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ENSINELRAIYS REPORT
N
TEX TITRM0-LAC 330«) FIRZPRIOFING COATING THICKIESSES
RESUIRED FOR
3 AND 3 HOUR FIRE MTINGS FOR VARICUS STRUCTURAL STIIL
MEMBIARS USID WmY TEXAS UTILITIES SERVICES, INC,

1. INTRCOUCTION

The purpese of this report is to present and surmarize the caleulated [he.n
Lag 330«1 Fireproofing Coating thicknesses for the varicus structural steel men-
bers that are used by Texas Utilities Services, Ine,

The fireproofing coating thicknesses have been calculated fer tve fire expo-
Sure tines;) & cre (1) hour fire exposure and a three (J) hour fire expesure jpeo
iod. As discussed in detail in Secticn III of this report, the fire exposure i«
the commonly sccepted AST™ « £ « 119 Test Method. Using thris Test Method, the
integrated averace srciaont Heat Flux for a one (1) PRour fire exposure is egual .
to 24,500 BTU/Nr-ft®, and the three () Meur Imcident Mest Flux is ec.2l te

42,000 pTU/ MLl

In the Thermo-lag 10«1 Firesrocfing Cocting thickresses presented herein, the
fallceing structural steel messer sizes ard shapes, a8 well as the roted structural
steel terperature limits were considered in the applicable hest trarsfer arslses:

STRUSTURAL MEVIER MAXIVUM SURFACT
TE/PEPATURE - OF
Square Structural T.bing 1000
Rectangular Structural Nding 1000
Argles 1000
Charcels 1000
1900

wWide Flarges

Unistrit Sesticns-All Types 1000

It sheuld be recognized that the thickness of a given sirictutal steel menter
significartly affects the reguired fireproofing coating thickness, resariless of
the tyze of fireproofing ccating used, for a gives incident heat flux and fire
exposure period. Kerce, the thicknesses reguired for a Thrce ()) Beur Fire Rating
Are substartially greater than those required for a One (1) Heour Fire Rating.

- T..a caleculated fireprooling coating thicknesses reported heriin are derived
frem Basic Erginee~ing Cata Correlations that we have cdeve.cred for the Thermo-
Lag J30~]1 Fireproctirg Coating. The experizental data scurces include the resalts
ef fire testing conducted by the Underwriters' Ladoratories, Factery Mutual Re-
. Search, US Cepartoent of Transportaticon/Federal Railroad Adsinistratics, Mekil Cid
Corporaticn, British Cas Corporation, British Fetrcoleun Compary, Shel! Internaticnal,

and curselves.
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The thermal perfermance characteristics of firepreefing materials sueh .y
Thermo-Lag 310-1, Thermo-Lag 290, Chartex 59, Kerotrerm and Pyrccrete 102 rave

been found t3 correlate as:

t = A Punction of (T,AT.V, ard F) )
where t = fire/flaves 2xposure tine, minutes
T = fireprocfing material thickness, inches

LT = allovable mixirun temperature rise of the protected
gubstrate, degrees “"F*

W = eoffective heat capecity of the protected substrate, lbs
per square foot of protected surface area

F = total incident heat flux (rediative plus convective),
thousands of BTU/HR-F=1,

Experirental engineering test data expressinrg the fize/flares exposure tire
4s & function of the fireproofing material coating thi =ess, the te~peratyre rise
of the thermally protected substrate, the weight of the protected s.bstrate and the
total incident heat flux have been develcred for the Trerme-lag 320-2 S<bliming
Compound Fireproofing Material apnlied to ccnventisnal concrete, pzc-s::ousod ccne
crete, flat steel plates, larje diamster qton! plates, ri=cs ang s*ructies) ? Desn=-

and Arngles. The range of total incident heat fluxes in t‘nso tost.-g gregrans have
varied from a low of 10,000 BTU/KR- “FT? to & high of 100,000 BTU/HR=-FTS, The Theiwo-
1ag 370« dry filn thicknesses have varied frcm a lew cf 0. ;:s irnches to a high of
4.2580 inches.

