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THE INFLUENCE OF DESIGN STRESS ON THE PERFORMANCE OF UNPROTECTED STEEL
BEAMS AND COLUMNS BUILT INTO A FIRE RESISTANT WALL

SYNOPSIS

A BS476:Part 8 fire test has been performed on a pair of
BS4360:Grade 437, 203 x 203 mm x 52 kg/m columns built into a double
skin cavity wall. One flange and part of the web of the

unprotected steel section were exposed to the fire. The section

was loaded to 115% of the maximum permissible design stress and the
test discontinued after 30 min when the outer wall revealed
horizontal cracks.

A similar test was carried out in which the columns were replaced
by a pair of BS4360:Grade 50, 356 x 171 mm x 67 kg/m beams in which
one flange and all the web were protected from direct radiant heat.
The section was loaded to 40% of the maximum permissible design
stress and the test was discontinued after 180 min.

Both these results and information obtained in earlier work suggest
that partial protection of the steelwork can have a beneficial
- ~effect on fire resistance time and should be considered in any fire
- engineering design. Early indications suggest that it may be
p0351b1e to achieve a 1 h fire reistance time for a bare column
used in this way.

1. INTRODUCTION

The heating rate of a steel section in a fire depends on its location in
relation to the flames. Recent laboratory experiments carried out on composite
structures have shown that partially exposed steel elements can have
significant fire resistance times as measured in the BS476:Part 8 test. This
is particularly the case where heat transfer is restricted to thermal
conduction along the relatively thin web. A form of building construction
frequently encountered is that of a steel column built into a cavity wall. A
BS476:Part 8 fire test on a pair of unprotected 203 x 203 mm x 52 kg/m columns
built into a double skin and block wall and loaded to a nominal 50% of the
maximum design stress gave a fire resistance of 103 minl!. It was of interest
to understress the columns by this amount since in the upper levels of a
multistorey building they would always be subjected to loads less than the
allowable maximum.

This form of construction may incorporate different column (or beam) sizes, a
variety of wall systems and a range of load levels. Therefore, although the
preliminary test results were encouraging there was a need to assess the fire
resistance of other composite structures. The present report describes two
further tests, the first using a pair of BS4360:Grade 43A, 203 x 203 mm x

52 kg/m columns loaded notionally to the maximum permissible design stress and
the second using BS4360 Grade 50B beams (acting as columns) with a nominal 50%
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loading. No load was applied to the wall. The heating rates and deflections
of the columns were monitored and the significance of the results from all
three 'columns in walls' tests are discussed. A subsequent examination of the
loading procedure used on the standard FIRTO equipment culminated in a
reappraisal of the actual test loads applied in all three experiments.

2. EXPERIMENTAL PROCEDURE

A total of three tests have been carried out on columns built into walls. The
first of these has been described in an earlier report!. The more recent
experiments are presented below.

2.1 Fabrication of Steelwork

Each test was carried out in the wall furnace at FIRTO, Borehamwood. In order
that the load could be applied axially it was necessary to test two identical
steel sections located at the /3 and 2/3 positions across the furnace. The
steel sections comprised two 203 x 203 mm x 52 kg/m columns (BS4360:Grade 433)
and two 356 x 171 mm x 67 kg/m (BS4360:Grade 50B) beams acting as columns. The
test length was 3 m. Steel end plates, 406 x 406 mm x 20 mm thick, were welded
across the ends of the columns and each pair was then welded, in an upright
position, to a 580 x 3048 mm x 20 mm steel base plate. A non-structural
concrete mix was cast covering the base of the structure to form a 250 mm thick
block which offered protection and additional fixity to the steel base. A
second steel plate was welded across the top of both sections to ensure a
uniform load distribution and to restrict their lateral movement.

