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SYNOPSIS

The report summarises the results from BS476:Part 8 fire tests carried out on four
separate shelf angle floor constructions based on the use of an unprotected

406 x 178 mm x 54 kg/m universal beam. A BS4360:Grade 43A beam was incorporated
in three assemblies and a Grade 50B beam in the fourth. Precast concrete floor
slabs, either 200 mm or 100 mm thick and 550 mm wide were supported on 125 x 75 x
12 mm angles bolted to the web of the beam. The steel beams were subjected to
different applied loads, as based on BS449.

The fire resistance of each assembly was influenced by the extent of the partial
protection afforded by the floor slabs and the load applied to the beam. Both the
Grade 50B beam loaded to 43% of the maximum design value and the Grade 43A beam

at 80% of the maximum load exceeded the 1 h fire rating with 200 mm thick concrete
slabs. Neither of the Grade 43A beams with 100 mm thick slabs loaded respectively
to 100% and 60% of the maximum design value were as satisfactory, but in the latter
design a fire resistance of 74 min was obtained by prolonging the test to a
deflection of L/20.
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THE FIRE RESISTANCE OF FOUR SHELF ANGLE FLOOR CONSTRUCTIONS
~ BS476:PART 8 FIRE TESTS CARRIED OUT BETWEEN
24TH MAY 1984 AND 19TH DECEMBER 1984

1. INTRODUCTION

When a fire breaks out in an enclosure the temperature of any steel section within
it will rise at a rate depending upon its Hp/A ratio. If the steel section is not
fully exposed to the fire its Hp/A is effectively reduced resulting in a lower
heating rate and an increase in the fire resistance time.

The concept of partial protection can be extended to shelf angle floor systems
which are used in the design of multi-storey buildings to reduce the floor/ceiling
void depth. Two BS476:Part 8 fire tests were carried out on unprotected
BS4360:Grade 43A beams of serial size 406 x 178 mm x 54 kg/m and 305 x 165 mm x

40 kg/m respectively which were used as part of a fully loaded shelf angle floor
construction'!’2. These results suggested that the use of such a design might
satisfy the requirements of the Building Regulations for '1 h' buildings. However,
further testing was required to determine the behaviour of other similar floors
and to provide suitable 'bench mark' observations for the derivation of a
mathematical model able to predict the fire resistance of the appropriate range

of beam sizes, floor depths and applied loadings used in this form of design.

The present report summarises the results from four BS476:Part 8 fire tests on
shelf angle floor constructions, comprising 406 x 178 mm x 54 kg/m BS4360 Grade 43A
beams, 125 x 75 x 12 mm BS4360 Grade 50B angles and 200 mm or 100 mm thick precast
concrete floor slabs. The steel beams were subjected to different applied loads,
based on BS449 and fire tested at the Warrington Research Centre between

24th May 1984 and 19th December 1984.

2. DETAILS OF CONSTRUCTION
2.1 Steel Supply

The steel sections used in each construction were obtained either from a local
steel stockholder or from Lackenby Works and comprised:-

5m 406 x 178 mm x 54 kg/m universal beam (BS4360)
2 x5m 125 x 75 x 12 mm angles (BS4360:Grade 50B)

Samples were taken from each of the sections for chemical analysis and mechanical
testing. The compositions are given in Table 1 and the mechanical properties in

Table 2. One beam was found to comply with BS4360 Grade 50B, the remaining beams
were within the limits specified for BS4360 Grade 43A and the angles were within

the compositional tolerances of BS4360:Grade 50B.

2.2 Fabrication of Sections

The angles were positioned on either side 6f the beam to leave a 210 or 110 mm gap
between the upper flange of the beam and the 125 mm leg of the angle. The shorter
leg of the angle was located within the gap. Holes were drilled at 600 mm centres
along the mid axis of the 75 mm angle leg to accommodate M20 8.8 grade bolts. 1In
the earlier test M20 4.6 grade bolts had been used, two of which failed at one end
of the test arrangement located outside the furnace. A schematic illustration
showing the test assembly is given in Fig. 1.

