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FOREWORD

The sources of the information contained herein are the
published reports of fire tests conducted in accordance with the
standard methods of test ASTM E119 and BS 476 that are available
to the Division of Building Research at present. No tests, so far
as is known, have yet been conducted in accordance with CSA B54. 3(8),

A number of countries have adopted methods of fire tests
that differ in some respects from those recognized by the National
Building Code (4), Reports of these tests may be the subject of
further investigation.

Tests of assemblies that contain materials identified by
trade name only have been excluded from this paper because these
assemblies are not adequately identified by description.
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SPECIAL INTRODUCTION

THIS PUBLICATION HAS BEEN PREPARED TO BRING
TOGETHER IN CONVENIENT FORM A LARGE AMOUNT OF INFOR-
MATION SCATTERED THROUGHOUT THE PUBLISHED LITERATURE
ON FIRE ENDURANCE OF STEEL AND CAST IRON COLUMNS AND
BEAMS. IT IS INTENDED FOR INFORMATION PURPOSES ONLY
AND IS NOT TO BE REGARDED AS AN OFFICIAL LISTING OR
RATING. SUPPLEMENT NO.2 TO THE NATIONAL BUILDING
CODE PROVIDES SUCH RATINGS FOR COMMON MATERIALS AND
SYSTEMS CAPABLE OF BEING IDENTIFIED ADEQUATELY BY
DESCRIPTION, WHICH MAY BE USED IN THE ABSENCE OF
SPECIFIC TEST INFORMATION OR OTHER CERTIFICATION. BUT
THE DESIGNER, MANUFACTURER, OR BUILDING OFFICIAL MAY
FIND IT NECESSARY TO EXERCISE JUDGEMENT ON MATERIALS
OR SYSTEMS DIFFERING FROM THOSE FOR WHICH TEST OR
RATING INFORMATION IS AVAILABLE, AND IN SUCH CASES THE
INFORMATION NOW ASSEMBLED MAY BE USEFUL.

ALL THE TEST INFORMATION IN THIS PUBLICATION IS
INCLUDED WITH THE PERMISSION OF THE ORIGINAL AUTHORS
AND PUBLISHERS. IT HAS BEEN REARRANGED TO BRING TO-
GETHER CONVENIENTLY ALL THE RESULTS ON THE SAME OR
SIMILAR MATERIALS WHEREVER THIS IS APPROPRIATE. IN
MANY CASES THE DETAILED DESCRIPTIONS PROVIDED IN THE
ORIGINAL PUBLICATIONS HAVE HAD TO BE ABBREVIATED OR
OMITTED. REFERENCE SHOULD ALWAYS BE MADE TO THE
ORIGINAL PUBLICATIONS FOR VERIFICATION OF THE DESCRIPTION
AND METHOD OF TEST BEFORE PLACING GREAT WEIGHT ON
INDIVIDUAL VALUES. THE VARIOUS ITEMS ARE CROSS-REFERENCED
TO THE BIBLIOGRAPHY WHICH LISTS THE SOURCE PUBLICATIONS.
NO REPRODUCTION SHOULD BE MADE OF ANY OF THIS MATERIAL
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FIRE ENDURANCE OF PROTECTED STEEL
COLUMNS AND BEAMS

(A compilation of published information on fire endurance

of protected steel columns and beams by a number
of test methods)

by

M. Galbreath='=and W. Stanzak"w

STANDARD METHODS OF TEST

The three methods of test relating to columns and beams
that are accepted by the National Building Code are:

(i) ASTM EI119, Standard Methods of Fire Test of Building
Construction and Materials of the American Society for
Testing and Materials, Philadelphia, Pa.

(ii) BS 476, Part 1, Fire Tests of Building Materials and
Standards of the British Standards Institution, London,
England.

(iii) CSA B54.3, Methods of Fire Tests of Walls, Partitions,
Floors, Roofs, Ceilings, Columns, Beams and Girders of
the Canadian Standards Association, Ottawa.

The time-temperature pattern followed in each of these tests
is very similar though there are some differences in the details of the
test methods. A number of changes have also been made in the British
and American tests in the years since these were first developed.

ASTM E119

The ASTM E119 test method was first adopted in 1918. At
that time it did not include any special provisions for testing columns
or beams. The description of the method of test for columns was intro-
duced in 1926. This requires that the column tested be of the length
contemplated in the design and not less than 9 feet. The column must

Research Officer, Building Standards Section, Division of Building
Research, National Research Council

#*% Steel Industries Fellow, Division of Building Research. (First
holder of an industrial fellowship established by the steel
industry of Canada at the National Research Council,)




be loaded to develop theoretically the working stresses contemplated
in the design. There is an optional provision that the column may
be loaded to 13 times the working design load before the test is
undertaken.

An alternative method of test for columns, introduced in
1947, was intended to evaluate steel column protections that are not
required by design to carry any of the column load. In this test the
column is not subjected to load. The temperature of the steel is
measured by three thermocouples at each of four levels. The test is
successful if the average temperature of the steel at any one of the
four levels does not exceed 1000°F and if the temperature at any one
of the thermocouples does not exceed 1200°F,

Beams and girders have been tested as part of a floor
assembly since 1918. 1In 1953, an alternative test for protection of
solid structural steel beams and girders was introduced. This is
similar to the alternative test for columns and does not require loading.
The temperature of the steel is measured at four points symmetrically
disposed at each of four sections equally spaced along the beam. The
test is successful if the average temperature at any one section does
not exceed 1000°F and if the temperature at any one of the thermocouples
does not exceed 1200°F.

A method of test for ceilings was introduced in 1947. Where
there are no combustible materials above the ceiling the average
temperature on the lower surface of main structural supporting mem-
bers shall not exceed 1200°F and the average temperature of the top
and bottom of the members shall not exceed 1000°F.

BS 476

The British Standard Method of Fire Test was first adopted
in 1933. The time-temperature relationship is very close to that of
ASTM E119. The test method adopted in 1933 required that a column
or beam be subjected to 13 times the design load and that the test
element be exposed to a hose stream test. The test method was
revised in 1953 and the hose stream requirement was omitted and the
applied load was reduced to the design load. The minimum length of
column or beam in the British Test is 10 feet. The load is kept
constant throughout the heating period and is re-applied 48 hours
after the end of the heating period unless failure has already occurred.




CSA Bb54.3

The CSA B54.3 - Method of Test as it applies to tests
of columns and beams is very similar to ASTM E119 but differs in
the following respects:

(1) There is no provision for loading to 13 times the
design load before the column test

(2) There is no special provision for testing a ceiling
apart from the test of a floor and ceiling assembly.

(3) Temperature measurements in the alternate method of
test are taken at 5 levels on columns and at 5 sections
on beams, one level being at the centre of the member.

FIRE PERFORMANCE OF COLUMNS AND BEAMS

Columns and beams in a building on fire must perform a
structural supporting function not a separating function. The limit
on temperature rise on the unexposed surface that is required in the
fire tests of walls and floors does not therefore apply to columns and
beams. Failure of a column or beam occurs when it is no longer able
to carry the load imposed on it.

To a degree the fire endurance of a column may be increased
by reducing the superimposed load and reduced by increasing the super-
imposed load. In the case of structural steel columns protected by
concrete, the concrete may perform two functions:

(1) it may provide an insulating barrier between the
furnace and the steel, and

(2) it may carry part of the superimposed load.

