HEAT BRIDGING
SCOPING STUDY

Research progress and
COMPREHENSIVE jip opportunity

Madhav Parikh, P.E.
Shivani Gandage
Onder Akinci, Ph.D., P.E.

22 October 2024

PI!SSI'U"EFIHE PROTECTION I'EI'WI}FIK :



Heat Bridging SCOPING Study SGH

Outline

* |ntroduction

- Technical approach to assess the consequenc #f | R
bridging |

- Heat transfer and structural response simulaticf .z, i
preliminary results

» Large comprehensive study design
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PROBLEM STATEMENT SGhH

Coatback Requirements

“Writing to get your opinion and request info regarding coatback fisgpoéchentddsr non
for onshore facilities. Mbst industry recommended practices such as AP-2218, DNV-OS-D301 recommend

using 450 mm However, this recommendation 1s made with a caveat that if ‘heat conduction to primary
beamis a concem then extend fireproofing’ leaving the coming up with any requirement on the engineer.
From construction point of view having different coatback lengths for different areas creates complexity with
minimal gains.

Can you share any nfo of published data on this matter especially for onshore facilities and your opmion on
this matter. Thanks.”

Chief Process Safety Engineer
Major EPC firm
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COATBACK PFP

* Secondary and tertiary members connected to PFP-applied primary steel members shall be
coated with 450 mm PFP in order to mmmmize conduction heat transfer to protected menmbers as
per FABIG TN-13 ifthe cross-sectional area of the connected element is more than 3,000 nn?

S

Secondary
Attachment

Coating thickness I

same as prnimary

_ member
Primary Member
Coating thickness Coating may follow
based on section factor profile of primary
(AV), fire type, fire member or be
duration and allowable finished off square.
critrical core
temperature
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“Primary Member

Coating thickness
based on section
factor (A/V), fire
type, fire duration
and allowable
critrical core
temperature

Secondary
Attachment
Coating thickness
same as primary
member



HEAT BRIDGING
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Ref.: Loudoun and Akinci, 2017
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CRITERIA

Column Response

Condition Capacity U, Magnitude
0.06
Room Temperature 100% Eggg
After 60 min. Jet Fire 95% 001

After 90 min. Jet Fire 83%
After 2 hr. Pool Fire 82%
Actual Utilization 50%

Ref.: Loudoun and Akinci, 2017
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Heat Bridging SCOPING Study

Research Areas of Interest

- PFP Damage
- Partial thickness loss in a localized area
« Complete loss of PFP in a localized area

* Aging PFP
* (General degradation
* Erosion
» Partial conductivity loss due to aging

CONFIDENTIAL AND PROPRIETARY




Heat Bridging SCOPING Study SGH

Approach to Assess the Consequences of Heat Bridging

- PFP damage, aging PFP, and coatback

Conduct heat transfer analysis considering the key parameters identified in oL

Estimate temperature profiles in the protected elements based on the learning
representative heat transfer analysis cases

Consider pool fire and jet fire scenarios

Develop structural models utilizing temperature dependent material properties
various failure modes, including local and global buckling

Impose the temperature profile predicted from the heat transfer analysis on th:
Increase loads incrementally until failure / collapse of the element
Assess the consequences of heat bridging
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Preliminary Results SGH

compressive load

Case 1W10x49 Column

* Nonlinear static analysis of a W10x49 column section
using ABAQUS
* FE model includes PFP loss zone at (1,000! C)

»  Strength and modulus of elasticity degradation
as a function of steel temperature {FABIG TN

- Largelisplacement effects

* PFP damage at the tip of the fl&amg€$0% of
height) and 1.25 m (25% of height), and 15% of the

flange width Protected steel (at 538! C)
* Pool fire scenario

« Column temperature riseEd@fi@B8which the
exposed flange region temperature ri§8s to 1,000

 Axial pushdown loads applied on the column Siply supported SN
CONFIDENTIAL AND PROPRIETARY boundary conditions M




Preliminary Results SGH

Case 1W10x49 Column

« We performed pushdown analysis to determine capacity of the column subjected tc
damaged PFP configuration

« 30% of the half flange (0.15xbf) width is exposed to fire with different PFP loss lenc