2.2 Wall Construction

(a) Columns

A non load bearing cavity wall was built on the concrete base so that one
flange of each column was contained within the void of the cavity. The outer
fletton brick wall was positioned approximately 12 mm from this flange surface.
The inner wall was constructed from Thermalight blocks which partially covered
the webs while forming a cavity 50 mm wide. Wire wall ties were evenly spaced
at every sixth course of fletton bricks. A gap approximately 30 mm left .
between the tops of the walls and the steel restraining plate was filled with
mineral fibre., Figures 1 and 2 show a schematic illustration and photographs
respectively of the test conditions.

(b) Beams .

Due to the depth of the beams the fletton brick wall was erected approximately
22 mm away from the concealed flange. In this test the webs of the beam were
completely protected by the lightweight .concrete block bricks used for the
inner wall. This was achieved by keying alternate courses, adjacent to the web
of the beam, into the inner wall for added stability. Figures 3 and 4 show a
schematic illustration and photograph respectively of the construction.

The part of the upper restraining plate exposed to the fire in each test was
protected with mineral fibre blanket strapped to edge and lower surface.

2.3 Instrumentation

Twenty thermocouples were attached to each steel section to monitor the heating
rates of the steel. Their positions are shown in Figs. 5 and 6. Five
thermocouples were embedded in each flange and ten thermocouples were located
in the web in both the exposed and protected areas. The atmosphere heating
rate was measured by six thermocouples placed adjacent to those used to control
the furnace.

The BS476:Part 8 fire test for vertical separating elements has an insulation
requirement. This states that failure is deemed to occur if the maximum and
mean temperature of the unexposed surface of the construction increases by more
than 180 or 140°C respectively above the ambient temperature. Six
copper/constantan thermocouples, soldered to copper discs and covered with
asbestos pads, were therefore fixed to the external surface of the fletton
brickwork by FIRTO personnel to monitor the temperature rise.
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The average longitudinal extension of each pair of test sections was measured
throughout the test by displacement transducers fitted to the crosshead of the-
loading frame. The lateral deflection at mid-height of the unexposed flange of
one steel section during each test was measured by reference to a metal rod
attached to the flange and protruding through the brickwork to bear on a dial
gauge.

2.4 Steel Supply

The columns and beams were obtained from a local steel stockholder. Following
the fire tests, samples for chemical analysis and room temperature tensile
properties were taken from the length of section embedded in the concrete base.
The chemical compositions were within the limits specified by BS4360:1972 as
shown in Table 1. Similarly, the respective strength properties of the Grade
43A columns and the Grade 50B beams were within specification, as shown in
Table 2.

2.5 Testing Method

The test furnace is in the form of a sandwich; one half comprises the loading
frame and is fixed in position whilst the other half, housing the gas burners
at right angles to the wall, is moveable. Once the load is applied the furnace
- i1s 1lit and the test begins when the two halves are brought together. The gas
temperature follows the standard time~temperature curve as per ISO 834 or
BS476:Part 8.

The load on any column in a building is made up of a number of components
depending on the situation and building type. The principal components arise
from dead loads, superimposed floor and roof loads, and wind loads. At the
time of a fire it is realistic to assume that many of these would be reduced.
Therefore it was decided in the first test to understress the 203 x 203 mm x

52 kg/m columns in walls by 50% of their capacity. The current work using the
same column size aimed at applying the maximum design load. With regard to the
BS4360:Grade 50 beams built into the walls the intention was to load them to
50% of the design load.’

In the current work, the actual loads of 1940 kN on the columns and 940 kN

on the beams were applied by a pair of hydraulic rams at either side of the
furnace which acted through lightweight concrete pads. A close examination of
the loading path resulted ih an estimate of the end conditions pertalnlng to
the composite- construction and the loading calculations are given in the
Appendix.

3. RESULTS

3.1 203 x 203 mm x 52 kg/m Columns in Walls

The test performed at an applied load of 1939 kN was stopped after 30 min at
which time the rate of deflection of the column was greater than the maximum
crosshead speed of the loading frame.

