUREG 6776 Dam Base
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RESULTS

IR - Ther rioplastics

= P C-Camlire
5 FC-HURED
= —=— TEFZELNUREG
1B r r
ki 1 a0 A0 2T 2SO0 020 S0 10D
Surmoundng Tem para i (k]
IR- Themo==is
1006402
1.006H3S +
_hooe HLPECArare
E 10REHCE 1 —+— HFEMFES
1.006HIS
= | —— EPR Caoifre
1006+ —— BRNRE
1006412 4
1006401

S0 40 J0 s 0 80 90 000

arroundng Tempsradure|' K

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

OR” MODEL

RESULTS
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

HEAT TRANSFER MODEL vs. “K FACTOR” MODEL

Pea = 24% (Carol fire)

—p— \1‘ Pea = 26% (NUREG)

HTM

TempeueE (K

T T e T ﬁ‘ Pea = 69% (Carol fire)
IR-KFM
Pea = 68% (NUREG)

The heat transfer model considers the dynamic of the thermal insult and the thermal behawvior of the
cable material, therefore, even though a temperature of 873 K (600 *C) is reached, it only lasts for
few minutes. .

The IR "K factor® model does not consider the "Hme", it just considers the "temperstue”; therefore,
even though the highest termperature of 873 *K (600 *C) was just reached for few minutes, the model

predicts a high Pea. .
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

TIME TO CAELE DAMAGE:

Tme to Failure - Thermoplastics
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

FRAGILITY CURVES:

—a— EMop E0S
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& 88 8
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R e R R R s R
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1] am
Tamperse ' k)
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PROBABILITY OF FIRE-INDUCED CABLE DAMAGE

RESULTS

FRAGILITY CURVES vs. HEAT TRANSFER MODEL

Average Probahility of Cable Darrage

i
S0

Surrounding Temperatra ('K

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

OUTLINE

o BACKGROUND.

OBJECTIVE.

[m]

PROPOSED MODELS.

[m]

o KINETIC MODEL.
o HEAT TRANSFER MODEL.
o “K FACTOR" MODEL.

o DATA GATHERING AND ANALYSIS.

o DAMAGE-ENDURANCE MODEL DEVYELOPMENT.

o RESULTS ANALYSIS AND VALIDATION.

o CONCLUSIONS AND RECGMMEMDATIGNé

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CONCLUSIONS AND RECOMENDATIONS

KINETIC MODEL.:

@ In the light of the current knowledge and experimental evidence it is not
possible to evaluate the feasibility of the kinetic model.
It is recommended to evaluate this model for a specific and well characterized
polymeric material, preferably under controlled and well characterized thermal
insults.

@ The physics-based heat transfer model is a model capable of predicting the
probability of cable damage under different thermal conditions.
To improve the robustness of this model it is recommended to enrich eXisting
databases, to develop HTM for complex cable arrangements and develop
thermal properties database for commercial cable polymeric materials.

@& The IR "K factor” model is an empirical model that is simple to apply, but does
not consider the dynamic of the thermal insult.

& Validate the models proposed for fire conditions out of the scenarios
described in the fire testing programs utilized in this research.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CURRENT STATUS

Recently a model was proposed to estimate the probability of some
fire-induced circuit failure modes (EPRI 1008239, NUREG/CR-
6550). This model is based on the classical concepts of probability
and does not consider the underlying mechanisms of failure and
the uncertainty and variability of the processes involve.*

Failure Mode Probahility Estimates Given Cahble Damage

High
Cable Type and Description of Hot Short Best Confidence
Raceway E stimate
Range
|12 | ritra-cable wiCP T 0.3 01-05
lexc Irtra-cable wio CPT 0.6 0.2-1
Themoset Tray IMIC | rter-cakle 0.2 0.05-073
| iC T I rter-cable 0.1 0.05-02
Jh 12 -MIC Inter-cable 001 -005
Iwm: | ritra-cable wiCP T 0075 0025 - 0.125
M Irter-cable 005 0.0125 -0.075
Themnoset Concult e 100 | nter-cale 0025 00125-005
I 1o -MIC Inter-cable 0.005 - 0.0
Iwm: I ritra-cable wiCP T 0.3 01-05
. M IC | nter-cable 0.z 0.05-03
Therm oplastic Tray e 1/C Inter-cakle 01 0.05-02
Jh 12 -MIC Inter-cable 001 -005
4 | Armored Tray M 12 I rtra-cable wiCP T 0075 0.02-045
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PROFOSED MODELS

