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Abstract 

Compartment fire scenarios are of great interest due to the large loss of life and property 

that occurs annually in such fires.  Due to the current move towards performance-based building 

code standards and the increasing acceptance by the regulatory system of model results, there is 

a growing need for detailed compartment fire data to demonstrate the accuracy of such 

engineering tools as they are used to ascertain performance.   

A series of carefully designed full-scale room/corner tests on two vi nyl ester resin 

composite systems have been conducted in a heavily instrumented compartment to provide 

compartment fire data for the calibration of engineering tools.  The two composite systems were 

chosen based on their thermal behavior.  A nominally thermally-thick glass-reinforced plastic 

(GRP) skin was desirable, as many analytical formulations have been developed using semi-

infinite assumptions.  A "thermally-thin" skin panel typical of that used in fast ferry construction, 

consisting of a GRP skin over a balsa core, was also tested.  The test protocol used throughout 

the room/corner experiments was a modification of the ISO 9705 standard where the HRR of the 

ignition fire was varied according to the Critical Ignition Source Strength concept.    

To date, there has been little work done where heat fluxes from compartment fires have 

been measured.  Therefore, one of the key data components developed in this series of tests are 

heat flux measurements from thin skin calorimeters.  A total of twenty-five thin skin calorimeters, 

constructed of Inconel plates, were located throughout the room: the spatial distribution of net and 

incident heat fluxes within compartment for both pre- and post-flashover conditions have been 

determined.  

Additionally, rakes of bare-bead thermocouples were placed in the vent and the corner of 

the room coincident with the thin skin calorimeter arrays.  A third rake was placed in the center of 

the room.  The thermocouple arrays provide data regarding layer temperatures and interface 

heights as well as a limited determination of temperature spatial distribution within the 

compartment.   The thermocouple rakes also permit calculation of pressure gradients across and 

mass flows through the vent, thus providing information regarding wall lining fire entrainment 
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rates, of use in corner fire algorithm validations and for globally evaluating the accuracy of CFD 

codes.   

Bench-scale cone calorimeter (ASTM E1354, ISO 5660) tests have been carried out on 

the two composite systems to gather material fire properties necessary as model inputs for fire 

spread algorithms.  The present study developed material properties including heat release rate, 

species production, and ignition data for the two composite systems.  Included are uncertainty 

bands that account for calculation and instrument uncertainty.  The current work also evaluates 

the ability of the current bench-scale testing data reduction techniques to differentiate the burning 

behavior of the two composite systems. 
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Nomenclature 
 
a  Exponent of approximate solution to one-dimension conduction solution 

(0.547 or 0.5) 
A  Coefficient of approximate solution to one-dimension conduction solution 

(0.73 or 0.71) 
b    Intercept of the best-fit regression line 
c    Specific heat [J/kg-K] 
C    Cone calorimeter daily calibration coefficient [] 
C    Constant used in Janssen’s improved method 

0C  Quantity calculated in Janssens’ thermal characterization to 

determine ckρ  

1C  Quantity calculated in Janssens’ thermal characterization to 

determine ckρ  

E    Heat release per mass unit of oxygen consumed [~13.1 kJ/g] 
h    Total linearized heat transfer coefficient at ignition [kW/m2K] 

ch    Convective heat transfer coefficient [kW/m2K] 

0h  Constant in Janssens’ expression for convective heat transfer coefficient 
in the cone calorimeter [kW/m2K] 

1h  Constant in Janssens’ expression for convective heat transfer coefficient 

in the cone calorimeter [1/K] 

cH∆    Effective heat of combustion [kJ/g] 

k    Thermal conductivity [kW/m2 K] 
ckρ    Effective thermal inertia [kW2m-4 K-2s] 

L    Effective heat of gasification [kJ/g] 
m    Slope of the best-fit regression line 

"m&    Mass loss rate per unit area [g/s-m2] 

aM    Molecular weight of air [29 g/mol] 

2OM    Molecular weight of oxygen [28 g/mol] 

n    Exponent used in Janssens’ improved method for thermal 
characterization 

n    Number of samples in population for statistical analysis. 
p    Exponent used in determining the flux-time product (1/n) 

p∆    Pressure drop across an orifice plate [Pa] 
"
crq&    Critical flux for ignition [kW/m2] 
"
minq&    Minimum flux for ignition [kW/m2] 
"
netq&    Net heat flux to surface [kW/m2] 
"
,0 igq&    Minimum flux for ignition [kW/m2] 

Q    Energy [J] 
"Q    Total energy per unit area [MJ] 
"Q&    Heat release rate per unit area [kW/m2] 

2r  Coefficient of determination or proportion of variation in y that is 
explained by the linear relationship with x 
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ms    Standard deviation of the slope, m, of the best-fit line 

S     Standard deviation from the best-fit or regression line 
t    Time [s] 

bt     Time to burn-out [s] 

igt    Time to ignition [s] 

*t    Characteristic equilibrium time [s] 
T    Temperature [K] 

eT    Ambient of external temperature [K] 

igT    Ignition temperature [K] 

min,sT    Minimum surface temperature required for lateral flame spread [K] 

∞T    Ambient temperature [K] 
x    Independent quantity x for linear regression []T 
y    Dependent quantity y for linear regression [] 

ŷ    Value of quantity y predicted from best-fit linear curve 

y    Average value of the quantity y over the range of x. 

2OX    Measured mole fraction of oxygen in the exhaust flow [] 

0
2OX    Mole fraction of oxygen in the ambient air [] 

 
Subscripts 
a    Air 
e    External or ambient 
ext    External or ambient 
f    Flame 

fc    Convective portion of heat flux due to flame 

fr    Radiative portion of heat flux due to flame 
net    Net 

2O    Oxygen 

peak    Peak or values at the peak heat release rae 

avgpeak _   Peak average values, or values at the peak average heat release rate 
rr    Re-radiative losses 
s    Surface 
v    Vaporization 
∞    Ambient 
 
Superscripts 
'    Per unit length 
"    Per unit area 
"'    Per unit volume 
*    Characteristic 
.    Per unit time 
−    Average 
−̂    Predicted 
 
Acronyms 
ASTM   American Society of Testing and Materials 
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CIFM   Combustible interior finish material 
CISS   Critical ignition source strength [kW] 
FRM   Fire-restricting material 
FRP   Fiber reinforced plastic  
FTP   Flux-time product [(kW/m2)1/ns1/n] 
GRP   Glass-reinforced plastic 
HRR    Heat release rate [kW/m2] 
HRR60   Average heat release rate for the 60 seconds after ignition [kW/m2] 
HRR180  Average heat release rate for the 180 seconds after ignition [kW/m2] 
HRR300  Average heat release rate for the 300 seconds after ignition [kW/m2] 
HRR(30s,max)  Maximum 30-second average heat release rate [kW/m2]  
HSC   High Speed Craft 
IMO   International Maritime Organization 
ISO   International Organization for Standardization  
NFPA   National Fire Protection Association  
NIST   National Institute of Standards and Technology 
SOLAS   International Convention for the Safety of Life at Sea 
THR   Total heat release [MJ/m2] 
TRP   Thermal response parameter [kWm-2s1/2] 
UBC   Uniform Building Code 
VEX    Vinyl ester 
WPI   Worcester Polytechnic Institute 
 
