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Examining Standard for Fireproof
Coating Materials of Steel Structures

ABSTRACT

The purpose of this study is to establish the examining
standard for fireproof coating materials of small scale steel
structures by making use of the current local examining
equipments. In addition, the relationship between the test
results of big and small scale fireproof tests will be
studied, and the test results of small one will be used to
efficiently control the safety and reliability of the
whole-scale fireproof coating materials. Standard metheds for
testing and Jjudging the properties of fireproof coating
materials of steel structures are expected to establish
simultaneously.

This starts from the investigation on steel surface
management painting, and packing and the domestic usage of
fireproof coating materials. Besides, inspection on the
current local examining equopment is undertaken to understand
the application of existing examining standard.

Next, the relationships between different fireproof tests
are theoretically studied, and concept of sectional extension
and sectional shape factors are used to explain their
interrelationship. Then, the above event will be verified by
(1)6 steel beams of 1.5 M with coating materials of different
thickness, (2) isovaluable coating board specimen, and (3)
fireproof test result of UL whole scale specimen.

Finally, based on above theorical model, relationship and
restriction between test results, test method for examining
the fireoroof properties of small scale fireproof coating
material and Jjudging standard are established.
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hk6-1 T AHEXBER LR Y, TH HCNSEULA
B2RZEBMEAM, RFAMSXHRZIEZRA —EMNZILME
o E A R RARMBE —~F O RABILHE RS, MAT
B AR, ARLEIMILARASBZRAM
HEREGEHM, REEFEINS REARTIBRAEREX

, DRBRAZEEZRXREHZE -

%6-1 RBMERAEY - ARERRTIHRLHER

ok B | R 3 pi:4 BE| & & pr-4 ;4
(min)
CNS ~ JIS UL CRS ~ JIS UL
B A
(mm) 350°C 538°C 450°C 649°C
47 66 h2 77
15
i 1.40 g 1.48
95 124 100 126
% 30
bt 1.31 g 1,26
35 55 43 69
14
eid 1.57 i 1.6
116 148 127 167
G 32
i 1.28 4t 1.31
174 215 193 243
46
il 1,24 el 1.20
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o
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K -MERAEMEAIAZASG A EIMUSE AR L
mRAFTIRREVER, BAMRBREARMZ I XK
MERMERK e SHERLE-REBHANEL, ATV ELA
BHBEETHERRAELAEARAE -

A kKEBd L eEBRA LA RIS RHERT
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MEFENM, AEEAFEANEAXBMYRER o BB IR L
HE/4 AT HBEHRBES, VLI ERA
FEWER 123k o
BHhBEYHRBREHBALENR] iF, SRBLES
R REH, SRBEHIMUERIFTHRZIAKE o
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E119 NFPA NO.251) & "/m & & #1 3K 8 " it 47 o

EBRRAUETEIRFBEA"RUIAI"YHKER, R
1 24

HMEARE LG BRI R~ kLR SYAROKR % &
1, RELEIFZHBRETHHEIEX, ARIBRALTET
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HEBAT R EZ M RA: LAHMEO, , TN
71.5% , & B RM70% - RAZRFHELELRBEL PR
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7 %

ZRBRAAHGKEABEALBERBRETRTZERRH o

SRBAZBEFAGEGIOBRE RO ABGEEARYT
12%4H, REF KXW BT o
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LAREMIREFZERSE, HREALLZHEXAR
24,000 psi, REZHEMBBERARE LN ESTAMK
e

RBBEF, O KNTEREN, SBEETGRELEE
BEEB, ARFHRMERATEGBEANRCIHER XN A
BRI RAEOMAFEEONSBREBEI 45 F o i &
HENEREXHAEBRBENT] DL
KOHBEIH—KERL-H¥I2H, BHABRIKRBRE
TR -RENRM—BRAGUKRFE, BT
ALK EBEGZRA—XKILESHURER T —HEeR Y
BEE, #3844, HARMROAEZWNHRAE

a8k, PREFEZIHABAERMNEL IR B ER
X#1/4 Fedag 3, B RARE R AL MR LAGR
L, FTBRERIFS, BARIATRE, ZAXBBA P
R ERERE

HERBAR KDL 2EBETFARRK
A2 RBZHA—19288, RRZHM AR LBEHAH B
R, 30904K, ¥R@AKAZRKLEELER, LAKE
RS rms, 004 A AMMEE R AREHRHDS
SR A, THOERLMELIRES L, BAI3] 24, dh
BREREB L, £254 2808, FPRAREKES L, EHE K
ok o
BRZBE—REXTRERZATRALE) - TREEAZ
TFTIWAA—MERE, EEREBLY, BANMARAR
Th ThPET:

#® ERE®A (I FRESEHM Min) FRESEHBRA(In)
kgl 0.25 75 5.02
o 1] 0.25 131 7.00
& 0.30 154 6.45
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1 172
2 1-1/8
3 1-5/8
4 2

‘C'\’g_



Ei

RTEHFRRRILEARLBERBZREZ AT RS TH
HAEXEXBRERTERSE 0
it KA

ARBEFHE, RARZRAMAORASRBERTREARK
ByzkgRswrame, FARAARTREXAALARS
BZEE o ATHERME KEK]~2-3 &4 ERLRS
AR I RARAR

& & #1485 % (Hr) ## 2 & (In)
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Design No. N708
Restrained Beam Ratings—1, 2, 3 and 4 Hr.
Unrestrained Beam Ratings—1, 1-1/2, 2, 3 and 4 Hr.

@ ()/) a) @ @
ALZ‘/Z‘ \QQ F' Jg;j r——i —ILP —
- IQL

. Steel Beam—W8x28 min size

. Normal Weight or Lightweight Concrete—Caompressive strength, 3000 psi. For normal
weight concrete either carbonate or siliceous aggregate may be used. Unit weigh-, 148 pcf.
For hghtweight concrete, unit weight 11G pcf.

. Shear Connector—(Optional}—Studs, 3/4 in. diam headed type or equivalent per AISC specifi-
cations. Welded to the top flange of beam through the steel fioor units.

. Welded Wire Fabric—{Optional}—6x6-10/10 SWG. .

. Bteal Floor and Form Units*—1-5/16 in. deep corrugated units; or 1-1/2 to 3 in. deep fluted
or celivlar units. welded to beam.

. Cementitious Mixture’—Applied by mixing with water and spraying in more than one coat to
the beam to the final thicknesses shown below. When fiuted or corrugated stee! fioor un.ts
are used, crest areas shal! be filled with cementitious mixture above the beam. Beam surfaces
must be clean and free of dirt, loose scale and oil. Min avg and min ind density of 15/14 pcf
respectively. For method of density determination, see Design information Section.

Minimum Thickness ~ In,

@ os W N

Rating-Hr. Restrained Beam Unrestrained Beam
1 1/2 1/
1172 11716 13/16

2 16/186 11/16

3 17/18 19/16
4 115/16 2

The thicknesses of cemantitious mixture shown in the table below are applicable when the beams
ara supporting solid concrete slabs or floor assemblies containing anly fluted floor or form units.

Minimum Thickrniess ~ in.

Rating-Hr. Restralned Beam Unrestrainzd Beam
1 7/18 7/18
11/2 1/2 3/4
2 13/16 1
3 1.5/18 +5/16
4 1-5/8 1-5/8

The thicknesses of cemantitious mixture shown in the table below are applicable whan the thick-
ness applied to the beams’ lower flange edges is reduced to one-haif that shown in the table:

Minimum Thickness - In.

Rating-Hr. Restrained Beam Unrestraired Beam
1 9716

1172 3/4 7/8

2 11/18 ©3/186

3 15/8 13/4

4 23/18 265/186

The thicknesses of cementitious mixture shown in the table below are applicable wien the thick-
ress applied to the beams’ lower flange edges s reduced by one-half and the beams 3 e supposting
solid concrete slabs or floor assemblies containing only fiuted floor or farm units.

Minimum Thickness ~ In.

Rating-Hr. Restralned Beam Unrestralned Beam
1 7/16+ 7/16+
1-1/2 1/2 3/4
2 13716 1
3 1-5/18 1-9/16
4 1-13/18 2-1/186

+Thicknass applied to heams’ lower flange edges shall ba a min. of 1/4 in

*Bearing the UL Classification Marking

-c~10-



T e e — L , 2} | e
I S S T S [ SR
\[ﬁr:f]|| - __ e 2 - = - T T T i ; : ,
| \}f, _U|b = =T