Both of these functions contribute to the fire endurance of the column. If
the loadbearing capacity of the concrete is not taken into account in the
structural design the fire endurance of the column may be considerably
extended. In a series of tests by Malhotra and Stevens(6) the fire
endurance of combination columns (steel and concrete) has been studied.

The report of tests in Reference 1 makes it possible to compare
the fire endurance performance of similar steel columns, unprotected,
partially protected, and encased in concrete. These may be of assistance
in understanding the contribution of the concrete cover to fire endurance.
Protective covering materials that are weaker than concrete will
generally contribute only to the insulation of the steel. For materials
of this nature one of the major requirements is that the protective




covering remain in place during these fire exposure periods. It
may be noted that most of the masonry materials are either reinforced
in the joints or tied around with wire.

The following Sections contain summaries of test reports
referred to in this document.

TEST INFORMATION

SECTION 1

REFERENCE

Ingberg, S.H., H.K. Griffin, W.C. Robinson, and R.E. Wilson.
Fire Tests of Building Columns. Technologic Papers of the Bureau of
Standards No. 184, U.S. Department of Commerce, National Bureau of
Standards, Washington, 1921.

NOTES

The 79 tests in this series were carried out during 1917-1918
before the specific provisions for testing building columns were intro-
duced into ASTM E119. The test methods used were substantially the
same as the present provisions for testing loadbearing columns. This
is the largest number of tests in one series available at present and
is notable for:

(1) the variety of shapes and sections included,

(2) the number of unprotected and partially protected
columns tested,

(3) the variety of protective covering materials investigated.

Some of the more significant features of the tests are as follows. -

Firing

The furnace temperatures were controlled and came close to the now-
standard time temperature curve. Fewer thermocouples were used
and the furnace control may have been less exact than in present-day
tests.

Loading

It may be assumed that the colums were loaded in accordance with
the design procedures accepted at the time of the tests. A comparison
has been made (Tables 1.8, A and 1. 8. B) between the superimposed




loads applied in the tests and the design loads that would be applied
using the design methods set forth in the National Building Code
1965 (4), |

This shows that the loads applied during the tests were slightly
higher thanthose calculated by the design methods applicable at the
time. These applied loads were, in most cases, less than the
design loads imposed by present National Building Code formulae.

Some of the columns in this series were exposed to the hose stream
test. The results have not been reproduced here because none of
the test methods now recognized by the National Building Code
require a hose stream test for building columns or beams.

TABLE 1.1. A

RESULTS OF FIRE TESTS ON
UNPROTECTED COLUMNS

Load Sustained
During Test i
Furnace
i Time to
Test SECTION Nominal Area, e .. | Failure, Expo-
No. §q. In. Total | ORI | gr_3ph | _sure,
Load, “| Percent
Load, | 13700
Lb. g P
8q. In.
1 Rolled H....covovvvvinnnnnnn.. 10.17 75.8 | 119500 | 11750 | 01114 85.8
2 Plateand Angle................. 13.00 111.8 | 116000 | 8900 | 010} 97.0
3 Plate and Channel... 8.76 64.7 | 111000 | 12650 | O~14 10L 4
4 Latticed Channmel................ 7.78 44.0 | 111000 | 14250 | 0—11 101.1
5 | Z-barand Plate................. 9.32 8L.7 | 105000 | 11250 | 0—1414 100.0
6 | I-beamand Channel............. 10. 12 72,1 | 122000 | 12050 | 0—17 89.6
7 Latticed Angle... ............... 8,44 40.7 | 122500 | 14500 | 0—14 9.3
& | Starred Angle................... 13.27 108.5 | 124000 | 9350 | 02134 £9.0
9 Round Cast Iron. .. 14.73 68.2 95500 | 6500 | 03434 101.2
10 Round Cast Iron................ 14.73 682 |. 95500 | 6500 | 0—3414 101.7
10A | Round Cast Trom. ............... 14. 45 63.2 98500 | 6800 | 0—34}4 100.3
11 Round Cast Iron(Concretefilled). 14.73 68.2 95600 |..uuu...| 0—45% 103.1
Steel
12 Bteel Pipe (Concrete filled). ..... 6.93 63.9 | 114500 |........ 0—36 101.9
Concrete
R, 74
3 Reinforced Steel PIE: (Starred Steel
angles Imbedded concrete 18. 36 68.2 | 236000 |........ 1—11% 9.3
BINRY, .o enmecimeonss soaivin Concrete
40. 07 |

NOTE: Details of the steel, cast-iron, and 2pipe columns listed in Tables 42 to 42g are given in Figs. 1
:g 3411 zp. ég_—ig;, and Figs. 6and 7 (p. 22and 24). Further properties of the sections are given in Tables 32
P. b

* This represents per cent of area under ASTM Standard Time-
temperature curve




TABLE 1.1.B

DETAILS OF CONSTRUCTION OF
UNPROTECTED STRUCTURAL STEEL COLUMNS
1-EFFECTIVE LENGTH, 12 FT. 8 IN.

Least
Nomi- | Rudius
Teat nal of i
No. SECTION SECTION MEMBERS Area, | Gyra- r
8q. In. tw_[g‘
r, .

1 Rolled H ? Solid Rolled H, 8 in.—34}4 1b..| 10.17 zn 7.8

3 | Plate and Angle g 6% | 1 Plate, 34 by 0ib..vueesennnn.
4 Aogles, 3 by 234 by M in..... 13.00° | L% 118

|
t
2 | Plato and Channel 7| 2 Plates, 3 by 8in. ..eeuunsns
e 68| 2 Chtanaets, S Ta—ib. 21100 870 | 2.8 | ee7
g7
‘ 2 Channels, 9 in.—13% Ib. .....
4 | Latticod Chanoel g Singlalnttaioa.lf"by%‘m ........ T.78 | 8.43 | 4.0
Cjoy—

65 | 1 Plate, 3 by 63i0.....cc....
| 8 | Z-barsnd Plate } ! : 4 Z-bors, 3by X in... it 9.32 | 1.80 | BL7
' 14"

I-beam and 7 |1 Lbeam, Tin—181b...couuies
| ¢ Chasnel % % 7 | 2 Channels, Tin—osg b o[ 1042 | 201 | 72
| 1"z

4

7 | Latticed Angle :ll S Amlen Sy by SR ... s.id | 3 | w01

8 | Btarred Angle Ez@_tji

Angles, 3 by 3 by 34in.......
Pmte. bgrrﬂ%in’.i.......... 13.27 1.40 | 108.8
Plates, i by 34in. .. ...t

[ETE N




TABLE 1.1.C

DETAILS OF CONSTRUCTION OF
UNPROTECTED CAST IRON AND PIPE COLUMNS

Nom- Lens?
= inal | Effee- R.ndi- 1
eat Area,| tive |us of| 2
No. SECTION DETAILS 8q. | Length,(Gyra T
In. | L In. | tiom,
r. In.
? | Round Cast Iron, Eads restraiced 14.73] 152 2.73 | 03.3
Horizontally cast
10 | Round Cast Iron, Ends not restrained 14.73 152 |2.23 | 08.2
Horizontally cast
10-A| Round Chst Iron, Ends not restrained 14.45 1503f | 2.38 | 63.2
Vertically cast
[
Ends not restrained
B Beund Ot T Concrete, 1:2:4 14.73 152 | 2.23 | 68.2
ArHOnta Ly euat, Tortland cement
Concrete filled Joliet sand !
Joliet gravel i I
. Ends not restrained Steel i
12 | Steel Pipe, Concrete, 1:115:3 6.03
Concrete filled Portland cement Con- | 140 2.34 | 830
.| Cambridge sand creto
Westfield blue trap .
_ Ends not restrained Bteel
13 | Reinforced 4 angles inside pipe, 18.30
Steel Pipe, 313 in. 313 in. 34 in. Con- | 1528 | 2.24 | 68.3
‘Conerete Concrete same a3 ?or No. 12 drete
filled 40,1
] i