Exposed Ste PFP Loss Cgpamty / |
Temperature Failure Load Failure Mode
Length
kN
261C - 2,000 Capacity govemed by yielding
1,0000C 0.5m 1,098 (55%) Flange local buckling and subsequent
global buckiing
1,0000C 1.25m 976 (49%) Flange local buckling and subsequent
global buckling

CONFIDENTIAL AND PROPRIETARY 12



Preliminary Results SGH

Case 1W10x49 Column

« Deformed shape and stress

U, Magnitude (m)

0,623
0,580
contours for 1.25m loss length 3351
. 0,422
and 0.04m Wldth 5, Mises a) ggﬂ
Ervelope [max abs) 0.264
393,690 0,211
361,443 0,152
329,195 0,105
296,947 0,053
264,699 0.000
232,452
200,204
167,956
135,709
103,461
35 a5e
£.718 TOp ﬂange
Stress distribution close

Defbpe at,
colunmn buckling load

CONFIDENTIAL AND PROPRIETARY to column bUCk]mg load §



Preliminary Results SGH

Case 2W10x49 Column Heat Transfer Analysis

* Finite element (FE) transient heat transfer analysis
performed for a W10x49 column section using
ABAQUS

* Column height =5 m
* PFP thickness = 1.125 in. (28.5 mm)

Intact PFP

0.5 mPFP damage

- Damage to top flange PFP for 0.5 m length lengfh
« Heatp of the column per UL1709 fire scenario (up to
1,100C) Exposed steel
WI0x49 with PEP surface
loss zone 3-Dview
CONFIDENTIAL AND PROPRIETARY xJ‘Y 15



Preliminary Results SGH

TEMF‘(jC)
(Avg: 79%)
1056.385
1013.126
059,987 y
Q25,7289
883.590
840,391 .i
7a7. 192 X
703,994
710,795
231'33? Temperature contours at 2 hour
[ 581.199 (gray regions have temperaturesifBlow 538
461.978
Teme ((C)
(Avg: 75%)
1056.385
1006.851
Q57,317 ____ _____
Qpo?.7aea e
B02.715
759,181 .
ggg:ﬁﬁ Temperature contours at 2 hour
610.520 z C—I
[ S61.046
511.5172
451,978

CONFIDENTIAL AND PROPRIETARY 10



Preliminary Results SGH

Deformed shape at

Case 2W10x49 Column colurmn buckling load

« Deformed shape and stress contour
with 1.25 m PFP loss length and
refined temperature distribution
applied near the transition region

Top flange

S, Mizes (I\/Pa)

Envelope (max abs) J, Magnitude (m)

[Awg: 759 0,309
351. 627 [ 0,283
[ 322,946 0,258
294, 266 0,232
265,385 0,206
236,904 0.180 g y
208,223 0,155
179,543 0.129
. . 150,262 0,103
Stress distribution close 122,181 0.077 :
932,500 0,052
b 4,219
to colunmn buckling load 36,135 0.02¢ <

CONFIBERFTIAL AND




Preliminary Results

Case 2W10x22 Beam

+ Deformed shape and stress contours
5, Mises (NPa)

Envelope (max abs)
(Avg: 75%)
271.648

117.869
95,900
73,932
21,963
29,995

B2.026

Stress distribution close
to beam failure load

z 'L‘ X CONFIDENTIAL AND PROPRIETARY

L, M itud m
agnitude ()

Top flange

Deformed shape at beam
failure load

-

z

20



Preliminary Results SGH

S, Mises a
Envelope [max abs)
[Awg: 73]

Case 3W10x22 Beam

198,266

» Deformed shape and stress cont A

133,179
100,626
68,093

35,549 ° ®
3,006

| Web buckiing
U tagniude (1) out-of-plane

0133 Stress distribution close to beam failure
0558 load near support
0,074

5.045 Shear hinge formation at
0,037 .
0052 web failure zone

o.aoo

.ol

Deformed shape at beam failure load
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Preliminary Results SGH

Case 4W10x22 Beam

« We observed member failure under fire loads (without operational loads) with the g
damage configurations