Greek Symbols 
α    Absorptivity [] 
α    Volumetric expansion factor 

Xδ    Standard uncertainty in quantity X [units of quantity X] 
XXδ    Relative uncertainty in quantity X [] 

∆    Change or difference  
ε    Emissivity [] 
Φ    Lateral flame spread parameter [] 
φ    Oxygen depletion factor [] 
ρ    Density [kg/m3] 
ρ    Reflectivity [] 
σ     Stefan-Boltzman constant 5.67x10-11 [kW/m2K4]  
τ     Transmissivity [] 
 



 1 

I. Introduction  
 
 
 
 
 
 

Section I - Table of Contents 
 

I. Introduction .................................................................................................................. 1 
1. Performance Design ............................................................................................... 2 
2. Engineering Tools ................................................................................................... 3 

2.1. Fire Growth Modeling...................................................................................... 3 
2.2. Validation and Calibration ............................................................................... 4 

3. Present Work .......................................................................................................... 4 
References – Chapter 1.................................................................................................. 5 

 

 
 



 2 

1. Performance Design 

There has been a recent move towards performance-based codes with the publication of 

the SFPE Engineering Guide to Performance Based Design, the performance design option 

included in the 2000 Edition of NFPA 101, The Life Safety Code,  the publication of the 

International Performance Building Code,  in addition to the development and adoption of 

performance building codes around the world.  Performance-based design is a design process 

that can make use of “trade-offs”, relative to traditional prescriptive requirements, to achieve a 

required level of safety.  In order to evaluate proposed designs for the level of safety achieved, 

models are required for performance evaluations and have become entrenched in building 

design. 1   

A specific example of performance design is tied to the use of composite construction for 

high speed ferries as allowed with the adoption of the High Speed Craft Code (HSC Code)2 by 

the International Maritime Organization (IMO) as Chapter 10 of the International Convention for 

the Safety of Life at Sea (SOLAS).3   Composites, such as glass reinforced plastics (GRP), are 

highly desirable for some marine applications due to their unique characteristics: high strength to 

weight ratio; durability and resistance to the marine environment; ease of maintenance and 

repair; toughness, particularly at low temperatures; and low thermal conductivity compared with 

metals.4 The primary concerns associated with the acceptability of composite construction are 

flammability and structural performance under fire exposure.5,6 The HSC Code2 allows the use of 

fire restricting materials (FRMs) in place of the industry standard steel or aluminum. Fire 

restricting materials are those that have a low flame spread, limited heat flux, limited heat release 

rate, and produce a limited amount of smoke.2 The procedure to experimentally evaluate a 

material system to see if it qualifies as a FRM involves a room corner test.7 

Due to the prohibitive cost of full-scale testing, analytical tools are needed to simulate 

room/corner test behavior to efficiently develop limited combustible composite systems.2 At 

present there is a dearth of pertinent fire behavior data of typical marine composite systems that 

can be used for fire model calibration. 



 3 

2. Engineering Tools 

Compartment fire scenarios are of great interest due to the large loss of life and property 

that occurs annually in such fires.  Tremendous effort has been spent to understand and model 

compartment fire dynamics; particularly room/corner configurations used in material screening 

test protocols.  The result has been the development of empirical correlations, zone models, and 

computational fluid dynamics (CFD) models. 

2.1. Fire Growth Modeling 

The ability to predict flame spread over a material and thus fire growth is of interest for 

two primary reasons: to predict the performance of “new” or advanced materials in fire tests 

without having to run large numbers of costly tests during material development, and to assess 

engineering designs based on the actual fire hazard rather than based on a specified heat 

release rate curve that is intended to reflect the worst credible fire scenario.  In order to achieve 

either, it is necessary to develop a flame spread algorithm that makes use of “material properties” 

or model parameters that reflect material burning behavior, developed in relatively low-cost 

bench-scale testing. 

When evaluating material systems for use in the built environment, material thermal and 

combustion properties are often required either directly as screening criteria or as input into 

models and flame spread algorithms developed to predict material burning.  The uncertainty of 

material properties and experimental output can directly impact screening criteria such as 

protocols that make use of absolute cutoff values to distinguish materials according to a pass/fail 

basis or into material categories as in the EUROCLASS system8.  Predictive fire models are often 

still crude in their calculations and incorporate a number of simplifications or empirically based 

correlations 9.  As a result, such models have an inherent level of uncertainty.  Even if a given 

model has been sufficiently validated against well documented and accurate experimental data, 

such a model can still give spurious results if the input data are inaccurate and the material 

properties are uncertain.   
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2.2. Validation and Calibration 

With increasing acceptance by the regulatory system of model results, there is a growing 

need for detailed compartment fire data to evaluate the predictive capability and demonstrate the 

accuracy of such engineering tools as they are used to ascertain performance. The International 

Standards Organization (ISO), along with the Conseil International du Batiment (CIB) are working 

to establish a framework for model evaluation.1 In a recent progress report, three key elements of 

model evaluation were specified: peer review of theoretical basis, usability and practicality, and 

comparison of predictions with experimental results.  The final element can be further broken 

down to include:  

(1) Sources and quality of data,  

(2) Uncertainty in experimental results,  

(3) Methodology for transforming measured data into “useful” values,  

(4) Measurement and measurement system requirements,  

(5) Sensitivity analysis of the experimentally-based “model predictions”,  

(6) Blind runs of the models, and  

(7) Statistical and analytical comparisons.1  

3. Present Work 

A series of full-scale room/corner and bench-scale cone calorimeter tests were carried 

out on two vinyl-ester (VEX) composite systems to characterize flame spread and fire 

environment behavior and gather necessary material data for composite characterization and 

compartment fire model calibration.  Thus, the data that has been generated can be divided into 

two distinct sets.  The first set can specifically be applied to calibration of flame spread 

algorithms.10,11,12 The data set will consist of the heat release rate histories from the room corner 

tests, a global metric for evaluating flame spread, and the associated material properties, as 

developed in bench-scale testing13,14 required as model input.  The second set describes the 

compartment fire environment and includes temperature profiles, vent flows, entrainment rates, 

and heat fluxes to locations throughout the compartment.  
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Table 35: Ignition data reduction uncertainty analysis, high-flux approximation, thin GRP, 
carbon (ε = 1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0036 A 0.0002 0.0685 1397.9243 0.3434 
b -0.0180 A 0.0053 -0.2966 -278.7544 1.4874 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 199.3460 0.3987 
Tig 497.3460 A 38.7793 0.0780 0.0379 1.4698 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -1.9935 0.0997 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0025 B 0.0001 0.0301 -2420.9028 0.1846 
Tig 497.3460 A 38.7793 0.0780 -0.0308 1.1948 
Tinf 298.0000 B 2.2000 0.0074 0.0308 0.0678 

