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THE INFLUENCE OF THERMAL AND ROTATIONAL RESTRAINT ON THE FIRE
RESISTANCE OF UNPROTECTED BS4360 : GRADE 43A STEEL BEAMS

SYNOPSIS

Earlier work has shown the beneficial effect of rotational end
restraint on the fire resistance of unprotected steel beams when
subjected to a BS476 : Part 8 fire test. 1In view of the importance
of thermal expansion the present investigation was designed to
determine whether the addition of longitudinal restraint would
detract from these improvements.. Four tests were carried out on
BS4360 : Grade 43A beams with a serial size of 254 x 146 mm x 43
kg/m. A 30% end restraint was applied to two beams and 70% to the
remaining two beams. Thermal restraint was provided in three
tests by placing a rigid steel framework in intimate contact with
the ends of the beam. Neither dimensional nor torsional restraint
were deleterious to the fire resistance properties of the beam
which easily exceeded the 30 min fire resistance target. A
complicated pattern of deformation developed in each beam and this
is discussed. The failure criterion used for three tests was the
L/30 deflection limit while the fourth test was also determined by
a critical rate of deflection.

1. INTRODUCTION

Earlier work, carried out under a joint BSC/Department of Environment
programme, highlighted the beneficial effect of rotational end restraint on the
fire resistance time of unprotected steel beams when subjected to a BS476 :
Part 8 fire test!. It was recognised that the degree of rotational restraint
that was imposed on a steel member in a building construction should be
considered in any fire engineering analysis. Longitudinal restraint is also
present in steel frameworks and its influence on the thermal expansion
behaviour during a fire is important. A steel beam 6 m in length can expand by
51 mm when uniformly heated to 600°C and it is a common observation that
external walls are pushed outwards during a fire. Large forces are required to
prevent such an occurrence which can result in overstressed connections and
large deflections in the beam leading to a decreased fire life. This situation
is considered to be extreme since experience of natural fires suggests that
most of the thermal expansion is taken up through bending of the columns and
local buckling of the beam.

In view of the importance of thermal expansion the present investigation was
designed to ascertain whether the addition of longitudinal restraint would
detract from the improvements in fire resistance gained by rotational
restraint. Four tests were carried out at the Warrington Research Centre on
BS4360 : Grade 43A unprotected steel beams with a serial size of 254 x 146 mm x
43 kg/m. Two levels of rotational restraint were selected, 30% and 70%, which
spanned the range of end loads with which improvements in fire resistance had
been observed in the past. Thermal restraint was provided by an additional
stiff frame, manufactured from heavy steel section, that surrounded the furnace
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and made intimate contact with the ends of the beam. No connections were used.
As no freedom of movement could be accommodated in the longitudinal direction
it was considered that the beam would deform in an extreme manner during the
BS476 : Part 8 fire test. A continuous concrete cover slab was attached to the
top flange of two beams in a manner which conferred some degree of composite
action with the steel while four discrete segments covered each of the
remaining beams. The strain pattern which developed in the ends of the beam
during the test was monitored using strain gauges attached to the top and
bottom flanges.

2, EXPERIMENTAL PROCEDURE

2.1 Thermal Restraint Frame

In order to restrict the longitudinal movement of the beam caused through
thermal expansion an additional frame was designed, as shown in Fig. 1, to
contain the test beam. This was fabricated from two 7.1 m lengths of a 254 x
254 mm x 73 kg/m universal column for the long sides of the frame and two 4.1 m
lengths of a 914 x 305 mm x 224 kg/m universal beam for the end pieces. All
the steel sections were ordered to BS4360 : Grade 50 specification thus
enabling the frame to cope with the stress levels generated when testing at the
higher levels (70%) of rotational restraint.

The sections were bolted together with M20 8.8 bolts which allowed the frame
length to be adjusted thereby enabling different lengths of beams to be tested.
The frame could possibly also be adapted to thermally restrain floors during
testing.

