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References: 1. BECo letter to NRC (dated November 16, 1983) Subject:
10CFR50 Appendix R Exemption Requests (BECo Letter No.
83-281).

2. BECo letter to NRC (dated December 27, 1984) Subject:
10CFR50 Appendix R Exemption Requests, Calculations used in
Evaluation of Structural Steel Supports (BECo Letter No.
84-214).

3. NRC letter to BECo (dated December 10, 1987) Subject:
Heeting Between Boston Edison Company and NRC on Novemberi

| 24, 1987.

This letter provides additional information for consideration by the staff in
its evaluation of BECo Exemption Requests 11, 12, 13 and 14. The need to

! supplement our previous submittals (References 1 and 2) resulted from
discussions in our November 24, 1987 meeting (Reference 3). The information
is presented in four attachments.

Attachment 1, entitled Combustible Loading, contains maximum permitted fire
loadings which we propose for various fire zones discussed in Exemption

| Requests 11 and 12. These loading limits were conservatively selected to be
! well below those that may constitute a challenge to the fire area barriers and

their ability to prevent fire propagation. These limits supplement our
exemption request. He anticipate no circumstances where transient
combustibles combined with fixed combustibles would exceed them.
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Attachments 2 and 3 are BECo calculations M-197, Revision 2, Fire Resistance
cf Structural Steel in the Torus Area (El -17'-6"), and M-198, Revision 1,
fire Resistance of Structural Steel in the Steam Tunnel . These documents

. provide the basis for Exemption Requests 13 and 14 and are updated versions of
those used for our earlier submittals (References 1 and 2). These versions
incorporate a more rigorous analytical methodology to compute temperature rise
in the structural steel supporting the fire barrier. These new calculations
show that postulated fires in the Torus Area or Steam Tunnel will produce
temperature rises in the unprotected steel that are well below the failure
temperature. This means the conclusions of the previous calculations (the
steel and fire barrier are safe from collapse) remain unchanged. Please note
that some of the numerical results and statements presented in References 1
and 2, which were based on the old methodology, are superseded by these
revised calculations.

Attachment 4 is furnished for the convenience of the NRC staff reviewers. It
shows how the new M197/M198 calculation methodology was applied to determine
the proposed Torus Area and Steam Tunnel combustible loading limits were safe.

He request that the NRC incorporate this information into its review of the
affected exemption requests,

b
R. G. Bird

GD/amm/1619

cc: Mr. D. Mcdonald, Project Manager
Division of Reactor Projects I/II
Office of Nuclur Reactor Regulation
U. S. Nuclear Regulatory Commission
7920 Norfolk Avenue
Bethesda, MD 20814

U. S. Nuclear Regulatory Commission
| Region I
! 631 Park Avenue

King of Prussia, PA 19406

Senior NRC Resident Inspector
Pilgrim Nuclear Power Station

| Attachments: 1. Table: Combustible Loading
2. BECo Calculation M197, Rev. 2
3. BECo Calculation M198, Rev. 1
4. Application of M197/H198 Calculation Methodology
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ATTACHMENT 1 TO BECO LETTER 88-010

COMBUSTIBLE LOADING

Proposed
Maximum

Permitted
Fire Zone Loadina (BTU /SF)

SE Quad FZ 1.1 40,000 (1)

NH Quad FZ 1.2 40,000 (1)

NE Quad FZ 1.6/1.8 40,000 (1)

| Torus Area FZ 1.30A 14,000 (2)
|

| Steam Tunnel FZ 1.32 8,200 (2)

E0IES

1. The proposed maximum permitted loading for the Quad zones is equivalent to
a "30 minute" fire hazard. This loading was administrative 1y selected to
represent a limit which provides assurance against spread of a fire beyond
the affected zone, and is based on the realistic analysis described in
Exemption Requests 11 and 12.

2. The proposed maximum permitted loadings for the Torus Area and Steam
Tunnel are essentially equivalent to those calculated to produce a maximum

| average steel temperature of 255'F using the methodology of calculation
M197, Rev. 2 and M198, Rev.1, and are well below those needed to produce,

|
the theoretical steel failure temperature of 1000'F used by the fire

' protection industry.
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ATTACHMENT 2 TO BECO LETTER 88-010 |
BECo Calculation M197, Revision 2 |

TORUS AREA I

I

|

|



Cap' Tat.

autmaizatios soh: CALCULATION COVER SHEET.

c*d'isonp- E s w ei ,l_ .i g
Pitcatu unit i

'a
-

,- -
SR

AsLC MO. M-[M _ REv . _J2._. _F i l e flo .
'0

oA STeocTo r AL STEst fl5R 1
Sut, ject File Resi5TAute' Preliminary Calc. O

Adf14 - [R L. "'l7'E _) - Finalizationlf

[u TH6' 70fU5
_ _ 7#44' W8 CLAA)dV due date

Discipline Group Leader r7e """"""""""

/d _Da te Final Calc. d j
Approval /s/

- g rew/
. -

IndependentVerifier( Mk[ Statement Attached g.

c/V1L /d UC K4 tift.f/4IHL I*/ ff 0! Date Agree
Jom 7 m (*' "deb' o

~

- Oate
M\cLc>tn 3>*

page(s) By EEDta)Etcao(LL - gag 6 Chk'd

AM M 94 M b
/s k F S d . ggg / '' IM V- 1 m%&

H yg y
-

'.' ' .' . . _ .. L Wyrw p ggg .

Y MF'1

v (J.- \ . _ . . . .

,. .
.. . . . .

I #/d'E
. N5_ CAMULA'TiGV _ V6Ai/~/U5___..Th64D690ACy S

7Wc
S44 rig R s, Fod THE Amavc . .AfgM,_ Ry__.g(/AL.047/A.rfr-

|m UA>PsoTscrro s72vr.TveAL s.Tve L LOHm. .(4. .fAc.T eF__4g.___.__
!

rf Sugot.TA.... _TKG . Fir-v__ 87AAtts2b. I
_

THis .LAttutATso_ .s.upcs.sswa.._.M'IM A - To P A.a s w
Foede &T Avo

CA,0cu LerT~ ifo o.. ..tv_.. Au.. E M y . TD _. __%LLowT}46 ro GLs44,v4re J
. .OMe.tP y . AA&M .06:_ -.IMG . CALM,AT tw

|
Co u PV$ 8 00 . . _ . . . . . _ . _ ...... .

~ C416 (U M-e QArLcukAtt50 ; e

. ...lMt$..CA(CVL47t.09 3ENI N >t.M ge @ _L T*4C ~ |'

A TTA1 A* A M41/Mc/M
.C,ouc.LuMQ .TM AT ..THS .. ETEG k._Lsl L A* ol'

AV E't A0if . TW p w.Attua e .. a A . Jgo.p..f.f,_.ap a
ruge h

I*

I

Co u Fie.m. i... .. Thf_. __A 0E.4 VIM.y . _ cF t m 012f M e.itGm
Fs"Re '5A A R.M A. .

. sT Auc. iud W ....E.rarch *Tb _ ..s uppo rti _ . Yh6
!

Du E \'ub . A_ FUE6. Sre. 4ff4WFWTXGA.5AGrhor# vethPuno>., '

srArswem7 PA cWit/sntuerv8t4L ; Apo A77 M 4M d cT .2C.
FWt. F544c.

I U 00fgpCgA>T. VBAlPiCo4 TMA>w
a

'

WO. EI 9. ' *' " '' ?*
.

This CALMa% w o n ti mKlumnvut:- tvaumu
'

. .s .? ~ . mni

of this calculation. See next revisicin.' 'ji| j ,. ;

Minor revision (s) made on page(s) -t- 5i

M0 MON
'

1
_

or attacheVoided hv calc #- .

Replaces calc =- .
-

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



P ::- ViNARY CALCULATION SHEET CA
Tgo z ATION NO.

A

/

REV OATE
-

PREPARED B7 DATE
FINAL M f 97, _ .~g CHECKED By M ,D DATE1/2/[/(
REV b OATE Edison Appvo By l' C oATE.d!!#15

3UBJECT: *)%{t).$ /1$6A $7k&L SHEET S QF 5
i

TABLE 09 MM SR @
.SFT)DU- f46E

NSR Ql,O PU C POSE 3

2,0C OM M A4 V O P RESU LT1 R
3 CM erTHoooLo6y p

4. ORE FETELCES 6
So M so u pT10ru.S g.

AronAiL e-o d. A L C.o L A n o D J 9
#

6.1CALfDLar10U DA-T7L /
-

62CALCULAnotJ TA B L12 i LE6enJD //

A L3CA LCOLA- ico oP CTEEL AeEA 6 CDe4EG.TE APC A /.2T
t/

byWcofETiCAL FIPE LOADlLG- 40

GECELCOLAT100 TMALE B j/

GloDISCuss L D G .2),

su wdULkTIDU ConLL.DStDC 2.5~

8TTTM HAAFDT I . d Pao 66
9TmHu*07 JI~ I pas.s
A M ^^ 90T E & PR.d$

'

t

-

. .

TDRNORMAT10N

DNI.Y
|

i

. . . . . . . . .
. . .

- _ - _ _ . _ . .



O PRELIMINARY CALCULATION SHEET CA iTAu
oqiz ATION No.

REV DATE
PREPARED BV - DATE

% FINAL /b/kf g,- CHECKED BY, f# DATE .7/.if//c
REV 2 DATE - b /ENfb, .

- Edison Apavo By DATE

,BJECT: 70Rgf A#6% STEEL. SHEET 1 0F B

i

SR @
1,0 PllR FOX E NSR [

t

THE PURPOSE OF THIS CALCULhTl0lJ |5
.

To ESTIM&TE 7HE MMIMUfA RUERKE UUIFOP.M

TEMPERRTUEE THPrT STEEL IM THE
'T6 cus A eEY4 (-/ 74 '').
Nny AtIAIU ,DU E Tb h PC.STULkTED

FRE. TWE FMLURE FOIKF FOR s) bel .

tulit EE DEFIMED &S Pr M AX|M UM

AUER % E TEM PEE &TURE OF 6REMEE THAU

Q 1,000 *F. .

i
.

| 2,0 SUMMAEY oF Res0LTs "

\ ;

l THE UUMERICAL AUALYSli PREssMID /AJ
! 7A8lE d. AVGMEUTEt R V THE Disc 0iIt0AJ c;,.-

OC CDUSEEt/ATIVC ESTIMMTES kA)D A S T U M / T/0 D 5.

0.0V CLU des %4 AT TH E' M#tlE4 Um Aus12A4ar UA/F0Pof
T5%fPE12A TU 2 C OC C T&5L lh3 THE 70fvJ ..

88P - E L - I"? '(. '' , S HA Lt v6T EV.c.etrb i 3 '? P)
g SASED vpoo do'/o ef: TH C Cwsttvatis

F(9.e- Lo A b ( % 10 M 0 ). S/A/C6 TNETPIEDLe'U %
,

a FluAL 7t*PE4Tues is L.E ss Th w THr 'ipco fj !
i r i.s osveemwen tetAT THC MV Gu tM.- *I
sTm.t. v>iI( uo r DE64 ADE THC Fit F PWB 6 $

i

TDRNORMAT10N i|

DN1.Y
'

.

;

.. . . .... .

. . . _ . _ _ _ _ _ _ _ _ _ . _ _ .



ve Ec. i -

wmw w w w m i iv n
--w

PREPARED BY DAT b~

ah CHECKED St. *D DATE 3/! Vfc 'I
'

iPPv0 sy /e 041g zgy/4REV 1 DATE Edign,.,

SHEET Y OF W
'6 JECT: ~iO&J /J fc A J fc I (

s
1, SR @

3oMET4000 LOG Y NSR D

3.1 TWE TEMPERRTURE tulTHlu TNE g

e 9't, "n
g g v_s yg p - a c

'

SHAll BE MODELED TD Foltoul THE-

TEMPERATVEE PI2oPILE PRESEUTED BV

THE SThubhED TIME-TEMPEEATUEEr
CURUE lu AST M- E-l 19. THE M006L

SH ALL ASCOM E AMElElJT TEM PEFATU RE
!

09 coa P ,

3.2. AS THE' TEMPERATVPE OT: THE MODElED
,

'() SPACE RISES C.PER. I&STM-E-ll% THE

TEMPERATURE DIFFEREUCE i BETWEEU
THE

SPACE. C T ) AND THE SP/KE B00U D ARV f Tw)
|

15 CALCOLATED C aT L TWl5 (UmAL''

TEMPERATOEE DIPPEREUCE IS UTIL12FD
-

TO D6fER.M10E THE CDM BlVED CCOUEC.TiblJ
|

AMD RADIAT10U C.0E FFDE MT5 C he * h e)= h
REO.UIRED 'TB CALCULATE- DE- HEAT

FLUX C Po t PER. U NIT A-RE A.

F o = aT h

3.3 TWE HEAT Pt.UL PER UNIT APEA.LF.3
-

iS T4EW UTlu2E. B To TO IMOERNIBJW

TDRINFORMAT10N

DNLYi
.

.m. ,oa mo
u..,,

- - - --- -- . -.



y r NtLtMIN4.n t LALLUL AllVN SMttT~~ 7UTHCRl2 ATION NO.
''~

R E % _,_. O t<T C PREPARED BY DAT 3/h

Q FINAL /d'i$7 , g.} CHECKED BY DATE 7.l.L1/f6

REV.1 OATE Edison M VD BY DATE/Nf/M
,

SHEET [ OF
UBJECT: 73(vf 486 i.' IT6Y L _

"

tALGJLATE THE )JElO SPACF Ro00DARY1 sa g
. SURFACE TEMFEEATUEE OF STEEL (Ty) uss O
ANB CoIVC.P.ETE lTwd.

'

+f_'M)Id)1Tw = To
(K ( 3 .1 84

-

F,4 THE TDTAL HEAT- AB5bEEED BN THE
I

SPAG EOUUDARV I5 CALCULATEb (G :G.cbF

Q : Fo AQ = F A- -

> s s > e e c.

._
. . .

..o

3.5- THE THE0EET1 GAL FIRE LMDIUCr OF

TlfE SPAG SHAll SE CALCOLATED,

FIRE (cADIW = GastGd5TIBl25 X HEAT OF CDN805TIOU
( LL x STU. /LG)ETU =

.

THE THE0EETlCAL FIRE LOADIMCY SHAll BE
. 3.6

REDOCED T D A- ) JET FlRE LOADIUCr BASED

UP00 PUBLISWED IUQUSTEV DATA M/0
CALCULATLDA). (UppoETEb EEUM PT700.5,

:

THE UET FIRE LOAD EHAll SS UT1U25D

TD IDEU T)FV TH@ MAKIMUM AVERAGE
.

CTEEL TGM PGRA TVEL''

TDRINFORMATION

DN1.Y.i
~-

. . . . _ . ..



_ oov--.~.s ,.i m *

AUTHORQ ATION NOREV _ DATE
NcATgpagango cy

Q FINAL N *l _% cHtextD BY,*f 9_ OATE 9/.!//g6REV 1
,

OATE , Edison envo av h- oArc /o IV//f-
.

SUBJECT: -rd(US ,4ffDT STG C C SHECT OF W
s

4.D RF FEELMCFR t
v '

*
SR QR

1. FIRE TEST STAUDARDI3 FlEST EDIT 10U, i 982, NSR O
ASTM-E-119, TA f5tf X. i > PAGE 63. - (

2. 5TAVDARO HAUDELCoC. Foe. NECHAUrAL ElJGIMEE2.5,
SEVEUTH EblTlDu a TABLE 11. i PAGE 4 -!Oro, '

AMD FoeMUL A C. ld, C ATTACHED.)
5. THERM AL CDDDUCTIVITY .

STEEL- ASME vtTT D WIS tou 2.- TAELE.i.(Amorsol
> -

COUC. RETE- 5TA00ARD HMJDEtf FOR.
MECH ALMM t3)ColOEERS, SEUEUTH EDITIDt),

TABLE Si FAGC. 4-97. QTTh'fffb)
4. PcE. STEEL - THEEM AL DIFFUIlVI TV -ASMETIIIE-

Olvl5(OU 2. - TABLE .i. 4 A.TTAcuCD 1.
'l 5. C.OU DOC.T100 O F HERT /U SOUD3, Ps. 7SiI

PMA 2.9 - CARSLAW t JA ECEE C STTACHED)
6. US-T(00AL RESEARCH COU UCIL OF L'kUADA e

FIRE RSSL5 FAUQL' oF U U P E o TK lt:D 3 i e-t-L.
rfY 1 )MVS, TESERE.CH PA PEENC77.o MM2.L M U -

~

C MTAf>1ED3.
7. ' FIW TEG1 UCLDGy, UFPA, kSSEssMGM~ OF

FIEE EESl5 TALT REQUIRE MEUTS, VOLI7,
NoVEMBEE. 198 t . C. A TTACHET]

8 19W Ire 0CTUGAL STEEL SWAPEL 15ETHLE HEM
ChTh LOCr 32*7 L I 9~)V' EDIT 10A/.

| CJ D EN>)IU rr. EEFceEfJCES A(T GALtr o ouT lu Sect. 6..Y

3- c.oJT C oucf crl 6 ' tu ce e m D # F FV Si y trq ,
''

|
.

' HEA T' J M A55, w D Mb w1 m *T' (L M t ' ' ,

v.,y+ R o h J m ov R H. y . C H o i P RevT ac t- (@ LL .1,4
'

TDRINFORMATIONeAtTAcHcb]
DNI.Y.

3

I
at0 . 00: 5.E.Co. FORM 3930

L



LALLUL431UN UMLEI '~~

y t-nru...iuant AUTHORIZ ATiON No.