δY 1.2108 
Y 4.9783 Y = kρc 
δY/Y 0.2432 

 
Y = TRP  kρc     
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 497.3460 B 38.7793 0.0780 0.4482 17.3805 
Tinf 298.0000 A 2.2000 0.0074 -0.4482 0.9860 
kρc 4.9783 B 1.2108 0.2432 -8.9735 10.8654 

δY 20.5210 
Y 445 Y = TRP 
δY/Y 0.0461 
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Table 36: Ignition data reduction uncertainty analysis, high-flux approximation, thin GRP, 
carbon, (ε = 0.92) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0036 A 0.0002 0.0685 1397.9243 0.3434 
b -0.0180 A 0.0053 -0.2966 -278.7544 1.4874 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 211.7718 0.4235 
Tig 492.8301 A 38.4645 0.0780 0.0380 1.4623 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -2.3019 0.1059 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0025 B 0.0001 0.0301 -2534.4296 0.1933 
Tig 492.8301 A 38.4645 0.0780 -0.0330 1.2694 
Tinf 298.0000 B 2.2000 0.0074 0.0330 0.0726 

δY 1.2861 
Y 5.2117 Y = kρc 
δY/Y 0.2468 

 
Y = TRP  kρc     
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 492.8301 B 38.4645 0.0780 0.4380 16.8488 
Tinf 298.0000 A 2.2000 0.0074 -0.4380 0.9637 
kρc 5.2117 B 1.2861 0.2468 -8.1876 10.5298 

δY 19.8919 
Y 445 Y = TRP 
δY/Y 0.0447 
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Table 37: Ignition data reduction uncertainty analysis, ASTM E1321, thick GRP, no carbon (ε 
= 1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 405.5454 0.8111 
Tig 703.5454 A 26.4754 0.0376 0.0890 2.3558 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -4.0555 0.2028 

δY 2.5000 
Y 17.5000 Y = q”cr 
δY/Y 0.1429 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 17.5000 B 2.5000 0.1429 0.0025 0.0062 
Tig 703.5454 A 26.4754 0.0376 -0.0001 0.0028 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0068 
Y 0.0432 Y = hig 
δY/Y 0.1572 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0432 A 0.0068 0.1572 92.7760 0.6292 
m 0.0344 A 0.0021 0.0603 -116.3275 0.2416 

δY 0.6740 
Y 2.0017 Y = kρc 
δY/Y 0.3367 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 703.5454 B 26.4754 0.0376 0.7068 18.7129 
Tinf 298.0000 A 2.2000 0.0074 -0.7068 1.5550 
kρc 2.0017 B 0.6740 0.3367 -71.5984 48.2549 

δY 51.7796 
Y 573.7748 Y = TRP 
δY/Y 0.0902 
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Table 38: Ignition data reduction uncertainty analysis, ASTM E1321, thick GRP, carbon (ε  = 
1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 405.5454 0.8111 
Tig 703.5454 A 26.4754 0.0376 0.0890 2.3558 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -4.0555 0.2028 

δY 2.5000 
Y 17.5000 Y = q”cr 
δY/Y 0.1429 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 17.5000 B 2.5000 0.1429 0.0025 0.0062 
Tig 703.5454 A 26.4754 0.0376 -0.0001 0.0028 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0068 
Y 0.0432 Y = hig 
δY/Y 0.1572 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0432 A 0.0068 0.1572 96.1707 0.6522 
m 0.0338 A 0.0027 0.0794 -122.7703 0.3295 

δY 0.7307 
Y 2.0750 Y = kρc 
δY/Y 0.3522 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 703.5454 B 26.4754 0.0376 0.6942 18.3797 
Tinf 298.0000 A 2.2000 0.0074 -0.6942 1.5273 
kρc 2.0750 B 0.7307 0.3522 -67.8410 49.5740 

δY 52.8935 
Y 584.1779 Y = TRP 
δY/Y 0.0905 
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Table 39: Ignition data reduction uncertainty analysis, ASTM E1321, thick GRP, carbon (ε  = 
0.92) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 436.5139 0.8730 
Tig 699.5928 A 26.3439 0.0377 0.0885 2.3321 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -4.7447 0.2183 

δY 2.5000 
Y 17.5000 Y = q”cr 
δY/Y 0.1429 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 17.5000 B 2.5000 0.1429 0.0025 0.0062 
Tig 699.5928 A 26.3439 0.0377 -0.0001 0.0029 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0069 
Y 0.0436 Y = hig 
δY/Y 0.1573 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0436 A 0.0069 0.1573 97.1172 0.6657 
m 0.0338 A 0.0027 0.0794 -125.1989 0.3361 

δY 0.7457 
Y 2.1160 Y = kρc 
δY/Y 0.3524 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 699.5928 B 26.3439 0.0377 0.6874 18.1101 
Tinf 298.0000 A 2.2000 0.0074 -0.6874 1.5124 
kρc 2.1160 B 0.7457 0.3524 -65.2346 48.6451 

δY 51.9289 
Y 584.1779 Y = TRP 
δY/Y 0.0889 
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Table 40: Ignition data reduction uncertainty analysis, ASTM E1321, thin GRP, no carbon (ε 
= 1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 342.2168 0.6844 
Tig 640.2168 A 34.4982 0.0539 0.0695 2.3981 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.4222 0.1711 

δY 2.5000 
Y 12.5000 Y = q”cr 
δY/Y 0.2000 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.5000 B 2.5000 0.2000 0.0029 0.0073 
Tig 640.2168 A 34.4982 0.0539 -0.0001 0.0037 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0082 
Y 0.0365 Y = hig 
δY/Y 0.2241 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0365 A 0.0082 0.2241 59.9477 0.4906 
m 0.0394 A 0.0023 0.0596 -55.5895 0.1305 

δY 0.5077 
Y 1.0948 Y = kρc 
δY/Y 0.4637 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 640.2168 B 34.4982 0.0539 0.9557 32.9701 
Tinf 298.0000 A 2.2000 0.0074 -0.9557 2.1026 
kρc 1.0948 B 0.5077 0.4637 -149.3636 75.8310 

δY 82.7151 
Y 358.0774 Y = TRP 
δY/Y 0.2310 
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Table 41: Ignition data reduction uncertainty analysis, ASTM E1321, thin GRP, carbon (ε = 
1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 342.2168 0.6844 
Tig 640.2168 A 34.4982 0.0539 0.0695 2.3981 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.4222 0.1711 

δY 2.5000 
Y 12.5000 Y = q”cr 
δY/Y 0.2000 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.5000 B 2.5000 0.2000 0.0029 0.0073 
Tig 640.2168 A 34.4982 0.0539 -0.0001 0.0037 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0082 
Y 0.0365 Y = hig 
δY/Y 0.2241 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0365 A 0.0082 0.2241 68.3007 0.5590 
m 0.0369 A 0.0009 0.0244 -67.6040 0.0609 