7 . 2 . N
log LIGHT NG/ GH T SHRINKAGE S7TUoS - .
~ TONCREFE [ A L -] 7 -
. 1 2 - : ! .
S B gl Jesih & doiews £ A
5?\ o ‘A [ ﬁ\\..xﬁ\tr&h‘ "
_ T ORacxer 2 7re
S | \ ife 5
FRANME \\g. 1 7 Nx\m X 28
Seacwer—__{I | QL-PT -5 | (FirREPROCFING E=
” SHO I
: \\\w\ 4 FPANELS ~oT H ,\(\(L |
i o Y .
b

sccrion B-8

o g ® 30" =207 A @ 3.0 = 20" /2%
" 7 - LIGHTIWEIGHT COMCRETE
Ar“ p F7 s ! SA _ J-7 ,vn\{\ﬂi\\«hﬁh PESH
arr M«K%\X Lonm D [N A \QX /0
e - N L ik R e R
1 f T o . .
J \Q:&\\m R s el _.._M\L o 2 —
— # * — _:.._ 1 lb\\ S A 3,
T | 1 +_ L
Lt I “ Ly L F
| Nv_ f 1 \ . 8
. mwx\ i N _ O QL-wa X -/8//8  —
QL WKN 1148 )8 i la]
". — “ T , " SECT/ON cC-C Secr/or  L-D " rm
X ol e 33
. 9 @n.»&«\@%\\% _ ﬁm : |
NN " f; A GENERAL MNOTES - REFER 770 OLAWING B 5558
oo * Iaie) _:”._ ﬂ b wZa s @3t0” hm_\,Wm.m.um REVD STUD LOCATIONS §PANEL 752
M ! Al [ ! _.,ﬁ REV. [Z\1-1/-73 GENYL REV. & 4o0EL SEC. <ic;pip’ .
| “o _ £ o Qw-\w& \\.C._ II\*W& 4. ,_ REV [N 12-28-72 REVD 3 Srup CLuSTERS - PLH
Lo s i . . i RESEARCH AND  DEVELOPMENT  DIVISION
, : I .l
- lote, W el
‘ = ii — . HHROBERTSONER
o w%%l 1 L1l SECTIoNn Ol . AMBRIDGE , FPA.
. e H L2 : —
.l Ak L . O ot LA |EOQNOLITE 7HREE SEAM TES
N b-h oo it rl_ - - A —_
( oM@ on.ww.vﬁw_ __ _. | ,LJ _- S ——. COMPOS/TE LDECK £ STUO LAYC
| S— T .\ - ¥||;|_. |M\ __ il < ~ l“
[ ivtr| 2nts T |2 rgrwEiGar conors e
Qm.”l s D _ BATE /2-4-72 SCALE A 7o .5 DRAWING
- = ~ (Y, Ly ‘s OWN. BY LY pwoEcT 20/722/5/ -
- / % / SECTION O-D ckD. BY SNEET _/ ofF _2 5-322
CTYe) =
BRUNING so0m1

T
'



\0M§ , 537

\>— :
A
L
- - RELER T

SECTION L
(TyrrIcaL)

SEecrson L& GENERAL NOTES

WELDING pLlOCEIRE :

4 FSLOOR pLECK TO STRUCTVRAL STEEL

A PL-WKX SHALL SF FASTFEMNEDS 7O
SrEEL FRANMEM ORI [y WELOS A
L ESS THAL 2t g, @ /27o.c.

LIGHT WEIGH T -
SUIEAR STUOS 7O 8 WELDED [JC
ConNCRETE L\ Ae s SZEsH £ sruos GEANS fLANGE THROUGH THE MET.
: DECK. ALl WELOWKG 7O & A/
_ i L CCORDAASCE R TA AL CALLE
- - - SECTIONS Of ARS SPEC/F/ICATIOA
2 am e e QL- PP ~/E, OR os_ ol T
oL TR D B ex a s S
i [ . . MQ.
1L 1 G
:l/.LJ?// | , s ..».‘_.,
IRy o~% pra. <25 srwos i 5
_ L
W E x 28 vl " &
P 5 .
IR E RO MG ® g f&:?& R 4t
1 . ZONOLITE'S MOMOKOTE.
z i —Ecyor F-G REVIN 5-5-78 FEVD PANEL TYPES - L
ISEC o oy RESEARCH  AND  DEVELOPMENT DIVISIO
HEROBERTSON §2
BEAM X=THICKNESS o AMBRIDGE , PA.
NORTH 72" MOMOKOTE e
CENTER : 2" zozofoamw@ ZOMNOLITE THREE BEAM TEE
SOUTH ¢ * KOTE
¥ mMono COMPOS/TE DECK & STUD LAY
24 LIGHT WEIGHT CONCRETE
sate /2-4-72 scaLe M7 S, DRAYI
oW, by A4 pweaEeT 20/722/3/ .
Cx9. ay___ ___ SHEET 2 ofF _2 m um