TABLE 1.2. A

RESULTS OF FIRE TESTS ON
COLUMNS PARTLY PROTECTED BY CONCRETE

*Protection Ago of Load
: Tima to | Furnace
Teat SECTION Caver- | Sustained | paqnre | Exposure,
No. ing, | During gy yon [ “Percent
Mixture { Kind of Concrete Days | Test, Lb. ‘ 4l
!
1 Rolled H.......... 1:2:4 | Joliet gravel.........| 403 119509 1 — 0ilyg] 85.1
15 Rolled H.......... 1:2:4 | Rockport granite...,| 407 119500 " — 4844 L5
16 Plate and Angle...| 1:214 | New York trap..... | 418 116000 0 — 4414 94.8
17 Plate and Angle...| 1:134:4%4 Yard coslcinders...| 408 116000 0 — 4134 99.6
18 | Latticed Channel..] 1:2:4 | New Yorktrap...... 418 111000 2—5 98.1
19 Z-bar and Plate.... 1:3:5 | Chicago limestone...| 414 105000 1 — 07y 95.8
20 I-beam and
Channel......... 1:3:5 | New York trap...... 415 122000 1 — 2ig  100.2
21 I-beam and
..... eens| 18 | New York trap......| 416 122000 1 — 213 99.6
22 Latticed Angle.... 1:2:4 | Chicogo limestone...| 408 119500 5—14 2.2

*Re-entrant portions and interlor filled with concrete.




TABLE 1.2.B

DETAILS OF CONSTRUCTION OF
COLUMNS PARTLY PROTECTED BY CONCRETE

PROTECTION
'll;est SECTION
0.

Mixture Mnterial

. Portland cocment
1:2:4 Joliet sand
Joliet gravel

1] Rolled H

Portland cement
1:2:4 Plum Island rand
Rockport granite

Portland cement
1:2:4 Long Island sand
New York trap

15 Rolled H

18 Plate and Angle

Portland cement,
1:134:434 Long Island sand

17 Plate and Angle
Hard coal cinders

Portland cement
1:2:4 Long Island sand
New York trap

18 | Latticed Chanel ¥

No S WII"E_-A )
PR Portland cement
10 | Z-bar and Piate pp tonedlel | 135 | Fox Riversand
Mol | Chicago limestone
—y—d
Portland cement
2 | Ibeam and Chansel LA 13:5 | Long Island sand
L2 iy New York trap
l—»_ —ty 7
P 2id i Portland cement
a1 I-beam and Chaonel — 1:3:8 Long Island sand
New York trap
Portland cement
a Latticed Angle 1:2:4 Fox River sand
Chicago limestons

NOTE: The horizontal ties, consisting of }-inch bars or No. 5 wire, are bent around or wired to the
vertical -inch bars, and are spaced 18 inches apart vertically.




TABLE 1.3. A

RESULTS OF FIRE TESTS ON
COLUMNS PROTECTED BY CONCRETE

Protection Age of Load
Pest CEe . |Bustained| Timeto | Furnace
No SECTION in Failure, | Exposure,
: Thick- | Mix- | RKindof | ;i€ | Test, |Hr.—Min.| Percent
ness,In.| ture Concrete Y Lb.
28 Rolled H...... 2 1:2:4 | Chicago 437 119500 | 6 — 333 06.9
limestone
28A | Rolled H........... 2 1:2:4 | Chicago 438 110500 | 7 — 08%) 95.2
limestone
29 Rolled H........... 2 1:2:4 N:w York 435 119500 4 — 38Lg 99.5
rep
30 Rolled H..... S 2 1:2:4 | Jollet 439 119500 7—16 99.2
gravel
31 Rolled H........... 2 1:2:4 | Cleveland 500 119500 4 — 1144 90.4
sandstone
32 Rolled H........ - 2 1:2:5 | Hard coal 503 119500 | 3 — 44 101.3
cinders
32A | Z-barand Plate 2 1:2:5 | Hard coal 497 105000 4 — 02 100.5
cinders
33 | Rolled H........... 4 1:2:4 | Chicago 450 119500 8§ — 08 99.2
limestone 1431000
33A | Rolled H..... sesn o 4 1:2:4 | Chicago 455 119500 | 8 — 073 98.8
limestone 3405000
H Rolled H........... 4 1:2:4 | Rackport 452 119500 758 98.6
granite
34A | Rolled H......... o 4 1:2:4 | Rockport 454 119500 1T—23 102, 5
granite
35 Rolled H........... 4 1:3:8 | Chicago 504 119500 8 — 07 101.3
limestone 1348000
Plate and Angle.... 2 1:2:4 N::; York 45 116000 3 — B3y 100.3
P
37 | Plateand Angle.... 4 1:2:4 | New York 503 116000 | 7 — 3434 09.9
round trap !
| a8 Plateand Channel.. 2 1:2:4 | Joliet 449 *116500 5 — 28841 100.2
gravel
39 Plateand Channel.. 4 1:2:4 | Meramec R. 436 *116500 3 — 4134 98,3
gravel
40 Latticed Channel .. 2 1:2:4 | New York 501 111000 77— 857 09.1
round trap
41 Z-bar and Plate.... 4 1:3:5 | Chicago 451 105000 | 8 — 243¢ 09.6
» limestone 1332000
42 Z-bar and Plate.... 4 1:3:5 | Chieago 453 105000 8 — 1144 8.5
limestone 1333000
43 | I-beamand 2 1:2:4 | Cleveland 456 122000 | 4 — 11 98.7
Channel sandstone }i]
44 | I-beam and 2 1:3:5 | Cleveland 458 122000 | 3 — 4 100.6
Channel sandstone
45 Starred Angle...... 2 1:2:4 | Meramec R. 447 124000 1—47 99.7
round gravel
46 Latticed Angle.....| 12 1:2:4 N:w York 451 122500 | 6 — 4314 99.0
3 rop
47 Round Cast Tron. .. 2 1:2:;5 | Hard coal 446 95500 2 — 48%] 9.6
cinders

* Heavier 10ad used as plates have 1/32 in. greater thickness than nominal.
I 2-in. outside rivets, 31¢-in. outside angles. .
Load necessary to cause failure of column. After 8 hr. the load was increased until failure occurred.