JhREV _ DATE pngpanEo o _ OAT

Q FINAL M'N7 y.- CHECKEo BY/M/ O oATE W U N
REV b DATE Edison Appvo ev /* oATE &ff//5

SHEET r1 )F 25
""

BJECT:-16{VJ McA sTCc e
i

E04SSUMPTIOU S
; sa gg' i

1. AREn- TEMPEEkTUEE ASUMED TD SE ngg 9
68'F G 'Z~ a ,

2. HIE C.DM S(UED CD1JUGCT(0M AND RADikT100 t

COE FP/CDUr VALVE 3 A-35U M E L/ DER 2
*

APPEbxIM&T10U 8ETlAJEEN TkBLE

TEMPERATUEE UkLUES . -

3. THE TWER Mkl CDDDOCTIVITYr&SSu n15-
LJUEAL APPROXIMMTl0V BETIUSEU TMBLE*

TEMPEE&TlAEC |JALUBS F-02 57 6:ct-o
THE CDLCEETE 7?EEM4L. CDIVDUC 77vt ry

/3 RSSl//t/ED CLWSTAur OVSE TBWPBZ'MEAEE

RRUGE.
4. THE STEEL THERMAG DIFFUSMTV- ASSOME'

^j ULEAL AWE 6.KIMRT7/W EETWEERJ TR5t.K

TEMfZTr#Tl/EE~ vnLUE5 FdE Steel..
7}{E CDtxto6TE THEthiAL. P/PFUSIUITy /C

nssumeo .ccsusThur bVBL 7 M FE2kTUGC

R%NSE-
E. STEEL IS ASSO MED T6 FALL W HEEU

-

\T REACHETS hU CSTIMATED M RX IM LIM

UUiFDEM ACETEh66 TEM PEPATUEG OP

l.000 oF.
G. TH E 5. TEEL 15 A550MED TO +-lETAT UNIF0EM iLY,

G. CDM LOCTIQLE MkTEEIA L (3 ASTUMED TD

fern-st-- AU AMdUur OP HEAT fQUlUALEUr
Tb THE THEbei T(CA1.- HE7W OP C6MSVSTEQU.

|
*

L.yp[J
~

B. ,
..

coJnts 42:^" mem' 3 ' $c. etu c tu rv c r 3r a L
TDRIWORMAT10N! '

c r c m 'Oc crc .
0@1

8 E.Co. FORM 3930
t t 0 - 400i

- - _ . _ _ _ _ _ -



j., . ~... .. s..w .
_

PREPARED BM OA ,

$ FINAL /M97 I~-

same"$ CHECKEDBY,"/S DATE P/_d//g6
REV._ DATE Edison appvo By au_ out fo/wg--

SUBJECT: 7pg>pg fj o ,; ,,p.73g SHEET JF
,

I

AMUM PTini JC - Ont PT \ sa g

10. STEEL kUD CDUCGETE M T' AS [EN/. NSR 0
(UlFIUtTl? SOLIDS . |

'
II, IUSULATIQlJ -HEAT CF CDfn205T\OL) fr.%ut1E3

TD EE 2LOOO 577)/lb WHICH /.S f M XIl> W h1 .

FCE CASLES IL) Tril.S A R E N .
' hAkJ

.

I3. ALTM006H ThE UOT'C o A) TAGLE II C BL'F2..)

IUD CkTE5 T H it V A l t/ M .c oP h kRC BMfD
OA) AAI 80 *f R00in 72fMiPEKMil/teg RP
Td/1 C M Cul.A T/ W TH5~ VALVBS ARK .

ACC.5Frk211 RE l'ET&TJUNW6 &V 0fDkl-

Q 0P URl.Uw RL THE C.DHfB/WED .

60 6 FP K/6X/r.

.

O

O

O

TDRN0RMATION

09,

8 . FOW MO
Kt0 -6001 .

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



g F Mi.U WN A R Y CALCULATION SHEET Cap 4tao , ,og m

REV.__. DATE PREPARED BY DAT

S FINAL 'd$ ~OS 7 , M.; CHECKED BY ?# DATE M M-

I REV 2 DATE Edison Appvo By f- oATE &'#/'

JBJECT: N#v.i 8864 .574 E L SHEET k OF_

"

(o,O DETAILED CALCULATloU ss 3
G .\ C.ALCOLAT10U D A TA- IS PPESE'Ur6D /A) NSR 0

rnaUt Ae Form on mm.e n. ,

CDL.UMU UvW1052 1 /5 Tr/C TIME- JU M/All/RES -
PELATIVC ~7b THE TIMC 7ENffEEATVEE C.DPL/E /D

'

AST M E -119.

CDLVMU UUMGETZ_?.L /5 THE 7DIPEEATUEE" O P THE

} FIRE EGLATIUhr Ya THET T7M5 TE714PE72A-TUB &c-

| C.U2.VE IL) AS1 M -E l(9.
CDLUM U UUMGEE 3 IS. THE TEHff6E4 7VfE' ot~ THE-

SUEFACr EcudoADV U.)MtCH I UCREM&S O V ET
'T) MG' A A>D TEisfPEEMV/G.
OnLUM d UUM AF D_4 15 THE DIPF62. tar _4E 1U TEM 9 EPA 7Ufe

;Q Y Fpu Cd UmU LUM 8G2.R.40h.5
| COLUMU Ut/MEE_ E 15 WlE CLMBlUED CDuVECT10U AUD

RRDI A Ts 00 COEPPIC[t%T BASB-b oa THE* TEMPEPATUEE

DIFPEhaucc tr> COLUM AJ M/MBE2 4. --

CLU)MU AlumBEVis IS THC FLUX PEE Uit//1~ A Et#-

W W.H I5 EQURL TD GJGUH1Al L/L/$1651L 4-
.

MULTIPUED GV CDLUMK) h)UM652.5.
COU)MU MUMCP '1 15 THt; THEE+1RL Cov00CDUITY

| OF THE M4TE2ML.
CDUJfLW 1hlMMA IS T>It THEEMAL DiF/'USIV/7'/

| OF die M ATEEI AL,

| C.6LUMU ULN(BE2 c.) 15 THE I t.MPEEA.TUCC DIPFEP2Lxt

L Ift2EASd IA) THC .SuffAm BOUtVOARL uty/c.g is
,

CALCL/U+1Eb RS Co/IOivS : -

(cu0

gggg .s a T Q (CN N.CNA d u-L-ATw :2Ee._ /s bi / '
i.

--i
CMQ 3,iy /g.m ) .

K

WHEEE C.K.) : C.DL11M U U(//v1PEB_
DNLY ,

,

I
B E.Co. FORM 3930

et0-iool



~
'

8 FINAL . M-W7
CHECKED BYMt I 0 DaT E 9/ '- $ /v0.

REV 1 OATE fd7 Son appvo gy M e,7g M A
CDS M Bf

SUBJECT;[[g g g[fg $7f3 g sHEEf N .0F

I
(DI \ JAf13 kilJMRCD If) is THE UEW .50RFACC sn Q

*
TD'.1PEPA TV2E kPTEE- 7]Mt 'C . t nga

TiUr '~ I wi + ATLJ
CU /O = Cu.3 + CAJ9

WHE2C d AJ- &cLumN ppmggf_ ,

CCLUu U l K1AlGET II IJ THC *ro fA L WitMaffi
,

bC- G To t.5 <hP PLIE D TO TrtE STEEL. 0 EC6MCl2sTE.
C ro-ro ,)CL s = Fo3 x. As x

.

WHEEC: s = sTect
'

A 1 = A 2 e n 4- 5 Ter.L ream raetc 5
(Iv-Io., ) : T/M 6 w */vv(Zr

c ut..

R M11 = C.U (o X A.s X. C E t,-Co-i)

LUHEGE CU- C O L u M W N L/ M a e'12

Subscalctr c_ .s s ub sT Turco r-oc s To
212UT1Fy G.c F C /L C 6it c.A e T e* ,

CDLuf10 kJUb1BR IL 15 THE CUMULATIVE SU M

OF G. uc. P20M C A)ll.

REFEP_. To TASLE d. R)E_ A- 5AM PLE OF THE'
0.hLCL) LRTl00 thele AMb LECEM6 - LUHLCH ITEM 1225:-

REFREUCES AUD ASSVMPT10LJ.S.

|
,

.

.

.

TDRINFORMATION: u
ggyu u.ro mu. . ,o,

,

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



'

i - .
- -

I ... ... .- --.

! '
, :z:

s=(o.2. CJil[ULnTIDU TRBIE tLEC,6t>D hM,
&, h

/ r a Psi P Al

t e , e 3 1 r 6 9 a $ io it i t. in "
= .-

gQ
Rw[ t Tc T.' AT g F, K h AT. Tw 15 IS(/S
gi e. a

*F cF BTO STU(fF-TJ AT
m -

ap$i E Wu *F *F

iEGEun-Q
j5E:d i. I - Miu. [REEll
la et o ,_

j,i9y??. 2. Tc = TEMP ( F3 e T f REF tt
a o <

7. a A 7- T .

'

! 3. Tw,:. TENFCoF3 oF .5PACF SURPACE
|

- | 4. AT = TE MP DIFFEREtrE - F =(Tr -Tw).
CIEFFEtetI:$TMR- FP od = (bc*he)-l 5. hay = COM61UED COUVECr100 AU0 DAblMIDO} k /.[$t IREF 2-: ASSOMPTI0t> tt G |

1 Mi|j,
L-|PPF7I,3 (o. Fo = aT h : |-lEAT FLUX. PEE UUtr MEA - 15TO/HR.-FTj

K = 'THEEMR QU D(/C.ftt/ify BTli/*F -HR-Fr I REF 32 AKuM9 Tina >XI .
1 sw;

,63 7.
'

d
hlEReint DiPP USIV lTV- 1RE F4 : ASSOMPnDD +l Rec.T.3 3 a:" y.

oTt ,:. 2 f d [ M 1 g ,, pI -.

9.6Tw: luceensE 10 SORfACss TEMSP *F Ffon
LE/13.t* ) M "

10 Tui = TEMP. OF SPAG SUR. FACE AFTE2. TIMt "C .9,

{ k Tg= Tu , +6Tw [

Gs (srseO[Qc. (cwcmd e 10
6

11. G w : T o TA L I-ilsAT lu BTU,; y g W
.

TBML C.VMul.AIlV8' |-LEAT IU E. TITS A LO *.
8. o

| 12EQf = THE'
-

N 3 !q$h iT b: Tsm E tsa Hoves 8

~1 2 _O - !e. a m e 7

,
_



1

0 PRELIMINARY CALCULATION SHEET of
CapiTat .

IAUTHORIZ Afl0N NO.s r-de t. g e ONc.
57~4.yg fod ro g g g A'ggef PnEPAnED BY DA DREV DATE

D ATE E 'Vt V/'
_

@ FINAL ./k[ M CHECKED BY O

DATE M[/fREV DATE Edison APPVD BY -
;"-
|

-r o A c) S AR5A ceann
SHEET M OF r

SUBJECT: s 7 5 F (, g CouO.
'

6.3 cavurw~ o r- sraz 4 eweeav a awn- '
Sn QSMFG 7~ NC. 12., .S UMM A K Y

t 3. s resi. rs et c
.14 .5"j 7 5'T , 6 t 5 . /~ . NSR

't
\5 4,0??*G9
IG. 3, 7 % . Y e'- - ,

*

5. .'

~7~o R u S SMfL L
4 SUPPOR Y,

D 3 2,53 2 9 I
.

METAL PGCKluG- .jp / C ; G 5 8 0 0

$4 0 s SG,8 I O . 3 G S f AMA S7"fEl

% eu s CoMc, errs-

sage 7~ 19- 3 5,0 2 G 5 4 s F. AREA CONC.
. . . . -

--

-

'
..

|

TDRINf0RMAT10N

DNLY
3

8 E.Co. FORM 3930
ct0-soci



.O PRELIMINARY cal.CULATION SHEET caggo9lZ ATION NO. _.
T4t

. h,REV DATE PREPAREO sy" 's.

^' 0 4TE /6 Nd
% FINAL M*/f[ y; CHECKE0 By 0

REV A DATE Edis.on
Appvo av M __., osTEM*'/4

nc ~ .i : .
'

SHEET OF pr
SUBJECT;

.

bl SR "[s .

2xd +.s y b / - 2xlw =,

>
NSR

-

'A' ry7; $ 1 k
f '6w
O ^ d .

-

U_
' ' ' ' " ' ' pge m e re p

wear s # T-
.y b/ [y '

? 14 YP 45 / 3 5/s " &v s/is " go , c, ,g 4, g g

30 sc99 29 5/7 10 |2 ,IA2 g1 1C 7. M
/

36 # /o F 2 9 /r / 0 /2 9//G 90 /3 7 f/7

so w i24 3 o Ve io 'A 9/ia 90.s s 7.cs

h so v/72 2 9 Fr /5 % /o s. c ' s.62

| s o w 19o 3o% is 'Ha to s. r 7 v.sr

so w 2to 30 % 15 's % to4.s2 g. , z

3G W 170 3 G /g i2 tys /p&.g7 .g.9I
.-

3se23o 3s7/r /c/4 % //9 7r 99y

3 6 W~ 3 00 30 % /G % 'Pla / zt. c to./et
;

|

|

TOREf0RMAD0N

DNLYi'

B.E.Co. FORM 3930
Ct0 6006



CAPITAL
CALCULATION SHEET gopIZ ATION NO.

-O PRELIMINARY
REV DATE PREPARED 8 DA O

ATE p ' bW#//5
% FINAL MdY 7p- CHECKED BY

DATE/fLI[/N,disonE APPVD BYREV @ DATE Tt'' C l ' ' E0
.

l 706f35 ) L: L * '2 3 0 , seerm
SHEET OF

SUBJECT: 5 76 E L o W'd c. /3 2 y aves,r-
C Y Po S G P| P6 C | C j *)G' L ENG71-| fGyOSfD SW* W* SR

I
FW f sou)F 99 // S 2 9 * | 'E NSR 0 '
sw I so ep 11+ 19 I43 45I ?

EU / so 19 19 ' |42*|2 -

t so jot /9 ' '2 SSi 3 %

/ W /90 27' 233 M ag,e

l97 8 jv-g tb ' A It 'I 30 172. 27'
f

f 30 /7L 27' '2.3'274

/ Jo /eg '2 7 ' 202,77

/ 30 /10 sf 2H//h
/ 30 /7'l 34 '2 '2. / .

PgLva

/ 30 /70 34 2 99. T 8 Iw c.f y
M. I'k/2" .c. m c .(. n )

e4 (F) / 34 3 34,33 82 / ')J [ / /# ~I

v 1 m 1,1 ,,

-

/ 30 /72 4 2. b(c'2b!b

/ so / 7 2. g2 3/6pFB T,,.,.A< 23 '
.

/ 30 z/o 4 2. 369.64 L ,gy g g ,,1 .

Gilt 01 42 4. |[ O*hiQ 'h',.z"*g

/ so 2/0 3r 3 3 /,3 G ,

/ so no 3s 37 8.9 f. 1 W <.s. 9 / 2 C -

688 '7-

3 o P/17 2 |
3 32 ,

c 5,757 78 a' TDRINFORMATION

| DNLYi

i
!

k i

8 E.Co. FORaA 3930
tto .1006



CALCULATION SHEET fyyJo7(iz ATioN NO. -

A,

-

O PRELIMINARY
p3gg,7,gogg' M ogg 73REV DATE

'

***N DATE [hMM' MM% FINAL M-N[ g,. CHECKED BY A

_dison DATE Y 8b OATE E APPVD BYREV ,

7'c g'O 5fo c u s - s f E E l-r neu
SHEET OF g

SUBJECT: g(.-g. p WC. c, j 3 g *

? c.s s/27 ff;$[7, ' (]',Pefy
SR @

+ 3 G W 17'a 34' //72 32
NSR C

,

G 30 W 172, 50 /55/*G

T I4 +3 's T' 4 51,I
"

*2 /4 43 G, ' e 5 0 4 4-

!

|
1

.. ,

MS

## 2 36Vf2)p 3$ 5 q G. 73 f ***
,

l

$ f >c
''4,,

/ sco vf w so! 1 4.t. z

S ' '4 "
2 26 nine 3o' a w. E

4,o 33.c,7 o '
_

.' i

TDRINFORMATION

DNl.Y, _

B.E.Co. F ORM 3930
EE8 * 8*

, _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _

CALCULATION SHEET {^jgo^j,z,7,oy yo,
T

{ PRELIMINARY

Pr.EPARED evfNoA hREV_ DATE

CHECMED BY DATE M W'

Q FINAL M-M7
.g.

_dison Apevo 81_ ~/h N!M,

DAT EEREV 1 DATE f*p .10 !. -

YoddS - 5 7"d f l seenn
SHEET OF s

SUBJECT: ff g // O WG . C / 3 2 5
S|Z 6 L TH4 PM f Y POS E O

|gg syposto s G . ~ P r. gg

HS 8 I4 vlP +3 7. W 290 336 NSR O
(d 2. v y / "

40 @ 2 e J-/G v| I47 ef.g4
__

- g i y b ,,'
I .

e

ys 2 3 sje 37 638 X fg }I

,

,
x .:.-

-

.

/ 30 m /90 3 6' ' '3 c A. Y
K 2 r)

g s.s ", = ~

ca@ / 33 / 2 9 7. c L t* * * l 2I.
4 ST/F f. /t,5 /6 5 15 t z. , y

' ''"'' #+ " t/2 * - - - -

kl ;hs"n34'e

s5' S l '2 540D I . sr,,, it , *L,**,,,,
TEM y

3 30 VF /Of 30' G759

- | SW WP 35' 30s.2
/=

3 25 l z,

"a O l 37' s % p15 h , ''',
U TT W % g,

4 r y /"
/ ~""

df gea@ / 37 3 G>o ego ,

zu. s u.

6 /S / ''
6""

'4 '' M -@ { /3 I/&. ,

2 * x % 't

$ 322G.Sgoi
.)

i

70RINFORMAT10N

ONI.Y'

,

I

B E.Co FORM 3930

CED=1001 I
_ _ _ _ _ _ _ _ _ _ -



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

O PRELIMINARY
CALCULATION SHEET cayTAtoqlZ ATION WD. .-

REV DATE PREPARED BM DA*

h
@ FINAL M''I p g. CHECKED BY DATE

/ I![I,

REV 2c OATE Edison APPVD BY DATE

'7# /. J .C) * * * *
SHEET OF g

SUBJECT:

R G F . O w/ G . M - 15 Re"V 6.3 %

$ 1 * G- ? SR S'fs C J $ 1 / K : .) .'s) ;

f. '. ' .' f '" *~ ' 3
i NSR O/ \,--

I I'

/ / .