0.75 mPFP
loss 29116/.

loss zone
—

Exposed Steel| Number of Segm Failure Failure Mode
Temperatur€| without PFP Temperatuﬁeco
1,0000C Instability caused by large
out-of-plane displacements
1,0000C 5 893 Instability caused by large

CONFIDENTIAL AND PROPRIETARY out-ofplane displacements »



Preliminary Results SGH

Case 4W10x22 Beam

+ Deformed shape and stress contours

5, Mizses G\/Pa)

Ervelope (rmax abs)

[Awvg: 79%]
22,476
241,010
219,544
128,072
176,612
155,146
133,680
112,214
Q0,748

g, Mises Ma)
Envelope [max abs)
[Aug: 75%)
246,802
226,407

206,012
185,618

£9,282
47,816
26,330
4,884

165,223
144,328
124,434
104,039
23,644
&3, 250
42,835
22,461
2,068

Stress distribution close to beam failure Stress distribution close to beam failure

temperature with two 0.75 m PFP loss zones temperature with five 0.3 mPFP loss zones

CONFIDENTIAL AND PROPRIETARY 26



PLATE TESTS

Richard Holliday (PPG)
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simulation scenarios

Case 5

PFP Damage
5) Steel Plate Heat Transfer Analyses

Representing the experimental testing from a s
research projgdates with varying holes in PFP
subjected to fire tests conducted by Richard H

Hole area = 1,000 mm Hole area = 3,000 nn?
Plate dimensions:

« 500x500x8mm
* PFP thickness = 25mm
PFP Damage: Assume 2 different damage typ
- Square hole of area = 1,§@GAMmM
and 10,000 fam
» Crack with 1/8 in. thickness with a length t

results in a total area of 1200 mm Hole area =10,000 nmy 315x3.175mm Crack
CONFIDENTIAL AND PROPRIETARY



Preliminary Results SGH

Case 5: Square Plate Heat Transfer Analysis

- Finite element (FE) transient heat transfer ana |%Zsﬁzq’°sed
performed for an insulated square steel plate using No—
ABAQUS
- Healp of the exposed surface per UL1709 fire 1,000 m? Crack in PFP L.

scenario (up to 100
» Heat flux due to fire applied on the top exposed Surfaces exposed \

surfaces to fire e
» To capture the experimental boundary conditions, all m D

other unexposed surfaces have adiabatic boundary
\

\ 2y
X

29

10,000 mm? Hole in PFP
CONFIDENTIAL AND PROPRIETARY



Preliminary Results

Case 5: Square Plate

« We performed heat transfer analysis replicating the-agpperimental set

S : Temperaturel|) after 2 hour at
etect Leometry Plate Center Plate Corner
572 395

Hole: 1,000 m?
Hole: 3,000 mn? 749 438
Hole: 10,000 mn? 946 535

Crack: 1,000 mn? 560 425

CONFIDENTIAL AND PROPRIETARY
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Preliminary Results SGH

MNT11 (j C) 720

371,576
226,828
242,079
227,330
212,581
497.5832
433.084
463,335
453.586
438.837
424,039
409,340
394,091

Temperature (J C)
19, ]
o
=4

450.

400, - =

L ' L 1 . 1 N L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
True distance along path (m)

Temperature plotted along this line

Temperature contours at,200.rsquare hole) Temperature variation from the center to the plat
(1,000 misquare hole)

CONFIDENTIAL AND PROPRIETARY o



Preliminary Results SGH

Case 6Square Plate Heat Transfer Analysis

NT11 MT11 y NTIIEE,D.lDE, v
745,708 i’ 046,254 548,879
722.823 $ 912.010 b« 537.652 S
606,935 —~ X 577,767 526,425
671.054 543.523 515,159
645,169 509,279 503.972
610.254 775.035 492,745
533,400 740,791 481.518
567.515 706,548 470,251
541,630 672.304 450.064
515.746 635.060 447,837
e e Bec)
%5062 (1 C) 535320 (1C) |
Temperature contours at 2 hr. Temperature contours at 2 hr. Temperature contours at 2 hr.