TABLE 1.3.B

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY CONCRETE

PROTECTION

Test SECTION

No. n
Thigkness, | pfirturo Material

Portlana cement
2 1:2:4 Fox River sand
4 . Chicago limestone

Portland cemont
2 124 Fox River sand

MA Rolled H
Chicago limestone

Portland cement
N Rolled H 2 1:2:4 Long Island sand
New York trap

“&r?"“q.-; Portland cement
30 | Rolled B F il IO 2 1:24 | Joliet sand
ﬁ a-1,0- by e Joliet gravel
-":}9 0] o Portland cement
31 Rolled H LT ) 2 1:2:4 Pelee Island rand
= Cleveland sandatone
Ll
Portland cement,
2] Rolled H 2 1:2:5 Long Ieland sand
Hard coal cinders

Portland ccment
2 1:2:8 Long Island sand
Hard coal cinders

82 A | Z-bar and Plate

‘ 124 | For Riversand
433 ‘ox River san

a3 Rolled H Chicago limestons

ﬂ- : aj .

o Emrm——

o |, o Portland cement
B5A | Rolled H P e o . 1:24 | Fox River sand

. - > . hicago limestons

L T o
B - . O ‘o
§ 7

NOTE: Ties where usod are of No. 5, B. & 8. gage, steel wire, wound spirally on a pitch of 8in,




TABLE 1.3.B (Cont'd)

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY CONCRETE

PROTECTION
™ SECTION
i Thie%mmu. Mixture Material
n.
e gt -0 A Portland cement
M Rolled 1 R o 1 1:2:4 Plum Island sand
i ,"—"A.\a Rockport granite
- S . N I Portland cement
A | Rolled H L Ey - 4 1:24 Plum Island sand
s} Roclport granite
Y.o.'e: Portland cement
B3 Rolled B 16— i 1:3:5 Forx River
Chicago limestone
80 Plate and Angle Portland cement
2 134 Long Island sand
New York trap
Portland cement
87 4 1:2:4 Long Island eand

New York trap

Dt g O
(I BT
88 | Plaie and Channel tols ilak s 1:2:4 ﬁﬁ“ﬂrmm
B -__a:'-. Joliet gravel
e—
. 124 | Hommmes Riversasd
; 2 00 River
39 | Plateand Channel] , Mearameo River gravel

NOTE: Wiro ties are of No, 8, B. & 8. gage, steel wire, wound spirally oo a pitch of 8 fa.




TABLE 1.3.B (Cont'd)

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY CONCRETE

PROTECTION

-t BECTION
s Thicikuess. Mizture Material
n.

Portland cement
2 1:2:4 Long Island sand
New York trap

41 Z-bar and

Plate Portland cement

4 1:3:5 Fox River eand,
Chicago limestone

42 Z-bar snd

Plate Portland ccment

4 1:3:6 Fox River sand
Chicago limestone

43 I-beam and
Channe

Portland cement
2 1:2:4 Pelee Island sand
Cleveland sandstone

“ I-beam and

Channel Portland cement

= 3 1:3:5 Peleo Island sand
T Cleveland sandstone

Portland cement
2 1:2:4 Meramec River sand
Meramec River gravel

45 Starred Angle

2-in.

outside

riveta,
4 | Latticed Angle . 1:2:4 }’3;;"1‘;&,,“3“‘3&

-in.
bt ot New York trap
angles.
Portland

47 Round Cast Iron ] 1:2:5 !.grng In]a.?dmn::}i

Hard ooal cinders

NQTE: Wire ties where used are of No. 5, B. & 8. gage, steel wiro wound spirally on & pitch of § in,
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TABLE 1.4. A

RESULTS OF FIRE TESTS ON
COLUMNS PROTECTED BY BRICK

Age of | Lend
Thickness . ~ : Time to | Furnace
Test | SECTION | ‘of Brick, Kind o inecand | Cover- | Sitained _Filure, | Exposure,
In. Days | Test, Lb. Hr.—Min.| Percont

63 Rolled H.. N Chicapgo common brick set B8 119500 1— 48 1M0O

om euge and end

rick 6}
L] Rolled H.. L Cl;’h:agn common brick Iald 52 119500 7= 3% 1012

at

Brick fill

TABLE 1.4.B

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY BRICK

Thick-
Teat pess of . .
No. BECTION Be;iscl?. Kind of Brick Filling
.
I - Chicago common brick set
68 Rolled H I F2%4 on edge and end Chi common
Cul 44-in. mortar on fanges brmo
135
*
mass — Chieago common brick
L] Rolled H 8 % n Iaid flat Chi common
ﬁ ¥4-in. mortar on flanges bri
163"

NOTE: The mortar consisted of 1 part Portland cement, 1 part lime putty and 4 parts bank sand.




TABLE 1.5. A

RESULTS OF FIRE TESTS ON
COLUMNS PROTECTED BY HOLLOW CLAY TILE

Protection
. Age o Time to | Furnace
Test SECTION Cover- Sustained | Timo t0

Exposure
No. Thick- | 104 of Tile, Filling, | 478 g | Hr—Min.| Percent

,f'iﬁs]‘;‘_ and Method of Tying Days

48 Rolled H.,........ 2 New Jersey semi-fire
o000 g00gaaanacoge 496 119500 1— 50 100.9

Outside wire tles
49 Rolled ... a 4 SamensNo. 48........ 497 119500 1—40 9.9
50 Plate and Angle... 2 Surface clay, Boston. .| 494 116000 1 — 05 99.8
Granite concrete fill
No ties
50A | Plateand Angle... 2 Sameas No. 50....... 505 *117500 1 — &8l 1018
51 Plate and Angle. .. 1 Surface clay, DBoston 487 116000 2 —17%| 10L8
Granite concrete fill
Outside wire ties
51A | Plateand Angle... 1 Same as No. 5l........ 507 116000 2 — Silgl  100.5
b2 Plateand Channel. 2 Ohio shale 513 111000 1 — 40%] 100.2
Cinder concrete fill
Outside wire ties
Plateand Channel, 4 Same as No. 52........ 495 111000 1 — 2254 103.0
Lattlced Channel, . 2 Ohio semi-fireclay....| 489 111000 | 3 — 178 10L1
Trap conerete fill
Outside wire ties
55 Z-bar and Plate.... 2 Ohio semi-fireclay....| 485 105000 3 — 483 9.5
Limestoncconcrete All
Outside wire ties
56 Z-bar and Piate..., 4 Ohlo semi-fireclay....| 491 105000 3 — 334 100.3
Limestoneconcrete ill
Wire mesh in joints
57 I-beam and Surface clay, Chicago..| 491 122000 | 3 — 23 100.0
Channel......... 4 Limestone concrete fill
Outside wire ties
58 I-beam and Surface clay, Chicago..| 502 122000 4 — 3551 10L.7
Channel.........| Two2 | Hollow til¢ fill
Wire mesh in Joints
50 I-beam and Surface clay, Chicago..| 480 122000 1 — 3384 10L.2
Channel......... Two 2 | Hollow tile fill
Outside wire ties
60 Latticed Angle.... 2 Ohlo semi-fire clay, .. 487 122500 3 — 0dlg  100.4
Traop concreto  fill,
placed before tile was|

sob
Outside wire ties

61 Latticed Angle. ... 2 Ohio semi-fire clay....| 501 122500 0 — 503 100.3
No filling
Outside wire ties

62 | Round Cast Iron.. 2 Porous semi-fire clay,
round New Jersey......... 483 95500 4 — 1114 . 101.3
No filling

Outside wire ties

63 Round Cast Iron. . 2 Semeas No.62........ 493 : 95500 2 — 5744 100,06

8

76 Rolled LH.......... 2 Ohioshale; Ohio semi-
fire clay; semi-fire
clay, New Jersey.... 42 119500 4 — 2514 8.1

Limestoneconcrete fiil

Wire mesh in joints

Tile covered with 3{-in. é
layer of gypsum pias-
ter

7 Plate and Angle 4 Semi-fire clay, N. 1i;
surfaceclay,Chicago;
surface clay, Boston, 45 118000 4 — 42y 97.3

Limestonsconcrete 011

Wire mesh in joints

Tile covered with §-in,
layer of lime plaster

|
. * Heavler load used as plate has 1/32 in. greater thickness than nominal.