δY 0.5623 
Y 1.2474 Y = kρc 
δY/Y 0.4508 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 640.2168 B 34.4982 0.0539 0.8954 30.8883 
Tinf 298.0000 A 2.2000 0.0074 -0.8954 1.9698 
kρc 1.2474 B 0.5623 0.4508 -122.8189 69.0603 

δY 75.6788 
Y 382.2112 Y = TRP 
δY/Y 0.1980 
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Table 42: Ignition data reduction uncertainty analysis, ASTM E1321, thin GRP, carbon (ε = 
0.92) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 367.3309 0.7347 
Tig 635.9444 A 34.4254 0.0541 0.0692 2.3823 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.9927 0.1837 

δY 2.5000 
Y 17.5000 Y = q”cr 
δY/Y 0.1429 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.5000 B 2.5000 0.2000 0.0030 0.0074 
Tig 635.9444 A 34.4254 0.0541 -0.0001 0.0038 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0083 
Y 0.0370 Y = hig 
δY/Y 0.2245 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0370 A 0.0083 0.2245 69.1642 0.5744 
m 0.0369 A 0.0009 0.0244 -69.3242 0.0624 

δY 0.5778 
Y 1.2791 Y = kρc 
δY/Y 0.4517 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 635.9444 B 34.4254 0.0541 0.8842 30.4383 
Tinf 298.0000 A 2.2000 0.0074 -0.8842 1.9452 
kρc 1.2791 B 0.5778 0.4517 -116.7995 67.4895 

δY 74.0615 
Y 382.2112 Y = TRP 
δY/Y 0.1938 
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Table 43: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.73, 
a=0.547), thick GRP, no carbon (ε = 1.00) 

Material Characterization 
C 955 
δC 58 n 0.724 

δC/C 0.06 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0011 A 0.00003 0.0325 12410.217 0.4314 
b -0.0142 A 0.0034 -0.2433 -935.989 3.2254 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 352.8943 0.7058 
Tig 650.8943 A 43.7202 0.0672 0.0725 3.1716 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -4.0555 0.1764 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 13.2589 A 3.2541 0.2454 0.0028 0.0092 
Tig 650.8943 A 43.7202 0.0672 -0.0001 0.0047 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0103 
Y 0.0376 Y = hig 
δY/Y 0.2750 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0376 A 0.0103 0.2750 91.2614 0.9429 
m 470.9714 A 30.8499 0.0655 0.0067 0.2053 
q”cr 13.2589 A 3.2541 0.2454 -0.2364 0.7692 

δY 1.2341 
Y 1.7144 Y = kρc 
δY/Y 0.7198 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 650.8943 A 43.7202 0.0672 0.7637 33.3904 
Tinf 298.0000 B 2.2000 0.0074 -0.7637 1.6802 
kρc 1.7144 A 1.2341 0.7198 -78.6019 97.0022 

δY 102.6020 
Y 462.0673 Y = TRP 
δY/Y 0.2220 
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Table 44: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.73, 
a=0.547), thick GRP, carbon (ε = 0.92) 

Material Characterization 
C 385 
δC 18 n 0.500 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0026 A 0.0001 0.0372 2962.6620 0.2891 
b -0.0204 A 0.0094 -0.4625 -381.1543 3.5949 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 280.3729 0.5607 
Tig 555.9431 A 71.4225 0.1285 0.0498 3.5597 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.0475 0.1402 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 7.7729 A 3.6065 0.4640 0.0039 0.0140 
Tig 555.9431 A 71.4225 0.1285 -0.0001 0.0083 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0003 

δY 0.0163 
Y 0.0301 Y = hig 
δY/Y 0.5404 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0301 A 0.0163 0.5404 177.1603 2.8849 
m 447.7677 A 18.3444 0.0410 0.0109 0.1999 
q”cr 7.7729 A 3.6065 0.4640 -0.6278 2.2642 

δY 3.6728 
Y 2.6693 Y = kρc 
δY/Y 1.3759 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 555.9431 A 71.4225 0.1285 0.6121 43.7157 
Tinf 298.0000 B 2.2000 0.0074 -0.6121 1.3466 
kρc 2.6693 A 3.6728 1.3759 -29.5735 108.6168 

δY 117.0918 
Y 421.4255 Y = TRP 
δY/Y 0.2778 
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Table 45: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.73, 
a=0.547), thin GRP, no carbon (ε = 1.00) 

Material Characterization 
C 1626 
δC 137 n 0.994 

δC/C 0.08 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0006 A 0.00002 0.0320 20583.868 0.4118 
b -0.0080 A 0.0020 -0.2481 -1600.733 3.1902 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 347.3203 0.6946 
Tig 645.3203 A 44.1966 0.0685 0.0709 3.1357 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.4732 0.1737 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.8590 A 3.2166 0.2501 0.0029 0.0093 
Tig 645.3203 A 44.1966 0.0685 -0.0001 0.0047 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0104 
Y 0.0370 Y = hig 
δY/Y 0.2807 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0370 A 0.0104 0.2807 51.1389 0.5315 
m 335.4262 A 45.0937 0.1344 0.0052 0.2327 
q”cr 12.8590 A 3.2166 0.2501 -0.1346 0.4329 

δY 0.7239 
Y 0.9467 Y = kρc 
δY/Y 0.7647 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 645.3203 A 44.1966 0.0685 1.0278 45.4245 
Tinf 298.0000 B 2.2000 0.0074 -1.0278 2.2611 
kρc 0.9467 A 0.7239 0.7647 -188.5391 136.4856 

δY 143.8638 
Y 337.9323 Y = TRP 
δY/Y 0.4257 
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Table 46: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.73, 
a=0.547), thin GRP, carbon (ε  = 0.92) 

Material Characterization 
C 601 
δC 28 n 0.718 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0016 A 0.00003 0.0196 6568.7398 0.2118 
b -0.0179 A 0.0032 -0.1799 -606.5818 1.9480 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 339.7291 0.6795 
Tig 610.5508 A 29.2805 0.0480 0.0625 1.8297 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.6927 0.1699 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 10.8291 A 1.9595 0.1809 0.0032 0.0063 
Tig 610.5508 A 29.2805 0.0480 -0.0001 0.0032 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0071 
Y 0.0346 Y = hig 
δY/Y 0.2039 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0346 A 0.0071 0.2039 67.9605 0.4801 
m 342.2126 A 19.7979 0.0579 0.0063 0.1245 
q”cr 10.8291 A 1.9595 0.1809 -0.1988 0.3895 

δY 0.6306 
Y 1.1773 Y = kρc 
δY/Y 0.5356 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 610.5508 A 29.2805 0.0480 0.9216 26.9854 
Tinf 298.0000 B 2.2000 0.0074 -0.9216 2.0276 
kρc 1.1773 A 0.6306 0.5356 -122.3327 77.1431 

δY 81.7519 
Y 339.1330 Y = TRP 
δY/Y 0.2411 
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Table 47: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.71, 
a=0.5), thick GRP, no carbon (ε  = 1.00) 