PHYSICS - BASED MODEL

CHEMICAL
DEGRADATION

MICROSCOPIC
DEGRADATION

| >
I
t, Time/Temperature
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFPOSED APPROACHES

PHYSICS - BASED MODEL: Heat Transfer Model

Conditions where temperature
gradients within the solid are

LUMPED CAPACITANCE METHOD small. It assumes temperature of
the solid spatially uniform during
the transient phase.

ISULATION
o h
B=—n B, =<1
S k
o tg = tadius of cahble ;)
h = heat transfer coefficient (kamwim2)

k= thermal conductivity (udrmrk)

Fi
-

Conditions where temperature
gradients within the solid are not

EXACT METHOD hegligible,
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

HEAT TRANSFER MODEL

ASSUMPTIONS:

Simple configuration.

Cne dimensional conduction.

Mo internal generation.

EaDlaL SYSTEM WITH CORMNVECTION: IMFIMITE CYLINDER
o0
B*: I_EC E_[IggFﬂbaifxr]] — T_ Tl:l
n
n=1 I, - TD

[:n = 2 "'Fl(g;z)
S (AR ()

lsing the one term approximation;

2 T_T
g* = I—Cl_e_[[glﬁlﬂ')ja[glrj] = - _;
u 1]
YWhere:
- S E /161 & Jl(‘ijl) _ 3B
N SCACYRRAGY EAO N

Values of the coefficients C; and f, have been determined and
are available in open literature.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROPOSED APPROACHES
HEAT TRANSFER MODEL
T — TIII _ 1 - 1 "’J?l (41) e ‘[(ﬁliﬂ l%':ﬁli" :']
T -T &1 J.:-E(gl)"l'”rlz(él)
i _ da,) d|(T, - T,).C.e™]
dt dt dt

T = T+ Ty = Toom) = 8™ Ty = Togmy) + Crbtape™ (T~ T,

Tih+1): inner ternperature of the cable (pokymeric cylinder) at time {R+7).

TYK): inner ternperature of the cable (polymeric cylinder) at time {ake).
Tor initial termperature of the cable (t=0).

Tufk+{):  termperature in the surrounding area of the cable at time fk+7).
TLRR): termperature in the surrounding area of the cable at time {ake).
K infegrating step parameter
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HEAT THERMAL MODEL: Endurance Limit

Trpir i ke B

e Pl Tk b e = B e, e - TR
e XLPE
[
||.th'l'l|
rr.i ooy o 5]
[T Frl] &
-]
£
[ 1.120}
1
Lr-2 o ] 1
gnrn:hmz
! T
& I1.Fo_ - .
[ [N Lt =it i [
Trpao e FilrH i
YT
o e . Pl T o e s — o e TH R EPI t
TEFIEL
[T T
I|:H:I'I_
Fri i FR ol
Y5 Frg| &
1]
) ]
|
[ F.- ]
|
LF. o | 'i
E.nl.'nn:l.m
' i,
& 1 FH
113 IF =l datg- 1 [].-5. 3

@ Copyright M. Modarres 2007

bl AL, A

DAMAGE ENDURANMNCE MODEL

e Pl Tk b e = B e, e e+ IO R
o1
||.th'l'l|
Fri bR Fea
[T FriT| aree
-]
£
L !
Lr-2 |
I gnrn:hmz
! T
& ] LI=GTFH
[ [N L o i [
rpa e FI

bl AN e AT

oy PlaT sk b s — e e 10T HA
1134
[
|I.qm-rr-ll
3, R =i
A FriT| wmal
(-]
1
] ]
I
[T :'
|
1

LT -]

J OEW FOOEF

| c

LA}
- 1 a e
12 e e il [ F-3. ]
Tolripr e e F ol lrd-

okl mG DT

Fraporwc-br



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

‘K FACTOR’ MODEL
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

‘K FACTOR’ MODEL: Endurance Limit

PVC XLPE
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1 Y
/ |
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

PROFPOSED APPROACHES

PHYSICS - BASED MODEL: Heat Transfer Model

Conditions where temperature
gradients within the solid are

LUMPED CAPACITANCE METHOD small. It assumes temperature of
the solid spatially uniform during
the transient phase.