COLUMNS PROTECTED BY HOLLOW CLAY TILE
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TABLE 1.5.B

DETAILS OF CONSTRUCTION OF

Test, Thick- " -
No. SECTION neas of | Kind of Tile and Method Filling
3 Tile. In. of Applieation
=l=1=] =I=] '1
=
a 0j | .
0 a Bemi-fire clay, New Jersey|
45 Rolled H 10 i 2 intric No flling
-} 34-in mortar on flanges
== === Ontside wire ties
= ey
E[ L m—_ Semi.-fire clay, New Jersey
D district
4 | Rolled H D D |7 4 | %-in. mortar on flanges | No filling
|
175
= Jurlace clay, Boston 1:3:5 concrete
T T district Portland cement
Plato and Angle - a 14-in. mortar on flanges Plum Island eand
l 3 Rockport granite
B0-A | Plate and Angle 2 Same as No. §0 Same as No. 50
Surface clay, Boston 1:3:5: concrete
district Portland cement
4 13%-in mortar on flanges Plum Island sand
Qutside wire ties Rockport granite
4 Same as No. 51 Same as No. 51
Obio shale 1:2:5 concrete
34-in. mortar on flanges | Portiand cement
2 QOutside wire ties Long Island sand
Hard coal cinders
Ohio shale 1:2:5: concrete
4 1-in. mortar on flanges Portland cement
Qutside wire ties Long Island

Hard ooal cinders
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TABLE 1.5.B (Cont'd)

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY HOLLOW CLAY TILE

Thiek- | Kind of Tile and Method
i SECTION nessof | of Application Filliog
Tile, In.
o o " lP:S:SIco?icrete.
jo semi-fire elay 'ortland cernent
&1 Latticed 2 Outside wire ties Long Isiand sand
Channal New York trap
1:3:5: concrete,
Ohijo semi-fire clay Portland cement
B3 Z-bar and 2 Outside wire ties Fox River sand
Plate Chicago limestone
Ohio semi-fire clay 1:3:5: concrete,
1] Z-bnr and 4 34-in. wire mesh in hori- | Portland cement
FPlate zontal joints Fox River sand
| Chicago limestone
Surface elay, Chicago | 1:3:5: concrete,
w I-beam and 4 district Portland cement
Channel Outside wire ties Fox River sand
Chicago limestone
Surfaco clay, Chicago Hollow clay tile,
district 2 by 12 by 6 in, a%
34-in. mortar on flanges at ends
54 I-beam and Two | ¥-in. wire meshin hori- | 3 by 12 by 6 fn. at
Ch i 2-in, zontal joints sides
Surlace clay, Chicago | Hollow elay tile,
1] I-beam and Two district 2 by 12 by 0 in. at
Channel | 2-in. | 34-in. mortar on flanges | _ends i
Outside wire ties 3 b;é 12 by 8 in. at
stdes




COLUMNS PROTECTED BY HOLLOW CLAY TILE

2 |7

TABLE 1.5.B (Cont'd)

DETAILS OF CONSTRUCTION OF

Thick-
Test - Kind of Tile and Method ks
No, RECTION 193:“ f,: of Application Filling
1:2:4: conerote
Ohio semi-fire clay Portland cement
&0 Latticed 2 t4-in, mortar between fill| Long Island sand
Angle and tile New York trap
Qutside wire ties Fill placed
tile was
61 Latticed 2 Ohio semi-fire clay No filling
Angle Outside wire ties
Porous semi-firo clay,
63 Round Cast Iron 2 New Jersey district No filling
3-in. mortar |
Outside wire ties
o Round Cast Iron 2 Same ns No, 62 No filling
Ohio shale: Ohio eemii-fire
clay; semi-fire clay, New
Jersey distriet 1:3:5: eoncrete
8{-in. mortar on flanges Portland cement
18 Rolled H 2 34-in. wire mesh in hori-| Fox River sand
rontal joints Chiccgo limestone
Tile covered with a 2-coat,
34-in. layer of 1:3 gypeum
nster
Semi-fire clay, New Jersey;
surface y, Chicago;
surface clay, Boston dis-|
trict 1:3:5 concrete
77 | Plateand [} 134-in. mortar on flanges | Portland cement
Angle }Hn.uv;ﬂ;: Eesh in hori- F%xi River sand
EON n cago li toneg
Tile covered with a 2-coat,
-in, Iayer of 1244 lime
!?E_‘ plaster

NOTE: The mortar used in setting the tile conaisted of 1 part Portland t, I li
and 4 parts fine beach or bank sand, LA coment, 1 part limo putty




TABLE 1.6. A

COLUMNS PROTECTED BY GYPSUM BLOCK

Protection |
Test Thickness é\j“_’e‘:f Su{;&g oq| Timeto | Furnace
No. | SECTION | of Block, in During Failure, | Exposure,
: In. Kind of Block, Fillingand | p, g's Test, Lb. | Hf-—Min.| Percent
Method of Tying ay =tk
64 |Rolled H..| 4 Western gypsum (solid) | 502 | 119500 | 4~ 4334 1045
Hollow gypsum block fill
Wall ties in joints
65 Plate and 2 Western gypsum (solid 505 111000 2 — 214 1045
Channel Bolid gy‘;&'.unl block l‘.'lll) i
Wall ties in Joints
66 Latticed 2 Eastern gypsum (solid) . 485 111000 2 -3 10L.¢
Channel Poured gypsum Al
Wire mesh in joints
67 Rolled H.. 4 Soame ns No. 66 492 119500 5 = 3144 1012
67A | Rolled H.. 4 Sama as No. 68 491 119500 6 — 2414 9.7

TABLE 1.6.B

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY GYPSUM BLOCK

Thielk-
Test Dess of Kind of Gypsum and .
Mo. BECTION Bl}’:‘“ Metbod of yprliaation Filling
Western gypsum (solid)
o4 Rolled H ' !é;in. mortar on flanges Hollow Weatern
rrugated wall tiss in gypoum blogk
horisontal joints
: 3 Western gypsum (solid)
[ Plate and A 2t 2 1-in. mortar on flanges = | Bolid Western
Cbanasl i Corrugated wall ties in gypsum bloak
horizontal joints

RESULTS OF FIRE TESTS ON
|
|
I
|

Enstern gypsura (solid) | 1:1:4
[ ] Latticed 3 3{-in, mortar on lattice Caleined Eypaum
[ Channel 34-in. wire mesh in horizon- | Finelake sand
tal jointas Broken gypsum
block
155
Faastern gypsum (solid) 1.1:4,
[ 14 Rolled H e 4 -in. mortar oo flanges ined gypoum
-3 Ry 7t ’ -ini. w_ir:.nuuh in horizon- Eiak:lh sand
e I tul join TOl £ypsum
L Ol { block
67-A | Rolled H ‘?g_ [} Bame na No, 67 Same as No.87
T

NOTE: The gypsum blocks were set in mortar oonsisting of 1 part by volume of neat unfibered
calcined gypsum and 3 parts fine lake sund.
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TABLE 1.7. A

RESULTS OF FIRE TESTS ON
COLUMNS PROTECTED BY PLASTER ON METAL LATH

| Agoof| = Lond Time to | Furnace
'11;."‘3" SECTION | Protection Cover-| Sustained | pyi1uce | Exposure,