The frame was designed to sit over the gantry of the furnace resting on stools
level with the test beam while contact between the beam ends and the frame
(flange of 914 x 305 mm x 224 kg/m beam) was made by inserting various
thicknesses of shim which were then tack welded to prevent slipping out during
testing. A photograph of the test arrangement is shown in Fig. 2.

2.2 Steel Supply

The four 254 x 146 mm x 43 kg/m BS4360 : Grade 43A universal beams were
obtained from a steel stockholder. Following the fire tests a sample was taken
from an unheated end of each beam to check the chemical composition and room
temperature tensile properties.

The product analyses are given along with the chemical composition limits for
the BS4360 : Grade 43A specification in Table 1 which shows that all the steel
beams easily satisfied the requirements for the specification.

The results from the tensile test specimens sampled in accordance with BS4360
from the flange position are given in Table 2 along with the permissible
strengths for the specification. Inspection shows that the tensile properties
of all the beams more than adequately satisfied the BS4360 : Grade 43A
requirements.

2.3 Beam Preparation

The concrete cover slab toppings on two of the beams were cast as a continuous
length and allowed to key into lifting tangs, made from 12 mm thick plate,
which were welded to the flange of the beam. The concrete topping on the
remaining two beams which were completely free of the lifting tangs were cast
as four discrete segments each separated with a strip of 12 mm thick mineral
fibre board. The concrete on all the test beams was made from a weak
non-structural mix.

The test beams were approximately 6.2 m in overall length and web stiffeners
made from 12 mm thick plate were welded onto each side of the beam above the
roller support positions.

Sixteen mineral insulated thermocouples (Pyrotenax 3 mm diameter chromel/alumel
Type K with insulated hot junction and inconel sheaths) were fitted to each
beam in the positions shown in Fig. 3. Five thermocouples were fitted at the
centreline on the web, six to the lower flange and five to the upper flange.
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Six mineral insulated thermocouples were also used to monitor the furnace
atmosphere temperature. These were located 100 mm away from the lower flange
at positions adjacent to the Warrington Research Centre thermocouples, used to
control the furnace heating rate.

The outputs from the thermocouples were monitored using the BSC Compulog 4,
computer controlled, data aquisition system which was similar to that used in
previous tests.

Each beam was stressed using the loads calculated in Appendix 1 for a simply
supported member and these were applied at four positions (!/8, 3/8, 5/8 and
7/8) on the effective beam span (4.5 m) to generate a bending stress of 165
N/mm2. The end moments required to achieve the level of rotational restraint
(30 and 70%) were applied using a hydraulic ram and load cell with loads of 3.4
and 8.1 t respectively (see Appendix 2) positioned at a distance of 715 mm from
the roller supports. Throughout the tests the ram height was altered to
maintain a constant load. The ram movements were also recorded.

Vertical deflection measurements were taken at the centre of the beams by the
Warrington Research Centre personnel using their potentiometric system. The
local strain pattern which occurred in the lower flange of the beams as a
consequence of the fire test was measured at intervals of 500 mm and the
lateral distortion was measured at intervals of 200 mm.

In view of the limited space available between the roller supports and the edge
of the furnace and the positioning of web stiffeners it was decided to measure
longitudinal strains in the cantilever sections that were subjected to
rotational restraint. 'Showa' strain gauges (N11-FA-10-120) having a gauge
length of 10 mm and a gauge factor of 2.1 % 1% were mounted on the top of the
upper flange and the lower flange of the beam at a distance of 50 mm beyond the
roller supports using M-bond 200 adhesive. At one end of the beam the
longitudinal strains at the centre and the edges of the top flange near the
edges of the lower flange were recorded. Only strains towards the edges of the
flanges were measured at the other end of the beam. For temperature
compensation purposes, dummy gauges mounted on a length of BS4360 : Grade 43A
plate were attached either to the web stiffener above the support or mounted on
the top of the lower flange. Changes in resistance were recorded for all the
gauges at 2 min intervals throughout the test. 1In addition the local
temperature rise in both the cantilever and dummy gauge block were measured to
enable a correction factor for apparent strain to be made.