ISULATION
o h
B=—n B, =<1
S k
o tg = tadius of cahble ;)
h = heat transfer coefficient (kamwim2)

k= thermal conductivity (udrmrk)

Fi
-

Conditions where temperature
gradients within the solid are not

EXACT METHOD hegligible,
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

DAMAGE ENDURANMNCE MODEL

HEAT TRANSFER MODEL

ASSUMPTIONS:

Simple configuration.

Cne dimensional conduction.

Mo internal generation.

EaDlaL SYSTEM WITH CORMNVECTION: IMFIMITE CYLINDER
o0
B*: I_EC E_[IggFﬂbaifxr]] — T_ Tl:l
n
n=1 I, - TD

[:n = 2 "'Fl(g;z)
S (AR ()

lsing the one term approximation;

2 T_T
g* = I—Cl_e_[[glﬁlﬂ')ja[glrj] = - _;
u 1]
YWhere:
- S E /161 & Jl(‘ijl) _ 3B
N SCACYRRAGY EAO N

Values of the coefficients C; and f, have been determined and
are available in open literature.
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PROPOSED APPROACHES
HEAT TRANSFER MODEL
T — TIII _ 1 - 1 "’J?l (41) e ‘[(ﬁliﬂ l%':ﬁli" :']
T -T &1 J.:-E(gl)"l'”rlz(él)
i _ da,) d|(T, - T,).C.e™]
dt dt dt

T = T+ Ty = Toom) = 8™ Ty = Togmy) + Crbtape™ (T~ T,

Tih+1): inner ternperature of the cable (pokymeric cylinder) at time {R+7).

TYK): inner ternperature of the cable (polymeric cylinder) at time {ake).
Tor initial termperature of the cable (t=0).

Tufk+{):  termperature in the surrounding area of the cable at time fk+7).
TLRR): termperature in the surrounding area of the cable at time {ake).
K infegrating step parameter
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RESULTS

K
IR= C.eaR .Lﬂ{ E'au:rJ Ptulla = P(Endurance £ Damage) :Iﬂg(y)cf_y
I
" where:
Ri: Instantaneous IR at temperature Ta (ohm).
- 4 cun giy): endurance-damage probability density function
= "’ [ R, W ]
- ,.,./\ﬂ\
wom o m : amm = m
Pialla = P Endurance = Damapge) =£: gipid, IRt
A
izl
i}
oz | e
T

Poalla = H Badurancet Damagd =1 - I[f f(::]ir] gy,
iy & Copyright b, Modarres 2007 Precm by Gt vl



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

% 1

|II3P.HI:IL FIRE [@fa Bare

| WUREG 6776 Data Baze

0%

ONUREG6TTE Dal Aase

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

HEE. 1 LTy :
SFHARIOL | ! SFHARIO :
(S 1 1
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ™= oo ren mwaaT P == \\_ r : :
crerT | IEMIT & | iEsm o TaTe T | |
: ' >
= ToacumEs Tmmo : tmo :
MauNamETos e u— VERTEACUREE o : L8 :
lﬂﬁl: I:::I : I:::I :
= ( o ! o !
- = n " HEE. T i () i
fEHARIO L E ! fEHARIO L !
- { VO
TEA1SVIMEE OLEAT- I 1 1
T "
Tims e :
&
T 1rzzmr The target damage time () s
(") compared to the duration of a specific
fite scenario.