(3,000 mtsquare hole) (10000 m#mquare hole) (1,000 miarack) 32
CONFIDENTIAL AND PROPRIETARY



simulation scenarios

%

Plate girder dimensions
Case6andCase7 | _ 20in.
Aging PFP
6) W10x49 column
/) Plate Girder (48 in. deep)

 Effects of aging PFP on fire protection
performance

. 1.125 inch thic
e Pyrocrete PFF

5/8 in:
48 in

1in. 5m

height

r
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

1.125 inch thick
Pyrocrete

S, W10x49 with P
3D view

15.24m span

z

y A
X Y

CONFIDENTIAL AND PROPRIETARY 33
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Preliminary Results

Case 6 and Caséging PFP

girder using ABAQUS
PFP thickness of 1.125 in.

Heatip of the exposed surface per UL1709 fire
(up to 1,1@D)
25% increase in the conductivity and 25% dec
specific heat to capture aging of the PFP

CONFIDENTIAL AND PROPRIETARY 34



Preliminary Results

SGh

Case 7 and Cas@&8ing PFP Heat Transfer Analysis

i

..
-

NT11 (j C)

229,505
221,916
o14,327
-06,738
499,149
491,560
483,971
475,382
455,793
451,204
453,613
445,026
438,437

<

Temperature contours at 2 hr. in the plate girder

l..
—_—SSSSSSSSSSSSSS

w11 @C)

295,920
=94.208
092,497
=90, 785
089,073
=87 .362
585,650
=B83.938
582,227
=80.515
=78.803
o7 7.092 ¥
=732.380

Temperature contours at 2 hr. in a W10x4936
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simulation scenarios

Case 8
Coatbac¢k-P

8) Beam to column shear connection

« Shear tab is 16 mm thick and the ~~=-=~- e~
area is just over 3,060 mm

« No coatback PFP applied ] _

= R
o
. o
-
e
o o

" Primary Member
Coating thickness
based on section
factor (A/V), fire
type, fire duration
and allowable
cntrical core
temperature

CONFIDENTIAL AND PROPRIETARY

Secondary
Attachment
Coating thickness
same as primary
member

Coatback length
from surface of the
protected member if
the cross-sectional
area of the
connected element
is more than 3,000
mm? (FABIG TN-13)

37




Preliminary Results SGH

Case 8Connection

WI12x96

Transient heat transfer analysis performed for a
beantolumn connection using ABAQUS

PFP thickness of 1.125 in.

Heat transfer analysis for two cases:
* Beam and shear tab are unprotected

« Connection is partially protected, and the
beam is unproteledtba¢k-P on the
shear tab as per FABIG TN

Heatip of the exposed surface per UL1 710@5%?
scenario (up to 100

Shear tab
WI10x33

Beam-column connection with
CONFIDENTIAL AND PROPRIETARY column PFP 3-Dview *



Preliminary Results

Case 8Connection Heat Transfer Analysis

w11 C)

-

239,521
207,779
476.038
444,295
412,535
380.813

Without coatback

Shear tab locatign

£l
z

L i

w110 C)

212.290
495,080
433.870
459,660
455.450
441.241
427,031
412.821
298611
284.401
370,191

With 6.3 in. coatback

Shear tab locat

ion

CONFIDENTIAL AND PROPRIETARY

40



simulation scenarios

Conclusions

- Even a relatively smaller width of damage in the PFP at the tip of the column flange
width) can lead to significant reduction in the load capacities during fire.

* 0.3 m of PFP damage across the entire cross section can have severe implications
of the beam/column during fire.

CONFIDENTIAL AND PROPRIETARY 41



simulation scenarios

Conclusions

* The heat transfer in an element with a localized unprotected area is highly depende
unprotected area (square hole vs. crack)

* Increasing the conductivity and decreasing the specific heat of the PFP material by
aging of the PFP

« Column section (W10x49) does not meet the UL1709 temp. criteria
» Plate girder section meets the UL1709 temp. criteria

- The 3,000 Amonnection area doesn’t work for smaller members

CONFIDENTIAL AND PROPRIETARY 42



Heat Bridging SCOPING Study SGH

Large Comprehensive Study Design

* The large comprehensive study (a potential JIP) will focus on the development of tt
amount/degree of additional heat input into the protected elements/structures while
resistance performance of the protected element/structure, either quantitatively or ¢