2.3 Concrete Slabs

The concrete slabs were similar to those used in earlier tests and were cast into
1550 x 550 x 200 mm thick blocks, or 1550 x 550 x 150 mm thick blocks with one end
tapering to 100 mm thick over a distance of 300 mm. The concrete contained steel
reinforcement as shown in Fig. 2 and complied with BS8110:Grade 30 compressive
strength.
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2.4 Instrumentation

A total of 32 mineral insulated thermocouples of the chromel/alumel type, each with
insulated hot junctions and an Inconel sheath were used to monitor the heating rate
of the steel during each test. The thermocouples were located at the positions
shown in Fig. 3; in summary, five thermocouples were embedded in the lower flange
of the beam, four thermocouples in the exposed part of the web, four were attached
to the protected part of the web and four were attached to the upper flange of the
beam. These thermocouples were located around the central part of the beam.

Nine thermocouples were embedded in the shelf angles, three on the exposed leg,
three on the unexposed leg and three on the root of the angle.

Thermocouples were also installed after the construction was assembled to monitor
furnace atmosphere temperatures at six positions along the beam adjacent to the
lower flange.

2.5 Assembly

The beam with the angles attached was placed on the furnace in the standard
position to give an effective length of 4.5 m between the roller supports. Each
slab was then manoevred into position between the shelf angle and the upper flange
to utilise a 75 mm load bearing length on the shelf angle. This left a gap of

50 mm between the end of the slab and the web of the beam. The other end of the
slab rested on a wall which was built along the edges of the furnace level with
the shelf angle. A 12 mm gap was left between the slab and wall at the ends of
the beam, thus enabling the slabs to move freely with the beam as it deflected
vertically. Ceramic fibre blanket material was used to cover the gaps at both
ends.

Once the 16 slabs were in position the 50 mm gap between the slab end and web was
completely filled in with dried sand. The upper flange of the beam was also
covered with a 25 mm layer of sand in order to simulate the thermal characteristics
of a floor screed which is used in site practice.

Photographs of the construction during assembly are shown in Figs. 4 and 5.

2.6 Loading

The load to the beam was applied through the concrete slabs and angles to simulate
service conditions. Four hydraulic jacks were positioned on either side of the
beam at a distance of 0.5 m from its centreline. Loads were applied to eight
points onto the concrete slabs using 1 m lengths of 152 x 152 mm x 23 kg/m
universal column as load spreaders. Details of the loading calculations used in
each test are given in Appendix 1. A photograph of the completed construction is
shown in Fig. 6.

Deflection measurements were taken at the centre of the beam by the Warrington
Research Centre staff using their potentiometric system. Additional measurements
were also taken from the central concrete slab using a theodilite system.

3. TEST RESULTS

It is convenient to consider the four tests separately and in the following order.

3.1 Grade 50B Beam - Test A

Loaded to a design stress of 100 N/mm*? using 200 mm thick concrete floor slabs.
This construction achieved a fire resistance period of 94 min, at which time the
L/30 failure criterion in the BS476:Part 8 fire test was reached.

3.1.1 Deflection Measurements

The deflection measurements made on the beam at the centre of the construction in
Test A are shown in Fig. 7. The rate of deflection was greater in the first 30 min
of the test but thereafter remained almost constant until failure occurred.
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3.1.2 Temperature Measurements

A summary of steel temperatures and furnace atmosphere temperatures at various
stages during the test is presented in Table 3.

The furnace atmosphere heating curves are compared with the International
temperature/time curve in Fig. 8 which shows that the heating rate was generally
in accordance with the standard curve throughout the test.