08 reguirerents for the
. steel remlers.
reprocfisg raterials

e forn of,

In this Engineering Pepcrs we are corcerned cﬂ.y with
fireproofing coating raterial: srat are applied ts sir. 4
The fire tosting data accumulated on the Trerrmeelas 32:-3 H
arplied to structural I-Beans is preserted in Figure 1 in t

t = A Punction of (T) (AT ) / (1), (2)

As also shown by Figure 1, the Equation for the predicticn of the recuirved firepicof-
irg material tnickness 87prlied to structural I-Seams is given as,

t = ns [(n an by )] 2372 (3)
where (W) is expressed in pounds per foot of length of the protected I-Bean.

A similar engineering test data correlation for the Thermo-lag 320-1 fireprocfirg
material applied to steel flat plates and pijes is presented in Figure 2. The eguatien
for the predizticn of the required fireprocfing material thickness is given as,

- ¢ e23.002 [(n (ADN%T 03/ (] 32056 (4)

where (W) {s expressed in pounds per sg-ft for the flat plates. As noted on Figure 2,

.2-
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CORRELATION OF TUE TUERMAL PERFORMANCE CHARACTERISTICS
OF THE TUCRMO=LAC 130+l FIREPROCIING COATING APPLIED

TO STRUCTURAL STEIZL COLUMNS
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CORRELATION COF THE TUERMAL PERFONMANCE CHAPACTCRISTICS

OF TIE TIERO-LAGC 310-1 FI

TO CARDON STEIL PLATES AND PIPES
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Fia PRCQFINQ:C:AII.‘:G THICKCIESS AS A FUNCTICN OF

FIRE CXPOSURE TI''E PER

As discussed in the INTRCIUCTICN to this report, both the ASTM « E - 119
Test Mothed and the total incident heat fluxes resulting from actual flamrable
liquid spill fires are widely used for the determination of the regquired fire~
proofing coating thicknesses for wvarious structural steel members. Each
of these two methods are discussed separately below.

A. T™™ = - T | d h

'NOTE: TFor ease of reference, Appendix (E) presents a copy of the
ASTM ~« E = 119 Test Method.

The ASTM = € = 119 Test Methed utilizes a specific Time-Temperature Re~
lationship for testing of the fire rusistive capabilities of the varicus fire~
proofing coating materia.s. This Tire-Temperature Relaticnship is presented i
Figure 3. As shown, the Test Sct-up Internal Air Temperature ltarss at the
prevalling arbient air temperature, reaches a tna;ornsu:c of 1700 "F at the ern
ef the first hour of exposure, a tesperature of 1850 “F at the end of the seccnd
hour of exposure and a temperature of about 1950 "F at the end of the third rour
of expcsure. As such, this Time-Temperature History DCES NOT fairly represent tre
Tize-Temperature Relaticnship for a typical flarmable liguid hydrocarbon spill
fire wherein the temperature within the flaves zone may very quickly (within a
few SECCNDS) reach a value of 2200 °F or rore copending on the specific fuel.
Thus, as such the ASTM = E = 119 Test Methcd dcoes not provide a uniforn target
incident heat flux, as would a typical hydrocarben spill fire. For this reason,
many Insurance Uncderwriters' resuire a long term (up to three heoure) Fire Rat.~
when applying the ASTM = E = 119 Test Method t2 hydrocarbon Precessing Facilities.

However, usirg accepted engirneering practices, the Figure | Time-Termperature
Relationship can ke converted to a Meat Fluq~Tire Pelaticnship. Such a relaticn~
ship for tha AST! = E = 119 Testc Methed is jresented in Figure 4. A3 3 own, the s
Time Averaged Heat Fiux for the first hour of exposure is egual %2 24,8500 BTU/HA=TT*,
the Tire Averaced In:;dcai Heat Flux for the first tsg Nhours of fize exposuse is
equal t2 24,500 BTU/HR-FT ond t=e Time Averased Total Ircident Heat flux fer the
2izst three Nours of fire exposure is egual o about 42,000 BTU/HR-FTY, usine tn's
basis of Tize Averaged Incident Heat Flux, the fire resistive cagabilicsies of a
given firepreofing matesial to an eguivalent hydrecazben spill fire can e chbtaines

B. Hydrzcarten Pocl Fire Total Peat Fluxes:

It MUST be erphasized that all hydre~arbon liguid szill fires 0O NOT
cll2¢rate the sare total heating effects. As shown by Table I, different liquid
hydrocarben spill fires have very different hecating effeccts. For exarple, a spill
fire ana}vinq Methanol will only yield a tetal incident heat flux of about l?,icm
STU/HR=FT", while a spill fire invalving LPC could yield up to 40,000 BTU/M =P
for larse diarmeter spill fires (fire diameters in excess of 10 meters).