The longitudinal extension of the columns is shown in Fig. 7 indicating a small
thermal expansion during the first 20 min of the test followed by a progressive
'‘contraction'. The lateral deflection measurements, presented in Fig. 8 showed
that during the first 20 min the columns bowed to a maximum displacement of

15 mm towards the furnace. However, as the apparent axial contraction occurred
the columns reversed the direction of bowing giving a total deflection of 56 mm
at failure. For safety precautions a pinch load was maintained on completion
of the test which resulted in additional distortion of the columns.

The temperature measurements recorded from the columns, the furnace atmosphere
and the unexposed brick wall surface during the test are given in Figs. 9 to
13. At the end of the test the outer flanges of both columns were heated to
temperatures in the range of 666-783°C., The mean temperature of 742°C was
approximately 3o°c greater than that measured after the corresponding time 1n
the first test! The unexposed flangeées were much cooler with temperatures in
the range of 35 to 140°C, At the exposed web locations the measured
temperatures were in the range of 517-670°C, whilst the unexposed positions
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were in the range of 96-~253°C. A detailed summary of the steel heating data is
presented in Table 3.

The temperature of 13°9C recorded at the end of the test on the unexposed
surface of the fletton brick wall remain unchanged and satisfied the insulation
requirements of the BS476 fire test.

The furnace heating rates are compared with the BS476:Part 8 curve in Fig. 13.
The temperatures recorded on the right hand side of the furnace were lower than
the standard curve for part of the test but were still within the permitted
tolerances of the specification.

Due to partial disintegration of the concrete plinth on which the test .
structure was sitting the reload test could not be carried out satisfactorily.
Measurements made before the reload test was attempted indicated that the test
load had pivoted at both the top and bottom by approximately 40 mm on the
furnace side of the loading frame. It was clear that the loading had been
eccentric and in consequence this altered the effective length used in
calculating the ratio of slenderness of the compression member as governed by
BS449:Clause 31. This meant that a load higher than the maximum permitted
design load had been applied. The walls had also been pushed together at the
centre of the construction corresponding with the maximum deflection of the
columns. This resulted in the formation of two parallel horizontal cracks

along the top and bottom of the central fletton brick course, producing gaps of
10 mm between brick and mortar.

Photographs of the consfruction after the fire test are given in Fig. 14,
highlighting the cracking in the unexposed wall and the buckling pattern of the
columns.

3.2 356 x 171 mm x 67 kg/m Beams in Walls

The test performed at an applied load of 939 kN (approximately 40% of the
maximum design stress) was terminated after 180 min at the point when the rate
of deflection exceeded that of the crosshead movement of the loading frame.

The longitudinal extension of the beams is given in Fig. 15 showing a similar
pattern of behaviour to that observed in the column tests. The maximum thermal
expansion of 3.7 mm was recorded after a time interval of 30 min. The lateral
deflection measurements, presented in Fig. 16 showed that during the first 93
min the beams bowed a maximum displacement of 20 mm towards the furnace; the

direction of bowing was then reversed giving a total deflection of 108 mm at
failure.

The temperature measurements recorded from the beams, the furnace atmosphere
and the unexposed brick wall surface during the test are given in Figs. 17 to
21. At the end of the test the outer flanges of both beams were heated to
temperatures in the range of 960-1064°C, with a mean of 1048°C; the concealed
flanges recorded temperatures of 107-225°C, with a mean of 162°C. The
temperatures of the web in the parts which protruded into the furnace but which
were protected by lightweight block brick were in the range of 690-979°C but
the portions of the web contained within the block brick wall recorded much
lower temperatures in the range of 152-291°C. A detailed summary of the steel
heating data is presented in Table 4.

The temperatures recorded at the end of the test on the unexposed surface of
the fletton brick wall satisfied the insulation requirements of the fire test,
with maximum and mean temperatures of 47 and 37°C respectively.