Average heating curves recorded at different positions across the shelf angle beam
are compared in Fig. 9. At failure there was little scatter between the
temperatures measured on the lower flange which were within the range 985 to 999°C
with a mean of 992°C. The final temperatures in the exposed web were within the
range 964 to 981°C with a mean of 974°C; the corresponding temperature range in
the unexposed part of the web was between 229 and 257°C with a mean of 243°C. The
upper flange reached a mean temperature of 103°C. The final average temperatures
of the exposed and unexposed angle flanges were 945 and 716°C respectively.

3.1.3 Observations

In order to check an equipment malfunction it became necessary to remove the load
after 16 min into the test which was then reapplied within 60 s. .The concrete
slabs developed a stepwise pattern as the beam deflected and several units
exhibited vertical and shear edge cracks at the end of the test. The angles
deformed in a uniform manner.

All the bolts remained intact after the reload test.

3.2 Grade 43A Beam - Test B

Loaded to a design stress of 132 N/mm? using 200 mm thick concrete slabs. This
construction achieved a fire resistance time of 70 min at a deflection of L/30.

»
3.2.1 Deflection Measurements

The deflection measurements made on the beam at the centre of the construction in
Test B are shown in Fig. 10.

3.2.2 Temperature Measurements

A summary of steel temperatures and furnace atmosphere temperatures at various
stages during the test is presented in Table 4.

The furnace atmosphere heating curves are compared with the International
temperature/time curve in Fig. 11, which shows that the heating rate was generally
in accordance with the standard curve throughout the test.

Average heating curves recorded at different positions across the shelf angle beam
are compared in Fig. 12. At failure there was little scatter between the
temperatures measured on the lower flange which were within the range 910 to 922°C
with a mean of 914°C. The final temperatures in the exposed web were within the
range 878 to 898°C with a mean of 890°C; the corresponding temperature range in
the unexposed part of the web was between 173 and 219°C with a mean of 191°C. The
upper flange reached a mean temperature of 94°C. The final average temperatures
of the exposed and unexposed angle flanges were 839 and 613°C respectively.

3.2.3 Observations

The shelf angle floor assembly satisfied the reload test. Nothing unusual occurred
during the test.

3.3 Grade 43A Beam - Test C

Loaded to a design stress of 100 N/mm? using 100 mm thick concrete slabs. This
construction achieved a fire resistance time of 43 min at a deflection of L/30 and
74 min at a deflection of L/20.
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3.3.1 Deflection Measurements

The deflection measurements made on the beam at the centre of the construction in
Test C are shown in Fig. 13. The rate of deflection increased to a maximum of
4 mm/min and decreased to 2 mm/min after 45 min.

3.3.2 Temperature Measurements

A summary of steel temperatures and furnace atmosphere temperatures at various
stages during the test is presented in Table 5.

The furnace atmosphere heating curves are compared with the International
temperature/time curve in Fig. 14, which shows that the heating rate was generally
in accordance with the standard curve throughout the test.

Average heating curves recorded at different positions across the shelf angle beam
are compared in Fig. 15. At failure there was little scatter between the
temperatures measured on the lower flange, which were within the range 907 to 921°C
with a mean of 915°C. The final temperatures in the exposed web were within the
range 889 to 909°C with a mean of 900°C; the corresponding temperature range in

the unexposed part of the web was between 287 and 340°C with a mean of 317°C. The
upper flange reached a mean temperature of 222°C. The final average temperatures
of the exposed and unexposed angle flanges were 804 and 616°C respectively.

3.3.3 Observations

The 100 mm thick concrete slabs were used for the first time in a BS476:Part 8 fire
test on a shelf angle assembly and behaved in a similar manner to the thicker
blocks. After the test, some of the slabs exhibited cracking (Fig. 16(a)). The
deflection of both the beam and angle was uniform (Fig. 16(b)). The assembly
satisfied the reload test and all the bolts remained intact.