Ing, Durin
| Days | Test, Lb. Hr.—Min. | Percent

23 Plate and Angle...| Two 2-coat layers of Portland 508 *117500 2 — 52 103.1
coment plaster on expanded
metal lath, each layer 1 in.
thick, with a 3{-in. air space

between layers |

% Plateand Channel.| Two 2-coat layors of Portland 405 111000 2—-2 1018
cement plaster on woven wire
lath, each layer 74 in. thick
withe 24-in.airspace between
layers

25 | Z-barand Plate...| One2-coatlayer of Portland ce- | 484 105000 1 —omg 1037
ment glaster, 1 in. thick, on
expanded metal lath

20 Latticed Angle....| One2-coatlayer of Portland ce- 497 122500 1 — 234 104.2
ment plaster, 134 in. thick, on
expanded metsi lath

w Round Cast Iron..| One2-coatlayer of Portland ce- 408 85500 2 — 58 9.3
ment plaster, 1}4 in. thick on
high ribbed expanded metal
lath with a Y-In. broken air

space

* Heavier load used as plate has 1/32 in. greater thickness than nominal.

TABLE 1.7.B

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY PLASTER ON METAL LATH

'Il;‘ml SECTION *PROTECTION
a.

Two 2-coat layers of Portland cement plaster
on No. 24 expanded metal lath, each layer
1 in. thick, with s 3{-in. air space between

3 Plats and Angle !
ayers

Two 2-cost Inyers of Portland eament plaster

on woven wire lath, 3¢-in. mesh, each layer

e o T4 in. thick, with a 3{-in, air space between
- nyers

i Plate and Chaonel

.
£

25 Z-bar and Plato One 2-coat layer of Portland coment plaster,

1 in. thick, on No. 24 expanded metal Iath

26 Latticed Angle One 2-coat layer of Portland cement plaster,

114 in. thick, on No. 24 expanded metal lath

ar Round Cast Iron

Column Boction same as No. 9 One 2-c0at layer of Portland cemenf;sluhar.

134 in. thick, on high ribbed expanded metal
lath with Y4-in. broken air space

“The plaster consisted of 1 part Portland cement, 1/10 part hydrated lime, 2 ts lak
sand. Hair was used in the first coat; the second coat was t.rom:vrello‘é -::mothl.mp' o SR
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SECTION 2

REFERENCE

Mitchell, N.D., Fire Tests of Columns Protected with
Gypsum. Research Paper RP 563, Bureau of Standards. Journal
of Research, Vol. 10, June 1933.

NOTES

This includes results of 6 tests on steel columns protected
by gypsum block masonry. Time to failure by collapse and temperature
of the steel at the time of failure are both recorded.

TABLE 2.1. A

RESULTS OF FIRE TESTS ON
COLUMNS PROTECTED BY GYPSUM BLOCK

Protective covering Temperature at time of faflure
Exposure, Period
Column | yoog1 Thickness | Net area percent of Time to %ﬁg’t‘;‘f“ Averago Average
no. over of of expan- (ailure tempersa- at the for
Kind 1 flange of column | standard on ture in hottest sections
column, and column of 4 N, M,
average | covering flanges sections and T
Lb, !m ' Inches 8q. inches Hr.min, | Hr.mia. °C. °C. °C.
1 Monolithic wood-fibered gypaum conerete, plastered .. .. 2% 130 100 6 30 6 54 700 620 654
| 2. Hollow gypsum block, plasteted; B0 fll........._._....| 129 123 100 5 00 5 10 (ORIl SEE, T p—
| 3. Solid gypsum block, p]&s‘tﬂwd filled 2.9 1563 100 5 30 5 47 578 © 568 654
4 Hollow gypsum block; no fill; no plastar. & $2.2 ™M 161 2 52 2 52 558 546 514
5. Solid gypsurm block, plastmd; ne fll_. 24 107 100 4 05 4 21 574 565 543
8 Bolid gypsum block; no fill; no plaster. 84 103 2 3 2 33 587 569 508

o ls;l;hz‘; ‘i’n;’ZW;&)lleblmllld computed by the American Institute of 8teel Construction formula, based on an elfective length of 124 inches and least radius of gyration of 1.36 lnches
T = S s./in.?

1 See fig. 2 for details of constraction.
3 The gross thickness of covering of column no. 2 was 3% inches.
¢ The measurements of temperatures of column no. 2 wers not reliable.
$ The gross thickness of covering of column no. 4 was 3 inches.
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FIGURE 2.1.B

DETAILS OF CONSTRUCTION OF
COLUMNS PROTECTED BY GYPSUM BLOCK

} I=dirn mesh, I4dgage
ToNe Y wolded wire fabric

LT | hogdingypsum concrefe i

Wire larh strjps If"-<-'“-l. T Jm

2. gypsum blockl =%~

I

N T i plaster

COLUMN NoO. 2 COLUMN NO.4

Martar ogoinst flanges
at foints only

Holes for cramps =i gl |11
driffed into 2-in. E

solid blocks ’
=~ 2{-/}7 plaster

COLUMN NO.5 COLUMN NoO.6
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SECTION 3

REFERENCE

Mitchell, N.D., Fire Tests of Steel Columns Protected
with Siliceous Aggregate Concrete. Building Materials and Structures
Report, BMS 124. U.S. Dept. of Commerce, National Bureau of
Standards, Washington, 1951.

NOTES

This relates to 4 tests on steel columns with siliceous

aggregate concrete cover tested under load. The tests were conducted
at the National Bureau of Standards, Washington, and reported in 1951.
The clear and milky quartz aggregate was selected as an example of
almost 100 per cent quartz crystals and did not resemble regular con-
crete aggregates. The mix had to be adjusted to make the concrete
workable. Details of the construction and fire endurance periods are
shown in Table 3.1, A,
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SECTION 4

REFERENCE

Mitchell, N.D., and J. V. Ryan. Fire Tests of Steel Columns
Encased with Gypsum Lath and Plaster. Building Materials and Structures,
Report BMS 135, U.S. Dept. of Commerce, National Bureau of Standards,
Washington, 1953,

NOTES

This includes results of 16 tests on steel columns protected by
plaster on gypsum lath. The columns, with two exceptions, were tested
without load using the alternative method of test of ASTM E119 (1947).

Two of the columns were tested under load providing a means of comparing
the two test conditions.