The furnace atmosphere heating rate is compared with the International
temperature-time curve in Fig. 21 which shows that the heating rates followed
the standard curve throughout the test.

On completion of the fire test it was observed that the construction had tilted
away from the furnace leaving a 6 mm gap between the bottom steel restraining
plate and the loading frame. The walls were intact; only the fletton brick
wall showed any damage with a horizontal and diagonal stepwise crack running
away from the central brick course. Photographs of the construction after
testing are presented in Fig. 22.
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A reload test on the beams in walls construction was carried out successfully
since the bottom concrete plinth of the FIRTO loading frame had been replaced
for this test by protected fabricated steel sections.

4, DISCUSSION

The applied loads originally selected for this work were to achieve
approximately 50 and 100% of the maximum design load specified by BS449:1972
for BS4360:Grade 43A steel sections. The load calculations rely principally on
the effective length of the stanchion used in determining the slenderness ratio
and the actual length that is measured between the centres of intersections.

It has been shown that instability under load is dictated by deformation about
the y-y axis of the column (or beam). The preliminary calculations carried out
before the original 'column in wall' test was carried out used an effective
length of 0.75 for the y-y condition and an actuwal length of column that
ignored the depth of concrete cover at its base (250 mm)(l). However, close
observation of the test procedure suggests that neither the columns, nor the
Grade 50 beams were effectively held in position and restrained in direction at
both ends. 1In consequence it was considered more realistic to use an effective
length factor of 1.00, which according to BS449:Clause 31 is appropriate for
stanchions held in position at both ends but not restrained in direction.
Therefore, the axial loads as a percentage of the maximum permissible design
loads for Grade 43A members were respectively 56.5%, 115% and 50% for the two
column tests and the beam test. (If the exposed length of the vertical steel
member is taken as the 'actual length' in the calculations the above
percentages are reduced by approximately 3%.) '

The axial stress imposed on the 203 x 203 mm x 52 kg/m Grade 43A columns at the
start of each test were 71.8 N/mm2 and 146.1 N/mm2 and hence they were loaded
to 56.5 and 115% of the maximum design value. The axial stress on the 356 x
171 mm x 67 kg/m Grade 50 beam was 55.0 N/mm?2 loaded to 39.3% of its maximum
design value, corresponding to 50% of the maximum design load for a Grade 43A
member.

A summary of the behaviour of 203 x 203 mm x 52 kg/m Grade 43A columns in a
standard BS476:Part 8 fire test is presented in Fig. 23 for a range of
conditions. The fire resistance time is assumed to be zero at an applied axial
stress equivalent to the room temperature yield stress of the steel. In the
absence of test data on an unprotected column the fire resistance has been
estimated from tensile tests at 2% permanent strain and at a heating rate of
10°/min. Experience has shown that a realistic emissivity factor for the
furnace conditions utilised is 0.4. On this basis the failure temperature and
time for a fully loaded column with an HP/A value of 180 m~! are 570°C and

13 min; at 50% design load these values become 680°C and 18 min respectively.
By protecting the column with Vicuclad board the fire resistance increased
dramatically?r 3,

Between these extremes lie the columns in walls tests, demonstrating that
partially protected structures can have a useful fire resistance. The wall
prevents flame impingement on the concealed flange and this part of the section
is only heated by conduction through the web. In the absence of bending the
thermal gradient through the section enables the cooler areas of the section to
carry higher imposed loads. It is rare for the axial loading of columns in
multistorey buildings to exceed 80% of the maximum permissible design load.

The current work suggests that (within the realms of experimental error) such a
limiting condition imposed on 203 x 203 mm x 52 kg/m columns embedded in a

similar composite wall construction would achieve a fire resistance time of
1 h.