Material Characterization 
C 955 
δC 58 n 0.724 

δC/C 0.06 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0011 A 0.00003 0.0325 12410.217 0.4314 
b -0.0142 A 0.0034 -0.2433 -935.989 3.2254 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 352.8943 0.7058 
Tig 650.8943 A 43.7202 0.0672 0.0725 3.1716 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -4.0555 0.1764 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 13.2589 A 3.2541 0.2454 0.0028 0.0092 
Tig 650.8943 A 43.7202 0.0672 -0.0001 0.0047 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0103 
Y 0.0376 Y = hig 
δY/Y 0.2750 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0376 A 0.0103 0.2750 129.6807 1.3399 
m 391.0730 A 32.9744 0.0843 0.0125 0.4108 
q”cr 13.2589 A 3.2541 0.2454 -0.3675 1.1958 

δY 1.8423 
Y 2.4362 Y = kρc 
δY/Y 0.7562 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 650.8943 A 43.7202 0.0672 0.6407 28.0109 
Tinf 298.0000 B 2.2000 0.0074 -0.6407 1.4095 
kρc 2.4362 A 1.8423 0.7562 -46.4035 85.4889 

δY 89.9719 
Y 550.8070 Y = TRP 
δY/Y 0.1633 
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Table 48: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.71, 
a=0.5), thick GRP, carbon (ε = 0.92) 

Material Characterization 
C 385 
δC 18 n 0.500 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0026 A 0.0001 0.0372 2962.6620 0.2891 
b -0.0204 A 0.0094 -0.4625 -381.1543 3.5949 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 280.3729 0.5607 
Tig 555.9431 A 71.4225 0.1285 0.0498 3.5597 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.0475 0.1402 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 7.7729 A 3.6065 0.4640 0.0039 0.0140 
Tig 555.9431 A 71.4225 0.1285 -0.0001 0.0083 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0003 

δY 0.0163 
Y 0.0301 Y = hig 
δY/Y 0.5404 

 



 

 

110 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0301 A 0.0163 0.5404 284.8736 4.6393 
m 379.4135 A 14.0155 0.0369 0.0226 0.3171 
q”cr 7.7729 A 3.6065 0.4640 -1.1045 3.9832 

δY 6.1228 
Y 4.2924 Y = kρc 
δY/Y 1.4264 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 555.9321 A 71.4258 0.1285 0.4827 34.4752 
Tinf 298.0000 B 2.2000 0.0074 -0.4827 1.0619 
kρc 4.2924 A 6.1228 1.4264 -14.5020 88.7935 

δY 95.2573 
Y 534.3852 Y = TRP 
δY/Y 0.1783 
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Table 49: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.71, 
a=0.5), thin GRP, no carbon (ε  = 1.00) 

Material Characterization 
C 1626 
δC 137 n 0.994 

δC/C 0.08 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0006 A 0.00002 0.0320 20583.868 0.4118 
b -0.0080 A 0.0020 -0.2481 -1600.733 3.1902 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 347.3172 0.6946 
Tig 645.3172 A 44.1972 0.0685 0.0709 3.1357 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.4732 0.1737 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.8590 A 3.2166 0.2501 0.0029 0.0093 
Tig 645.3172 A 44.1972 0.0685 -0.0001 0.0047 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0104 
Y 0.0370 Y = hig 
δY/Y 0.2807 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0370 A 0.0104 0.2807 70.4814 0.7325 
m 281.6746 A 45.2553 0.1607 0.0093 0.4193 
q”cr 12.8590 A 3.2166 0.2501 -0.2029 0.6528 

δY 1.0670 
Y 1.3047 Y = kρc 
δY/Y 0.8178 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 645.3172 A 44.1972 0.0685 0.8755 38.6929 
Tinf 298.0000 B 2.2000 0.0074 -0.8755 1.9260 
kρc 1.3047 A 1.0670 0.8178 -116.5218 124.3286 

δY 130.2247 
Y 396.7248 Y = TRP 
δY/Y 0.3282 

 



 

 

113 

Table 50: Ignition data reduction uncertainty analysis, Janssens’ Improved method (A=0.71, 
a=0.5), thin GRP, carbon (ε = 0.92) 

Material Characterization 
C 601 
δC 28 n 0.718 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0016 A 0.00003 0.0196 6568.7398 0.2118 
b -0.0179 A 0.0032 -0.1799 -606.5818 1.9480 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 339.7291 0.6795 
Tig 610.5508 A 29.2805 0.0480 0.0625 1.8297 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.6927 0.1699 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 10.8291 A 1.9595 0.1809 0.0032 0.0063 
Tig 610.5508 A 29.2805 0.0480 -0.0001 0.0032 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0071 
Y 0.0346 Y = hig 
δY/Y 0.2039 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h 0.0346 A 0.0071 0.2039 98.8239 0.6981 
m 290.3562 A 23.1481 0.0797 0.0118 0.2730 
q”cr 10.8291 A 1.9595 0.1809 -0.3162 0.6196 

δY 0.9725 
Y 1.7120 Y = kρc 
δY/Y 0.5680 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 610.5508 A 29.2805 0.0480 0.7643 22.3782 
Tinf 298.0000 B 2.2000 0.0074 -0.7643 1.6814 
kρc 1.7120 A 0.9725 0.5680 -69.7645 67.8444 

δY 71.4596 
Y 408.9523 Y = TRP 
δY/Y 0.1747 
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Table 51: Ignition data reduction uncertainty analysis, Janssens’ Improved method with 
improved thermal characterization, (A=0.71, a=0.5), thick GRP, no carbon (ε = 1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0029 A 0.0002 0.0619 3232.4032 0.5754 
b -0.0267 A 0.0034 -0.1284 -347.8382 1.1932 

δY 1.3247 
Y 9.2928 Y = q”cr 
δY/Y 0.1426 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0150 B 0.0030 0.2000 266.4107 0.7971 
Tig 564.4107 A 18.6247 0.0330 0.0557 1.0381 
Tinf 298.0000 B 2.2000 0.0074 -0.0210 0.0461 
ε 1.0000 B 0.0500 0.0500 -3.9854 0.1993 

δY 1.3247 
Y 9.2928 Y = q”cr 
δY/Y 0.1426 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.0002 -1.4085 0.0001 
ε 1.0000 B 0.0500 0.0500 0.0053 0.0003 
Tig 564.4107 A 18.6247 0.0330 -0.00002 0.0004 
Tinf 298.0000 B 2.2000 0.0074 0.00002 0.00004 

δY 0.0005 
Y 0.0048 Y = C1 
δY/Y 0.0970 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0048 A 0.0005 0.0970 1163.4273 0.5427 
m 0.0029 A 0.0002 0.0619 -1945.6790 0.3463 

δY 0.6437 
Y 2.7968 Y = kρc 
δY/Y 0.2302 
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Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 564.4107 A 18.6247 0.0330 0.5980 11.1367 
Tinf 298.0000 B 2.2000 0.0074 -0.5980 1.3155 
kρc 2.7968 A 0.6437 0.2302 -28.4791 18.3334 