BRUNING 4021



-c~13-

Assembly During Construction



S§{s38] 340499

a2044ng meOwa

-c~14-



-c~15-

HE

Y
S e

.
bR

-

Unexposed Surface Before Tests







[=3 =}
2 & e
w Himutes
3 8 o B
g E | |
o | g | k
o ) . : Yo g e S0 ) Fh 5 —
g ~ i S I ¢ A L n:uﬁu% . b = \ =
. : o A ] SR U A =
= > e 2d e ¥ ; ; E;
e e mea ,.nll;l,h»hlh.ll..l“m.huJ - = ; ‘ , 4 =
oot A vk s o 3 ; = . ! | 5 = =
8 , | . 4 s =
= , : : T .. = :
] —_ of -~ Joa : fl«l\‘ , = =
T [ Q. - .t+ ] ==
3 3 : : ! = ‘ \ =
: = 1 ~ o - ==
b A i =k o
: = e =
2 3 - \ =
.._ ,w = o : h ; n
I > j o - : \W =
: A —S— — ; | c =
T & 1 I ,ﬁ . : = - o
M ._ = = — | x , L9 "
o N -t : - \ - :
= : = E m e
S S s s -~ £
—— 2 8 " e - =
: , - ‘ - e : J— :
j— By Lo - =0 — = -
] = _, H ,
: S — 2 e D
| 21 al o e
- a - SN S - S - a ok \u.r
—— £ 2 yal 2
) S-S ~ ;
e e [
< : — | i 3,
= = S _ et o
P o | 1 S
—_—— Q H ———— - : n i
===1 - — =3l 3 e — ol
RS S T N = = N 3 -
: v} £ S et PN SN O w A
R N S . 1. - s
e [w g% = - i
= & Hgs : - . o o) U
— e G o+
J— S ! =3 .|m ) s
A e | — ° al e
2 = 2523 P - ] -~ i Ak
= : Z0 . B - E— MHH .
z LT Eequy [T - =F .
o i < Tl ag T = _— ! k = ) | f
N e B —— == T — —3 BY
= A - : = S== |
gl P i i} : = » |
m Tw e — 4w“_. .“ : | ‘— A. M | 1 o o —
2 | > M‘w‘l - ! S T i (- - L | — inant=3 R
: W = ~ , : " - It 4 :
= | .,. E 3 . — 1
- = ., — : S —— - T e : Yy
M | : : L g|955 = : e
, = ! = _, -
=i = z o . S
| A E W T -
= | s
L - VA . -




i
@
; ! 2! g
: W sl o 2
2 ! SN S
o | i c
o [N g o " g
7U g , 5
it 7 S, ;
e | | | E
- . o C-” " : w
aud £ | . _ :
e 3 | . :
~ < - z L g 5‘ NW
T Ea Y E i 3 " elz 8
= = B O s — IB _
RMMEH‘\? ” @84 et m -
e i ; ﬂ -
(=3 W oS- | g
Dm = ka :
2 g
2
°




7TA

T ] | T
_ ‘W ! |UTH
- ﬁhqx_ll. T+ (.<|Il_y#\‘ - 1 SR S A A
0ve 08T 0zT 09 0
i | 0
: | .
{
A | L P {
sanjexadws] pPo3RWTIISH - i} 4 =1 00z :
Prn - g ,
TR T 1
aanizeasdws] pspIoosy e \\.A BNRRE L] 0 v .
| |
] 00y '
) ®
4! ﬁ 11 m\\ L m.
Ea
A_, s
: , 0091 £ 1
W nEy i _ ‘ o
JRSNERED o i | L)
i o , ]
i | 1/
T i T |
L e - ARRRRRSRRRRRARRRRAREY . i
w Ma‘xW\x AL sunTvaadwal NOILOUS SSOMO WNWIXYH h» il
LT :
Vf% _ REEN ) « A zawm TALINED o
P T
i _
TTIT Vot R ORTH RRRATVR ORI @

-e~19-



T b T e S et : ——i— i
PRI e s i el B - — B s et it B s s e e | I S R Nt -
S S o S 5 LI ﬁ B — = I ———————— =

: SN . SN DO BT RE e o S S tas MR e M
—- ———— — ——— i — & * MG — —t T
i T R P A R T e
2 S ——f

|
|
|

— 0

i
]
N
THERMOCOUPLE  LOCATIONS
1 IR L L

iy R i W) p— Mains i et e R St et I b
L E iy - e <

Fire Enduronce Test

QCTOBER 16, 1973
Underwrlters’ Laboratorles, Inc.

b
0

SOUTH' _8EAM TEMPERATURES

L
|0




o Minutes

| \

l
|
i
|
I
i

Al

Il
1

|
|
|
\
|
\
i
\
1
\
\

|
U

VERTICAL DEFLECTION

FIRE QUT 254 MIN.