No BS476:Part 8 fire tests had previously been carried out on unprotected
BS4360:Grade 50 beams acting as columns. The 356 x 171 x 67 kg/m beams built
into the walls had an HP/A value of 162 m~!. By using the same calculation
approach as described for the columns the failure temperature and time for a
fully loaded section would be 640°C and 17 min, increasing to 780°C and 29 min
for a 40% design load, as used in the 'beams in walls' test. In the latter
situation the block wall construction provided complete protection to the web
of each beam. This resulted in a significant improvement in fire resistance by
extending the load carrying capacity of each beam to 180 min.
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A summary of the average temperature profiles across the central cross section
of the unprotected steel column and beam built into a fire resisting wall
exposed to BS476:Part 8 heating is given in Fig. 24. The experiments have
shown a similar pattern of behaviour to that observed in recent FRS work where
columns bow initially towards the heat source, then straighten out and :
eventually fail by bowing in the reverse direction®. Such opposite bowing is
believed to be caused by movement of the neutral axis away from the heated

flange and may also be influenced by a phase transformation in the heated steel
flange.

The work to date has been based on only one form of composite construction and
under a simple loading situation that ignores the additional stresses set up in
the columns as a result of the expansion of a connecting beam. The single
storey portal frame incorporates a cavity wall to half the height of the column
and plastic coated steel above this level. The experimental fire testing of
all such building methods in terms of structural stability is expensive and
time consuming. Efforts are being directed towards a mathematical approach to
the problem, in which a thermal model is used to specify the temperature

gradients through the section followed by a structural model to determine the
load bearing capacity.

Preliminary work into thermal modelling has produced a simple computer program®
which predicts the thermal response of a steel column built into a cavity wall,
by incorporating the temperatures recorded in the first of the columns in walls
tests!, Several modes of heat transfer have been considered but variables such
as furnace emissivity and convective heat transfer coefficient and the contact
coefficient between the column and the blockwork could not be actuately
defined. The values given to these variables were adjusted to provide a
reasonable fit between the calculated results and the experimentally measured
temperatures. The predicted temperatures in a 203 x 203 mm x 52 kg/m column
built into the wall at the completion of a 30 min fire test and the recorded
values are shown in Fig. 25. The agreement is very close, discrepancies being
due possibly to different furnace heating rates from the ISO curve used in the
model and local radiation effects.

An attempt has been made to use the thermal information to predict structural
behaviour using the FASBUS II program released by the American Iron & Steel
Institute to analyse beam and floor deflection and load bearing
characteristics. This program is the only structural model that has been
available to Sheffield Laboratories and is not designed specifically to handle
columns in walls 'per se'. Therefore the prediction of column deflection has
only been partly successful. More work needs to be done to specify the column
end effects in mathematical terms.

5. CONCLUSIONS

A BS476:Part 8 fire test has been performed on a pair of unprotected
BS4360:Grade 43A, 203 x 203 mm x 52 kg/m columns built into a double skin brick
and block wall. The flange and part of the web of the columns were exposed to
the fire and they were loaded to 115% of the maximum permissible design stress.
The fire test was discontinued after 30 min and although the columns were
deformed they still supported the test load at this time. The exposed flanges
had attained a mean temperature of 742°C and the concealed flanges a mean
temperature of approximately 88°C.

A similar fire test was performed on a pair of BS4360:Grade 50 beams 356 x

171 mm x 67 kg/m built into walls in which one flange and the complete depth of
the beam were protected from radiant heat. The beams were loaded to 40% of the
maximum permissible axial stress. The fire test was terminated after 180 min.
The exposed flanges recorded a mean temperature of 1048°C and the concealed
162°C. A reload test was carried out successfully.

A mathematical model designed to specify temperature gradients based on data
derived in an earlier columns in walls test gave predictions in close agreement
with recorded data.