δY 21.4912 
Y 445.5368 Y = TRP 
δY/Y 0.0482 

  
Y = C0       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h0 0.0118 B 0.0024 0.0002 1.4085 0.0033 
ε 1.0000 B 0.0500 0.0500 0.0281 0.0014 
Tig 564.4107 A 18.6247 0.0330 0.0001 0.0021 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0042 
Y 0.0447 Y = C0 
δY/Y 0.0930 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C0 0.0447 A 0.0042 0.0930 125.1862 0.5201 
m -0.0267 A 0.0034 -0.1284 209.3409 0.7181 

δY 0.8867 
Y 2.7964 Y = kρc 
δY/Y 0.3171 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 564.4107 A 21.4912 0.0381 0.5980 12.8518 
Tinf 298.0000 B 5.0000 0.0168 -0.5980 2.9900 
kρc 2.7964 A 0.8867 0.3171 -28.4858 25.2580 

δY 28.4969 
Y 445.5015 Y = TRP 
δY/Y 0.0640 
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Table 52: Ignition data reduction uncertainty analysis, Janssens’ Improved method with 
improved thermal characterization, (A=0.71, a=0.5), thick GRP, carbon (ε  = 0.92) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0026 A 0.0001 0.0372 2959.8238 0.2889 
b -0.0204 A 0.0094 -0.4628 -381.0810 3.5949 

δY 3.6065 
Y 7.7669 Y = q”cr 
δY/Y 0.4643 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0144 B 0.0029 0.2000 254.3324 0.7346 
Tig 531.9858 A 70.7381 0.1330 0.0498 3.5258 
Tinf 298.0000 B 2.2000 0.0074 -0.0217 0.0477 
ε 0.9200 B 0.0460 0.0500 -3.9921 0.1836 

δY 3.6065 
Y 7.7669 Y = q”cr 
δY/Y 0.4643 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.0002 -1.4085 0.0001 
ε 0.9200 B 0.0460 0.0500 0.0060 0.0003 
Tig 531.9858 A 70.7381 0.1330 -0.00002 0.0017 
Tinf 298.0000 B 2.2000 0.0074 0.00002 0.0001 

δY 0.0017 
Y 0.0051 Y = C1 
δY/Y 0.3361 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0051 A 0.0017 0.3361 1469.3525 2.4985 
m 0.0026 A 0.0001 0.0372 -2832.7267 0.2765 

δY 2.5138 
Y 3.7167 Y = kρc 
δY/Y 0.6763 
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Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 531.9858 A 70.7381 0.1330 0.5187 36.6923 
Tinf 298.0000 B 2.2000 0.0074 -0.5187 1.1412 
kρc 3.7167 A 2.5138 0.6763 -16.3276 41.0440 

δY 55.0658 
Y 451.0952 Y = TRP 
δY/Y 0.1221 

 
Y = C0       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h0 0.0118 B 0.0024 0.2000 1.4085 0.0033 
ε 0.9200 B 0.0460 0.0500 0.0246 0.0011 
Tig 531.9858 A 70.7381 0.1330 0.0001 0.0065 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0001 

δY 0.0074 
Y 0.0393 Y = C0 
δY/Y 0.1886 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C0 0.0393 A 0.0074 0.1886 189.1816 1.4016 
m -0.0204 A 0.0094 -0.4628 364.7194 3.4405 

δY 3.7151 
Y 3.7167 Y = kρc 
δY/Y 0.9996 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 531.9858 A 55.0658 0.1035 0.5187 28.5629 
Tinf 298.0000 B 5.0000 0.0168 -0.5187 2.5935 
kρc 3.7167 A 3.7151 0.9996 -16.3275 60.6579 

δY 67.0965 
Y 451.0966 Y = TRP 
δY/Y 0.1487 
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Table 53: Ignition data reduction uncertainty analysis, Janssens’ Improved method with 
improved thermal characterization, (A=0.71, a=0.5), thin GRP, no carbon (ε = 1.00) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0047 A 0.0002 0.0349 1470.7559 0.2409 
b -0.0324 A 0.0021 -0.0661 -213.1074 0.4563 

δY 0.5160 
Y 6.9015 Y = q”cr 
δY/Y 0.0748 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0141 B 0.0028 0.2000 223.3601 0.6320 
Tig 521.3601 A 17.2655 0.0331 0.0463 0.7992 
Tinf 298.0000 B 2.2000 0.0074 -0.0201 0.0443 
ε 1.0000 B 0.0500 0.0500 -3.1598 0.1580 

δY 0.5160 
Y 6.9015 Y = q”cr 
δY/Y 0.0748 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 1.0000 B 0.0500 0.0500 0.0063 0.0003 
Tig 521.3601 A 17.2655 0.0331 0.00003 0.0005 
Tinf 298.0000 B 2.2000 0.0074 0.00003 0.0001 

δY 0.0006 
Y 0.0058 Y = C1 
δY/Y 0.1015 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0058 A 0.0006 0.1015 529.2517 0.3131 
m 0.0047 A 0.0002 0.0349 -657.1975 0.1077 

δY 0.3311 
Y 1.5419 Y = kρc 
δY/Y 0.2147 
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Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 521.3601 A 17.2655 0.0331 0.8053 13.9042 
Tinf 298.0000 B 2.2000 0.0074 -0.8053 1.7717 
kρc 1.5419 A 0.3311 0.2147 -58.3277 19.3129 

δY 23.8632 
Y 277.3571 Y = TRP 
δY/Y 0.0860 

 
Y = C0       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h0 0.0118 B 0.0024 0.2000 1.4085 0.0033 
ε 1.0000 B 0.0500 0.0500 0.0236 0.0012 
Tig 521.3601 A 17.2655 0.0331 -0.0001 0.0017 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0001 

δY 0.0039 
Y 0.0402 Y = C0 
δY/Y 0.0972 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C0 0.0402 A 0.0039 0.0972 76.6912 0.2997 
m -0.0324 A 0.0021 -0.0661 95.2367 0.2039 

δY 0.3625 
Y 1.5421 Y = kρc 
δY/Y 0.2350 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 521.3601 A 23.8632 0.0458 0.8053 19.2163 
Tinf 298.0000 B 5.0000 0.0168 -0.8053 4.0263 
kρc 1.5421 A 0.3625 0.2350 -58.3175 21.1385 

δY 28.8499 
Y 277.3733 Y = TRP 
δY/Y 0.1040 
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Table 54: Ignition data reduction uncertainty analysis, Janssens’ Improved method with 
improved thermal characterization, (A=0.71, a=0.5), thin GRP, carbon (ε  = 0.92) 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0036 A 0.0002 0.0685 1397.9243 0.3434 
b -0.0180 A 0.0053 -0.2966 -278.7544 1.4874 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0135 B 0.0027 0.2000 191.7621 0.5180 
Tig 474.4212 A 36.7486 0.0775 0.0389 1.4294 
Tinf 298.0000 B 2.2000 0.0074 -0.0207 0.0455 
ε 0.9200 B 0.0460 0.0500 -2.8150 0.1295 