3.4 Grade 43A Beam - Test D

Loaded to a design stress of 165 N/mm? using 100 mm thick concrete slabs. This
construction achieved a fire resistance time of 29 min at a deflection of L/30.
Copies of the letters received from the WRC confirming the general results from
each test are given in Appendix 2.

3.4.1 Deflection Measurements

The deflection measurements made on the beam at the centre of the construction in
Test D are shown in Fig. 17.

3.4.2 Temperature Measurements

A summary of steel temperatures and furnace atmosphere temperatures at various
stages during the test is presented in Table 6.

The furnace atmosphere heating curves are compared with the International
temperature/time curve in Fig. 18 which shows that the heating rate was generally
in accordance with the standard curve throughout the test.

Average heating curves recorded at different positions across the shelf angle beam
are compared in Fig. 19. At failure there was little scatter between the
temperatures measured on the lower flange, which were within the range 724 to 738°C
with a mean of 733°C. The final temperatures in the exposed web were within the
range 707 to 724°C with a mean of 715°C; the corresponding temperature range in

the unexposed part of the web was between 152 and 180°C with a mean temperature

of 167°C. The upper flange reached a mean temperature of 97°C. The final average
temperatures of the exposed and unexposed angle flanges were 571 and 368°C
respectively.

3.4.3 Observations

Six minutes after the start of the test white fumes were emitted from the concrete
slabs and these were present throughout the test. On completion of the experiment
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the majority of the slabs contained either shear or vertical edge cracks which were
located in the tapered portion of the slab and originated from the vicinity of the
flange tip.

4. DISCUSSION

The serial size of beam used in these experiments has never been subjected to a
BS476:Part 8 fire test in the unprotected form. However, a study of the changing
temperature distributions measured across other unprotected steel members tested
in this way suggests that a fire resistance for the 406 x 178 mm x 54 kg/m beam
of 19 min would be expected when loaded to maximum design load (BS449). If the
temperature profiles are used as input data to the FASBUS II finite element
programme which calculates the changes in stress and deflection a fire resistance
of 23 min is predicted for a BS4360:Grade 43A section and 21 min for a Grade 50B
section.

However, during a fire beneath a shelf angle floor beam the concrete floor keeps
the temperatures of the top flange and the upper parts of the web to modest levels.
The net result is that as the hottom flange gets hotter and gradually loses some
of its load bearing capacity the neutral axis shifts upwards and tensile loads
begin to be taken up by the shelf angles. Hence, the time to failure under load
is longer than for bare unprotected beams having the floor slabs resting on the
top flanges. Clearly, the use of different precast concrete floor slab thicknesses
provide more or less protection to the web of the beam. In an earlier test in
which the BS4360:Grade 43A beam in a shelf angle floor construction incorporating
200 mm thick concrete slabs was loaded to the maximum design value a fire
resistance time of 67% min was observed!. The use of 100 mm thick slabs in the
present exercise reduced the fire resistance time to 29 min.

Previous work on unprotected steel beams showed that the fire resistance was
improved by reducing the stress in the centre of the tensile flange of the beam.
A similar effect occurred in the shelf angle floor tests. For example, with a
floor thickness of 100 mm the fire resistance time increased by 14 min as a
consequence of reducing the applied load by 40%.

The shelf angle floor design offers the scope for achieving a 1 h fire resistance
without recourse to passive protection. If the benefits offered by this form of
construction are to be recognised in the high percentage of building designs
requiring such fire resistance it is necessary to evaluate the behaviour of all
potential systems. The current study has provided valuable benchmark data for use
in the development of a mathematical model for predicting the performance of the
remaining sections without incurring the expense of fire testing.

5. CONCLUSIONS

Four BS476:Part 8 fire tests were carried out on shelf angle floor constructions
based on a 406 x 178 mm x 54 kg/m universal beam and 125 x 75 x 12 mm angles
supporting either 200 mm or 100 mm thick precast concrete slabs. The assemblies
were subjected to different applied loads, based on BS449.