' The use of partially protected steel members can have a significant influence
on their fire resistance. The limited data obtained on the 203 x 203 mm x
52 kg/m columns in walls suggest that for an axial load equivalent to 80% of
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the maximum permissible design load, a fire resistance time approaching 1 h
might be possible.
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CONFIGURATION OF STEEL COLUMN BUILT INTO WALL FIG. 1
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203 x 203 mm x 52 kg/m COLUMNS IN WALLS FPIG. 2
CONSTRUCTION PRIOR TO TESTING
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356 x 171 mm x 67 kg/m BEAMS IN WALLS
EONSTRUCTION PRIOR TO TESTING
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THERMOCOUPLE POSITIONS
203 x 203 mm X 52 kg/m COLUMNS IN WALLS TEST
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FIG. 5
(R1/9189)
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THERMOCOUPLE POSITIONS FIG. 6
356 x 171 mm x 67 kg/m BEAMS IN WALLS TEST {R1/9190)
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17



SH/RS/3664/3/83/B

Deflection, mm

20

-20

-40

~60

~80

=100

-120

203 % 203 mm X 52 Kg/m COLUMNS TEST

18

[ 1 i i 1 [ J
0 5 10 15 20 25 30 35
Time, min
-
-
r—
LATERAL DEFLECTION MEASURED ON COLUMN DURING THE

FIG. 8
(R1/9192)



Temperature, °C —— —— Flange 38 fire

1000 - Flange 39 fire temp.,

e~ .e—— Flange 40 fire temp.,
800

o
shaerid
~ 7S

600 | L /

400

©200

Temperature, °C

1000~ Flange 17 fire
—— —— Flange 18 fire
Flange 19 fire temp.,
800}- Flange 20 fire tgmp..,
L
600} '
400}
200 Column 2
0 1 i 1 l }
0 5 10 15 20 25 30

SH/RS/3664/3/83/B

sssesssees  Flange 36 fire
————— Flange 37 fire

. .-“.,/// Column 1

sscssssees  Flange 16 fire

Time, min

TEMPERATURES RECORDED ON THE EXPOSED FLANGE
OF BOTH COLUMNS

19

°e
°c

°c
°c

FIG. 9
(R1/9193)



SH/RS/3664/3/83/B

——~-—~ Flange 21 wall
~~—= — Flange 22 wall

Temperature, °C sesssesscees Flange 23 wall
500 ¢~ Flange 24 wall temp., °C
—.—— Flange 25 wall
400 |-
300 |-
Column 1
200
//
. //
100 |- -7
- /-’..--o‘)—f""""““’ﬂ'f
- - .;;// R
—’—’—/ o Sm—— —
0 “- " I { |
0 5 10 15 20 25 30
Time, min ‘
Temperature, °C ————— Flange 1 wall
500 - ~—— —— Flange 2 wall
ssecsssseass Flange 3 wall
Flange 4 wall temp., °C
400 |- ——.—— Flange 5 wall
300 -
200 - Column 2
100 |
0 et ot = |

1
0 5 10 15 20 25 30
Time, min

TEMPERATURES RECORDED ON THE UNEXPOSED FLANGE FIG. 10
OF BOTH COLUMNS (R1/9194)

20



SH/RS/3664/3/83/B

Temperature, °C sesecesess Web 31 fire
to00 (¢ L ___ Web 32 fire
— ~— Web 33 fire
-———— Web 34 fire temp., °C
800 | ——e—— Web 35 fire
-~
)
600 | 2
ot
A e
//’ o/
g}’i//’.N‘Nm///
400 |
200 {- /
...-' '/*' Column 1
.... 0/ )
0 ! | ! L . ‘
0 5 10 15 20 25 30
Time, min
Temperature, °C sesaseceeee Web 11 fire
oo  _____ Web 12 fire
— —— Web 13 fire
Web 14 fire temp., °C
800} .
= Web 15 fire
600
400}
200} _,// Column 2
o
0 1 I ) L . J
0 5 10 15 20 25 30
Time, min