δY 1.5265 
Y 5.0149 Y = q”cr 
δY/Y 0.3044 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 0.9200 B 0.0460 0.0500 0.0080 0.0004 
Tig 474.4212 A 36.7486 0.0775 -0.00004 0.0015 
Tinf 298.0000 B 2.2000 0.0074 0.00004 0.0001 

δY 0.0016 
Y 0.0069 Y = C1 
δY/Y 0.2300 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0069 A 0.0016 0.2300 1067.0167 1.6848 
m 0.0036 A 0.0002 0.0685 -2042.1647 0.5016 

δY 1.7579 
Y 3.6630 Y = kρc 
δY/Y 0.4799 
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Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 474.4212 A 36.7486 0.0775 0.5225 19.2009 
Tinf 298.0000 B 2.2000 0.0074 -0.5225 1.1495 
kρc 3.6630 A 1.7579 0.4799 -12.5824 22.1181 

δY 29.3122 
Y 337.6527 Y = TRP 
δY/Y 0.0868 

 
Y = C0       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h0 0.0118 B 0.0024 0.2000 1.4085 0.0033 
ε 0.9200 B 0.0460 0.0500 0.0194 0.0009 
Tig 474.4212 A 36.7486 0.0775 0.0001 0.0028 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0001 

δY 0.0045 
Y 0.0344 Y = C0 
δY/Y 0.1294 

 
Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C0 0.0344 A 0.0045 0.1294 212.7731 0.9479 
m -0.0180 A 0.0053 -0.2966 407.2339 2.1730 

δY 2.3707 
Y 3.6631 Y = kρc 
δY/Y 0.6472 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 474.4212 A 29.3122 0.0618 0.5225 15.3151 
Tinf 298.0000 B 5.0000 0.0168 -0.5225 2.6124 
kρc 3.6631 A 2.3707 0.6472 -12.5817 29.8277 

δY 33.6314 
Y 337.6586 Y = TRP 
δY/Y 0.0996 
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Table 55: Ignition data reduction uncertainty analysis, hybrid Janssens’ method with 
improved thermal characterization, (A=0.71, a=0.5), thick GRP, no carbon (ε = 1.00) 

Material Characterization 
C 955 
δC 58 n 0.724 

δC/C 0.06 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0011 A 0.00003 0.0325 12410.217 0.4314 
b -0.0142 A 0.0034 -0.2433 -935.989 3.2254 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0163 B 0.0033 0.2000 323.09141 1.0538 
Tig 621.0914 A 43.4171 0.0699 0.07065 3.0673 
Tinf 298.0000 B 2.2000 0.0074 -0.01631 0.0359 
ε 1.0000 B 0.0500 0.0500 -5.26899 0.2634 

δY 3.2541 
Y 13.2589 Y = q”cr 
δY/Y 0.2454 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 1.0000 B 0.0500 0.0500 0.0044 0.0002 
Tig 621.0914 A 43.4171 0.0699 -0.00001 0.0006 
Tinf 298.0000 B 2.2000 0.0074 0.00001 0.00003 

δY 0.0006 
Y 0.0039 Y = C1 
δY/Y 0.1631 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0039 A 0.0006 0.1631 1230.0179 0.7786 
m 0.0025 A 0.0001 0.0358 -1900.1663 0.1711 

δY 0.7972 
Y 2.3865 Y = kρc 
δY/Y 0.3341 

 
Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 621.0914 A 43.4171 0.0699 0.6473 28.1048 
Tinf 298.0000 B 2.2000 0.0074 -0.6473 1.4241 
kρc 2.3865 A 0.7972 0.3341 -43.8182 34.9326 

δY 44.8575 
Y 499.1207 Y = TRP 
δY/Y 0.0899 
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Table 56: Ignition data reduction uncertainty analysis, hybrid Janssens’ method with 
improved thermal characterization, (A=0.71, a=0.5), thick GRP, carbon (ε  = 0.92) 

Material Characterization 
C 385 
δC 18 n 0.500 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0026 A 0.0001 0.0372 2962.6620 0.2891 
b -0.0204 A 0.0094 -0.4625 -381.1543 3.5949 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0144 B 0.0029 0.2000 254.4579 0.7350 
Tig 532.1013 A 70.7049 0.1329 0.0499 3.5259 
Tinf 298.0000 B 2.2000 0.0074 -0.0157 0.0345 
ε 0.9200 B 0.0460 0.0500 -3.9947 0.1838 

δY 3.6065 
Y 7.7729 Y = q”cr 
δY/Y 0.4640 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 0.9200 B 0.0460 0.0500 0.0060 0.0003 
Tig 532.1013 A 70.7049 0.1329 -0.00002 0.0017 
Tinf 298.0000 B 2.2000 0.0074 0.00002 0.0001 

δY 0.0017 
Y 0.0051 Y = C1 
δY/Y 0.3358 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0051 A 0.0017 0.3358 1468.2604 2.4931 
m 0.0026 A 0.0000 0.0182 -2828.8050 0.1349 

δY 2.4968 
Y 3.7119 Y = kρc 
δY/Y 0.6726 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 532.1013 A 70.7049 0.1329 0.5190 36.6986 
Tinf 298.0000 B 2.2000 0.0074 -0.5190 1.1419 
kρc 3.7119 A 2.4968 0.6726 -16.3672 40.8649 

δY 54.9366 
Y 451.0282 Y = TRP 
δY/Y 0.1218 
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Table 57: Ignition data reduction uncertainty analysis, hybrid Janssens’ method with 
improved thermal characterization, (A=0.71, a=0.5), thin GRP, no carbon (ε = 1.00) 

Material Characterization 
C 1626 
δC 137 n 0.994 

δC/C 0.08 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0006 A 0.00002 0.0320 20583.868 0.4118 
b -0.0080 A 0.0020 -0.2481 -1600.733 3.1902 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0162 B 0.0032 0.2000 317.9899 1.0285 
Tig 615.9899 A 43.8937 0.0713 0.0692 3.0367 
Tinf 298.0000 B 2.2000 0.0074 -0.0162 0.0356 
ε 1.0000 B 0.0500 0.0500 -5.1426 0.2571 

δY 3.2166 
Y 12.8590 Y = q”cr 
δY/Y 0.2501 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 1.0000 B 0.0500 0.0500 0.0044 0.0002 
Tig 615.9899 A 43.8937 0.0713 -0.00001 0.0006 
Tinf 298.0000 B 2.2000 0.0074 0.00001 0.00003 

δY 0.0007 
Y 0.0040 Y = C1 
δY/Y 0.1666 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0040 A 0.0007 0.1666 710.0497 0.4672 
m 0.0033 A 0.0002 0.0678 -840.8846 0.1901 

δY 0.5044 
Y 1.4025 Y = kρc 
δY/Y 0.3596 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 615.9899 A 43.8937 0.0713 0.8444 37.0642 
Tinf 298.0000 B 2.2000 0.0074 -0.8444 1.8577 
kρc 1.4025 A 0.5044 0.3596 -95.7283 48.2851 