?$D5 & 's T0/TU G
"

9 "L ' G E )( 30 Y /6 C i a,

C /IMV /d . L S & A ,<-| & ,si? ! " |& $(f4|Hf N'';''~" -

feeoS SNE L L. ioi

A REA STEG :. 2 'f, G S 7. G

7040 sUPP 7~ fGF. Cu)? C-G_O $ CHICACC BA'IN I
,,

I FSAS ow
n, ll'10 J j - efAy S'//h BFco cWd, /J 0. 5

f/ 4 0st G ,2 2|'

' -

. k "i
--

3

fG, L' (J ~S C/ A f 2-f G'*

' 2 , b.\ Q , , , A , p ; 7
- c tA IM-l1

G x l. 0 4/7 = o,2 r ,

CoLs.2I (1wesr$ a
,,,' *

l a-

to.7C,X G.o4'= to 4.9 >c 3 2 '2p'17- 4Jt. eas:H 6te col. #,
, e o I. . a A s F p l. 4 T e s' 2. S' t' 31' X 2 ' f tr' 3 3 'y 3 't 2 13.S.5

4 % 3 x /)& - t-2lb5l

l. l G ' h 7 5 | =. 8'7
2 ks ;

E A . D ie A C G 19, 7 G3 ' /32: YfGAACGS 2342 4

Geos weu + SUPPORTS = ~ffy-y l'. zB2,532.h*'

TDRINFORMATION

DNI.Y,

l
B E.Co. FORM 3930

,

_ _ _ _ _ _ _ _ _ _ _ _ _



i

O PRELIMINARY CALCULATION SHEET cAIdo#' 'lu aiz ATioN ND...s

REV DATE PREPAfiED BM DA 3b

.Q FINAL /U"Ikf g. CHECKED BY DATE [b k'

REV b OATE fdiSon APPVD BY DAT E l

mu
_ TodJ! Jo :

SUBJECT: ( 4 .;j s, SHEET.LE.0F
-

- ,

4 |2 " OP. sR 8MEr4 / D Scx

s L . 2.v ' : " (o wa . c - m ) '. : :- .,
/*/A/, f:' /. , .; : r_2 7. NSR

'| . $
'

q 7'd F c'' (* C ' ' .' i t .

/("T - e d. , 20
1

x g
i

-
-'

_ ,e
,

,

t **/[o' *

;w
AnfA''

'
i '0 D'

| / 5>o42O 39v39
' = 7GMX 4 =

/#

Q@ C G y 3 4- = 1904 x 4- = 7G/G
~

Mera occu: Tent i o,, a, s s '' '
- _ .

em

i

.

|

|

TDRINFORMATION

DNI.Y
|

- i

I
'

l B.E.Co FORM 3930
| CED-loot



j] . e i .ilNA3Y CALCULATION SHEET {^u"TsoE12 ATION NO.
'#

" - "" ' # Pr.EPARED BY DAT )6-

% FIN.4.. ,h[N[ y; CHE.cKED BY d" ,D3 DATE b '#/dC
DATENbEdison APPg0BY

'

T "" -

SUBJECT: CdA/C d f [L ! IEET OF,
*

CC)]C,ec 7T k E*f . D l' ':: C q am ' . 21, 6 |
sa @ .

7 c 7 >;

V. ' .,', t' . i. c .
\

_

_N
, _

s. ~
-

-

,

x..
'

fx) EL. 23
', $Kt N. ._ No.v a l .- 17 ' (o -

,
f f

3 *[ . / $ ' | / 'W L L'#

. y
y __ . _ . -

, .

i."-'=3 7 7 t x s a ' a '= i
' ''

t
-

: ,1

|f ./', -~
~

,

i j.

,

ouree n O w 4LLS 'N ]'

-- - t -

37t''.'yC$c,sC4 x t' = / 7, /||, 2d> U
--i:

:
P7" L G 1H ,

,
s. -

tuacnap wA LL s as< / ..=
'

b. 1

ci m n ..

2 %. S s y /3. [x I 6 = G, 2 2 7 2. T m.'
i ,9 ,ur c

fy:
'

o i2 3,'o tA q Ar EL.-lyic-

I
I Q

/6 y /g /y /G = 3,/20 Q *7
-

.

'

- ,
-

c u rse4 U M tHacAAD 0j i'"
u .

TOTA L kvA LL AREA 2 G,158 54 /

~,(N
,-

LSL. A B A7' E d . / 7 co "

9,5G e C '2 G >< 4.s x g =

3 G,0 2 G . 64 S 4. '

TORNCRMAIl0N

DNl.Y,

.

B.E.Co. FORM 3930
IE D - 1001



CAPITA
Ij rantLIM! NARY CALCULATION SHEET go 12 ATION NO.

MO N DA $REV DATE P;EPARED BY

% FINAL M*/h] g. CHECKED BY 9 DATE /ESUC

Mb ATE Edison Appvo eYDREV DATE

SUBJECT: %gpg [[f/3 [- /7 '6 ') SHEET OF g

*

L

!, # 7 W 4 O A'E 77c n L F/tE Jospitj(e sR @
-- . - . . .

NSR11. fGEl- J-oADihiG .'

/ GA N G* /MSVL A T/oM .:2 W h .
.

f.JUGOD 9?OO lb

3 N/A r o C domB wY/b u,'

/. /psulA riivv pf 000 BTV)n

.? . Nap o & oor) b/L3

C. Yo~ TA L *7 NGO Ac ridA G 404 O|

/ /Nsvl* T /dW

S~O fooo BTvIJi/Lb x 21,000 GT -

7 1v000
fp&(o00,00o B W?200Lh g 9,000 5 =

.

66 oo(>AOD &.sn y /

~7WictcTuA G f/RE /-o A o Appden 7~o
...

f

SFnce sovuong :

| 66tto % x 4090= JG .Wto' m u
20. ')

|

|

| TDRNORETION

DNLY;
-

B.E.Co FORM 3930
Ct0 *looi

._



4

)
'

CAPITAL
O PRELIMINARY CALCULATDY /ICET

,

'

AU7HOQl2 ATION NO.
$1REV DATE PREPARED BY JAT, 3/

@ FINAL M*N7 % ,y, CHECKED BY #,O DATE#1/' I/f4* - A

REV 1 0 ATE Edison APPVD BY DATE NII 3
-

| o R g 3 A g g (_ |-)'4 6 SHEET 2fOFSUBJECT:
. . . .

,

SR $d t *

'
NSR t

d 3I dd ( a b J O
4 ~W x M M oa E ng>. / A /

. .

~ ' " ~ " ' ' ~ ' ~ ~ ~ ' ~ ~ ~ ~

k O g 3 e
'' '

y V N $ t/.V ,.

$ -O s s 4 N 4 E s\ l,

b 9 Y9[ l s f. N E, 9,- $ M s$e s
,

~ ~ m e , s s

7
_

( Q D E C h d I? h shOk

$ Y $ $ E $E$hk $$ $ -A (
*

h[2LM N > s O ' o7 %d yf ( M 4 % 3 4 6 4 9
->- -

4 6 g% -i M2 _

H au t Ve $ : R E S H8 +4 t

(p' * D M $ !!d s t E H h $f _.

V8 /\ )\ /\
TJ V

t E kl R vno I w a s
,,,,

g s
g gfF L tr > O' r-. eJ ye'y f g "'

~F ! ! @ $ 3 D F it u v%A c0GS|g *
,

f rk s t k3'S kC Dq/ s ' Iy

.|) S 'a
. l

*
1 - a n et%u s;

b n ,st? | || T E f$5 t|TMT. 'c 2 .:-i o r , -3 sMQ ;

s t OW> Lb .c'>
4 gc ji !| M t6. 0. 5.d , % " K;i *

; ,-

!.! $1 .
~~ ~ ~ ~ ~ ~ ~ '

.. '.I I @ @ 3.s. B....R $ 1jiil| 9.- 9 y_ _ . _ _ . _ _ _ .. .... . . ,,, _.

SkS$kN_Y9$42311 DNLYc3# '
~

ot O!O O O 6 pc 0 O 0 0 C o o ow a ss n'sessw_Y
B E Co FOW 3930

c r o -ioo,



.

TA
CALCULATION SHEET {^fgo7hizATl0N NO.

O PRELIMINARY
REV D AT E _ ._. . P7.EPARED BY, DA.

DATE D &
$ FINAL s'd-|k'[ @; CHECKED B + /. 9

#WO
REV 2c. DATE _.- Edison APPVD BY [h DATE

-

~

SUBJECT: ~To2 0s A (?_e--A di l'6'
SHEET M OE, a

EH7Metin 7%st c 'H* G .26. wlo ' B 70
NSR

S

bt ( [Q3 t- f qg fh'l r.55+ (U f a to S Tu
.

O
'

!-o o mm,w 1= m e ~, ~ < . .

s m e. m i s a.
s1mm %g-

P
;

|-
,

,

.

TDRNORMATION

DNI.Y,

B E.Co. FORM 3930
t t 0 - t 001



T

PRELIMINARY CALCULATION SHEET {^jgo'jiz ATION NO.

REV DATE PnEPARED eM OA D

$ FINAL M*M %: CHECKED BY M*M DATE /M/f(
l# Y/5b DATE Edison APPVD BY ! DATE

REV

SHEET E OF y
SUBJECT: pg[/3 gg f.y [g.[ j 7g

%SR
6 ,(o Dis'cuSStoW

AU Elint.un7-iors sr twc dstcutarisk nsR
k

6 6 4 f6 29 & T'/ W//ufv7 V4st'//4/ CJ $/4
.

k Assumf i6ivl u>i//tnri g te r wo

C0A/C4VDC' 7WM Y Mfr~ A< ' rya C-

Al'G A A6 G- E~57~tktn r E D .S7Fe L - 7~swfske7utte~

!

ido// / Host f/2004t.fl-y & ~' S v 0 5 74/ E /A T 4 y

/E.S5 7WAM 7WF' CALCVL4 i&~D 7"2*h7fE7?n Tuttv

cP / 2 '? *f
,

Cr - )

THC Foilotaki& ti A- /?5Vir u o G-

E.s 71**r4 re3 duo Mrsvmp77ou r
!
.

/ M/l Amourv7~ o f= doMdid718&vf /J
!

_

Co A).ss-R vis 7 iir y as71su n rc t2.

? rec era r oF comocsrisia 2 rue-

b N OU!V V O5 /VO V $6 (Vt9.fi~D DV$/kiY- A=

.C 4.5 7*4Nce's Comp /eTt. 6 a'/DA MoS hoM8vsTruk

Th/5 |-/ O 7- or Co mavs T|ons i.s Dcre tm!" e<>

|W & /s4 G&l"A IW y V 7/ i 9.< A/ 6- N OMb

E W||W ${(% |.0khM [ f6*k. /

o i= F*ue L. is & enr exnpA ray iL fDR|Nf0RMh110N
DNI.Y

nae rac oyswy r s ,. u ,, 4 u -
B E Co. FORM 3930

QED -1001
- - - - - _ - _. - _ - - - _ _ _ _ _ _ - . _ -



C PRELIMINARY CALCULATION SHEET 'i'py'hyyoy yo,
_

Mog[REV DATE ,u,wnto gy

@ FINALM*/k7 ,,,,,, @: CW.CMD BY# f MTE M M@
REV d DATE Edison MdC SY. !WC DATE /d IIN

SHEET OF lSUBJECT: %fg gg ggg . f 7 eg 6j _

&

THC i+ c 7~unt. ffegr J.o40 g.vi/f g4- SR @ |

4

$ 9 0.5 tar / 'f' A l l-y 4653 04/[ pr2> //C 7~W C- NSR
|

f/[W GO AJ O,Y/ OIVf / !J b/CU C b |A$0/A?$$f

(oe.sDo*f"Da>J .

S ScotsfSwCG~ b'o .2 / <f.i t.)/t A P t s 77?A r' 7M4-

yest'M* As ken HC / r~ load 6o t?ft.' 60 **1, rat 7 MJ~

W,.1,'huwondica if OA/J.y / 0 -4/o Yo oF

No s 54 7~46~ CowCsovcABLc AQJol.w7C' h/WifYb" s

hf f '6-i IA 74'L''M A 4 /Mvi+1 H EA T $0 AG

A1A.ubrw? D Y FAC Ted , TN ~ CelCud+rdDG
y
\

fg>*/ o CYA Y VAC" &P I 76 er". G |1 - DYG

7eti.s u ( u t.a r/ok ns.1eane.s ruc- surute L

of twc .s renn - is spearich<
1'*cmfr/ATvec-
75 TWC 5;'ve /~Acc 7 3 m p o t'A v # c , 77//1 /.h es-v

C.otVSCf. Ykf'tyC A.tsw r+1,es'T/ e V .5'/ N CE' YHC*

1 $ vt fAC t.r M c >o 7a Vf f As72;f AA/O /b

| /00- 360 Dec eru.s Mo r'72pt A FTCP E q fosv t W'
.

| * e

s S7/9/~5'// $47b ~PfC $7AMD A RO f/B li , l .t a

(2|$)fDd V;0 To &O M tN
|

TORNORMAT10N

DNl.Y'
,

B E.Co. FORM 3930c t 0 - iooi

____ -- _ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



C PRELIMINARY CALCULATION SHEET cA"'7 kl2 ATION NO. -uTHo

REV OATE pngp,ngg ,, g % {E bDA

@ FINALg)*/k7 [f: CHECKED BY, N DATE W# YN
b DATE Edison APPVD BY DATE / NREV

SHEET OF l

SUBJECT: fffgg pfg3, (,j7sg, r, ) _

>

.0 ANV$ATIOA,) b M(< { U J/ O u
_ . _ . . . ~ ~~ NSR

M UD MN Wl5 h * ANO

ffASON' 4 dLW M /AJ 5 5 2/5/6 DD 6 YM FNf~p Ad

SufPbATan) Bf 77/C~ P/JC. VJJ/o^J 6f fHit0

e.ALcvW/O'u$ C o MS&~K M T1 Gr 13 7'/ nsa r*cs p u /)
O

ks.s vmpT/ons , |7~ h A%Wou A aw tt::> OcDycv

7tra r 74 5 s rd vcT"kAA i- STEwL- /*v YHt'

TbtfVJ CompM rnrs>r (-) 7'4 *) wi/f A.>o Y

AM * ~ ' kurarnoer />r w nrv de e e es ??mereo
s

n~,1- r- .o eoo s - nnna-

/s t+1s w cn Nd7 fo FA' l .~

L

|.-
!

|
:

| DNI.Y
1

|
B.E.Co. F ORM 3930t t 0 - toot

-_ __



y entt.iMIN A RY CALCULATION SHEET ca;goRiz AT;oM Nc.
At

au

REV _ DATE PREPARED By N DATE -

% FINAL b~. b7 CHECKED BY A O DATE 9/NN;g.

REVd DATE kdhM)n APPVD BY DAT E M

SUBJECT: SHEET ! OF g

L' j

kSR ,

ArrAc m aur utm a I
NSR

Rd 60GAER 00 OP PMpt
'

2_ l

3ty I

F i I
e

c zo

9 2.

! TOTAL MUM BE2. cP

PA601 i O ATT.1 S + COVER. PAGE
|e ze

.

-

|-

TDRINFORMATION

DNI.Y1
.

I

B E.Co. FORM 3930



m RW YO 2- -

*
,r p t..H W 1 REV- 2 -

L MTTMcH. I k% i

'4-106 TarssitissrON bF HEAT BY CONDl'CTION AND CONVECTION
Table 10. Maximum Fluz and Corresponding Over all Temperature Diference for combine to give

Liquids Boiled at 1 Atm with a Submerged Horizontal Steam heated Tube
,

Aluminum Copper "d*p$,
#

8 teelp

muld

$ $ $ h(m. (m. (m. where q./A. is the Btu(m.
all temperature differi

Ettrl acetate.. . . . 41 70 61 $$ 77 $$
Be nz e ne . . . . . . . . . 58 to 58 70 73 100 82 100
Ith yl alcohol. . . . . . . SS 60 45 65 124 65 0.6
hintyl alcohol. . . . 100 95 110 110 155 |10 g oy. .

Distdled water. 230 85 350 75 410 150. . .

o E 0.6t
"1

For forced-cir:ulation evaporators, vapor binding is also encountered. Thus with 5 = 0'
liquid benzene entering a 4-pass steam jacketed pipe at 0.9 fps, up to the point.where * E 04

-

60 percent by weight was vaporized, the maximum aux of 60,000 Btu per hr per sq ft Ej o'
was obtained at an over-all temperature diderence of 60 F; beyond this point, the 2: 6 -
coe$cient and Bux decreased rapidly, approaching the values obtained in superheating f { 01vapor, see Eq. (6b). For comparison,in a natural convection evaporator, a manmum , j o3Bux of 73,000 Btu per hr per sq ft wa.: obtained at (Af). of 100 F.

Combined Convection and Radiation Coeflicients. In some cases of heat loss, such C,

as that from bare and insulated pipes, where loss is by convection to the air and radia.
tion to the walls of the enclosing space it is convenient to use a combined convection
and radiation coefEcient (A. + A,). The rate of heat loss thus becomes

Fio. 6. Variation with,
^

for & = 0.042.g = (A. + A,) A (Al). (15)

where (Af) is the temperature diderence, deg F, between the surface of the hot body [,"*,',# 7i $tbn fo*
,

and the walls of the space. In evaluating (h. + A,), A. should be calculated by the et are the conducti-appropriate convection formula (see Eqs. (11c) to (11g)] and 4, from the equation A. 5 A, s often taken
will have but little eff'A, = 0.00685e(Te,/100)8 U. w th pipe size and
tures of 375 and 75 F

where e is the black body coefficient of the radiating surface, p. 4-111, T.,is the average
Aemperature of the surface and the enclosing walls, des R. For oxidized bare steel

pipe, the sum A. + A, may be taken directly from Table 11.
~

.