TEMPERATURES RECORDED ON THE EXPOSED WEB

OF BOTH COLUMNS

21

FIG. 11
(R1/9195)
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THE 203 x 203 mm x 52 kg/m CCLUMNS IN WALL FIG. 14
CONSTRUCTION AFTER TESTING
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356 x 171 mm x 67 kg/m BEAMS IN WALLS FIG. 22
CONSTRUCTION AFTER TESTING
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. THE EFFECT OF THE MAGNITUDE OF AXIAL LOAD FIG. 23
' ON_THE FIRE RESISTANCE OF 203 % 203 mm X 53 kg/m (R1/9205)

" COLUMNS TO BS4360:GRADE 43A
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TEMPERATURE PROFILES ACROSS STEEL SECTIONS FIG. 24
EMBEDDED 'IN WALLS RECORDED AT MID-HEIGHT (R1/9206)
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APPENDIX AXIAL LOAD CALCULATIONS FOR COLUMNS IN WALLS AND BEAMS IN

A.l

WALLS TESTS

203 x 203 mm x 52 kg/m Universal Column, BS4360:Grade 43A

Actual length (L) 3 m (ignoring concrete cover at base)

Area = 66.4 cm?
rxx = 8.9 cm
r = .1
vy 5.16 cm
= 3
zxx 510 cm

Examination of test behaviour suggests that for the:-
x-x axis the effective length factor = 1.0 to 1.2 (estimafe)

% _ 1.2 x 300 x 1.0

Hence: = 40.44
Lex 8.9
y-y axis the effective length factor = 1.0
Hence: —% = 2:0% gong 1.0 = 58.14
Yy '
.. Y-y axis governs collapse and the allowable stress Pc on gross
section for axial compression (Table 17(a) BS449) =" 127 N/mm 2

(N.B. if L = 2,75, P = 130.5 N/mm 2)..
Maximum design load to BS449 = 127 x 66.4 x 102 x 10~3 = 843.3 kN
The total load used in the first test was 476.5 kN (for 1 column).

The to£a1 load used in the second test was 970 kKN (for 1 column).

«"« % of maximum load for first test = 476653x3100 56.5%
% of maximum load for second test = 21%;%—%gg = 115.0%

356 x 171 mm x 67 kg/m Universal Beam, BS4360:Grade 50

Actual length (L) = 3m
Area = 85.4 cm?
rxx : = 15.12 cm
T = .
vy 3.99 cm
= 3
zxx 1073 cm

The y-y axis governs behaviour and effective length factor = 1.0

Hence : rz - 1.0 x 300 x 1.0 = 75.2

vy 3.99

Allowable stress on gross section, P

110 N/mm2 (Grade 43A steel)

140 N/mm2 (Grade 50 steel)
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110 x 85.4 x 102 x 10~3
939.4 kN (Grade 43A)

Maximum design load to BS449

140 x 85.4 x 102 x 10~3
1195.6 kN (Grade 50)

or

The total load used in the beam test was 470 kN (1 beam)

.". % of maximum load as based on Grade 43A = 470 x 100 = 50.0%
939.4

% of maximum load as based on Grade 50 = 470 x 100 = 39.3%
1195.6

37



SH/RS/3664./3 /83 /K

ITIAL CIRCULATION

Sheffield Laboratories

General Steel Products Group
Standard Circulation

Mr. R. Baker

Mr: T.R, Kay

Dr. B.R. Kirby

GENERAL STEELS GROUP

BSC Sections and Commercial Steels

Redcar

e Mr, N.J. Cavaghan

s Mr. G. Hogan

- M. R.A.C. [Atter

S Mr. M.J. Pettifor

o Mc. J.T. Robinson

s BSC TUBES

Mr. M. Edwards

CONSTRADO

Mr. G.M. Newman

EXTERNAL CIRCULATION

Mr. F.C. Adams - Fire Research Station
Mr. G.M.E. Cooke - Fire Research Staticn
Mr. A. Porter = Greater London Council