Since the Total lieat Flux, "F" aprpears as a linear term ia Eguaticns (J)
and (4), it is very important to know the type of flarmable liguid hydrocarten
spill fire for the deotormination of the rogquised firepreofing material thickness
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In accerdance with the directions from TSI, Inc., ve have used the follews
ing Ircident Moat Fluxes for the fireproofirg coating thickress teguirere *
88 repcried rerein:

++ Ore (1) Hour Fire Rating: The One (1) Hour Fire Rating has teen based
epen the Incident Weat Flux Level arscciatoed
with & cne (1) hour exposure to the ASTM-E~ll
Test Methed, as shewn by Figure 1. Ag showr,
the intograted incident heat flux for une
hoeur's expesure to the ASTM<L-119 Tes® Met
equates to 2¢,500 BTU hre-fe?,

++ Three () Mour Tire Rating: The Three (J) Hour Fire Patirg has also teen
based upon the Incident Meat Flux Level assere
iated with & three (3) hour exzosure to the
ASTM=E~119 Test Methed, as alsc shown in Fiyure
1. As shown, Lhe integrated inzident heat fl.x
for threw (2) hour's exgosure *o the ASTU-L.
119 Test Method egusies o 47,010 BTV hrefsd,
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IV, STPUCTVRAL STEEL MEIBER REQ-SRES FoNETRICFING CCATING TVICYSIESSES

A complete listing of the calculated Thermo-lag 330-) firepreofing cva
thicknesses for each of the structural steel rerders as specified in the letter
from Teras Utilities Services, Ins, to TSI, Inc., deted 9 July 1981, is Fre
sented in Appendix (A) to this report.

One (1) and Three (1) Mour 7ire Rating thickresses for Sguare Structural
Tbing, Rectangular Structural Tuting, Angles, Crannels. wide Flange Bearms a' 0
A wide variety of Uristrits are presented. The physical Froperties for the Uni-
strut Memlers was taken directly frem "UNISTRUT, General Engineering Cataleg ‘i
9" forwarded to TSI, Inc. by Texas Utilities Services, Inc., and reforwarces
us by TSI, Inc.

It should be emphasized that the Apperdix (A) calculated Thermo-Lag 210-1
fireprocfing ccating material thicknesses 2: NCT include a 10 percent sgine ad
weathering alicwance in acocrdance with the lonmg term Envirsnmertal Tes. Progrars
conducted by Underwriters' Laborateries, U.§S. Army Ballistics Pesearch Lat
cracories and commercial users in the Mydrocarden ‘(Cil and Gas) Procescing
Industries. Tc provide eging and veather allcs “ze, coating thicknesses of

Apperdix (A) s cu.d be increased by 10 percent.

Frepared By:

. ,ﬂ / j
/‘9’/ H Wizaonw

Dr. H. R. Wesson, PE
President
Wesson & Associates, Inc
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i A)

1 Hr. & ) Mr. ASTV 119 Fireratings for Structural Steel

1 Mr. exposure; ; . 34,500 ltu/hr!t; (time-averaged)
3 Hr. exposure’ T % 42,000 Beumerft® (time-averaged)

APPLICABLE CORAELATIONS FOR CCATING TMICRSS:

1. Structural Bearms: 1/1.72

Te e !

2. ’*P.n ML”'. Piate:

v . 1/1.33%6
2 0.7, 6% (=
() " "w) "' $3.002
1. SQUARE STRUCTURAL TTBRING: &T ® 1000 « 70 = 330°F .
2 Coating thickness (in.)
size ib/fs g /fs  MUB/AY)  johewr  Johour
2x2x3/16 4.2 0.66 6.47 0.16% 0.642
x1l/4 $.40 0.66 8.10 0.147 0.%74
Ix3Ixd/16 6. 86 1.00 6. 86 0.160 0.622
x1/4 £.80 1.00 §.80 0.141 0.551
dxdx1/16 9.3 1:33 6.98 0.158 0.618
x1/4 12.02 1.3 5.02 0.129 0.544
x1/8 16.84 1.3 12.63 0.117 0.460
Exéxl/4 18.82 2.00 9.41 0.136 0.333
x£/16 23.02 2.00 11.51 0.123 0.481
x1/8 27.04 2.00 13.82 0.114 O.4al
ExEx21/8 6.8 1,66 13.81 0.4l J.440
x1/2 47.3% 2.68 17.76 0.100 0.388
Cxi0x1/2 60.9% 3.33 18.29 0.0%8 0.382
x5/8 79.26 3.33 23.78 0.086 0.338
13, RESTAMITIAR STRUCTURAL TURING: 4T = 1000 - 70 = 930°F
Coating thickness (in.)
Size b/t !!’lli W(lb/ft) 1-hour 3-hour
Bxdx5/16 23.02 2,00 31.:81 0.123 0.482
x4/8 27.04 2.00 13.82 0.114 0,444
$xdx1/8 21.94 1.66 13.16 0.118 0.450
x1/2 27.60 1.66 16.61 0.103 0.400
CALL NO ZEIL. 0
Al s

a5
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Coating thickness (in.)
930°F
d=hour

0.5%0
0.5%0
0.511
0.590
0.511
0.417
0,31
0.417
0.361
0.511
0.361
0.590 ¢
0.511
0.361

Coating thizkness (in.)

g30°F
g-hour

0.638
0.817
0.852
0.639
0.808
006'06
0.771
0.73¢8

Coating thicknesg (in.)

131, ALCLES: LT = 1000 « 70 = 9230°F
Note: exposure to both surfeces assumed
gl thk (in,) LT =
Size (808 leg) Wi/t “heur
Indxd/8 1/16 7.6% 0.151
Jaxdhx1/e /16 7.6% 0.151
x1/2 1/4 10.20 0.1
axéx) '8 3/16 7.6% 0.151
x1/2 /4 10.20 0.11
Sx8x3/4 /8 18.20 0.107
x 1 1/2 20.40 0.092
6xbx1/4 /8 15.20 0.131
x 1 172 20.49 0.0%2
Bxéxl/2 1/4 10.2¢ 0.131
x 1 1/2 20.49 0.0%2
€xdxi/8 /16 7.6% 0.151
x1/2 1/4 10.3¢ 0.131
x 1 1/2 20.49 0.0%2
Iv. ;nw:n;s
H(lh/f‘z) aT »
S.ze wabd $ik (in (SN wek thk) 1sheur
Mo Ax7.1 0.221 6.543 0.164
€ Ixd.1 0.170 3.462 225
C 4x5.4 0.180 3.473 <8
x7.28 0.32 6.5:8 velbé
C €x8.2 0.2¢ 4.083 0.207
x:0.9 c.314 6.406 0.165%
c exl.$ 0.229 4.48¢ 0.1%7
Cioxi8.3 0.240 4.0896 .’
V. MIBE FINCES: AT = 1000 = 70 = 930°F
fize wiib/fe) azheus
W ooax)? 12 0.169
W Sxlé 16 0.152
x18.5% 18.% 0.141
W 6x8.% 8.5 0.209
x15.5 15.% 0.135
W #x10 10 0.192
2 x131 13 0.16%
x1¢ 18 0.157
x24 24 0.1
x28 20 0,115
W 10x11.5 11.8 0.179
x1% 1% 0.157
«29 29 il
A=2

Y oeemn ann Acenciarre (v,

!-hour

739
666
619
913
676
Bul
«739
.688
S54d
503
. 783
688
495

ATTACHMENT _A___ SHT A_..Lr_.

CALC NO RULLD- 102 1Z,

OOOOOOOOOOOOO



VI, MUTRT fEoTioN: AT » 1000 « 70 = 520°F

2 Coating thickness (in.)
| wW(lk/ft") 4T = 530°F
Size pl_thk (S0% Pl thk) d-heur 3-hour
? 1000 0.10% 0.288 0.283 1.104
1001 0.108 0.288 0.283 1.104
1001 €3 0.108 0.288 0.283 1.104
10C4 A 0.10% -, 288 0.283 1.104
P 3000 0.108% 0.288 0.283 1.104
o0 0.108% 0.288 0.282 1.104
P 5CC0 0.108% 0.288 0.28) 1.104
5001 0.108 0.288 0.283 1..04
A+l ATIACHMENT £ surd /2/ o

CALL NO 24 -0 '/15-;'['/:

Weeson 4. . Accoriatrs, INCome o o o