δY 60.8987 
Y 376.5832 Y = TRP 
δY/Y 0.1617 
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Table 58: Ignition data reduction uncertainty analysis, hybrid Janssens’ method with 
improved thermal characterization, (A=0.71, a=0.5), thin GRP, carbon (ε  = 0.92) 

Material Characterization 
C 601 
δC 28 n 0.718 

δC/C 0.05 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

m 0.0016 A 0.00003 0.0196 6568.7398 0.2118 
b -0.0179 A 0.0032 -0.1799 -606.5818 1.9480 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0155 B 0.0031 0.2000 308.5483 0.9554 
Tig 581.8644 A 27.5358 0.0473 0.0615 1.6937 
Tinf 298.0000 B 2.2000 0.0074 -0.0168 0.0370 
ε 0.9200 B 0.0460 0.0500 -5.1923 0.2388 

δY 1.9595 
Y 10.8291 Y = q”cr 
δY/Y 0.1809 

 
Y = C1       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

h1 0.0003 B 0.0001 0.2000 -1.4085 0.0001 
ε 0.9200 B 0.0460 0.0500 0.0050 0.0002 
Tig 581.8644 A 27.5358 0.0473 -0.00002 0.0004 
Tinf 298.0000 B 2.2000 0.0074 0.00002 0.00004 

δY 0.0005 
Y 0.0041 Y = C1 
δY/Y 0.1245 
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Y = kρc       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

C1 0.0041 A 0.0005 0.1245 716.9002 0.3646 
m 0.0034 A 0.0001 0.0379 -867.5939 0.1110 

δY 0.3811 
Y 1.4646 Y = kρc 
δY/Y 0.2602 

 
 

Y = TRP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

Tig 581.8644 A 27.5358 0.0473 0.8263 22.7530 
Tinf 298.0000 B 2.2000 0.0074 -0.8263 1.8179 
kρc 1.4646 A 0.3811 0.2602 -80.0770 30.5149 

δY 38.1072 
Y 343.5333 Y = TRP 
δY/Y 0.1109 
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Table 59: Ignition data reduction uncertainty analysis, flux-time product, thick GRP, no 
carbon (ε = 1.00) 

q”cr 13.7348 Exponents 
δq”cr 3.2083 n 0.7213 

δq”cr/q”cr 0.2336 p 1.3863 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 359.3700 0.7187 
Tig 657.3700 A 41.9384 0.0638 0.0744 3.1214 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.5937 0.1797 

δY 3.2083 
Y 13.7348 Y = q”cr 
δY/Y 0.2336 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 13.7348 A 3.2083 0.2336 0.0028 0.0089 
Tig 657.3700 A 41.9384 0.0638 -0.0001 0.0045 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0100 
Y 0.0382 Y = hig 
δY/Y 0.2612 

 
Y = FTP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to Uncertainty 

m 913.5159 A 29.7873 0.0326 19.3076 575.1217 
δY 575.1217 
Y 12722.5178 Y = FTP 
δY/Y 0.0452 
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Table 60: Ignition data reduction uncertainty analysis, flux-time product, thick GRP, carbon 
(ε = 0.92) 

q”cr 8.5541 Exponents 
δq”cr 3.5630 n 0.5000 

δq”cr/q”cr 0.4165 p 2.0000 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 296.8735 0.5937 
Tig 571.1237 A 66.0737 0.1157 0.0531 3.5098 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.2269 0.1484 

δY 3.5630 
Y 8.5541 Y = q”cr 
δY/Y 0.4165 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 8.5541 A 3.5630 0.4165 0.0037 0.0130 
Tig 571.1237 A 66.0737 0.1157 -0.0001 0.0076 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0003 

δY 0.0151 
Y 0.0313 Y = hig 
δY/Y 0.4817 

 
Y = FTP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution to 
Uncertainty 

m 374.3498 A 13.9224 0.0372 748.6997 10423.6600 
δY 10423.6600 
Y 140137.7978 Y = FTP 
δY/Y 0.0744 
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Table 61: Ignition data reduction uncertainty analysis, flux-time product, thin GRP, no 
carbon (ε = 1.00) 

q”cr 12.6663 Exponents 
δq”cr 3.2033 n 0.9640 

δq”cr/q”cr 0.2529 p 1.0374 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 344.5889 0.6892 
Tig 642.5889 A 44.5051 0.0693 0.0702 3.1233 
Tinf 298.0000 B 2.2000 0.0074 -0.0160 0.0352 
ε 1.0000 B 0.0500 0.0500 -3.4459 0.1723 

δY 3.2033 
Y 12.6663 Y = q”cr 
δY/Y 0.2529 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 12.6663 A 3.2033 0.2529 0.0029 0.0093 
Tig 642.5889 A 44.5051 0.0693 -0.0001 0.0047 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0104 
Y 0.0368 Y = hig 
δY/Y 0.2840 

 
Y = FTP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to Uncertainty 

m 1446.7860 A 46.8634 0.0324 1.3615 63.8035 
δY 63.8035 
Y 1898.8248 Y = FTP 
δY/Y 0.0336 
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Table 62: Ignition data reduction uncertainty analysis, flux-time product, thin GRP, carbon (ε  
= 0.92) 

q”cr 11.0053 Exponents 
δq”cr 1.9418 n 0.7176 

δq”cr/q”cr 0.1764 p 1.3935 
 

Y = q”cr       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

hc 0.0100 B 0.0020 0.2000 342.7752 0.6856 
Tig 613.3532 A 28.6107 0.0466 0.0632 1.8083 
Tinf 298.0000 B 2.2000 0.0074 -0.0169 0.0371 
ε 0.9200 B 0.0460 0.0500 -3.7258 0.1714 

δY 1.9418 
Y 11.0053 Y = q”cr 
δY/Y 0.1764 

 
Y = hig       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to 
Uncertainty 

q”cr 11.0053 A 1.9418 0.1764 0.0032 0.0062 
Tig 613.3532 A 28.6107 0.0466 -0.0001 0.0032 
Tinf 298.0000 B 2.2000 0.0074 0.0001 0.0002 

δY 0.0069 
Y 0.0349 Y = hig 
δY/Y 0.1985 

 
Y = FTP       
Quantity Value, X Error Type Standard 

Error, δX 
Relative 
Error, δX/X 

Sensitivity 
Coefficient, 
∂Y/∂X 

Individual 
Contribution 
to Uncertainty 

m 603.0518 A 11.7865 0.0195 17.3067 203.9856 
δY 203.9856 
Y 7489.5980 Y = FTP 
δY/Y 0.0272 
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Figure 17: Heat release rate curves for each of the four eight-layer GRP full-scale experiments 
conducted in the WPI ISO 9705 test compartment according to the critical ignition source strength 

theory. 
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Figure 18: Heat release rate curves for each of the four one-layer GRP full-scale experiments 
conducted in the WPI ISO 9705 test compartment according to the critical ignition source strength 

theory. 
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