Table 11. Values of (A. + A,)
(For horisontal bare orinsulated standard steel pipe of various eines and for Sat plates la a room at 80 F)

(M temperature diferones, des F. from surface to roompg g,,

| 50 |100
L*-

to0 |900150 200 250 300 400 500 600 700 1000 1800 '1200

I H 2.12!2.48 2.76 3.10 3.41 3.75,4.47,5.30 6.21 7.25;8.40'9.7) 11.20 12.41 14.65

2. 0 3. 2. 38 2. 6 5|2. 98 ' 3. 29. 3. 62 4. 33,4. 99,5. 49,6. 92:8. 07it. 38 10. 4 512. 44| 14. 28
5.16'6.07i7.11|8.25 9.57 11.04 12.65414.48| |

1.93:2.27 2.52 2.45:3.14').47|4.14:1 2 j'

4
1.84'2.16 2.4112.72.3.0l|3.33,4.02|4.68 5.574.83|5.72 6.75'7.49,9.21 10.66 12.27jl4.09
1.76!2.06 2.29 2.60:2.89.3.20.3.88 10.50 12.10.13.938
1.71 2.0112.24 2.54 2.82:3.13:3.83!4.61 5.50;6.60 7.73 9.0512
f.64 f.93;2.ll'2.45j2.72 3.03 3.70 4.44 5.37i6.39;7.65 8.94

6.52 10.41 t2.03t|3.84s
24 7i .52 8.83 10.24 11.90 13.70

l.82 2.13|2.40 2.70}2.99 3,30 4.00 4.79 5.70|6.72|7.86|9.18,10.64
' FuvPuran '

Vertical . . . . . . . . . . . . 12.25 14.06

. . . l.58,l.45,2.09,2.34;2.63;2.93;3.61f'5.12 6.04 7.07 8.21;9.3411.014. 38,5. 27;6. 27j 7. 40,8. 71 |10.16
11. 76| 13. 57

H FU . , . 2.00 2.35 2.65'2.97.3.26 3.59 4.31 12. 63 t l 4. 4 5.

11FD. . . .

HFU, horisontal facias upward: HFD. borisontal, factas downward.

Heat Transmission through Pipe Insulation. (5fehfillan, Trau. AS.VE,1915.)
For any number of layers of insulation on any size of pipe, Eql. (2), (4), and (15)
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E TABLE 1
-

O o' N0thfilL COEFFICIENTS OF THERMAL CONDUCTIVITY (TC) AND THERMAL,DIFFUSIVITY (TDP
g

,yg -

w _

-4 Carbon and 1.0w Alloy Steels
_ _ _ _ . . . _i=$

__. ... _ _ _ _ __ . . _ _ . . _ . _ _ _ .. _ .._.__

LC .

C- Mn-Si Mari. Group A* Marl. Group B' Mall. Group C'

luse C.wl.cn I:v'c -Safktwo C- Ma

Temp.. -F TC FD TC 1D IC TD TC 10 1C TD TC TO TC 10_ . _ _ . . - -
..

W- . . . . _ . . . _

78 95 1 :e'W *n n 9 582 27.5 0 529 23 6 0 454 24 8 0 482 21.3 0 414 24 2 0 471 y.4. . . . . . . .

let 44 7 n. 74 2 s 's o.sb 7 27.6 0 512 239 0 44) 25 0 0 47F 21 5 0 409 24 3 0 464 g

.* * d. 9 544 27 6 04% 24 2 0 43) 25.1 0 466 ?! 8 0 400 24 4 0 452 3
/er a) 6 o .. l +, *2 0 42I 27 6 0.486 24 4 0 422 25 2 0454 21 9 0 191 24 4 0 439Isf e4 I es . 4% N
. Af 42 9 * Mi% ?H 4 9 502 27.4 0.467 24 4 0 414 25 2 0.442 22.0 0.382 24 3 0 4?r.,

37 3 n s ,I 20 4 0 481 27.2 0.45) 24 4 04% 25.1 0 430 22.0 0.3 F 3 24 2 0 414 $
we ~

ll 6 ** * 14 2H 0 0 464 27.0 0 440 24 3 0.396 25 0 0 418 22.0 0 365 24 0 0 402 ]e

4*M 90 9 se't? ?? 8- 0 44F 26.7 0 428 24 2 0.386 24 8 0405 21.9 0.356 2) 9 0 390 g5%

4C en t se s #*. 21 I o 4 30 26.3 0 413 23 9 0.375 24 6 0.314 21 8 0.347 23 6 0.378 Z

a.se '95 e .s 72 f e. 8- 0 414 25 9 0.398 23.7 0.364 24.3 0 381 21.7 0.33 F 234 0 367 g

*%"- '88 (* 8 *? 2(. I 11.19 8 25 5 0 38F 23 4 0 355 24 0 0 370 21.5 0 32F 231 0 155
!

tm; .BO s* S l? 2% f. 0 385 25 0 0.174 23 1 0.346 23.7 0.359 21.3 0 320 22 F 0 344y
t>4 27 ) e ile 25 1 0 370 24 5 0360 22.7 0.))) 234 0.348 21 0 0 310 ?? 3 0 33) 2*

Jp0 /f2 6- se414 24 6 0 355 24 0 0.346 ?? 4 0 320 230 0.335 20 8 0299 22 0 0 320 $

P~ 25 9 n * F4 24 0 0 33F 23.5 0. 3)2 72 0 0.308 22.6 0 322 20.5 0 288 21 6 0.307 $
C

tN ?S 2 p*% 245 032) 23.0 0 318 21.7 0.298 22.2 0 308 20 2 0 278 21 2 0 295 Z

#M 24 5 Es e 45 240 0 109 22 6 0.305 21 2 0 286 23.9 0 297 20 0 0 268 20 9 0 28) "

**m' 238 u tli 22 5 0296 22 I O 291 20.9 0 274 21.4 0 28) 19.7 0 258 20 5 0.271

'9 2)1 et *01 2I 9 0 281 28 5 0 27F 20 5 0 262 20 9 0 269- 19 4 0 248 20 1 0259 4
Iroe 22 4 o '92 21 4 0 167 ?! O O 26) 20 0 0 248 20 4 0 256 19.1 0.238 19 8 0 248

t

1 **,C 20 ft O 252 20 5 0 249 19 6 0.23 F 19 9 0.242 18 8 0 227 19 4 0 236 #~ gg
"

i100 20 9 n 2VI 20 2 0 236 19 9 0 23F 19 2 0228 19 5 0.230 18 5 0.216 19.1 0225 T

IISC ?O 2 0 234 19 6 0.221 19.3 0.219 18.7 0.213 18 9 0.215 18 2 0.204 18 7 0 213 [ 3_ (q)
,

p

1209 19 5 0 218 19 0 0.206 18.7 0.702 18 2 0.397 18 4 9.202 17.7 0.192 18 2 0 199 p (q

1250 18 7 n.197 let.1 0.189 18.0 0 184 I F.5 0.179 17.7 0.185 17.2 0.178 17.6 0.184 TD

I 500 18 0 o 190 1 F e- 0 172 17.1 0 159 16.7 0.155 16.7 0 164 16 5 0.161 16 9 0.166

13*c0 IF 2 to I 34 18 ft 0151 16 2 0.122 IS 8 0.119 15.9 0.142 15.3 0 138 15 6 p.139 g

1409 16 4 le PW 18 2 0 082 15 6 0 018 15. J 0 0F7 IS 3 0 07 F 15 0 0 076 15.3 S$7 N~

14*4 _ 15 9 n 147 15 7 013F 15 2 0.155 15.1 0.354 15 0 0 128 14 9 0.130 15.1 0 128
*

15 7 n 162 15 6 0.180 15.1 0.169 15.1 0.169 15 0 0.199 14.8 0.171 15 0 0.199

Y .D 14 3-
* *3 ~ *% Hw *

.5 % =Em

N Y
i"s oE 4 -
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| 2 ej THE INTIN!?E AND SEMI.!NTINITE SOLID
i ... .

* ' " 'w 76 I

2.9. The semi infinite solid. The flux of best at x = 1 p g,.eo

(T a pre-
scribed function of the time. Zero initial temperature

(i) Constant Jfux, Te per unit time per unit area. tra|Ff*.P
: The flux / - -Kh. (1)

,
! satisfies the same differential equation as e, namely

]f.Sa(7* *
'

* > 0* * > O' (2)
,, *
. ..

The solution of(2) with
.5, and we have f = T., constant, x = 0, t > 0, (3)

-

Is, by 2.4 (10), f = T erfe *

2V(nt). (4)
,,

Thus, from (1), using Appendix II, (9) and (II), ".

I *
v = K , eric24(at)dx (5)

.g' (3) 'pW, *y =

2F,s/(=t)ierfe'Y(*')(t * M'" '' I *-
A, (6)y y |'l.Id' O

MI -*'*' ferfe *= e
FJ 2 24("I) . (7)

-

| '

A table of values of the function lerfex is given in Appendix II.
The temperature at x = 0 is 'venTy

III*

). (8)

h+Mrt))- The boundary condition of constant fluz is of considerable practical

/)l),a>T.J3) importance. It appears if heat is generated by a flat beating element
,

carrymg electric current, if heat is generated by friction, and a an
approximation in the early stages of heating a furnace or a room. It- ~

; has also important applications to problems on diffusion. The cooling
s

of the Earth's surface after sunset on a clear windless nightt is very
.

l

() nearly that due to removal of heat at a constant rate per unit area per
F '''"''. (8) unit time, thus (8) gives the way in which the surface temperature falls

after sunset.
.

The resulta above apply also to the case of the region -co < x < oo
,

eoen to have the ' ~ *

t cr. smat. 9 v. .r. a. Jr t. see. sa (n ear; see.
.
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LA RESISTANCE AU FEU DES POUTRES D'AC1ER
"# '. NON PROTEGEES

.

80MMALRE

f
|

Les auteurs etudient la resistance au feu des poutres d' acier non protegies
au moyen d'essaie d'incendee standards et de l' analyse numerique. On a
decouvert que la duree de la risastance au feu varie selon le facteur forme
du poids de la poutredivisiparle perunitre chauffe. Lee auteurs ont etsbl6
deux equations sunples Pour calculer les duties de resistance au feu des

, , poutres d' acier non protegies et its recommandent de les utiliser dans les
normes du b1 tenent.
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FIRE RESISTANCE OF USPROTECTEl> STEEL. COLDINS.

. t

H3 W. W. Stanzak' and T. T. Lie 8

.

In the past the fire resistance of unprotecicJ eteelcolumns has been considered
so small u quantit.s that it could be ignored Fiie esperience and controlled
fire tests on structural steel columns of small crowsectional area showed that
unprotected steel columns could not sursise the effects of fire esposure for
more than 10 min to 20 min.*Howeset: it will now be showrr that the tree **er-

j c'olumns required Io carry the Nemeal foods in modern Egh*.me-terldmp ste
capable of much beller fire performance than had 1stniotidf bein%ttnd.,

and that some can attain fire resistance classifications of I hrce tetter..
,

Fire fataht) statistics til show that the number of deaths attributable to structu-
ral collapse during a building fare is neghgible. The main causes of life 109
have been shown to be asphysiation and burns ll..t.71. Therefore, to proside
life safety to occupants, enough fire resistance to allow people time to escape
must be prosided. Escept w here escape routes are estremely long or the number
of occupants is very large.10 min to 20 min is usually auumed to be sufficient.

h Howeser, with very tall buildings it has become esident that esacuation b)
C7 stairs can be so time consuming that complete esacuation is impractical (4)

[ In such buildine sufficient fire resistance to withstand a burnout of the contents,
must be prosided. *

Prosition of fire resistance be>ond that required to present life low is deter. .
L rnined largel) be cennomic condderations. A recent stud) on the optimum fire. -

resistance of situctures tII) has shown that for buildings uith a small lou poten-*

Nose -Dnsumin open until October 1.1971 To estend the skiung dAe one month.
'

a mutten requoi must be fil.J mith the Editor of leshnisal PuNications. ASCE.1hn. .

'' paper is p.irl of the osp> righted Journal of the Structural Dniuon. Proceedmss of the
American Societ.s of Cnil Engineers. Vol. 99. No. St.s. Ma>.1973. Manuscript was,

*

submined fue reseem fos pnuNe puNsation on June V.147.,

'Sleel Indu trin l'ellom. bre keseeish Seet . Dn of BuitJmg Resear h. Naisonats

Rewar6h Cinonit of Can.eJa. Uttam a. Canada.
?Hesearsh Offiser, l' ire Researsh Sect.. Dn. of Buildmg Research. National Research

Counal of CanaJa. Oti.sm a. Can. eda
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lialit uould be uneconomical to preside an) fire protecison bcsund that inherent
in the stincture, presided such fue resistanse is sufficient to allow casuanon
bs the occupants. BmlJine representmg a smalllou espectation aic those that
are An all in size anJ not saluable; those with no saluable contents: those for I

w hich the probabdit) of a serious fire is lou te.g,completel) sprinklered builJ-
inga, or those basing a low fire lesJ.1he use bf unprotected steel columns
in such builJmp is generally justified if these elements hase the mimmal fire
rnistance required to present loss of life.

Accordmgl). the w riters base insestiga'ed the fire resistance of unprotested
sie.'l columns b) methods of numerical calculation and by full scale fue tots
m their laborator), with a siew to deseloping simple espreuions for calsulatmg

, ,

iihe fire resistance of these building elements.

Tssi Memoon a=o Cmen Tawsutum *

.

On this continent, tuo test methods are acceptable. The most recent AST M
Standard prescribing these is Ell 9 71 (IM.

The older load test requires a sample at least 9 ft in length to be tested
,

under un applied load calculated to develop theoretical working stresses contem.
plated by the design. The column is required to sustain the applied load fora

a period of fire exposure equal to that for which classification is desired.
The newer alternate test of protection for structural steel columns requires

that a sample at least 8 ft in length be tested in a vertical poution udhout
apphed load. This test is applicab;e when the protection is not required.by
design to carr) any part of the rolumn load. The apphed protection must be
tettiained against longitudinal r ermal expansion greater than that of the steela

*

co umn. Temperatures are measured by at least three therrnocouples located
ai cach of four lesels teross sections). The upper and lower lesels are 2 ft
from the ends of the steel column, and the two intermediate lesels are equall)
spaced. The test is considered successful if the transmission of heat through

; the protection, during the period of fire exposure for which classification it
.

!
desired. does not raise the average (arithmeticall temperature of the steel to ;

lesel abose 1.000* F (.5.18' C), or above 1.200* F (649' C) at an) one ofan),

the measured points..

The 1.00lf F average allouable temperature that usuall) determines the fire !

enJarance time in a test ma) be regarded as a critical temperature for structural |.

failure established for protected columns as a result of many fire tests un usi.dl>
{

~

loaded column sectionsyus, forjhe anal) sis in this paper it has been aug161 -

,

that structural failure is imminent u hen the steel cross section attains an aserage
.

*-
tempeiature Q ,1.tgas ill,ca'leislailohs 'andTlfe7ests were mTJe"oTt'he

.- Faiis of heat conduction mian_e.
,

W hde complete theoretical justification for the use of temperature criteria '.
is beyond the scope of this paper, it can readil) be shown that 1.tlulf F is

{
v seasonable salue. For long columns, souming that the member is unifornd) I
l cated, the buelling stress is gisen by Euler's formula: !

ir ' E 'n,,= .. .. ........... .. . (l)A, .... ...

|

~
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and the allouable design stren for long columns is;nen b3 'sg s18 1969ggCQ, y
t 17) as:

n' E
. . (2)i'= , .

. .

- 1.92 A -
Win w hkh 1.92 is a ufety factor prescribed by the gode and N |mpo f t., ,

= 13) < A 5 200. b
.

'
i i , i 4 i i 4 i

,

-
. -

B
'

s - N. -

Nf,'- ,,
. . -

\.

N.s 3
\.\ -

'

-7 N
t:

;u .

. 1. ,

-.% N

I - \.\ - to 0
-

- i,

t t t t t i t i i t t ,,

o reo soo ses soo tee, trao

/''~ ti m p(t a ti; s t. t

(
'

7
. FIG.1.--Averese Compressive Propertees of ASTM AM Structurel Steet .

- .

At elevated temperatures failure is due to occur when the left. hand sides
of the equations are equal,i.e.:

,
.

E~........ .....$. . 0) i1 E,= ................
I

1.92

Accepting the commonly anumed salue for carbon stests of E,, = 29 x 10'-
. -

ksi, then ;

E , = l$.1 x til' ksi(Itki x IF N /m') . . . . . . . . . . . . (41'
.....

_

Using Fig.1 beed on data reported by Ingbers and Sale (Itij. it is found
th.it the temperatuie at buckling is approximately MW F (471* Cl. Fire tests
of loaded solumns 191 h.tvc show n that the point of masimum e apathion tarprosi.
mate!) the point at w hich the column bucklest is followed b) a f urther 10Cf F-l.40*

+
1
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C.FU Cirisc in temper.iture before complete failure of the column oes urs!

'!hus f adure of columns can be especicJ at crowsectional temperature o:from E'( - 1.050' r. (5t(f C .%5' CL depending on the design rnethod one
slenderness ratio. A salue of ISul* F has been assumed as a reasonable ascrage3

for un) column. as has been indicated b) the MTM fire test standard.
!

Tawsutunt Rist = Umrsetto Sratt Cotu==s
.

1he culumn is esposed on four sides to the heat of a fire that follon approsi-
natel> the temperature time courw prewribed in ASTAf Ellv for the standard
fue of "controlled estent and seserit).'

*
i

Heat is transferred from the flame-
in she fuinace and from the furnace walb to the specimen by consection and
radiaiion with radiation as the primar) mechanism w hen the flames base suffi-
uent thieLneu tlNL T_he coefficient of heat transfer uhe quantity of heat rescis cJ,

per unit area of the column. cer unit timcmd teme'eratur.Wijcicrhins. -

the column surface and firel der' ends on rn
Idc. cmmiut) of the llames thiekness of the flames betueen furnace walkans factors. The most significant
anJ column: sire of specimen; and thermal propersies of the furn.we walk

*

I:sperimental data (5) have indicated that the heat transfer to the specimen
in test furnaces approsimates the radiatise heat transfer from a blael bod)
at the so called "furnace temperature." Similar heat transfer may aho be espect-

o

ed in most building fires because the flames are luminous and usuall)hase
considerable thickness shing them a correspondingly high emissivit).

The coefficient of heat transfer can vary significantly, homeser, for different
indisidual conditions, and the effect of var)ing this quantity will be esaminedlater herein.

Catcuutio os Tewaxarvar Rts4

Two Dimensional Numecical rencedure.-To determine the temperature dhtri.
- bution in mauise square steel columns, a number of calculations b.ned on

a two-dimensional ptoecdure (th were carried out, in these tests black boJ
radiation at the prescribed furnace ternperature was assumed as the onl> mecha.3

nnm of heat transfer. The two equations uscJ for the calculatior' are:.

at
Tr,' - r', , +

(pc);, ta u. ((ti...n + tt.)[ ri ..n - 7;,)
.

4 (ti ..n + L .) t r'n..n - ri ) + 2 W a o e,[ttp'- ti )'J)
,

i .Wt
.

for the temperature of an elementary surface element of the column, and'
-

I AT' ,' - TL , +
(p e)' . ta U , ( ti|.. .o.. n + t'. . ) [ rt.. ,.. . n

- .