3. RESULTS

The fire resistance times and mean lower flange and web temperatures at failure
of the beams are summarised in Table 3 for the different restraint conditions.
Although only four tests were completed it would appear that neither
dimensional nor torsional restraint are deleterious to the basic fire
resistance properties of a beam. 1In addition, the use of a continuous concrete
cover slab that had keyed into the lifting tang on the top flange of the beam
gave a 10% improvement in life compared with the beam topped with a segmented
concrete cover.

The temperatures recorded at failure in the web and flange locations of each
test beam are given in Table 4. Based on the deflection failure criterion
(L/30) the beams supported the design load to a higher temperature when
restrained. The temperatures recorded for the beam with a notional 70%
rotational restraint were lower than anticipated although the heating rate was
within the bottom tolerance limit set for the ISO furnace curve. This
particular test was extended beyond the deflections limit to record
temperatures associated with a proposed maximum rate of deflection

§ = L2/(9000 d) which for the current beam span and effective depth was 10.25
mm/min defining 'd' as the distance between the flanges of the beam. In view
of the concern over the loading rams above the beam the test was stopped at 10
mm/min. However the observations suggested that the sole use of the rate of
deflection criterion would extend the apparent elevated temperature life of
test beams.

The vertical deflection measured at the centre of each beam during the fire
test is shown in Fig. 4. The beam subjected to 30% restraint exhibited a
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constant rate of deflection which was typical of earlier data. However, the
imposition of thermal restraint resulted in virtually no vertical deflection
after approximately 15 min of the fire test had elapsed. The increase in
vertical deflection resumed after approximately 25 to 30 min depending upon the
degree of rotational restraint imposed.

As the same section size had been used throughout the test programme the steel
heating rates recorded in each beam were similar especially in the early stages
of the test.  Therefore, only one set of temperature-time curves are presented
as being representative of the conditions. The individual temperatures
recorded throughout the fire tests at the various thermocouple locations along
the beam are available on data sheets Nos. 28-31 (see Appendix 3). Little
temperature variation occurred along the lower flange, web, or upper flange of
the beam, as shown in Figs. 5-7, obtained from the second test in the series.
The temperature variation recorded across the beam at a distance of 100 mm from
the furnace wall is shown in Fig. 8. A plastic hinge formed at this position
during the test. The time interval required to heat the bottom flange and web
of the beam (with an HP/A value of 169 m~!) to a temperature at which the 1%
proof stress of the steel equalled the design stress was estimated to be 22
min, using available design data and an emmissivity factor for the furnace of

e = 0,25,

The average furnace atmosphere temperatures recorded from each test are
compared with the ISO temperature time curve in Fig. 9 which shows that the
heating rates from all the tests were in accordance with the standard.
However, although within the permitted tolerance, the furnace heating rate on
the fourth test was below the others. This discrepancy was reflected in the
comparatively low mean steel temperature of 814°C after 46 min, a temperature
that was attained after 41 min in the first test.

Local strain measurements at various positions along the lower flange of the
beams taken at the completion of the fire tests are given in Table 5. The
variation was greatest for beams subjected to thermal restraint where the
deformation behaviour was complicated by lateral displacement, as shown in Fig.
10. At the centre of the beam the local strain ranged from 1.6% for the
rotationally restrained only condition to 2.4% for the most highly restrained
condition. In the latter case the test had continued beyond the L/30
deflection criterion and was stopped at a deflection of L/22; local strains as
high as 5.39% were measured in the vicinity of an area of significant buckling
corresponding with the outer plastic hinge.

The measurement of longitudinal stresses on the flanges of the beams resulted
in a confused pattern of behaviour. This arose principally from the slight
misalignment of the beam relative to the restraining frame which led to a
preferential loading from one corner as expansion took place. The features
observed in the 30% rotational restrained beams were typical of all the tests,
as shown in Figs. 11 and 12.