Temin The c:u:undmnna‘l‘ pifqhahﬂﬂ}.r 0 f |
damage to the “oritical cable™ 12 equal
to the probability of that fire scenario

_ _ _ : i if the damage time 1z less than the
la—— DInmaticm of 4 cpecific fite scetario —w . . .
dentified in 4 evert e, vhere the titme duration of the fire scenario.
I*' tirre to darrage the target ic reached.
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RESULTS
TIME TO CAELE DAMAGE:

Time to Failure - BPR
d|:|_ _________________________________________________________________________________
| |
EE’D' '''''''''''''''''''''''''''''''''''''''''''''''''''''' + BR Fa(5%)
a 0 + B ERRFaiEly
= T e o
= . . BR Fa(25%9
|
-]l:l' """"""""""""""""""""""" * ""."""I""I"': """ ] """" i """" , -
|:| I I I I 1 I I I I
a0 Sl Fo0 =0 =20 aall S0 S0 1000 1050 1100
Tenmperabure (H)
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CONCLUSIONS AND RECOMENDATIONS

KINETIC MODEL.:

In the light of the current knowledge and experimental evidence it is not
possible to evaluate the feasibility of the kinetic model. Uncerainty
associated with the characterization of kinetic parameters in addition to a
lack of a universally accepted kinetic model, capable of modeling the
thermal degradation process in a wide range of conditions, unable the
development of this model at this time.

It is recommended to evaluate this model for a specific and well
characterized polymeric material, preferably under controlled and well
characterized thermal insults. Depending of the results obtained, evaluate
the feasibility to extend this physics-based model to real fire scenarios.
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CONCLUSIONS AND RECOMENDATIONS

HEAT TRANSFER MODEL:

The physics-based heat transfer model is a model capable of predicting
the probability of cable damage under different thermal conditions. It takes
into account the properties and characteristics of the cables and cable
materials, and the characteristics of the thermal insult.

In order to improve the robustness of this model it is recommended.:

@ To enrich the existing databases for PVC, PE, XLPE, and EPR, and
develop new databases for other common polymeric cable materials
encountered in nuclear power plants (Tefzel, Silicone, XLPO, etc).

@& To develop heat transfer models through which the cable inner
temperature of complex cable arrangements and configurations can be
estimated.

@ To develop a database for thermal properties of polymeric cable materials
of interest
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CONCLUSIONS AND RECOMENDATIONS

IR “K FACTOR” MODEL:

The IR K factor” model is an empirical model that is simple to apply, and it
only requires the conductor-insulation radius rate once the characterization
of the parameters C1 and C2 has been done. However, it does not
consider the dynamic of the thermal insult.

In order to improve the robustness of this model it is recommended.:

@ To enrich the existing databases for PVC, Tefzel, XLPE, and EPR and
develop new databases for other common polymeric cable materials
encountered in nuclear power plants (PE, Silicone, XLPQ, etc).

& To evaluate the feasibility of this model for complex cable arrangements

and configurations (multi-conductors with different insulation and jacket
materials, armored cables, etc).
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PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

CONCLUSIONS AND RECOMENDATIONS

The models proposed were developed and validated with experimental
evidence from different fire testing programs. However, most of the
experimental tests represent fire scenarios where:

+The rate of temperature rise ("k/minute) varies in the range from 40 to 120.
+The heat release rate (for large scale fire) varies from 70 KW to 350 KW.
+The heat flux (for small scale fire) varies from 6.1 to 30 K\W/m-.

*The maximum surrounding temperature achieved was about 900°K (627°C)

Therefore, the validity of these models should be evaluated for scenarios out
of the limits defined above.

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



PROBAEBILITY OF FIRE-INDUCED CABLE DAMAGE

@ Copyright M. Modarres 2007

Fise wd by, Cermbhslin Y3l



	Slide1
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28
	Slide29
	Slide30
	Slide31
	Slide32
	Slide33
	Slide34
	Slide35
	Slide36
	Slide37
	Slide38
	Slide39
	Slide40
	Slide41
	Slide42
	Slide43
	Slide44
	Slide45
	Slide46
	Slide47
	Slide48
	Slide49
	Slide50
	Slide51
	Slide52
	Slide53
	Slide54
	Slide55
	Slide56
	Slide57
	Slide58
	Slide59
	Slide60
	Slide61
	Slide62
	Slide63