.
,

- rL .) + [tL. ,n, ,, + t'. .) t rL. ,o, n - TL ,)[1|. n,.. n

* t L . ) I rL.,m..n - 7'. .) + t (L n ,.. n + t '. . ) [ r!.. n .. n - T' . ))i .m.

for the temperature as an> point inside the steel cross section, in whseh r;

is espressed in degiets Rankine and i in hours. It should be noted that the
t

|
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g term, e,. in Fy t h. strictly speaking. a material and seniperat te dependent'
quantil) . but il es sutissiently acsurate, for the purpose of thn stuJ) to be
regarded as a constant. Aho, sirne most building rnateriak h.ne cmmnities
in the range of 0.k3 to 0 95 (13) a salue of 0.9 was used. although the results
indicated that a salue of 0.95 would hage been more apprepri.ite..

The dependence of the thermal properties of steel on temperature was taken g

into assount in the calculations, lhe malerial proft,rlics used ucre derncJ l

.

TABLE 1.-Thermal Properties of Steet

. . . . . . s r- v . - -
Volumetric heat capacrty, Thermat conductmtv.

* in British therrril units in British thermal units
T empe rature, in per cubic foot. per foot. hour- t

*
degrees Fahrenhtt degrees Fahrenheit degrees Fahrenheit

(1) (2) (3)

70 34 30 2e NI *
,

ttal SJ kh 26 (di
2t ul 36 36 26 >2*
hat 3A 27 26 41
dm 60.33 '23 $7
500 62 44 2334
Nul 64 90 24.71
7t al 67.52 23.72
km 70.36 22 50
9m 74.39 21 k6

1.t t s FO.32 21 06
1. im N3.72 20.07
1.2m 90 32 18 9tr
1.241 94 29 15 33
1.h ti 12783 18.16
1.330 164.13 17.87
1.4m 117.73 17.to
1.44: k4 Sk i7.34
1.4 RI 66.l6 16.7M
l.sMi 62.21 13 69
1.e4 ai Ni 74 13.26

* l.64: 62 01 13.J 3 ;
*

1.7m tA (N IS 48 *

1.w ai 67.96 16 03
2.im 69 6% lli F3.

, 2.350 70 97 17.36.

. - - ; . - = r . ~. c . w a s r .. . . . . . . . . . . =m
,

from availabic data (15) and are reproduced in Table 1. As is apparent, the.
,

.- invohed nature of the calculation makes utilization of a high speed digital' ~
computer almost mandatorb-

.

Calculated temperature profiles for a 6-in. (0.152 m) square unprotected steel
I

*

column are shown in Fig. 2 at 10 min intervals. Similar profiles for a 12.in.
I(0..Wml square column are shown in Fig. 3 after 50. min and 60 min of fire
'esposure. Fig. .kb) shows that at 60 min the masimum temperatura difference

j between the surface and the core was 225' F (125' Cl and the temperature at
|

l
~

--
.

;

t
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he point mida. ) Niu cen the suif. ige ind cose was abosit I oiid

.% i and .%It it n wen that the masimum tempeisture Jilkien e betw een the
. F.Ironilip

suifa,e of the 6.in. column and the core is about IM F. Thn can N tcp rJed
s

buildmp pr.actice. For the purpose of determinigas a re.nonable niasimum for most steel columns hkel) to N encountered in
a

ture rise. the temperature at the point halfway, fire endurance hme by tempera.
between the surface and soieof the crou ,ection for flange in the case of a wide flange section) rm N

regarded .n represe,nting the astrage temperature of the trou scenon For all
but ser) thick sections this temperature will be almost equal to the temperatureat the column turface.

l'ig 4 shon temperature ti,e curses for a 6 in. Square column teal.nlated.

or nica urcJ as
was just JoeriNJL As is seen, the auumrtion of raji.itne

heal transfer onl)
does not adequatel) represent the conditions paciaihny in

' i

i
iPif qh >cI,7Pd, si,704 ,.d. . .o i , c?, rii ..us' if, as eb\ ar 3,.i, '.,tr s h N,b ' d,, .d.: ' . :, '].les .

la', Iai 10 0, . a ,,(, N, a, ,{, gi. dc, * 8,i n',

*

.e a ,i, ,i, x c. ,e. , ,fi , , , s ,s, ,,,f ,i,

* *
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' d., ' a ,L ,?, ' a, '' ,i,
, , , , a,
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s

.

.,
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..

l ,'h ,,, . a, x , ' a, x a,a, . .v. a.
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$'lEMO the 1)lli4 f NCit foinase when short fire enduranse times are insohed The
evne 1.ibeled (2) in lig. 4 was calculated by ununnng that 203 of the heat
transfer is due to consectinn and produces good agreement uith the esperimental
result. Unforinn..tel> this findine is of no general salue because the conseethe
he.it tr.indet s 0.e w e e r b "' ' n * : ' ' orn. W ith most fires of short1

-

dtnatnin the conssetion component of heat transfer can be in the order of su*
'

h |Wi lo 20'i. In the calculation the cffeet of consectle heat transfer was simulat- 0

cd b> rahing , from uN to the feelicious salue of 1.1.

|#| The heat transfer coetficients to columns of square crou ,,stion m ere calculat, k
ed based on an enuuhit) ve,) of DA using results obi.uned by Lys. 5 and ris
6. 't he results are shown in Fip 3. w here the coefficient of heat transfer has 4

.

been plotted as a function of the duration of stanJard fire esposure. As is
.

seen, the heat transfer 6oefficient thes almost knearl) with time, and the smaller-

i
e

js.
,..
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ggQ ., [ ll.e column the higher the coefficient of heat tr.insfer. 'M Sir ~
Ont Dimoniunal .Numerital Procerf ure.-l he temrs rature Jntributions, dt tri-

niined b.s the tsio-dimenuon.il calculaison method JewsibedPreuousl . sti.m3

. . . . 3
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FIG 4.-Temperature Rise Curves. 8 m 8 Solid Column
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FIG, 5-Coefficients of Heat Transfer for Unprotected Columns During Esposure'

to Standard Fire

_~
tlwt the temperature differences in the steel are relatisely small. ewert for
ser) thick sections. Most columns used in buildire hase sections leu than
to in.100.4 m) thi k. In such cases detailed caleutation of Iemperafbre dntributson

| in the steel cross section is unnecessary. and a one dimensional model of the
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,

lheated solumn s.m be inclull) emplescJ t he model son.nis of a stesi F .ite

M197 RFt/-2. n.,,, ,tne s me ,,o,. ,,,m.a .o,J ;u,, , ,,e.,, ne, uod hei ht osth,. ten,3

i,ide. of the heait J (olumn. with the edges and unesposed side ps rfeett) insulat.
gggg8 ed ihn meJet permits ine of a one dimeni,ional numerical riucedure by whish

.

T ABLE 2.-Sampts Calculation for 10 in. Square Column
'

- 1.=.-
, s . - -s.-- - - ,s e-- -- . =- I : I. . 1.

t r, r, ir, 7,i a r, r,
|

(1) (24 (3) (4) 1 ($1 (61 |

n tu sts 4ht tx iu !

t 1.t s ui 1,1% l.n:: I;x 1:A
|
| ||1 l .h ti 1.1% 1,lN4 |37 2$A

[ 14 1tw I .4 t t 1.utx IM .t v.1
.

1 20 1.4e 2 l .4kh 961 120 $21'

:( l .31o 1.5 m kn7 til 641

tu l .4 tu !.tA7 mit lii; 744

14 1.44 1.5W 74) vi p'n
,s.

40 1.613 1.6:6 677 It3 949
-

- , _ .0 41......45 1.6tx

lx 44; s = 012. D = 3.33; W = 340. A T, . U.123 IT, 7,1 for 3 rNote: u=
- l / l hr.

s. .r .: . ..- r =2 2.-. _.. . n _2 = . a . == . . s ,-a--, u _ . ._ == .
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FIG 6.-Temperature Rise of Square Solid Steel Columns (Calculated, u = 18 45)

I the temperature of the sleet crow section can be calcul.ited with ont) a ded| -

caleulater or shd. rule. In th.: calculation, witn c.nh intersal of time. At. the
rise in steel temperature. A r,. is gisen by: .

u D . 0,

2 7. . . u- i r, - r. , 2, . . . . . .;. ... . ..
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RW60o 5 in w hich .ir n. esprewed in hours. The results of sample calculation for a.

' IX.45 (104 N and < = 0.12 1502) are show nlo in. square colunin with a e

in l'able 2. A fannly of temperature rise eunes ob'ained b) similar calculations
is show o b) the sohd lines m Fig. 6.

F:sperimisital Rnuf ts.-To obtain information on the lemperature rise o' unpio.'

,

teeted steel columns in the DHR/NRC floor furnacegne fire tests u ere carried
out on square whd columns of sarious crow sectiosk The teran .atures mea.s

sured at the poiro F..lfway between the surface and the core at mid. height
of the columns are plotted in Fig. 7. Fig. M shows a plot of fire endurance
time sersus the dimensional parameter. %'/D on logarithmic scales. As is seen,
the relationship is knear and, from the graph.it is possible to obtain the ' allowing
relation directl): ,j (

* -

H . .. .

f = 10.1 (- . (81*
.. .. .

D
.

in which M'/D < 10. To obtain a relation for columns w hose W/ D 7 10*

o

..5r.__.'

i |
I . i

-

, ..,. *~~l/, , . , ' ' i , <, / , , .,

,'s,s.,,/ .,
'

,.i ,i / , ',/ //, i,// / ,/a ,

'.' O , , *
** '

.,
,

, _
/.. < i
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I FIG. 9.-8vitt-up Column-3 Plates

a straight line temperature rise for the 16-in. square cohumn is suumed, as
|

I show n b) the dashed line in Fig. 7. From this it is possible to obtain the relation:;

usy.

T. = 120 - ...............................(9)
%'

und by witing 7, equal to the critical temperature of 1.tKxf F:-

f = 8.3 ( . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 10)
g. ..

D

lhe lines resu!'ing from Eq. 9 are plotted in Figs. 6 and 7 (slashed hnce.
The line resultir.g from I:q.10 is plotted in Fig 8 and that equation should
be used for columns nas'irig W/D s 10. Howeser as is seen from Fig. 7,
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|
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6TTYtcHo "C. it can be consersatisel) applicJ to an) column section, and prosides a rel.ition
that could readily be meorporated into a buildmg b> law.(Although the experi ,
peat.d.4 tau.are-stmfmtdy se,bdy.quarr,1:olumnsrinuntrical analyses 1how-

g
.

<

' shat Eqs. 9 nnd 10 e'an apply ,o any shape of cross section.)t

.b an esample of the fire sesistance t)piealin columns of scr) taff btnidinp.
a calsulation for the section shown in Fig. 9. one of sescrat maone sections

-
Iined in Toronto > Niory Toronto Dominion Ceni,[e. is worked out:

b
( 1,1 )

D e 2430 + Ir0 + 2t30 - 7) + 2tto) = 174 in. ...... .

.

W (12)Wa 1.870 lb per it. - = 10.75 ................

D
.

in S elds a fire endurance time of:ilig
(13)

I = 8.1(10 7.4)'" = .46 min .... .

As is seen, these manise scetions can have fire endurance times approaching
8,. i br. esen when unprotected.

Recent North American practice has seen increased installation of sprinkler
53 stems in large (especiall> tall) buildings including some that are not considered
to hase a s er> high fire load (2.6).p_.pate rprmitteting of tigh buildings
beeornW6fGe*cBmnierf the'use of unprotected massive ~ column sections with
a fire resistance capability of labout I hr should prove adequate for fire safety,
provided that~the fire idad is no more than 5 lb/sq ft to.10 lb/sq ft..which.

sheuld not result in a fire of severity greater than a 1 hr standard fire (N).
(l'ite load is the heat of combustion of the combustible contents expreued
in equisslent pounds of wood per unit floor area.)It can be reasonaNy deduced
from Refs. 4 and 14 that no safety factor need be applied to the actn.1, fire
load if the building is fully sprinklered. although such a safety factor is implied

-
by all current North American building regulations now in force.
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Arrtsein ll --Notarices

Tise following symbols are used in sitis paper:

m

c = specific heat of steel,in British thermal units per pound-destees Fahren-t
heit (or degrees Rankine)(joules per kilogram-degrees Kelvin); -

D = heated perimeter,in inches (meters):

E = modulu<> of elasticity of steel,in kips per guare. inch (newtons per square
* -

meter);

FE = fire endurance time. in minutes;
k = thermal conductivity,in British thermal units per foot hour-deFrees Fahr-,

enheit (watts per meter-degrees Kelvin);
T = temperature,in degrees Fahrenheit (degrees Celsius);

,

i = time. in minutes (unless specified otherwise):,

_

W = mass of steel section,in pounds per foot (Lilograms per meter);
o = coefficient of heat transfer. in British thermal units per foot hour-degrees

Fahrenheit (watts per meter degrees Kelvin);
A = increment:*

a t = moh width,in feet (meters);
e - eminisit):
A = slendernos ratio:

.

.
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h h Yo p = density of steel. .in pounds per cubic foot (kilograms per cubic meteri;
and

o = streu. ksi (N /m'); Stefan Itoltimann constant. 0,171.1 x 10 *. in Iltiinh-

thernal units per hour.squate foot.depices Rankine to the fourth power
twatts per square meter-degrees Kehin to the fuurth poacin

Suhcripts ; E

o = allow able, as erage; b

er = critical; .

f = of furnace;
rn = at or around mesh point in enth row;
n = at or around mesh point in nth column;

.
o = at room temperature;
i = of steel crou tection; i

7 at temperature T; and
y * at S eld stress.i

.. _

Superscripts
j = at t = p t.

.

>

.

b
..

.E -..,,.

:
.

-

-
-

.
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9119 FIRF. RESISTANCE OF UNPROTECTED STEEL COLUMNS
,

.

KEY WORDS: Belldings (codes); Colemnas: Fire protecties: Fire resistance-
'

*

r

He . transfer; Siceh Structural engineeriar. TempeestureI

i
ABSTR ACT: Fire resistance of unprotected steel columns is esamined by usadard fire
test and numericot analpes based on a 1.000 D F (SJA D C) etitical temnestute forit is shom n th.it fire resistance time sanes with the shape factor of 6olumn

:
;

failure l t ih ;
seight dnided by the heated perimeter. and tuo simple equations for es eu st ng t eA practient cssmrie .'

fire resistance times of unprotected stect columns are estabinhed
o

shems tha larse e slumns used in high rise buildings can hase fire resistance times ofThe more conscrsatise of the too equations is revommended for use in
,

:
up to ore ht. ;-

buildier sisndards.
.
*,
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Assessment of Fire
Resistance Requirements .

- J. R. MEHAFFEY and T. Z. HARMATHY
NationalResearch Councilof Canada
Division of Building Research

.

ne calculation of normahzed heat loed. a succinct quantifier of the
-

potential of compartment Qee to spread by destruction, a greatly
simplified by the introducticia of two semi <mpirical equetions.These
affora direct insight into the relation between the destructive poten-
tial of fire and the principal characteristics of the fire compartment
and its contents of combustibles.

ALTHOUGII the bases on which code writers bring down their decisionson fire resistance requirements have changed over the years, the in-; ,

Buence of Ingberg's fire load concept' is still recognisable. *Ihat concept. ,

. dowJoped some 40 years age, claims that h destructive potential of com-
pertment fires is proportional to the specific fire load (mass of combustibles

~

per unit floor areal, and that the fire resistance require ment for compart-
ssent boundaries should also be allocated la proportion to the specific Dre
loed.

Although still widely used, the W was soundly disproved by thel |
results of subsequent experimental research. The outlines of a rational wayI
of assigning fire resistance requirements has recently emerged, fouowing
the identification of a parameter as a unique quantifier of the potentist of - 3

enclosure fires for destructive spryd.* With this new deci-

~sieme regarding fire resistance requirementa are a metter of the
,

of b parameter e="ri ' for real-world conditione erith thoes ,;

K iad for test conditions.
~

D . s

h calculation of the g _ d-- quentifying the destructive spread -
'.i

g al ci fires under real-world conditione le quits straightforward;.but
c=> g involves an herstlyd TAM lt may prove noenewhat thne con-
( for those who attempt to perform it without a programmable

er. To eliminata the need for iteration, h feasibuity.of expressing
drameter by an approximata empirical equation has been ====l==dc3
:2:ulta of b ===mination are reported in this paper.

.e.



cmWM tbCollowingtheorzm of uniformity of normalized heet load. i equrtion: .

0.79Jh?]6
3" whicheveris less (8).SE M I-E M PIRIC A L EX PR ESSIO N FO R TIIE

NO RM A LIZE D IIE AT LO A D ,,
*

.

where Ac is the height of the compartment.
r g t'o statistical data, the fire load in modern buildings, despite + is a variable that characterizes (3e ventilation of the compartment. ItAccor n

is defined asthe increasing use of plastics, consists predominantly of cellulosics. Since,
in addition. fires of cellulosics excel in their destructive potential * it ap-
pears to be a safe practice to assume that the fire lead consists fully of + = e.A W h (9)c:llulosics.