PO TTEITITR T

:
o - - { — J— J— .
‘ —° = :
; ; R I : psmm :
— . = f— — S— e L Tt St st —
o

Fire Endurcnce Test

OCTOBER 16, 1973
Underwritérs' Laboratories, Inc. 41t

|
|
(254 min) 4

|

i
i
|
IhN
L‘(dv\o(f
t

\\‘
l
|
\
|
\.
|

|
|

]

il

i

4 Off Center Beam
i
!
|
|
i
}
!
[
|
I
I
el

I

il
f

7

>l

| |
1

Itk

fiit

W‘f

I

|
I

-c~21-



R

.mﬁ_ﬁ,

—e~22-



S{S9] 1314V 80044NG PoasOdXsuU

{

-c~23-



R4339-41

4

T

-

¥OTYL [eTIorel

T

)L__l i
~e~24-

“——*UI - S$s8u

8/5-T

8/1-1

z/t

J
‘uUy ‘SsaUrOTYL

shuTyey weeg pauleIdsaIun

~ o e <

Y

wanmad BT QRRARECREARR &M




45 B At i

s




ABHEEENRETEHRRANT —FAH RN LB oMLY
WA FERERAHER
AP #2RHS2HB6A0R
AR —EEH KZIHE(—)
R HETERG KB ARBAEHNE
FTHEAKRE L
AERHR: %
BAHH:
lLEARAMEEY: ARPHEBENRARKANZ AR, %
RABRABREHANEAFEIRG KKBT; L EHheW
IEXBHBERR? AMAEH L5, 3z o
ER—AREBERA: RAERERAABKRER TS EE
BEI o ARALAMAWRBRAXSERASGH T LR KL
AR GBEYRZARERN B WG THH
METRAB, KABRAOHER -4, BLHEY
R & R AR BT R OB A7) ROE S8R 3 B & B
REGHEEMZ A RKXE, FLERSEELALH
H|ATR HEREE o
P HME AL SAERHKBZB LB TEHNYERF, &
HRUBARREBEABAANEBIERT T AE, A2 RBR
Eo X XEHSKENTE, REHAAELE o
FIR—HEKEA: SAEET B ERAM A9 Kk
CRARMAEHH S KEMBOLHELE, W
%2, AEMAMPARH K RET AL SRS HS
ARXBBEHEMES, FRBANEHBRAELLTZS
REE, BAEZSREE RGBT AR K
BRFPEERAEYRRL o o
SHRAGMRAL: BREABXKEREGAHER, B KEHE,
R EEABR, ERDEYHRRERAEMAE o

_d,\,‘l_



4,

AL BERAL: FEHEH4HEMN RKBEERAMAMZIR AR

XM EFARMRTE, BEEAHNDIN A REAFRK

B HA, ABREREFETEE, pTEREEHHZER

FR—HEEEAL: BHNARAFHARTCHIERAHAAZ
RE, BEHAERTRAYHE, BRLTREFRE
HAFHRLZIRAMAYLL, KAEZHALTEHLER
R HE LR RBREB N EAMNGBRAIRHERE R
B2 AR, RAFREEAEAEFBAEATRE
Rl B HERRARBENEE EEFRRE
@ EREHABAKRMSER, HHGEHEHNA
mE, THRLAEBE

PREAEY AL BANYRAEAMEA WA KA MFRR

FihEzEE PZRBEAVSEAZIERLE BRAOAKGEHLES

EXBR+LE AREBAANAROMMEL HAREKRLABERE

BAH%, RBEEMAFAZIMEERK, KAHZABCNS &%

HEAFSIEE, BEAADEBREIRMARAFR, #H#

BER o

BR—HEREL: BANRAEITRAKRERAINGTEF, £
BASTH UL RIBERTAAYE, A LRABTHE
B, mAKBEETHE KABY BB RAELT K
REiE, RERETUAEREZLRF YL o
AR PHMHBAZIRAZBERR LA R ELMZ
HH, pERAATTIAKETRRMTRHLE
&t KAMARBEREZ £ H o

_d,\,z_