TABLE 4.1. A

RESULTS OF FIRE TESTS ON COLUMNS
PROTECTED BY PLASTER ON GYPSUM LATH

]
Steel column Gypsum lnth Plaster Total Test results
) protec-
t“{."ie tve | e
Test abric Strength ; thick- [ AFe Inten-
bes| Ry ’ Thick. | Num. | fin P dieis Y horrot | e | mest | 0% | B ioing | B sy o)
pased | Section | Load Type Tongth| "N | boe of | foroe | ppgrogute | Mixt T pf] nes | luth et | point | of sy
fengkh layors Smbc.hi Brown | cauts ? | eonts nmr o | Hme | expo- | pimgy

ftin. i ftin| in. Ibfin.a | lbfin3 in. in. | Days hr min | Percent] he min

273 8 1| 10WF4p 40 ag 1 A 740 740 1 W T 28 1 7ill 3

24 8 1| 10WF40 40 4 1 A 740 740 1 i 1 28 32 97.9| 1 30

275 8 1| 10WF49 0 I 1 B 400 400 1 1 1% 35 18| 10.4| 2 17

276 8 1| I0WF49 1 ;‘) 2 B 800 #00 1 I 2 3 56 97.8| 3 &0

7 8 1| 10WF4p 1 & 1 B 520 1%0 2 14 2 7 8| 1003| 3 39

278 8 1| 10WF49 | None |.._.. do._.__.. 8 1 b 2 ¢ 340 400 2 14| 235 4 40| 100.8 | 4 42

29| 10 4 6H20 | 80,500 |...... do ... 10 0 L 2 C 560 130 2 144 243 M 20| 100.1 | 4 2

B0 | 10 4| 10WF49 a0 | ___do......] 10 0 %z F 0 580 380 2 1 L 283l 49 37| 100.5| 4 38

288 | 8 1| 10WF49 | None | Ferforated.. | 4 0 ; 1 C | L8 800 2 14 1% 34 39| 1000 2 a0

289 8 1|10WF49 | None | Plain.___....| 8 1 14 2 (o} 1,030 890 2 134 1% 37 32| 100.2| 3 32
292 8 1| 10WF40 | None | Perforated. | 4 0 £2 1 C 1,370 730 2 134 ‘}}i 30 48 Mme| 2 48 »

293| 8 1|JOWF49 | None | Plain ....._| R 1 Vi 2 e | Law 0 2 134 A4 40| 1006 3

204| 8 1| 10WF40 | Noma |....do .| R 1 b 2 Q 630 300 2 13 2%l 52 16| 100.0| ¢ 18

302| 8 1|10WF48 | None | Porfornted. | 4 0 g 1 c 730 440 2 133 1% 42 | 1002 2

08 8 1|10WF40 | None |.....do..... 4 0 I 1 C 1,330 800 2 3 0% 67 28| 1000 2 28

kil} 8 1 |10WF49 | None |.._.. do.......[ 40 M 1 C 1,280 090 2 14 4l 60 42| 1006 3 43

1 Mix A: 1part of gysum plaster to 215 Puruofnggregste (sand) by welght applied doubled back to thickness. Mix B: 134 {t 3 (onc 100-1b bag) of gypsum plaster to 235 {1 of aggregate, Mix C: Scratch
cvat of 134 (L1 of gypsum plaster to 2 fi 3 of aggregate: brown coat of 114 {t 3 of gypsum plaster to 3 ft  of aggregate.

3 All columns Were fini with 44 1n. of whitecoat pluwr‘ mixod 3 parts of llme putty to I part of gaging plaster by volume.

2 The wi bric reinforcement and corner beads were applied ida of the teh-coat plaster,

¢ The averago tomperature of 1,000° F at one level was observed at the same Lime that faflure under load occurred.

L

Tests in accordance with ASTM E119-47
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FIGURE 4.1.8B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY PLASTER ON GYPSUM LATH
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FIGURE 4.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY PLASTER ON GYPSUM LATH
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SECTION 5

REFERENCE

Ashton, L. A., and N. Davey. Fire Tests of Steel Columns
from "Investigation of Building Fires, Part V. Fire Tests on Structural
Elements". National Building Studies, Research Paper No. 12, H. M.
Stationery Office, London, 1953.

NOTES

This includes results of 61 fire tests on steel columns con-
ducted at the British Fire Research Station. The tests were made between
1936 and 1946 in substantial accord with BS 476 (1933). Some deviations
appear to have been made in the loading conditions in certain cases where
special features were being investigated. In order to assist the designer
in relating these fire tests to present construction practices, a compari-
son has been made between the load applied at the time of test and the
load that would be required by structural design in accordance with the
National Building Code 1965.
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FIGURE 5.1.B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY CONCRETE
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FIGURE 5.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY CONCRETE
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FIGURE 5.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY CONCRETE
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FIGURE 5.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS

PROTECTED BY CONCRETE

= =
Pl
L )

6" 4" MESH, [3 SWG.

1:2:4 CONCRETE, LIMESTONE('CHEDDAR)

/STEEL FABRIC REINFORCEMENT

@)

1’ le @
leovel l'coveER
oL ) LR
COVER e 8xG x 3508 RST
<y /

’__/STEEL FABRIC REINFORCEMENT

8'Y6'x 35LB. RST

6"x 4" MESH, 13,3W.6

1:2:4 CONCRETE LIMESTONE (' MATLOCK)
AGGREGATE AND SAND

AGGREGATE AND SAND

@)

6% 4" MESH, 13 SWE.

1:2:4 CONCRETE, LIMESTONE {CLITHEROE")
AGGREGATE & SAND

'l_oﬂ

1 L]
COVER
T e
Ry 1 G e
8'x6'x 35LB.RST coveRbE [ WIRE NETTING
3 /STEEL FABRIC REINFORCEMENT =

|~ REINFORCEMENT
4" MESN, 16 S.W.G.

L— 1" COVER

Fpe—

T~8" 6"x 3518.
y R.S.J.

('il 2:4 GRAVEL AGGREGATE CONCRETE

+

WIRE NETTING
|~ REINFORCEMENT
4" MESH, 16 S.W.6.

|/
&

1 2:4 GRAVEL AGGR

el et

: R.S.J.
EGATE CONCRETE

4"

WIRE NETTING

REINFORCEMENT
L
4" MESH, 16 S.W.6.

1:2:4 GRAVEL AGGREGATE CONCRETE

¥ 1N gy 6" 35 (8.
¥ R.S.J.

. o
| COYVER

GD

1248 ¥ 65 p. n.s.:r)

" ¢ rl"covsa @
Y2 CovER _ Weover, M
5 === r —— — — —— -~ e =5
-t WIRE NETTING : WIRE NETTING
g |x REINFORCEMENT 10" " REINFORCEMENT
4" MESH, 16 S.W.6 I| 4"MESH, 16s.W.G
I — 8'x 6"x 3518 | 4 t
R S.J JT i
gl £ v L APPSR RN x|
1:2:4 GRAVEL AGGREGATE CONCRETE ¥

1:2:4 GRAVEL AGGREGATE CONCRETE




<38 =

FIGURE 5.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY CONCRETE
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FIGURE 5.2.B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY CONCRETE AND PLASTER
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FIGURE 5.3.B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY MASONRY
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FIGURE 5. 3.B (Cont'd)

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY MASONRY
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FIGURE 5.4.B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY PLASTER
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FIGURE 5.

5.B

DETAILS OF CONSTRUCTION OF COLUMNS
PROTECTED BY MISCELLANEOUS MATERIALS
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SECTION 6

REFERENCE

Harmathy, T.Z. and J. A. C. Blanchard. Fire Test of a
Steel Column of 8-in. H Section Protected with 4-in. Solid Haydite
Blocks. National Research Council, Division of Building Research,
Fire Study No. 6. Ottawa 1962.

NOTES

This relates to one test conducted at the Division of Building
Research of a steel column protected by lightweight concrete masonry.
The test was made in accordance with the alternate method of test of
ASTM EI119 without superimposed load.

TABLE 6.1. A

RESULTS OF FIRE TEST ON COLUMN
PROTECTED BY CONCRETE BLOCK

Height Thickness Fire Manner
Size of Steel of Protective of Endurance of
Column Column Cover Cover hr min | Failure(!)
8'"x8'"x31 1b/ft 8' 2-1/2" | Expanded Shale 4" (+1-12v | 4 40 | 1000°F
H Concrete Block(?) airspace) av. temp

(1) Failure by average temperature rise in steel of 1000°F in accordance
with the alternative method of-test of ASTM E119. No load
applied to column.