.

where e. is the density of enviror. mental atmosphere. A,is the area of ven-By reflecting on the muing of Ingberg's fire load concept ' one ;

tilation openir.g (window or daor), h is the height of the ventilation opening,recognizes that it has been built on the implicit assumption that in a fire the i

bulk of the fuel energy is eventually absorbed by the compartment boun. ! and g is the acceleration due to gravity. The considerations that have led to
d: ries. The normalized heat load pertaining to the assumption that all heat the development of Equation 7 are discussed in the Appendix.
release by the fuel is absorbed within the compartment is As the specific fire load G/A, (where A, is the floor area of the compart-.

ment) may vary rather markedly from compartment to compartment, the

n_ = - ,1 Ga# selection of the value of G for the fire safety design must be based on an
- . - - . - . _ _ . (6) | analysis of statistica! data. If the compartment boundaries are simple

JAce A.
; "dividing elements" without essential structural functions, the design

value for G/A, is usually taken as the 80th percentile in the cumulative plot:

where the subscript m has been affixed to H to indicate that it gy a sts | for the applicable occupancy. If, on the other hand. the compartment boun-
the conceivable absolute maximum. G is the total fire load (total fuel mass). ; daries are "key elements" that play an important part in the structural per-

formance of the building as a whole, somg extra degree of safety is justified.cnd a33' ' ' ' -- -- Amt inn nr e h. (n,

Fortunately it has been found that the normalised heat load on the coTm D'e selection of G may be based on considerations propounded by Lie' and
partment boundaries is only 10 in 40 nere= d of M Riome or one ruel energy outlined later by Harmathy.* ,- J
is releaseo outside the compartment, but even 0: the portion released inside ; The ventilation parameter. 4. is a measure of the minimum ventilation of !

the compartment This occurs under "classic" draft. free conditions. Assome energy will leave the compartment with the fire gasos as sensible hest '

cnd some will be lost by radiation through the ventilation opening. A ! discussed by Harmathy.* the presence of drafts causes the value of + to in-
multitude of ca':ulations performed by b detailed iterative technique crease over that calculated from Equation 9 and thus (by virtue of Equation

'

mentioned earlier indicates that the normalized heat load, in other words 7) to reduce the value of the normalized heat load, a value for + obtained
from Equation 9 may be used in assessing the potential of fires for destruc-tha potential of fire for destructive spread. I

* increases less than in proportion to b fire load. ,1 Live spread.
* decreases as the ventilation of the compartment increases.hd It is of interest to examine the normalized heat load in relation 'to its
* decreases as & thermal inertia of h boundaries increases, limiting value, as expressed by Equation 6. Cor*nbininpfquations 6 and 7
The numerical results of these" calculations formed the basis.for an in. and using AN = 18.8 X 10' J kg-' in & former (_ edause the fire load isb

vestigation that resulted in the following semi-empirical equation: assumed to be cellulosic), the following equation is obtained: $
SC--

U
| H D #e

I .U _ , 0_585 8,+ 0.085
-

yg H = 10' --(11.0 8 + 1.6) G (7)
j

1 + 935 JG+
~D g,)8- . - - - - -

-. - .. n4.1 8 c3m -7.

A.dkec + 935J+G.

A.4koc 4 9 g5
*

"8 a! % ezs
i *a.

'

-

!
.

=,i p _ee .
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TABLE E.1--Continued

T , 9 & ,

(2) Nonmetals ('F) (ib /ft') (Btu /lb F) (Blu/br ft F) (ft'/hr)

Aerogel, silica. . . . . . . . . . 100 5.3 0.205 0.013 0.012
I 32 36 0.25 0.Or .'.010Asbestos . . .

1800 36 0
Brick, common. . .. 68 100 0.20 0.2h.10 0.01-0.02.

6te clay. 1472 145 0.23 0.79 0.024. .......

Bakelite . 68 79.5 0.38 0.134 0.00u... .........

Concrete. 68 111L-144 0.21 0.47-4.81 4 019-0.027 5.. .........

Corkboard. 100 10 0.4 0.025 0.000. ... .

Diatomaceous earth,
powdered . 100 14 0.21 0.030 0.01...

Fiber insulating board . . . . 100 14.3 0.024
Glass, window. 68 162 0.16 0.51 0.030...

Glass wool. Sne . . 100 1.5 0.031.. ..

packed. 100 6.0 0.022...........

Ice. 32 57 0.46 1.28 0.048... ...... .

Magnesia, 85% . . . . . . . . . . . 100 17 0.039
Marble . 68 156-169 0.193 1.6 U 064..........

Paper. 0.075[ ~'
.. ..........

Rock wool. 100 12 0.023.. . .

Rubber, hard. 32 74.8 0.48 0.087 0.0024
.

sous coups Wood, oak,1 to grain. . 70 51 0.57 0.12 0.004
Wood, oak. || to grain . . . . . 70 51 0.57 0.23 0.0000k *

(Btu /hr ft F) (ft'/hr)
'

) (213 F) (1.12 F) (68 F) ,

119 3.665 _ E'Dg,.. , ;.5,; .,

' ' ! '* .'~5 0 Y.._;g~ ,:;";?(.74 I 3?E
- y p,v -

! 13 0E7 I ' ; . Cet,

819 204 4.351 , , , ' -|,,q; , _{g
'

39 23 0.7&,i

. . T .UL'
.

" ...c,
0.666 ,

9

b 33 21 0.6 i l . ,'.e| 19.3 0314 : , e q',j, 97 3.762

a 60 61 'l UII - ..

I 4G 0]'
|!3 37 32 0.b..,

'' # 'I'

'2 240
5 25 19

" ' . ,
-

'

0 1. ';,9.4 10 13
I'

7 34

4 g7 65 J 8 "'
i ' ,o i

4.8 63
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p am * Table 3. Therrnal Conductivitiet of Miscellaneous Solid Substances'
' (Yajues of & are to be ressrded as rough averase ialues for ti.e temiersture ranse indicated)
f 600 800 1000
,0.0766 0.0)03 0.03); Bulk | i Bulk
i.0238 0.0292 0.0145 density. . Temp. I, * density. Terap.0

3 g gg Ib per i des & lb ger des F
. eu f t eu f t

Asbestre board, com- | Quarts, erystal. g*ral. '
pressed asbestos and - ki to C-asia. . - 100. 25.0

ialla ce me nt. . . . . . . . . . 121. 86. 0.225 0. 8.1
Antestoe mallboard. . 60.5 46. 0.070 500. 4.2
Asbestos m ool . . . . 25. 212. 0.058 Rubber, hard . . . . . . . 74. ) 100. 0.092t (g)| ". Aabes. sof t nood . 12.5 61. 0.018 Rubber sof t. vulcan.

. St. 100. 0.123 ined . 64.6 86. C.08! 's 9' e = -- g(dt/dz), and if . tabes. volca nee .

Cudboard. corrussied.| . . .
1 Cubon blac k . . ..... 12. lH. 0.012 sand, dry. . . 94.8 68. 4.188
$). Tht8 states that the 0.017 sa.d ust. dry. . 13.4 64. 0.e42

| cross-RCtional d(z) Dor. Celluloed .
.

87.3 ...St. 0.12 sabea. fused . . . . . .
...H. 5 131. 0.049

200. 0.8)

'G dt,/d.s slong the condue.
Ceuulou sponse, sil.ca sel. powder .

d u Pon t . . . . . . . . . . . 3. 4 82. 0.0H soil. d ry . . . . . . . . . . . 68. e. ors
rue, ,merrr.al conductirity c e,ew. sand. and soil. dry. including

sravel . . . . . . . 142, 75. l.05 stones . 127. 64. 0.30
/th teroperature, and the Comenie. eindn . n. H. 0.4i snow- .......... 7.si 32. o. s+-i . s

Charcoal, poeder . I1.5 63. 0.029 Titanium eside, smely
Cork, graavlated.. 5. 4 23. 0.028 arsund . . 52. 5000, 0.e41
Cottee wool.. 5.0 100. 0.935 Wool, pure.. S.6 84. 0.021
tha mond . . . . . . Ill. 70. 520. Zireoma stain . . Ill. 600. 4.11
Larth plus 42 % ester. 108. 4. 0.62 Woods. even dry.

. riber. nd . . . . . . . . . 80.5 68. 0.27 urom araant;
"notiam" ms. Anna . 26. 45. e.669

e - lu) of & at the Rubber Co l . 1.6 92. 0.017 Bald ryprus. 24. 85. 0.063

| Eess I
200. 0.59 Balu . . . . . le. 85. e . e >4ciam. ryns . . ist .

! 200. 0.59 Bam. cod . . 24, 45. e.e58C ciam..elahme.
...n.5 122. 87. nouelu rir.. 29. 45. e.e6s| crspruw. .ohd .

c ra vel . . . . . . . . . 114. 68. 0.22 Uni. rock . . 48. 45. 0.097
) (3) cyssem board . 51. 99. 0.042 l'ir. w hite . . 26. 85. 0.669

lee . ...... 57.5 ... I.26 Henilock . . 29. - 8 5. 0.666
Kaolin wool. . 10.6 400. 0.059 ta rch. mteters . Se, 43. 9,074 ,
leather. aole . 62.4 0.092 Maple. susar. . 43. 85. 0.044
Mies . . .. 122. 0.25 Oak. red . . . . .

,
Pearbte Ansona, hoe. usthere yet.. . . .

42. 43. 0.099j
spherical shell of si- low . . . . . 35. 81. 4.374
hecous materal . . . . . 9.1 112. 0.0H hae, white . . . . . . . . 25, 85. A t6e

Polystynee. es panded Red cedar. westers.. 21. 85/ .0.053,* (28 - A4)/IA (Ae/Ai); "Styrof oe m" . . . . 1.7
...100. 0.11 spruee . . 21. .45. g,g32 -

0.021 Redwood . 25. 454 0.062

CPd 4. Q) Inust be Pu mice. pon dered . 49.
Quarts, crystal. per- 4 ..

-

Procedure (Aubery and p,nd,e tar i, C.uis. - 300. 12.5 . .p
10) or by the relaxation 0. 4.3 ..

100. 2.3
i

* The thermal condativity of different materials varir, creatly. For metals and mB5ys'& le bsh,whus
f4 ceruis insutstans niatenals. auch as alass wout eork, and karck. It is very low, la geners2 & varies

.

with the temperature. but in the esse of metals. the sanation is relatively small. With most other sub-
stances, & increues uith risins temreratures, but to the case of many crystalkne matenals, the reesrae 6e trum,

f With best Row parallel to the staio. 4 may be 2 to 3 times that alth heat Sow perpahular to the
graan the values for wood are taken chie87 from J. D. Maclesa. Treas. Job A A K.47.1941, p. 823.
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Attachment R Ind endent Verification Statement C/v/l, 6 7MUOthfdl.

9 7, Revision ! * sit ^*m o'u
Calculatio

, s been independently ve ified by the following
method (s), as noted below: E

b

Design Review accluding verification that:

* Design inputs were correctly selected and included in the calculation.
1

l * Assumptions are adequately described and are reasonable. .

* Input or assumptions requiring confirmation are identified, and if any exist, the cal-
culation has been identified as "Prelininary" and a "Finalization Due Date" has been

| specified.
.

| Design requirements from applicabir codes, standards and regulatory documents are*

l identified and reflected in the design.

* Applicable construction and operating experience was considered in the design.

* The calculation number has been properly obtained and entered.

| * An appropriate design method or computer code was used.
|

| A natbesatical check has been performed.*

1

1 The output is reasonable compared to the input.*

Alternate Calculation Q including verification of asterisked items noted above.
The alternate calculation ( pages) is attached.

Qualification Testing O for design feature includ-
ing verification of asterisked items noted above and the following:

The test was performed in accordance with written test procedures.*

Most adverse design conditions were used in the test.
,

*

Scaling laws were established and verified and error analyses were performed, if*

applicable.

Test acceptance criteria were clearly related to the design esiculation.*

l.- * Test results (documented in ) were reviewed by the
calculation Preparer or other cognizant engineer,

Verifier Commeats h */hf$ $ O N W 7 M C / W Vf d} W Y Wy n

b t./AuffD ~10 M f f vi /Ar) W M CoNtAlM AM 4M
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Date

/ /.Preparer concurrence with
% , h o./n o l l -findings and comment resolu- /s/ _~ ' ' ' ~
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co at engineer

,
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Attachmentg- Independent Verification Statement (FS $ Nic)

Calculation Revision # b has been independently verified by the following ,
-

method (s), as note below ,
b

Design Review including verification that:
,

Design inputs were correctly selected and included in the calculation.*

Assumptions are adequately described a d a u reasonable. .

t*

Input or assumptions requiring confirmation are identified, and if any exist, the cal-*
culation has been identified as "Preliminary" and a "Tinalization Due Date" has been
specified. - ,

Design requirements from applicable codes, standards and regulatory documents are*
identified and reflected in the design.

Applicable construction and operating experience was considered in the design.*

The calculation number has been properly ebtained and entered.*

>
An appropriate design method or computer code was used.l *

A sathematical check has been performed.D *

The output is reasonable compared to the input.*

Alternate Calculation C including verification of asterisked items noted above.
The alternate calculation ( pages) is attached.

includ-i

Qualification Testing C for design feature
ing verification of asterisked items noted above and the following:

The test was performed in accordance with written test procedures.*

Most adverse design conditions were used in the test.*

Scaling laws were established and verified and error analyses were performed, if*

app!1 cable.

Test acceptance criteria were clearly related to the design calculation.*

Test results (documented in
) were reviewed by the

*

|
calculation Preparer or other cognizant engineer.

1

Independe Verifier Comments: MEp_
~

h

A | ~nA
| M ,P QSee NED Procedure 3.05, Sec. 7.1.1 /s/

-

Aat{1 ndent Wrifier

f/[)/ 3/
-*

| Preparer concurrence with
findings and comment resolu- /s/ / j

Prep r or otyr pate/ ~
tion /cog ant engineer

|
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'4-100 TRANSMISSION bT HEAT BY CONDUCTION AND CONVECTION

Table 10. Maximum Flux and Corresponding Over-all Temperature Diference for combine to give

Liquids Boiled at 1 Atm with a Submerged Horizontal Steam-heated Tube &
^'

Aluminum Copper , ,w'*d 8"'I
>

IAiuld hh (ao. where g./A. is tbe Btu i$$ %%%
all temperature differei

Ethrt seeute . . . . . . . . 41 70 61 SS 77 $$

Bease ne . . . . . . . . . . . 31 to 54 70 73 leo 42 100 0.8
Enyt slechol. . . . . . . . SS to 85 45 124 65 .

Neari sicohol. . . . . 100 95 lie 110 ISS 110 g o'7
..

Ihataled water . . . . . 230 al 350 73 410 IM 6
- I 06.. ..

E &
: 05For forced-circulation evaporatora, vapor binding is also encountered. he with

liquid benzene entering a 4-pass steam-jacketed pipe at 0.9 fps, up to the point share I l 0.4
60 percent by weight was vaporized, the manmum Sux of 60,000 Btu per hr per sq ft Q 01*4was obtained at an over-all temperature diference of 60 F; beyond this point, the I

. ) { 0.2
coeseient and Sux decreased rapidly, approaching the values obtained in'superheating

-

vapor, see Eq. (6b). For ecmparison, in a natural convection evaporator, a maximum o,

Aux of 73,000 Btu per hr per sq ft was obtained at (M). of 100 F.
-

*
OCombined Convection and Radiation CoeScients. In some cases of heatloss, such .

,

as that from bare and insulated pipee, where loss is by convection to b mir and radia-
tion to the wsus of the enclosing space it is convenient to use a combined convection .i . .

and radiation coe&ciar.t (A. + A.). The rate of heat loss thus becomes , , ,, 9% g,

,

. foe 4 - 0.042.m
|

g - (A, + A,) A(M). (15)

"'''fd thwhere (Af). is the temperature diference, des F, between the surface of b hot body /
' '

*
' * '...

|' and the walls of the space. In evaluating (A. + A.), A. abould be calculated by the s re the conductis
^

' ' ' '
I appropriate convection formula [see Eqs. (lic) to (11g)] and A, from the equation ' . A,5 A, is often taken-

. :'cwill have but little e5e
A, = 0.00685e(T /100)4 7 'y U, with pipe siae and t

where e la the black body coeScient of the radiating surface, p. 4-111, T.. is the average t.
- tures of 375 and 75 F,

'

temperature of the surface and the enclosing walls, der R. For oxidised bare steel V c .I .

'- , ' ' ,pipe, the sum A. + A, may be tihan directly from Table 11.
' . . .,y . g., ,. . .

' ' '

I Table 11. Values of (A. + A,) i -L * -

.

"A *'

(Far barisontal bare or laeolated standard sonst pipe of various simme and far Amt plates la a seems et M F) ;-{..
'- e .

. .
*" A\

[
(a0., mi=, stere diferease, des F. trean earless to sesan W .

-. w'
* , ,

,
,

IS' M 100 IM 200 ' 250 3o0 400 50o 600 798 000 ' 900 1000 Inte ime .'') ~

.

4.47 5.M 6.21 7.25 8.44 f.73 II.N 12.01 14.65
- '

2.44,2.76

3.10|3.413.75
H 2,12

2.M'2.65.2.te 3.29;3.62 4.33 1.16 6.07 7.110.25 9.57 11.94 12.65 I4.44I 2.03 '

2 1.93 2.27j2.32 2.8533.14,3.47 4.18 S.09 6.92 8.07 9.M 10.05 II.M t4.23.
* '''

4 1.84 2.16.2.412.72|3.01|3.33 4.02 5.72,6.75 . 9.21 10.M 12.27 14.99 .,
.

0 1.76 2.oe 2.29 2.64 2.803.20 3.64 . 5.57'4.64 9.05 10.M 12.19 13.93
'

12 1,71 2.01 .24 2.54 2.82|3.13 3.83 4.615.M!6.32 . 8.9610.42 12.03 13.64
. .

24 1.64 1.93 .15 2.45 .7 3.03 3.70 4.44 5.374.39 0.8) 13.28 11.90 13.70.

- NT Nrue
Vertleal . . . . . . . . . . . . . l.42,2.13 .40 2.70 . 3.M 4.00 4.79 5.70 6.72 7.H 9.18 10.64 12.13 14. N .

HTU. . 2.00:2.312.65 2.e7,3.2 3.59,4.3 8 S.12 6.04!F.07 8.28 9.54 11.01 12.63 I4.45
....... .,

BFD . . . . l . 58|l . 85|2.09,2. M',2. 63 2.93;3.61 4.38|5. 27i6.27 jf. 44;8.71 10.16 11.76 13.57
...

ETU. bariscoul, facing upward; ETD horisosul. facias downwerd.