A 30% rotational restraint was applied to the end of the beam by the
application of a load of 34 kN at a distance of 71.5 cm from the roller
support. The maximum surface stress recorded by gauges positioned 5 cm from
the support was calculated as +44 N/mm2 on the top flange and -40 N/mm2 on the
upper face of the bottom flange. The stress behaviour during the course of the
first test depended on the accuracy of control over the hydraulic jacks at both
the ends and centre of the beam. At one end of the beam, the stress
measurements remained constant but at a level of approximately * 80 N/mm2 which
suggested that the end load applied was higher than indicated. At the other
end of the beam, Fig. 11, the initial build up of tensile or compressive stress
in the flange due to the application of load was as expected. However, a
malfunction of the loading jack after 26 min of the test had been completed
resulted in a sudden increase in stress which recovered partially in the later
stages.

The behaviour of one end of a similarly loaded beam subjected to thermal
restraint is shown in Fig. 12. Once the furnace was lit rapid expansion of the
bottom flange took up any clearances with the frame. At the same time the
slight gap at the ends of the top flange allowed it to twist. After
approximately 10 min the bottom flange near the roller (Gauge No. 4) started to
yield at a compressive stress of -285 N/mm2. After 20 min the compressive
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load on Gauge No. 7 started to drop due to general yielding of the bottom
flange in the furnace. This allowed the top flange to make contact with the
restraining frame with Gauge No. 6 taking up the compressive load. After 30
min of the test had elapsed the further collapse of the beam in the furnace
removed the thermal restraint from the top flange.

A maximum difference in temperature of only 89C was recorded between the
surfaces of the beam and the dummy gauge mounting block. In view of this
comparatively small change no correction for apparent strain was considered
necessary.

During the early stages of the test the ends of the beam tended to move upwards
and the ram pressure in the hydraulic jacks was reduced to maintain a constant
load. However, once yielding had taken place in the furnace the ram pressure
had to be increased. The relative ram movements are shown as a function of
time in Fig. 13, For a notional 30% end restraint the initial deflection of
the beam was sufficient to raise the restraining frame by approximately 20 mm;
the magnitude of rotational restraint influenced the total displacement. In
consequence the weight of the frame provided an additional end moment raising
the total rotational restraint from 30 to 43% and from 70 to 82%.

After cooling all the test beams were reloaded satisfactorily and removed from
the furnace. Longitudinal cracks were observed along the continuous concrete
cover slab between the lifting tangs. Photographs of two beams subjected to
combined restraint are shown in Fig. 14 indicating the hinge positions and the
flange and web buckling resulting from the fire test. Copies of the letters
received from the Warrington Research Centre confirming the general results are
given in Appendix 4.

4. DISCUSSION

The structural steel sections used in building construction are subjected to
three types of restraint, namely a limit to longitudinal, lateral and torsional
movement. The general experience with steel frameworks in fire is that
collapse only occurs in exceptional circumstances, implying that restraint
provides a degree of stability to the structure. Previous work on BS4360 :
Grade 50B beams indicated that, in comparison with a simply supported member,
the application of torsional restraint increased the fire resistance time as a
consequence of the reduction in stresses in the centre of the beam. On the
basis of these preliminary tests a design philosophy was proposed ‘to facilitate
the use of rotational restraint in fire engineering calculations to provide 30
min fire resistance for unprotected steel beams.

The current series of tests was carried out using 254 x 146 x 43 kg/m BS4360 :
Grade 43A beams. Available test data on this product are limited, as shown in
Table 6. A simply supported beam recorded a failure time of 22 min, whereas
experience gained in early experiments using a nominal 63% rotational restraint
provided by a bolted connection extended the failure time to approximately 40
min. The application of 30% rotational restraint to the simply supported Grade
43A beam in the present work resulted in a failure time of 41 min which was
higher than expected. This could be due to two factors, a degree of composite
action between the continuous concrete slab and the beam and the increase in
rotational resistance that occurred in the later stages of the experiment. The
failure temperature of 8149C was similar to that recorded by the beam with the
bolted connection. 1In view of the fact that the failure temperature of the
unrestrained beam was 676°C calculations suggest that a more realistic failure
temperature for a 30% restrained Grade 43A beam would be 740°C on the web,
equivalent to 33 min fire resistance.