* Following slides present

* Potential key parameters and case studies design
- Recommended methodology

» Expected outputs

* Applications of the large study

CONFIDENTIAL AND PROPRIETARY 43



Heat Bridging SCOPING Study SGH
Large Comprehensive Study BéXitpntial Key Parameters

Type of PFP | Thickness PFP Damage to Aging PFP
Material of PFP | Application PFP
Heat Bridge _ Pyrocrete 11/8in Three- Thickness Thermal
Ares thick (2 ~ sidedand  reduction property

Location and Flange of the section (5% of the hour four-sided ranging degradation
extent in the flange width at the tip to entire rated), from 30%  ranging from
cross-section flange width), web of the section to 100% 30% to 75%
(>30% height of the web), entire 11/16in. including including
cross-section (1 rated) mesh mesh
Location along At the center of the span, at the end damage damage
the length of of the span, at the location of Intumescent 161 mils Three- Thickness Thickness
the element concentrated loads coating (1 hour sided and reduction reduction
Size of the heat 1,000 mm?, 3,000 mm?, 5,000 mm? el | el SRR ranging from
bridge area ’ ' 16 000 mm’2 ' ’ from 10%  10% to 100%
’ 308 mils to 100%
Geometry of Square shape, rectangular shape (2 hour
the heat bridge (2x1, 3x1), crack-like shape rated)
area u

CONFIDENTIAL AND PROPRIETARY



Heat Bridging SCOPING Study SGH

Large Comprehensive Study Bé&Xitgntial Key Parameters

Structural Element Types Type of Typical
Elements and Reactions Utilization
Structure Ratios under :
Configurations Operating _
Load Shape of the Wide flange and
Conditions sections for both narrow flange
Oil and gas Beams, columns, Flexure and Ranging from the protected and sections, hollow
(onshore and bracing, moment shear; 0.4t0 0.9 unprotected sections, angl'e and
offshore) connections, shear members channel sections
connections, Axial and Depth of the section  Shallow (6 in.) to
smaller shear; deep (60 in.)
attachments such _ Length of the L/D ranging from 6
as pipes, cable Axial, shear - to 24

trays, etc. to the and flexure;
structural elements
Axial only

CONFIDENTIAL AND PROPRIETARY 45



Heat Bridging SCOPING Study SGH

Large Comprehensive Study Bé&Xitgntial Key Parameters

Length of coatback PFP 450 mm (FABIG TN-13), _
12 mm to 400 mm, 500 mm to X

Hydrocarbon fire Risk based pool and
jet fire scenarios,

Cross section area of the 1,000 mm?2, 3,000 mm?, - cludine variable
connected unprotected 5,000 mm?2, 10,000mm? 8
heat-up, cool-down
element :
and fire
Spacing and distribution of the Closely spaced and sparsely spaced, durations

connected unprotected Clustered within 0.75 m/1 m/1.5 m

element length

CONFIDENTIAL AND PROPRIETARY 46



Heat Bridging SCOPING Study SGH

Large Comprehensive Study Béxage Studies

« Use grouping strategy to develop a sensitivity analysis matrix using individual paral
previous slides.

* For example,

Case Structural Elements Passive Fire Protection Steel Sections

Application Loads Thickness Damage Hydrocarbon Fire
Materlal of PFP ica- to PFP fire Loading

Onshore Beam Shear 0.7 Pyrocrete 11/8in Three- 25% of Wide 10 in 17 ft Pool fire
structure (W10x22) and thick sided thickness  flange
flexure

47
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Heat Bridging SCOPING Study SGH

Large Comprehensive Study D¥ggmodology

« We recommend using perfdrasaacapproach in the analysis

» The method of the analysis shall account for:
* Time dependent heat spreading
- Temperature gradient between various parts of the elements
- Temperature dependent material properties of PFP and steel substrate
* Potential failure modes in the structural elements/structures

* The analysis can be a transient thermal analysis followed by a structural analysis o
structural analysis

