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Structural Fire Engineering

[

16 August 2011




ASTM E119 Steel Temperature Limits

Member Type Average Steel Temperature Limit | Single Point Temperature Limit

Column | B ax0r
Beam/Girder 593°C

Floor and Roof Assemblies”

041

Propcrtion of property
at ambient ‘emperatura

_ |===Modulus of elastlicily

2 == Yield strength

0 I I | |
0 100 200 300 400 500 600 7C0

Temperature (°C)




WTC Design Fire

" Nominal 2 MW steady-state fire
" Peak similar to NIST kiosk fire test

500 1000 1500 2000 2500
Source: http:/fire.nist.gov/ Time (s)




Relative Fire Sizes




First-Order Assessment




WTC Analysis
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Estimated Exposure Temperatures

Axisymmetric Plume Centerline Temperature
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Estimated Residual Strength
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CFD Modeling
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Scenario 1: On Level 296° Balcony
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Scenario 2: Level 274° Under Balcony
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Scenario 3: Under Lowest Proposed Unprotected Structure
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Estimated Residual Strength

1.0 mZah 3

"
o
I

=
»
I

=
N
I

Proportion of property
at ambient temperature

=+ Modulus of elasticity
=== Yield strength

o
o

0 _ _ _ _ _ | _
0 100 200 300 400 500 600 700

Temperature (°C)




ZE00TF :3dldd N0
uopI3s uonewWIosUl S[auUed S53208 IO YisiA {aued $$a20e jo 36URS INO JNOGE UOHELIICUY 3I0W 10 [ETS pSTET=5I1) U6

TISUEd $S995Y oL
‘pouad AJaAlap ABP G- WNWUIW e sey 1onpoid siyL

*sawp Yl soai
pea pue sa21id UD UONRW.OJU| S40W 105 0E9999 E08TO 18D aseald - S32S WOoISND U] qejIRAR OS|Y

uogEnjoA Aq 1eya
Gujuado Jo0p JO Jie SBZ|S BRONLGIRNY I TH

wwgog X 009 '€
wwosk X 05¢ '
WWQOE X 00t °1

13|ge|ieAe $3ZIS PABPURIS €

1cddns g disH

BuuadQ [eln1anas 0] SIZIS dA0QR 0] WWET A|jewixoidde ppy JLON @
s3[n Bulpnaxa - Wwgg YIdap [|rISAQ

1$3nbai uo I|gejiese pIjel-alid ¢ a SYIL40
sanbaJ uo 2|qejieAr %30] A3y pue J26png =
1 1qej 20| A9y pue j2bpng AL - Q9L
uone||elsu; Aseg o
5|00} J0j Pa3U OU U3IM J00p 3jqeAoulay @ ST004L IATLYACNNI

plepuels se ysed yanoy

ONIHLOTI HvIMIEOM
Bui@ 210j2Q {|2M 0JU| PAXY 3UIR]) PBIRIIUOD

21035 ddy =

Y1 UO IGRIEAY

a ONILHOIT HdOM

13pN|OU) $3IMEeay J3R0
ANFWAINDI ONILSIL
-@ale 553008 UYDead 0] Asea ‘a|qisjaul Ajjeio) e Jo) Bunn oy toud |1em
auy oJuf Paxy G 1SNW jsued syl "SR BUIPUNOLINS YIIM YSNY YSIUY 03 4314y Wl 03 dn sajn ploy
0] paubisap si pue (]39S Pal=0D JUIZ-04323(F) IBUIZ Ul paINIRNUBLL uoisioasd sy |sued ssavce syl

ONIZvYE / ONIY¥IA105
ANZWAINTA 3LI1S

-sanjalas BuiisauiBua Suippng o) 559232 3|qeNa0| Bupiacsy @ IAISIHAY B INYIVAS

*S|lem P3| 318JS 10 3qJewl *IIWRIIT Ul S$9308e IpIacdd 0 p3ubisap ale s|aued 55333y J|IL 353YL SEE RSB

‘|aued §5320Y 213 UO-3|IL - BSTLIAS S100L 9NIgWN1d

N G e B e R N R s e e e anseld
te3ai

iazud 19y39q e punod £ - sjaued $$920Y

sjamol | BupuMseld

si3Y17 8 SIS BuuAaseld

1aieys
Y Bumny pieogqianseld
LA 13XIW 42158|d
WUIg0EXQoE 12xong B qnL Buixin
SUCREBMEA dn doH
I
¥ a STO0L DNIHALSYId
CE'00TF 9@dLid ANO : = AL34YS 8 HLWAH
| - S100L aNvH
i a S700L NIQUYI
TTFIBW .
PE3T "s331Asas Bupaaauibua Buiping 03 $32228 31qe0] BuipiAcld a INIWAINDA NIVYHD
-s|{em pajn 3IL|S J0 |GJRW 'JJWeIsd u| SS32I¢ IpIAcid 0] paublsap <1001 55310403
242 sj3ueq $$330Y 3L 353Y1'[3URd SS3IDIY [213N U0-3|L - 8514135
00E-89STLT3S 300D LONA0H4 ] g S100L3ALLOWOLAY
WO0ER SR TTUE 55595V Ol L « TE191 « 5[0U0d 55905V « 1001 ONIEL5Y 1d « JWoH STANVd §5300V
d o5 "03 - swoy 1235154 6o
24|13y awos pasy paARS O Ga°0F - WL o 3si8ay | uiBo @ puelg Auy ‘491835 PNPOLd

® & .
deways | sn 19=3u0d | syun | spueag | sabajod | sn Inogy | awoy 3 z ] JuluQ Ang "dwiy aaes

2
0£9999 §08IO 21 %, %, W01'932JIp129UN0>2P0Iq

@



—y

L S)Y

:

‘mou SN 39| 0} 3139 1319 "1anpoud siyy Buipiebas uonsanb e aaey nod §i

uofasand e ysy