The BS4360 Grade 50B beam loaded to a design stress of 100 N/mm? using 200 mm thick
slabs achieved a fire resistance of 94 min.

The BS4360 Grade 43A beam loaded to a design stress of 132 N/mm? using 200 mm thick
slabs achieved a fire resistance of 70 min.

The BS4360 Grade 43A beam loaded to a design stress of 100 N/mm? using 100 mm thick
slabs achieved a fire resistance of 43 min and 74 min at a deflection of L/20.

The BS4360 Grade 43A beam loaded to a design stress of 165 N/mm? using 100 mm thick
slabs achieved a fire resistance of 29 min.
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Beam size 406 x 178 mm x 54 kg/m
Angle size 125 x 75 x 12 mm
Bolts M20 Grade 8.8
- L ]
10 BRY4
i ) :::::Sffiifffffffififii\
I J \ :::::::\\\\\\;\\\
1
165
s AN

Dimensions in mm

SCHEMATIC ILLUSTRATION OF A TYPICAL FIG. 1
TEST ARRANGEMENT (R1/8766)
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ASSEMBLY OF CONSTRUCTION FIG. 4
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ASSEMBLY OF CONSTRUCTION FIG. 5
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CONSTRUCTION PRIQR TC TESTING FIG. 6
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APPENDIX 1 LOAD CALCULATIONS

406 x 178 mm x 54 kg/m UB Grade 43A
125 x 75 x 12 mm Shelf Angles
Effective Span 4.5 m

Maximum safe working uniformly distributed load = 271 kN

.. Operating at 80% of maximum = 217 kN

60% of maximum = 163 kN

Total dead weight of cover slabs and spreader beams = 72 kN

e Reaction on each shelf angle = %% b4 % = 18 kN
Total force required on each shelf angle to produce - 271 _ 135.5 - 18 = 117.5 kN
maximum operating stress (165 N/mm?) in test beam 2 . :

. Force required by each set of rams = 111%?f#—142 = 171 kN

SR Force required by each ram = l%l = 42.75 kN

Total hydraulic forces applied 42.75 x 8 = 342 kN - Test D

236 kN - Test B
185 kN - Test C

Total hydraulic forces applied for 80% loading
60% loading

406 x 178 mm x 54 kg/m UB Grade 50B
125 x 75 x 12 mm Shelf Angles
Effective Span 4.5 m

Safe working uniformly distributed load = 378 kN
Tested at 40% of maximum UDL = 163 kN
Total dead weight of cover slabs and spreader beams = 72 kN
. Reaction on each shelf angle = Z%—x % = 18 kN
gz:iénf:iizs;eggii::togezzch shelf angle to produce - lgg = 81.5 - 18 = 63.5 kN
.. Force required by each set of rams = 63'?.T 1.6 92.36 kN
2. Force required by each ram = 92;36 = 23.1 kN
Total hydraulic force applied = 23.1 x 8 = 185 kN
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APPENDIX 2 TEST A

| WARRINGTON
RESEARCH
GENTRE

| Fire Research, Testing and Consultancy

Warnngton Research W.R.C.s.l. 34140
Consultants {Services} Limited

Hotmesteld Rond 25 May 1984 - LH/RC
Warnngton WA1 20S

Te! Warnngton {0925) 55116

Telex: 628743 WARRES G

Mr. G. Thompson

British Steel Corporation®
Sheffield Laboratories
Swindon House

Moorgate

ROTHERHAM

Dear Sir,

FIRE RESISTANCE TEST RESULTS

We confirm the results of a fire resistance test carried out on your behalf in
accordance with BS 476: Part 8: 1972, on a steel beam of serial size 406 mm by
178 mm by 54 kg/m, Grade 50B, which supported precast reinforced concrete
slabs of overall size 1550 mm long by 550 mm wide by 200 mm deep on each side
of the beam. The concrete slabs were supported on a continuous angle of size
125 mm by 75 mm by 12 mm thick Grade 50B on each side of the web of the beam.
A total load of 184.8 kN was applied to the concrete slabs at ly8, 38, 5/8
and 7/8 span positions. The load was calculated by the sponor to be 40% of
the maximum allowable for the beam. The loading was applied at a distance of
500 mm away from the centre line of the beam and each side of the beam. The
ends of the concrete slabs being supported by the steel beam, were bedded in a
sand and cement mortar mix., The steel beam was unprotected. The test results
were as follows:

Stability ¢ 94 minutes
Re-load Test ¢ Satisfied
Date of Test t 24 May 1984

Our full report will follow in due course.

Yours faithfully,

L.HEALEY:
Technical Officer -

Structural Fire Protection
WARRINGTON RESEARCH CENTRE

WP Ref. 155

ES LONDON.AMC.Y . C.Chem . FRSC
B SAYERS.BSc . AMCT. C.Eng MLEE
FD WILLIAMS FCA FCCA
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APPENDIX 2 TEST B

I WARRINGTON
W/ RESERRCH
CENTRE

Fire Research, Testing and Consultancy

warnngton Research
Consultants (Services) Limited

Holmestield Road
Warnngion WA1 2DS

Tel Warnngton (0925) 55116
Tetex 628743 WARRES G

Mr. G. Thompson, W.R.C.S.1I. No. 34478
British Steel Corporation, 27th June 1984 - LH/RC
Sheffield Laboratories,

Swindon House,

Moorgate,

Rotherham.

Dear Sir,

FIRE RESISTANCE TEST RESULTS

We confirm the results of a fire resistance test carried out on your behalf
in accordance with B.S. 476: Part 8: 1972, on a steel beam of serial size

406 mm x 178 mm x 54 kg/m, Grade 43A which supported precast reinforced
concrete slabs of overall size 1550 mm long by 550 mm wide by 200 mm deep

on each side of the beam. The concrete slabs were supported on a continuous
angle of size 125 mm by 75 mm by 12 mm thick Grade 50B on each side of the
web of the beam. A total load of 263 kN was applied to the concrete slabs

at 1/8, 3/8, 5/8 and 7/8 span positions. The load was calculated by the
sponsor to be 80% of the maximum allowable for the beam. The loading was
applied at a distance of 500 mm away from the centre line of the beam on each
side of the beam. The ends of the concrete slabs being supported by the steel
beam, were bedded in a sand and cement mortar mix. The steel beam was unpro-
tected. The test results were as follows:

Stability : 70 minutes
Re-load test: Satisfied

Date of test: 26th June 1984
Our full report will follow in due course.
Yours faithfully,

SFealy

(L. HEALEY)
Warrington Research Centre

€S LONDON. AMCT,C Chem FRSC
B SAYERS, BSc . AMCT.C Eng. MIEE
FD WILLIAMS FCA FCCA
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APPENDIX 2 TEST C

T WARRINGTON
Wis| RESEARCH
CENTRE

Fire Research, Testing and Consultancy

Warrington Research

Consuitants (Services) Limited

Holmestield Rosd

Warrington WAT 2DS W.R.C.S.I. 35217 - IH/IMC
Tel: Warrington (0925) 55118

Totx: 26743 wmns’sc 7 January 1985

British Steel Corporation
Sheffield Laboratories °
Swindon House

Moorgate

ROTHERHAM.