(2) Density of Concrete block = 70.-1b/cu ft. Compressive strength of
Concrete blocks - 1297 1b/in2.
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SECTION 7

REFERENCE

Malhotra, H. L. and R. F. Stevens. Fire Resistance of
Encased Steel Stanchions. Proceedings, Institution of Civil Engineers,
London,1964.

NOTES

This includes 11 tests on combination columns, structural
steel columns with concrete encasement, in which the load-carrying
capacity of the concrete is taken into account in the design. The columns
were tested under load in accordance with BS 476. The report includes
results of loading tests on columns similar to those that were fire tested,
in order to compare the structural behaviour under normal conditions with
that in fire. Combination columns with only a 1-in. cover were tested
although the British Standard B449 (1959) and the National Building Code
1965 require at least a 2-in. cover in combination columns.




-52-

Surpeo] 211JUdOH e

ysawr YJ1] Yita pedIoFuLal Arpeurwrou 239a0U0D o

Po1s9] 211 950Y3 03 IB[IWIS SUWMNIOD WO §)83) [RINIONIIS %

6561-6%% S9 03 Surpioooe pouldisop suwniod 4

uol329g 3stof F11 # ESY suwniod 1V

6L T €0 | § Lv's 000 ‘L0€ 000 ‘95 - 090¢ S PILLT 124 ID) Z 0z1 000 ‘95 sell

L ZA ¥0 | ¥ = - < & 090¢ G 'FiLTT 12A2ID 4 0z1 000 ‘9% 1 o0l

001 10 |9 8% °¢ 000 ‘L¥6 000 ‘¥LZ ¥P 0 092% | fz:¥riduc Se1g peureosd € 891 000 ‘%LZ o6

901 0s | ¢ rA 000 ‘058 000 ‘wL2 = 09¢% grg:i1 | A21D pepuedxy € 891 000 ‘%L2 8

201 21 | ¥ 66°2 000‘G18 000 ‘%22 - 0Z%¢ S piLUeiT [2AR1D € 891 000 ‘¥L2 L

¥Po1 2T | ¥ 80°¢ 000°L1L 000 ‘ece - 08Le A A i Beg poweog 2 0z1 000 °‘€€? 9

€801 S0 | ¥ g9 °¢ 000 ‘058 000 °€€2 - 009% g:¢:1 | £e1D papuedxy r4 021 000‘¢€? g

Z111 0z | ¢ 8L°2 000 ‘059 000 ‘€€2 = 090¢ S TPILTT 184ABID r4 0zZ1 000°‘€€? ¥
(xeur ,2/1)

zo1t st | 2 L6°2 000°LLS 000 ‘661 - 0s¢€ B8 felg paweod 1 08 000 °G61 €
Aun.mE ..m\\MM

$901 st | 2 €2'¢ 000 ‘0€9 000‘S61 s 01c¥ gig:1 | Ae1D pepuedxy 1 08 000 ‘s61 4
—VﬂmE _—w-\Mu

8PIT ST | 2 9L°2 000 ‘LES 000 ‘G61 850 otLe G PILTT 18aRID 1 08 000 ‘s61 1

d, Ut | 1y sanjred (ar) {a1) (ru1) {1ed) (104) eje82188y (rur) | (zruy) {a1) 1aquiny
anjied >=det.o umﬂ.m.mw< pPeOT peol :Oﬁmﬁ.m&vnm. m%ﬂQ 8¢ 1e XIN IJ3A0D -IIY + peO] *QSAOU
1e dwa ], 1e0 101021 peoT | ejewnin | Sunjiopm | wmuixeEp yi8uaaig TeUTWON sso1n
uea aqny
] sTwmion) IB[IWIS UO
9oueistsay 2114 JU2WI3 SBIUSS

%% §359], 1EINIONIIG

SNIN1TOD NOILVYNIGNOD FEIIYONOD ANV TAALS TVHNIOAYLS NO SISIAL FHII J0 SLTASTAY

Vil d1dvdy




- 53 -

SECTION 8

REFERENCE

Ashton, L. A., and N. Davey. Fire Tests of Steel Beams
irom "Investigation of Building Fires, Part V. Fire Tests on Structural
Elements'. National Building Studies, Research Paper No. 12, H. M.

S tationery Office, IL.ondon, 1953.

NOTES

This includes 11 fire tests on steel beams unprotected,
partially protected and encased in concrete. The tests were carried
out at the British Fire Research Station in accordance with BS 476.
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FIGURE 8.1.B

DETAILS OF CONSTRUCTION OF STEEL BEAMS
PROTECTED BY CONCRETE
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FIGURE 8.1.B (Cont'd)

DETAILS OF CONSTRUCTION OF STEEL BEAMS
PROTECTED BY CONCRETE
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FIGURE 8.2.B

DETAILS OF CONSTRUCTION OF STEEL BEAMS
PARTIALLY PROTECTED OR UNPROTECTED
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ADDITIONAL SOURCES OF TEST INFORMATION

There are a number of additional sources of test information
that for one reason or another it has not been possible to include in
this paper.

Unpublished Test Reports

The majority of fire testing agencies have conducted many
fire tests that have not resulted in published test reports. Copies of
unpublished test reports are often given to the sponsor of the test who
is, in most cases, the producer of one of the components in the test
assembly. It may be possible to obtain information of this kind from the
product manufacturers.

Underwriters Laboratories

Underwriters Laboratories follow generally the same practice.
Confidential test reports are made available in limited numbers to the
test sponsor. A brief description of the test assembly is then included
in the Building Materials List(1) if the proponent is prepared to pay for
continued listing and if U. L. are satisfied that the product manufactured
is the same as that in the test assembly.

Proprietary Materials

Underwriters Laboratories listing and labelling service is a
useful means for making available fire test information on proprietary
products, where the proponent does not wish, for commercial reasons,
to publish detailed specifications. Fire test information relating to
proprietary products has however been published by the British Fire
Research Station in "Sponsored Fire Resistance Tests on Structural
Elements'(2) and by the corresponding authority in France in "Cahiers
du Centre Scientifique et Technique du Batiment"(3),

Lists of Fire Tests

It should be noted that lists of ratings put out by various
agencies such as Code authorities, technical societies, and trade
associations, although generally based on actual tests, may contain many
entries which have been arrived at by calculation or by the exercise of
judgement by the authors. In one well known and widely quoted source
of rating information, less than half of the entries are directly supported
by published test reports. In such cases the value of the information
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as evidence in support of a particular rating must depend on the
confidence placed in the judgement of the issuing agency. On
occasion some agencies have accepted and reproduced ratings pub-
lished by others so that the appearance of a particular rating in a
number of lists does not necessarily mean that the original was
directly supported by test.

It is not intended to condemn this practice which has been
brought about by the urgent necessity to provide information on the fire
performance of building assemblies in common use. In order to clarify
this situation in Canadian practice an attempt has now been made to
separate these kinds of information. The new Supplement No. 2, "Fire
Performance Ratings, ' to the National Building Code 1965 is devoted
almost entirely to ratings based on judgement, exercised after careful
study of the published test information. The information in the pre-
ceding pages of this publication on the other hand has been confined to
detailed published fire test reports, and no reference has been made to
lists of fire resistance ratings based on the judgement of others.
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