~ Heat Transmission through Pipe Insulation. (McMillan, Trona. ASME,1915.)
For any number of layers of insulation on any sise of pipe, Eqs. (3), (4), and (15)'

| TDRINf0RW10N
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g [ cup. !! 12.9) THE INFINITE AND 8EMI.!NFINITE 80 LID 16

-
''' * *

'~'

2.9. The semi-infinite solid. The flux of heat at s - Ok pre- '*
'

scribed function of the time. Zero initial temperature '

(i) ConstantJtuz, r per unit time per unit area. pa|Fr*P Ie,

*

b
; The flux / - -K u (1)g.. >

'
satisfies the same differential equation as e, namely i|

~ [. ,g7~- - z > 0,i > 0. (2)f.
,,,

. . ,

The solution of(2) with '

,

:.3, and we have / - 7, constant, = - 0, > 0, (3)
*Is, by 2.4 (10), / = r.erre

-

. N(=f) . (4)
-

Thus, from (I), using Appendix II, (9) and (II), *,

eI erfe dx (5)
"

N("'I
Y II

ppts ;

(p wen 3 / , 2Tr/(=f)g *

p/<r.ia.n A. N(d) (,)

I " 9 e h *erfe *-
- */ 2 4(=t) . (7)

-

O ^ " ' ' ' * " ' ' " " ' ' ' ' ' " " ' ' ' " " ' ' " ' " ' ' " ' " ' " ^ ' ' ' " ' " " -
'

The temperature at x = 0is von y - p L.,,
,

_.. ,

f. (2) p

.a , I,
"

- ":!7 )(gy ;r ,
.,.......<J. *

( 7,e s ,
, .9. . , , . -,

+ MYt) --

importanoe. It appears if heat is genersted by a astisesting[h,ismaat . N . . ,h.. , !"
The boundary condition of constant Sax h of considesbie

,

1). ~ s > T.
s

(3)

carrying electrie cunent, if heat is generated bg,.fristion,gd(Itfgj.'[< fapproximatJon in the early stages of heating a. furnace or,s roess. '
.

'* '~ :
has s'.so important appliosticas to problems on diension._ 2be sooling e.q. - .,..' '

of the Earth's surface aAer sunset on a elear windless nightt.As
nearly that due to removal of best at a enastant ratepe(nelt.a#ywry 4 , " ,rk .1,c ',g
unit time, thus (s) gives the way in whleh the surface temperature Allt *.d ' . . -

.-
,3 --=" sdx. U) i.;-e siter gan,es, ~ - ^ t :c , %. ',

' The results above apply also to the case of the region -e'oWs doo '. g
a

.-

with best supply 2F, in the plane * - 0. The corresponding resulta for
_

_, g,
,

1 Cf. Brunt. 0-rtJ. 2. Mr. see. 84 (1est) see. I -
_

s ,
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LA RESISTANCE AU FEU DES POUTRES D'ACLER
*3. NON PROTEGEES-

-
:

\
.

SOMM A!RE -

> .

-

Les auteurs 6tudient la resistance au feu des poutres d' acier non protegies
au moyen d'essais d'ancendie standarde et de l' analyse ownerique. On a
dicouvert que la dutie de la reelstance au feu varle selon le facteur forme
de poidade la poutredivise parle perimitee chauffe. Les auteurs ont etabit-

deas equatione eunples pour cattuler les durses de reeletmace au feu des

~~ * ,. .
poutres d'acter son protegies et Lie retomamandent de leegtLineer dans les

*normes de batiment. .,
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FIRE RESISTANCE OF UNPROTECTEu STEEL COLDINS,.

*
II) %. W. Manz.ek' and T. T. Lie'

..

In the p.nl the fire resistance of unprotected steelcolumns has been considered
so small a quantity that it could he ignored. Fire esperience and controlled
fire tests on structural steel columns of small crowsectional area showed that
unprotected steel columns could not survive the effects of fire esposure for"
more than 10 min to 20 min.*Noweiet: it will aow be shower that the hewier

: c'olumns' required to carry-the'verticaliseds W melrerA hlsh"-?L ^ - ste
-

'. capable of much better fire performance then,hedTr6ElsWn"?t'amed.
and that some can attain fire resistance classifications of I hter better..

*
Fire f atahty statistics til show that the number of deaths' attributable lo structu.

tal collapse during a hvilding fire is' negligible.|The innin causes of life loss
have been shown to be asphysiation and_ burns (lJ.'7)."TWrefore. to provide

,

life safety to occupants. enough fire resistance to allow yeople time to escape
must be provided. Enceri m here escape routes are satremely lodig or the number
of occupents is very Israe 10 min to 20 min is woually asumed to be. sufficient.
Huwever, with very tall buildiass it has'become'pvident that evacuation by

~

stairs can't.e so time tonweing that.4%;JihacuatkMMTsipeactical (4).
( [ In such buildine sufficient fire resiitance to wishstaMa' burn 6dof the contents'

*

must be provided. ~ . s . . ;.C.-ir, J.j,' J-!.'p.'i ;"f. ., ~ -
Prusision of fire resistance beyosid thatteg o

b . .9fe loss is deter. . ..
mined largely be economic consideratioso' A 'splievra fire..

resistance of structures (llt has shown1hst I. .losa*,

. i :: . . s w . g. . .. . . ..... 9,poten.. . . . . . '
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C1 \tialit would be uneconomical to proude any hre protection bcsond that inherent
m the structure, prosided such fire resistance is sufficient to allow esaeuaimn
by the oecupants. Bmidings representing a small lou especialion are those that

:( are Arnall in size and not saluable; those with no saluable sontents; those for
m hich the probabiht) of a serious fire is low te.g. completely sprinkloed build- E

ingo, or those basing a low fire load.1he use,of unprotected steel columns
m such builJings is generall> justified if these elements hase the mmimal fire
resistance required to present loss of hfe.

I
Accordingly. the writers hase insestigated the fire resistanee of unproic6 scil j i

ste.l columns b) methods of numerical calculation und b) full seale fue tests |
m their laborator). with a sieu to deseloping simpic espreuions for calsulaimg

,

,

g ,

the fire resistance of these building elements. I

Tsst Memoos am Cate.u Tawsnatuse
.

On this continent, two test methods are acceptable. The most recent ASTM
Standard prescribing these is E119 71 (16).

The older load test requires a sample at least 9 ft in length to be tested
,

under an applied load calculated to develop theoretical uorking stresses contem.
.

plated by the design. The column is required to sustain the applied load for '
>

a period of fire exposure equal to that for which classification is desired.
The newer alternate test of protection for structural steel columns requires

that a sample at least 8 ft in length be tested in a vertical position without
applied load. This test is applicable when the protection is not required by
design to carry any part of the column load. The applied protection must be

'

rettrained against longitudinal thermal expansion greater than that of the steel
column. Temperatures are measured by at least three thermocouples located
at each of four lesels feross sections). The upper and lower lesels are 2 ft
from the ends of the steel column, and the two intermediate levels are equall>
sp. iced. The test is considered successful if the transmission of heat through

_, the protection, during the period of fire esposure for which classification is
desired. does not raise the average (arithmetical) temperature of the steel to
any lesel abose 1.000' F (.98* C). or above I.200' F (M9' C) at any one of

-

.

the measured points.
The 1.0to' F average allowable temperature that usually determines the fire

enJurance time in a test may be regarded as a critical temperature for structural
failure established for protected columns as a result of many fire tests on asially*
loaded column sections. Thus. for the analysis in tMs paper. it has been auumed*

that structural failure is imminent uhen the steel cross section attams an aserage
ITinperature of t.uuv r_ as all calculations emi iire tests were made on the

*

, IIGQheat conduction alone.
While complete theoretical' justification for the use of temperature criteria

is beyond the scope of shis paper. ,it can readil> be shown that I.tiiV F is
a seasonable salue. For long columns, souming that the member is uniforml>

.' heated. the buelling stress is given by Euler's formula:
\ -

! w. h.
,

-

,
r,,. .......... .................... .mg

:
-
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gg${ and the allowable design streu for long columns is pnen b) S I4t%V

t 17; as:

s ' E" . . (21
i, = . . . ... . .

?"
1.92 A |

in w hich I.9: is a safety feetor prescribed b) the Code and N :kti.tujitiv , ,

8*
* ,

= 13 < A s 200. b |
' .

'
i i i i 4 i i i i i

.

~% .

-

. B

3 . N.N
-

N#'
3,. -

.

*

5, .%-

b v. .

30%g
-

to rI -
-

.-

5
to .-

.,

i ie i i i t i [i e e
,

e too m m m .s m sm i
'

tl ut t e at ut t. e s,
-

4

.
. .

.
.

FIG.14reeste Compresolve L;: .".; of ASTM AM Serwceural Steel.

.
- .

. ,. ,. ' :.. ..
* .m.

At elevated temperatures failure is due to inecur wtyn the 'left hand sides
. .s.* i

-

~ ~ , ' ' LI O , [" 'Iof the equations are equal.i.e.:
. : .4: . . .,., *. .,,'.W .-

,

..........,.a.,....,..,.g...r.... ., ,.p :3 ,. . . . . . . O ): 5 .. .. . , . .

E,= ..... . ,

* % J ' .* . *f3 Q.' . : . . ,. , ,, .
_

, 'm .. s'*

_a.29x;10'.(.,

Mecit9
_.

Accepting the commonly aswmed value fg Qn,,%. c;,G..hTgI si. then C [ ;O' 1 ,s,M,. , , j|,'. .,
.

.
. . . , . , .

. E , = 15.1 x lu' ksi(104 x id' N /m') -. . .</,&.ge n Mk .'- V.J.'sp. (4)*',/.
,

.
...

;,

:> . ;~: yt u-dn.'Kk. V31.4 ..
' .

I
Using Fig.1. based on data re$nted by insberg;'ppJ Sap 310i. it it;found

'
*

e &'
-

'-

that the temperature at buckling is approximatily's@;f347P h.Ftre tests'
of 1.uded columns (v) have hwn fhat thi poiri of mIA{ mum'ghnsfon'tapprosi *t'-*

matel> the g.,) int et w hich the colums buckleillsfolios edby afurther 100* F-150' .
'.

. p .: ,, . , . e..

.

.: -',-. ^ ;; c.g.
, ,.

.,
,,

,, . _ . . . .;.

' ;:. ? .,.
, * : - ". ,; . ...-

,,

. w.a . .
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-
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F (35' C.W Cl rise in temperature before complete failure of Ih co
Thus failure of columns can be espected at cross sectional temperalutes of

og uit s

from 950' F.l.050' F. (510" C.565' C), depending on the design meihod and
slenderness ratio A salue of 1,000* F has been assumed as a reasonable aserage

!

for an) column as has been indicated b) the ASTM fire test standdd.s i ;
b

Tawiutum Rist ni Uwneno Sien Cotunees

Ihe 6vlumn is exposed on four sides to the heat of a fire that follow s approsi-
anatcl) the semperature time course prescribed in ASTAf Ellv for the standard
hte of "controlled estent and severity." Heat is trentferred from the flames-

in the furnace and from the furnace walls to the specimen b) consection und
radiatien, with radiation as the primary mechanism w hen the flaines base suffi.
cient thickness (INI.The coeffwient of heat transfer (the quantits of heat resened
per unit area of the column. oer unit time

and temneruure dif ference kw rEn.s.

,the column surface and fire) dersends on manv factors. The most i.ignificant
nie. ern uiut) of the flames: thickness of the flames between furnaec walls
and column site of specirnen; and thermal properties of the furn.we walk.
ISperimental data (5) have indicated that the heat transfer to the specirnen
in test furnaces approximates the radiative heat transfer from a black bod)
at the so-called "furnace temperature." Similar heat transfer may also be espect.
ed in most building fires because the flames are luminous and usually base

,

considerable thickness. giving them a correspondingly high emissivity.
The coefficient of heat transfer can vary significantly, however. for different

indisidual conditions. and the effect of var)ing this quantity will be examinedlater herein. ~

.
-

c'am a anos os Toweense Ibs
:.

Tuo-Dimensional Numerical Procedure.-To determine the temperature distri.
bution in maoise square steel columns, a number of.calculatioen imed on

0 3 a two dimensmal procedure (121 were carried out.,1n'these tests black bod)
radiation at the prescribed furnace temperature was' assumed as the only mecha..

nism of heat trarsfer. The two equations used for the calculation are:. .*

.

hr,'
N.,y -

-

4. .*. .

rr ' - r,.. + (pe);,1(, u t). (lLL..o + L'|
.,

. i .. - .Pilw ?. , ".
'

,
-

'
.

|. 4 [LL..., + 1,.llr ,.o - 7j ) + Ma t gi ,j . . d)
. . .

for the temperature of an elementary surface'tigener .er. v fs. FH m - ..
..

. . .. 4,7M
u

!
~s..

t

1be sblunin..,and*
- s '

I | Ag . , w . .. M - p ; ,. -

,.-%. eat.b',yf*..J
-

': *

r l " TL + 7. (p e).' .. Q (). (lk'..ua..,,,4. h hU.U..v A. . . . ., '. '
,

._. ,

A i.aiV i.ho ,

i*

.N4 u. M:

I TL) + ILL.n.. ,, + AL.) t r!. n... ,E.pu.c . .r.ltA R.,t.,o $. ,;
..,s. ,-

+ L L 1 t r!..n,..o - rn ) + [1,'., n.., n t L1 tylag,,;,>p' ''
, , a ..:,* .. m* *< y g.

A
y.

t ,li c , m -
, for the temperature at any point liiside the attel espli section, in shich 7

is expressed in degrees Rankine and t in~ hours. it siddid;be noted that the, .:.. . . ~,

' ' : .' . . ; , -
.

-

i4.. .

-.. '

. ,-p

| c- ..., ,

1
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ST5 FIRE PESISTANCE g)

term t, in E q. % %. striGil) speaking, a malettal and lemperal re e nde nt

hh qu.inlit), but it h sull:4ientl) aL(urale. Ior the purpose of thn stud). to be**

reg.irded as a const. int. Also, unce must building materiah hase emioisitiesgg g , in the range of 0.Kt to 0.9511.1) a s alue of 0.9 was used, although the results
indicated that a salue of 0.95 would have been more appropriate.

,

The dependence of the thermal properties of steel on temperature was taken
into aauuni in the c.ilculations. lhe material prope es used mere dertsed f

TABLE 1.-Thermat Properties of Steel

.u.. s r s-. m . . . . ~ .
,

Volumetne heat capacity. Thermat conductivity.
in British thermat units in British thermal units- ,

Temperature. in per cut >>c foot, per foot hour. 'g

deg'ees Fahrenheit degrees Fahrenheit degrees Fahrenhed*

11) (2) 13)

7u $4 30 26 m .
*

lial $4 k6 26 60
2m MM 26 k2

*
kai 38.27 26 41
400 60.13 '23.87
300 62 44 25.M
#d ni M 90 24.71 .

7m 67.52 U.72>

$m 70.56 22.50
9m 74.39 21.M6

1. tim 80.32 21.06
1.im 83.72 20.07
l.2m 9u.32 15.98 .

.
,

l.2% N 29 18.53

1 kui 127.85 1B.16

1.330 GM.15 17.87

1.4m i17.73 17.60
1.4 W #4.58 17.54

1.4 El eih.16 -M.75.g I
1.4 M . 62.21 ; ,i15.69.j ,,

,
.

'13,26
~

;l .id al dirt 74 .

'' l$.43 }l .6% 62.01*

. 1.7tt) 66.tPA j :. g $$.48* . e

16.031.9tti 67.96 *
1,

2.Im 69.63 ' ?. . * .*1 le 53. ..

.. .

,70.97 ' ' '' ' M * ' . 17.54 '
.v. 330

2
-

.

.

.
-

.n a, ma ,~_. . . . .-...n-.
~. .

* from available data (15) and are eepro'do'c in T't a're"nt.' th'e 40;. ,

invohed nature of the calculation osales utilization.of a/high speed digital .-
'

computer almost mandatoty. .. v. - | . i r.'. '.Mh 7.'y,Q,

Calculated temperature profilei for a 64n. to.152-m) 6quare iiniprotected steel -

column are shown in Fig. 2 at 40-ersn ir6tervah.-Sisnilat jirofiles foi a 12.in.
-*

'

10.304.ml square column are shown in Fig. 3 afth 50-se6a'sa(to inin of fire-.*

exposure. Fig .k6) shows that at 60 min the inanimum ae'm' eratuir dillerence -p
between the surf ace and the core ins 225' F (l!.5' C)'and.the temperature at .

'
.

v<
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ATmc.H. T. he co ni mia .i> sci een one uif.'se "a soie soui i.mi r. i ,om i ty-

.'ti l .ind .'#Ji st is v:en that the ina stmum lempesature dif ferense betw een the
suif ace of the Nin. column and the core is about IW' F. This can be regarJed
as a re..sonable masimum for most steel columns likel) to be encountered in
building practice. For the purpose of determining fire endurance time b> tempera. s
ture rise. the temperature at the point halfwa)'igrtueen the surface * and sore
of the crou section for flatige in the case of a hide flange section) ma) be
regarJed as represe,nting the aserage temperature of the crow scetion. For all i

.

bul ser) thick sections this temperature will be almost equal to the temperature
at the column surface.

g. 4 shou t temperature rise curses for a kin. Square column tealculated
or mea.uted as was just describedi. As is seen, the nuumption of r.idiatne I

,

n
heat transfer onl) does not adequatel> represent the condelions pressihng in

i
*

9,.

IFi) <h yb ,9 .a,e se. .d,

....u,.uw],q,a>,a.,,,.sa,9,s..,,j,
99 .

,g., ..h . . u--
. s .

.s.,.,,,.,,.

.i, . a, w ..h.
. x , t a,v ,,;.,,.,,,,,.,,.. , . ,a

.

wh}elipne'td,':.a,.s',a.A.g,,Xg,j,s,i.a,j;de''e'.a. c.h
e., * i.e ' d *; ,*. 3. n. N g. X g ' : g, ;. - ,,.,g,.., ,. g,,

o,, . a, sg . n .s a, .ta, x a,; : a, .9,. , d, . ,,, . ,,,,..

| a, N,a, g, ',.a. o
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M ** M b the I)lil4 f NCl4 fninase when short fue enduranse tinies are insohed. The

ggg, S {({ , cune labeled (2) in iig. 4 un calculated by ununung that 20'A of the heat
tiansfer n due to consection and produces good agreement with the esperimental
se> ult. Unforinnatch . Ihh finding h of no general ulue because the conseethe

ne w e < n h n'n 'do d un: inon. W ith most fires of shorthe.n trander ss
dination the conssetion component of heat trarbfer can be in the order of 10*

Vs lir; to 20';. In the calculation the clfeet of conseeligheat tr,insfer was 3.mulat- @ I

ed by rahing . frorn u V to the ficticious salue of 1.lk

|#| The heat transfer coef ficients to columns of square cross section w ere calculat: $
ed b.ned on un erniunity c. ,) of 0.9 using results obtained by Lys. 5 and isc
6. 'lhe results are show n in Fig. 5. w here the coeff 6cient ut heat transfer ho 4

.' been ploited .n a function of the duration of stanJard fitt esposure. As 6
seen, the heat transf er coefficient rises ulmost knearl) with time.and the smaller
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11.e column the higher the coefficient of heat transfer.