Dear Sirs,

FIRE RESISTANCE TEST RESULTS

We confirm the results of a fire resistance test carried out on your behalf

in accordance with B.S. 476 : Part 8 : 1972 and to the draft amendment of

the Standard, on a steel beam of serial size 406 mm x 178 mm x 54 kg/m, Grade
432 which supported precast reinforced concrete slabs of overall size 1550 mm
long x 550 mm wide x 150 mm deep with one end of the concrete slabs tapering
to 100 mm deep over a distance of 300 mm. The concrete slabs were positioned
on each side of the beam. The concrete slabs were supported on a continuous
angle of size 125 mm X 75 mm x 12 mm thick Grade 50 on each side of the web of
the beam. The tapered ends of the concrete slabs rested on to the continuocus
angles. A total load of 184.8 kN was applied to the cancrete slabs at 1/8,
3/8, 5/8 and 7/8 span positions. The load was calculated by the sponsor to be
60% of the maximm allowable for the beam. The loading was applied at a
distance of 500 mm away fram the centre line of the beam on each side of the
beam. The ends of the concrete slabs being supported by the steel beam, were
bedded in a sand and cement mortar mix. The steel beam was unprotected. The
test results were as follows.

Stability (L/30) : 43 minutes
Stability (L/20) : 74 minutes (Test discontinued)
Re-load test s Satisfied

Date of Test : 19 December 1984

Yours faithfully,

e

Warrington Research Centre

E.5. LONDON,AM.C.T..C.Chem. FRSC.
8. SAYERS, B.Sc., AM.C.T..C.Eng.. M.LEEE.
FD. WILLIAMS FCA. F.C.CA,
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APPENDIX 2 TEST D

IR WARRINGTDN
RESEARCH
CENTRE

Fire Research, Testing and Consultancy

Warnngton Research
Consultants (Services) Limited

Holmestfield Road
Warnngton WA1 2DS

Tel Warnngton (0925) 55116
Telex 628743 WARRES G

W.R.C.S.I. No. 34142 - LH/SB 12th July 1984

British Steel Corporation ~
Sheffield Laboratories

Swindon House

Moorgate, Rotherham

Dear Sirs,

FIRE RESISTANCE TEST RESULTS

We confirm the results of a fire resistance test carried out on your behalf in
accordance with B.S. 476: Part 8: 1972, on a steel beam of serial size 406 mm x

178 wm x 54 kg/m, Grade 43A which supported precast reinforced concrete slabs of
overall size 1550 mm long by 550 mm wide by 150 mm deep with one end of the con-
crete slabs tapering to 100 mm deep over a distance of 300 mm. The concrete slabs
were positioned on each side of the beam. The concrete slabs were supported on a
continuous angle of size 125 mm by 75 mm by 12 mm thick Grade 50 on each side of
the web of the beam. The tapered ends of the concrete slabs rested on to the
continuous angles. A total load of 352 kN was applied to the concrete slabs at
1/8, 3/8, 5/8 and 7/8 span positions. The load was calculated by the sponsor to be
100% of the maximum allowable for the beam. The loading was applied at a distance
of 500 mm away from the centre line of the beam on each side of the beam. The ends
of the concrete slabs being supported by the steel beam, were bedded in a sand and
cement mortar mix. The steel beam was unprotected. The test results were as follows:

Stability : 29 minutes
Re-load test: Satisfied

Date of test: 11th July 1984.

Yours faithfully,

,// -
~ :/<//
- //&LL&I/"
(L. HEALEY)

Warrington Research Centre

E.S LONDON.AMC1.C Chem.FRSC
B SAYERS,B.Sc. AMC.T. C Eng.MILEE
FD WILLIAMS. FC A FCCA
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INITIAL CIRCULATION

Swinden Laboratories Teesside Laboratories

Mr. T.R. Kay Dr. R. Baker
Dr. B.R. Kirby

Mr. J. Lessells

Mr. D.E. Wainman

Mr. E.F. Walker

GENERAL STEELS GROUP

BSC Plates, Sections and Commercial Steels

Steel House (Redcar) Scunthorpe
Mr. G. Hogan > Dr. M.J. Pettifor
Mr. R.A.C. Latter Dr. T.J. Pike

Mr. J.T. Robinson
Mr. M.J. Thorndike

Lackenby

Mr. C. Mortlock
Mr. E.D. Smith