CONFIDENTIAL AND PROPRIETARY 48



Heat Bridging SCOPING Study SGH

Large Comprehensive Study D¥ggmodology

« Select few case studies derived from grouping the key parameters shall be fire test
the hydrocarbon fire scenarios

* The testing procedure can be developed as part of the study

+ Testing with/without structural loading

- Record temperatures, any damage to PFP, strain and deflections at various p
testing with loading)

* The first set of analysis of the case studies shall be calibrated with the test results t
rest of the case studies

CONFIDENTIAL AND PROPRIETARY 49



Heat Bridging SCOPING Study SGH

Large Comprehensive Study Deéxitputs

* The results shall be categorized in terms of reduction in failure time and/or reductio
capacities. The categories can be as follows:

* low damage (insignificant reduction in failure time or load capacities),
- medium damage (considerable reduction in failure time or load capacities), an
* high damage (significant reduction in failure time or load capacities).

* These options can be presented in a matrix format or graphs suitable for potential
PFP applicators.

CONFIDENTIAL AND PROPRIETARY o0



Heat Bridging SCOPING Study SGH

Large Comprehensive Study DAsigiications

* The results of the large study can be used to develop preliminary design criteria an
related to the allowableridgmtbg limits in terms of key parameters.
* The results can specifically be applied to develop
» Acceptable damage criteria to use in the assessment of damage to PFP at ex
» (Generalized criteria to use in assessing the PFP at existing facilities
* Modifications to current coatback application practices

CONFIDENTIAL AND PROPRIETARY >



HEAT BRIDGING SGhH

What's next?

This project is necessary for both
the steel industry and the
fireproofing industry.

If critical attachments are not
protected resulting in excessive
heat transfer into the primary or
secondary steel, life safety could ',
be at risk due to structural collapsg
during a fire event.

Or if attachments which not crltlcal -
are protected, it leads to
unnecessary or excessive costs, |
thereby making steel construction g’
uncompetitive to concrete and '
wood construction.

CONFIDENTIAL AND PROPRIETARY



HEAT BRIDGING JIP SGhH

What's next?

This project is necessary for Nm
the Steel IndUStry and the National Fireproofing DT\J it

f| re p ro Of| N g | N d u Stry . Contractars Association foanfea-oniine.r

If Critical attaChmentS are no a About Join Member List Events Accreditations NFCA Education Resources Members Only
protected resulting in excess oSS S
heat transfer into the primary ==
secondary steel, life safety ¢ ™ Tt
be at risk due to structural cc
during a fire event. |

' ' Pay NFCA Invaice -
Or if attachments which not ¢ | *™eickier g™ -
. = ; : p y ! - ] National Fireproofing
a re prote Cted y It Iead S to s . S " e LY Contractors Association
u n n ecessa ry O r exceSS Ive C( NFCA Fireproofing Contractors install passive fireproofing products such as Sprayed Fire-Resistive Materials (SFRM) and Intumescent Fire-
h k I Resistive Materials (IFRM), Boards and Wraps, to protect structural building elements from fire - as required by building codes - and the
t e re by m a I n g Stee CO n Strl’ manufacturers and associates who provide and or service those products. NFCA represents the fireproofing industry - manufacturers,

u n CO m petltlve to CO n Crete a r 7@&!3 ment, inspection and installation. Looking for a NFCA Accrﬁii.t::::jrleiff‘oﬁnq Contractor or UL Qualified SFRM Contractor ? Visit NFCA's
wood construction.
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HEAT BRIDGING JIP

What's next?

m
National Fireproofing
Contractors Association

CHARLES PANKOW
FOUNDATION

Building Innovation through Research

CONFIDENTIAL AND PROPRIETARY
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NFPA
RESEARCH FOUNDATION

RESEARCH FOR THE NFPA MISSION




HEAT BRIDGING JIP SGhH

What's next?

NFCA o

NFPA
National Fireproofing RESEARCH FOUNDATION
Contractors Association RESEARCH FOR THE NFPA MISSION

CHARLES PANKOW C{(%\D PFPNet

FOUNDATION

H Hydrocarbon Passive Fire Protection Network
Building Innovation through Research

CONFIDENTIAL AND PROPRIETARY
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