M"M One.Dimentional Sumerisal Procedure.-l he tymrerature Jntrit'utions. Js tri-

inn.eJ h flie av o.Jimenuonal c.alcul.stion niethod Jewsibed Freucusi) . showATmcH. T
'
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he.ned column 6.m be usef ull) emplo:.cd. The mudd ve'usts of . stest pl.steg.,g g/g h.ning the vme esoss.scstion.il .md guif ee are.n per mnt height as the four
2. , posed .,de pe,f,c,,, in,ot.,,.A cH. I siaes or ihe he.,ied eriomn. .,ih ihe e,3, .

ed. 't hn moJet permits use of a une. dimer e. ..! numerical pruccdure b3 w his h

TABLE 2 --Sample Calculation for 10 in Square Column
,

- - .
. . . . . - , a . - - - - .z.m r- -s .u=- - - r s . . . _

E

t T, T, (1, - T,) v S T, k T ,*

) I

til (2) (3) (4) * (Si (61
I

n to 411 doit 3x to

4 1.t p al 1.141 1 (12 2 12M |25
|
| 10 1.h ai 1.150 1,tNJ $37 256

| 15 1.tw l .J il 1.Utu 110 19.t

1 20 1.4e 2 14% 961 620 $21 (.

23 1.310 1.4 41 IL8 7 111 Mt g

hi 1.4 41 l .%1 til t 102 134

.i t 1.tM i .5W 741 91 856

An 1.61.1 1.626 fi77 53 94v*p.
'

l.ota-

43 1.ht M

= 0.12; D = .13; W = . 0. 3 7, = 0.125 (7, - T,1 for .1t 4Nole u = Ik 4t; <

= 1/12 hr.
. . m m n. sr.v .x-s.u m 1. _ .
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/ 4 198 RE V-l in which .it is espr *. sed in hours. The results of sample calculation for a
H* 10 in. square column with a IM.J.s 1104 N and a = 0.12 t.so2 are show n )-

in l'able 2. A famil) of temperature rise eurset obtained by similar calculations
is show n b) the solid lines in I'ig. 6.

Esperimental Results.-To obtain information on the tempe ature rise of unpro. 1'
'

teeted steel columns in the DHR/NRC floor furnace.fise fire tests wcre garried I
out on square solid columns of sarious crou sect on The temperatures meu. |

i

sured at the point halfway between the surface an the core at mid hcight
of the columns are ploited in Fig. 7. Fig. M shows a plot of fire endurance
time setsus the dimensional parameter. W/D.on logarithmic scales. As is seen,
the relationship is knear und. '.om the grap!..it is possible to obtain the followirg

,,)frelation directly-*

3d tw-
f=10.1(-

. INI*
. . . . . . .

D
'

in which W/D < 10. To obtain a relation for columns whose W/D n 10*

.

g-.

. . . . . . - . . . - _ . ,
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- - - . . . 1. ? . . r.
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. ..m
a straight line temperature rise for the j6-iric ik}uare' column is assumed, as
show n by the dashed line in Fig. 7.Trom this it is'possy to'obtaki the relation:;

#
, , r. 9.. c. . ,, . @f M. 'f,y,

....7..74,,.g..'.;{|$}g[M[ fig-l';,...(9)..
-

/ p gas. . , , . ,,

'.
, _ , -~: , e Ar .

. Ts = 120 .

.

.b . .- '- -

.

and by setting T, equal to the critical temperature 6(4,000' F: 4.--
. 'I

.}[.D.' :dh.'s.7.:'E.i d '' . gw ..
t = 8.. ( . . . . . . . . L , . . .' . J "a* .4.''c.w . . . . .. . c . ' 11'J))

,
,

. ., ., v .v -. f#q; % '. L , . . ' *D -
.

The lines resulting from Eq. 9'are plottet'4.uv. ,3k, %. ; 3.r . .
. n a . ~,-

~:.

*-

in fsp #6. 7 )da'shed line4...

The hne resulting from 14 10 is plotted'in' Fig. 8 and J hat ' equation shouldt

be uwd for columns naving W/D.5 10.' However,' .a.s. liken from Fig. 7. .
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it can be consersatisely applied to an) column section, and prosides a rc on

that soulJ reaJil) be incorporated into a builJing b> law.-(Although .the experi..g
i i l l h

'that Eqs. 9 and 10 can sp'ph .50.D@rr,tolumfrs-irtin er ca Ana yses s ow-:rneAL d.d&Ld -urs,.vEs4?*M M h Ya( -

in any shape of cross section.)

* an eurnrie of ihe fiie'iesi i nce i> ricai in cotunun of s er> iaii on.iamn.ATW H. .T a calentation for the section show n in Fig. 9. one of sescral maone sections C'

ined in Toronto's 56 story Toronto Dominion Cenfsy. is uorked out: *

!b

D * h30 + 16) + 2(30 - 7) + 2t10) = 174 in. tIII... .

-

w . (121W = 1.t(70 lb per it.- = 10.75 ...............
D

.
liq 10 >iclJs a fire endurance dme of: a

(fIIi*kttlu 73)"' = $6 min . . . . .

As is seen, these masmise sections can have fire enduranec times approaching
.r . *

I hr esen uhen unprotected.*

Recent North American practice has seen increased installation of sprinkler
systems in large (especially taill buildings, including some that are not considered
to hase a s er) high fire load (2.6).fmn,-.ykte rprinktefing of tiigh buildings
becernerMo'WMrrtrriorf the'use of unprotected massive tofumn sections with
a fire re:Istance capability of about I hr should prove adequate for fire niety,
provided that"the fire idad is no more than 5 lb/sq ft to 10 lb/sq ft.,which
sheuld not result in a fire of severity greater than a 1.hr standard fire t81. '

It' ire load is the heat of combustion of the combustible contents espressed .

in equisalent pounds of wood per unit floor area.)It can be reasonably deduceu
from Refs. 4 and 14 that no safety factor need be applied to the actual fire !

load if the building is fully sprinklered, although such a safety factor is implied
. by all current North American building regulations now in force.

Acmowtzoomen s
n.

This paper is a contribution from the Division of Building'Research. National
Research Council of Canada, and is published withabe approval of the Director
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Aretisoin II.-Notanose ,

11ae following symbols are used in litis paper:
% .

%
c = >Pecific heat of steel,in British thermalunih g*vund--degrees Fahren-#

heit tne degrees Rankine) Ooules per kiloram-depees kelvin)
~

-

-

D = neated perimeter,in inches (meters);.a, cM Me, 6; s' .- |' .," .
.

E = modulus of elasticity of steel in] tips per separe inch (ne'wn'ns per squarei
'

meler): : < Th f''

,
-

FE = fire endurance time.in minuds; . .'I.E. dC NM. .'i #' ,,

& = thermal conductivity,in British thermal units pr foot-hour.derees FahrJ
enheit (matts per meter. degrees. Kelvin)i ~ F.M.' ! ../|.3 i

, ,

T = temperature in degreesTahrenheit (degrees,Celejus)W v.w ; '-
- .

.

I = time. in minutes (unless specifiet' othersisel:14.# y e'+ ;,
.

W = mass of steel section,in' pounds per foo't (Likytirihdr incier):. _ J
* '

a = cocfficient of heat transfer,la British thermilw6its per foot hour degrees:
-

Fahrenheit (watts per meter-depey KeMr01 W,& ff,M '.
, % $;g ,. ...1 = increment: .y, .

e = cmit$1sity;
.

, EC[. .r~.*.pv ... . TJ'' N -
- -

.y = mesh width,in feet (met'ers):'. Wa
. . .

'm. '
*.. , , . . ' . .

. ,

A = slendernegg ratio: ,'. 1 ,,- ,.[. b ., j .y
- ~

'

,,

.s,n). z. . e* . . :- . ,

.
. .
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p = densit) of stal. in pounds per cubic foot (Lilogr.ims per cubic meter);
.

f9TTFK:.H. ana,

o = streu. bi (N /m'); Stef an Itoliimann constant. 0.171.1 x 10 *. in Distnh
thermal units ret hour squate foot.depices Rankine to the fourth power
tuatts per square meter-degrees Kelsin to the fourth powert;

Suhcripts R *

o = allow able. as erage;
er = critical;

/ = of furnace;
m = at or around mesh point in rmh tow;
n = at or around mesh point in nth column;

.

o = at room temperature;
5= of sicci crou section:
T = at temperature 7; and
y * at >ictd stren.

..

Superscripts
j= at t = l.h t.
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- - - - - - same. Conversely, specifying the same fire resistance requerementE7uu released inside h compartment. It is ta be estimated fm the following
- -- _ ,__

' cn enclosure is a practice that relies on the v .lidity cf t equ tion:..

boundtr'
theorem .miformity cf normalized hect load. ,

0.79Jhr* j 6
~'

O* whicheveris tess (8)

SE MI-E M PIRIC AL EXPRESSIO N FO R THE
,3

.

N O R M A LIZED it E AT LO A D
where Ac is the height of the compartment.--

+ is a variable that characterizes tlye ventilation of the compartment. It
According t'o statistical data, the fire load in modern buildings, despits la defined asI

f the increasing use of plastics, consists predominantly of cellulosics. Since,
in addition. fires of cellulosics excel in their destructive potential,* it ap-

, + = g.A Jgh (9)
'i

pears to be a safe practice to assume that the fire load consists fully of
where e. is & density of environmental atmosphere. A,is the area of ven-.

celluloeics. ' cept,' one ; i

tilation opening (window or door). A is the height of the ventilation open ng,By reflecting on the meaning of Ingberg's fire Iv. in a fire the and g is the acceleration due to gravity. The consid(rations that hrve led to
i

recognizes that it has been b silt on the implicit assumptl . rtment boun- !
h development of Equation 7 are discussed in the Appendir.bulk of the fuel energy is eventually aburbed by the et

daries. He normalized heat load pertaimag to the assumption that all hest A8 * 8pecific fire load O/A, (where A, is the floor area of & compart-*

release by the fuel is. absorbed within the compartment is Inent) may vaty rather markedly from compartment to conpartment, h
selection of the value of G for the fire safety design must be based on an
analysis of statistical data. If the compartment homefa-ies are simple:

H = 44ec.- -
(6)

-- "dividing elements" with3ut essential structural fun-tiens. the design
A, g value for G/A, is usually taken as the 80tii percentile in the cumulative plot;

j fw the applicable occupancy. If, on the other har , the compartment boun-
where the subscript m has been affixed to R to indicate that it represents daries are "key elements" that play an important part in the structural per-.

the conceivable abtelute maximum, G le the total fire lead (total fuel mass). femance of the building as a whole, some extra degree of safety is justified.
w conofth.t.mt The selection of G may be based on considerations propounded by Lie'and

.

vidw'''"? *

7artunately it has been found that the s - " ' heatload on the een3s. outlined later by liarmathy.*
r====* u -A=h is only to in 40 mah*--* af 4 mome ou one ruel energy he ventilation parameter, +, is a measure of the minimum ventilation of'

~ la releaseo outside the comy tment, but even o ' the portion released inside the compartment. His occurs under "classic" draft free conditions. Ae
g

some energy will leave the compartmend with h fire gases as aestsible hoog
j

. discussed by Harmathy,* the presence. cf drafts causes the value of + to in-
and some will be lost by radiation 'through the . ventilation opening. A crease over that calculated from Equation 9 and thus (by virtue of Equation!

?

multitude of calculations performeci by the: detailed iterative facha348e 'll to reduce the value of the normalized heat load, a value for + obtained
mentioned earlier indscates that the sonnalised heat,lud, in other words from Equation 9 may be used .in assessing the potential of fires for destruc-

the potential of fire for destructive spread. . ,(u - ? % y .* increenne less than la proportida go the}M bselJhy".p'?U. ,%It is f interest to examirta the normalized heat load in relation ' o its

.c
tive spread.

t,

. o

c* decreases as the' thermal inertiait the mnsda.ie'b finerenhes.fQ.?'
* decreuses as the iientilation of thelemphrtment . M . ahd 9 Ilmiting value, as expressed by Equation 6. Cos'nbpig Equations 6 and 7c

and vaing 2 H = 28.8 X 10* J kg'' in the former Ibecause the fire load isa
umorical results of these'eakF A fornned'the besit Ier dia . -assumed to her ce'hlosic), the following equation is obtained: $"

ion that resulted in the following _ g.Siespostaoh g'M i=l'

.
| _# , , 0 ?85 4,+ 0.085 )f.

<? .. 1%$ 4 't e ' G ' , '

75
' R

_. 7 hl,h, . - ."

3(11.0 4 +::1.El O;-- - - ' D)
j 1 + 935 Ja+y wa f418Q 9,g; c::aY -- .

A.Jke5c=s 4 H = 10* -
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TABLE E.1--Continued |
|T o 4 k e

''
(2) Noametals ('F) (th./ft') (Btu /lb. F) (Bto/hr ft F) (ft%r)

1

Aerogel, silica. . . . . . . . . . . . . 100 5.3 0.205 0.013 0.012 1
'

32 36 0.26 0.087 0.010
Ash . 800 36 0.130. .........

Brick, common . 68 100 0.20 0.20 4.10 0.01-0.02. .... .

6re clay. 1472 145 0.23 0.79 0.024...........

Bakelite . 68 79.5 0.38 0.134 0.cou. ...........

Con c rete . . . . . . . . . . . . . . . . 68 119-144 0.21 0.47-4.81 6 019-0.027 7
Corkboard. ..... 100 10 0.4 0.026 0.ous

J'eItleS " ' " "' " " ".'''.'.'.powdered 100 14 0.21 0.000 0.01....

Fiber insulating board . . . . . 100 14.3 0.034
Glaas, window . . . . . . . 68 182 0.14 0.51 s 0.030...

Glass wool, Ene . . . . . . . . 100 1.5 '.0.0B1 ''' . bit h
packed. 100 6.0 . 0.032 . . - 2;-'

.............

1.2B w , ',,0.048 'Ice. 32 57 0.46.. ... ........

. 0.000 ', 7M agmata, 85 % . . . . . . . . . . . 100 17 ..f

0.075':b''D.064
Marble . ".S 156-100 0.193 1.6. . .. .. ...

'.
.': 0.038 . '. M )j;''y

Paper. .. .............

f Rock wool. 100 12 s:: :.-' ...........

.91334)
,

. 32 74.5 0.48~ ?., D.087 '.1-Rubber, hard. .... .....

v2 * s Wood, oak,1 to grain. 70 51 0.57 g 9,13 e..
*

, g .. ,,3 ' A.' /. 9.2
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Attachment %-InfeendentVerificationStatementa m ma ssaw>ified by the following
*

Calculation #_sem _, Revision # / s been independently ver
method (s), as noted below: 3

$ '

Design Review including verification that:

* Design inputs were correctly selected and included in the calculation.

* Assumptions are adequately described and are reasonable.

I* Input or assumptions requiring confirmation are identified, and if any exist, the cal-
culation has been identified as "Preliminary" and a "Finalization Due Date" has been
specified.

.

Design requirements from applicable codes, standards and regulatory documents are*

identified and reflected in the design.

* Applicable construction and operating erperience was considered in the design.

* The calculation number has been properly obtained and entered.

* An appropriate design method or computer code was used.

* A mathematical check has been performed.

The output is reasonable compared to the input.*

.

Alternate Calculation Q including verification of asterisked items noted above.

The alternate calculation ( pages) is attached.

,4 Qualification Testing O for design feature includ- .

ing verification of asterisked items noted above and the following:

The test was performed in accordance with written test procedures.* ,.

Most adverse design conditions were used in the test.*

;.
.

Scaling laws were established and verified and error analyses were performed, if F-*

applicable. I-

Test acceptance criteria were clearly related to the design calculation.*

* Test results (doctamented in ) were reviewed by the
calculation Preparer or other cognazant engineer.
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( Calculation f evision f has been independently verified by the followi.g
1method (s), as noted below:

T i
6s,

Design Review g including verification that
Design inputs were correctly selected and included in the calculation.*

Assumptions are adequately deteribed at.d are reasonable.* .

Input or assumptions requiring confirmation are identified, and if any exist, the cal-*
culation has been identified as "Preliminary" and a "Finalization Due Date" has been
specified. *

Design requirements from applicable : odes, standards and regulatory documents are*
identified and reflected in the design.

Applicable construction and operating experience was considered in the design.*

The calculation number has been properly obtained and entered.*

An appropriate design method or computer code was used.*

A nathematical check has been performed.*

The output is reasonable compared to the input.*

Alternate Calculation U including verification of asterisked items acted above.
,

The alternate calculation ( pages) is attached.

Qualification Testing C3 for design fe.ture includ-

O'' ing verification of esterisked items noted above and the following:

I 3e test was performed in accordance with written test procedures.*
|

Most adverse design conditions were used in the test.*

|
Scaling laws were established and verified and error analyses were performed, if|

*

applicable.

Test acceptance criteria were clearly related to the design calculation.*

Test results (documented in _

) were reviewed by the*

calculation Preparer or other cognizant engineer.
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ATTACHMENT 4 TO BECO LETTER 88-010

APPLICATION OF M197/H198 CALCULATION METH000 LOGY

TORUS AREA (See calculation M197, Rev. 2)e

Plan View Area - 10,658 SF (P18)

ProposedMaximum-14,000 BTU /gFX10,658SF- 149.21 X 10 BTU '

From Table B (P21), the total BTV's absorbed (as a function of time)
during a standard ASTM E-119 fire, and the corresponding steel temperature:

t Sigma (Os) + Sigma (Oc) TN (steel)

6.05 hrs 52.85 X 10 BTU 137'F

6.10 hrs 150.82 X 10 BTU 255'F

Since 149.21 X 106 BTU is essentially equivalent to the heat required to
raise the steel to only 255'F, the associated proposed maximum loading of
14,000 BTU /SF is safe.

STEAM TUNNEL (See Calculation M198, Rev. 1)*

Plan View Area - 784 SF (P13)

ProposedMaximum-8200 BTU /gFX784SF- 6.43 X 10 BTU

From Table B (P17), the total BTV's absorbed (as a function of time)
during a standard ASTM E-119 fire, and the corresponding steel temperature:

t Sigma (Os) + Siama (Oc) TN (steel)

6.05 hrs 2.0 X 10 BTU 137'F

6.10 hrs 6.4 X 10 BTU 255'F

Since 6.43 X 106 BTU is essentially equivalent to the heat required to
raise the steel to only 255'F, the associated proposed maximum loading of
8,200 BTU /SF is safe.