The superposition of the steel frame around the Grade 43A beam, still with a
rotational resistance of 30% increased the failure time to 48 min. The
additional resistance to longitudinal expansion of the beam resulted in a
complicated pattern of behaviour. As the test beam supported the weight

of the restraining frame the effective rotational restraint increased to

43%. During the fire test failure occurred by the formation of plastic hinges
in the beam within the furnace close to the supports with the point of
contraflexure in the centre. This feature had also occurred in the earlier
rotational restraint tests. The strain gauge readings taken on the cantilever
section beyond the roller indicated that the bottom flange yielded locally
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after approximately 12 min, other positions across the flange being affected to
a lesser extent as thermal expansion continued and the end of the beam made
overall contact with the restraining frame. On the top flange of the
cantilever the stress recorded by Gauge No. 1 increased by approximately +120
N/mm2 due to the longitudinal restraint but after 20 min a degree of relaxation
occurred due to yielding in the furnace. It is of interest to note that at
this time the temperature in the vicinity of the plastic hinge (100 mm from the
support) was 550°C such that the yield strength was similar to the design
stress superimposed on the beam. Replacing the keyed-in concrete slab by a
segmented topping removed any composite action with the steel beam and in
consequence the failure time and temperature were reduced to 44 min and 834°C
respectively.

No significant improvement in fire resistance for the thermally restrained beam
was obtained by increasing the rotational resistance to a notional 70%.
Although the pattern of yielding exhibited by the strain gauges situated on the
cantilever was not altered significantly the higher restraint

further restricted longitudinal movement since the lateral distortion of the
lower flange was much greater than with the beam having only 30% rotational
resistance. 1In addition the degree of upward deflection of the cantilever was
much smaller.

N
A particular feature of the time deflection curves observed in the tests was
the plateau which developed under conditions of combined restraint. This
feature occurred after 12 to 15 min into the test and lasted for periods of
10-15 min. It was caused by two mechanisms, lateral buckling and relative
changes to the vertical deflection brought about by a combination of changing
Young's modulus with increasing temperature and differential thermal expansion.

The effect of rotational and rotational plus longitudinal restraint on the
behaviour in a fire of the 254 x 146 mm x 43 kg/m BS4360 : Grade 43A beam is
summarised in Fig. 15 in terms of the failure temperature and time.

The points on the graphs represent individual test results which are subject to
differences in test condition and therefore only serve to indicate trends.
Although not as well defined as earlier experimental data on Grade 50 beams, it
is clear that the imposition of rotational restraint of 30% or more raises the
fire resistance of this steel section above the 30 min barrier. The addition
of longitudinal restraint by the manner used in the tests increases the fire
resistance to that anticipated from a fixed ended beam, equivalent in this case
to a 'notional' totational restraint of 67.4%. Such a comparison is determined
by a failure criterion based on a limit to vertical deflection. The extent of
lateral buckling is not considered. An isolated result suggested that if the
criterion had been based on a vertical rate of deflection of 10 mm/min the
failure time in the fire test for all the beam conditions would be increased.

The imposition of longitudinal restraint to a beam influences the manner in
which thermal expansion is accommodated during a fire. Real fire experience
suggests that most thermal expansion is taken up through bending of the columns
the remainder by buckling or deflection of the beam. These competing
deformation procedures will depend on the location of the fire in the overall
structure, movement of internal columns being restricted by the surrounding
framework. The extent of thermal expansion can be considerable. For example,
heating a 6 m beam to 600°C will cause an expansion of 51 mm, resulting in a
central deflection of 340 mm, should there be no column movement and no
twisting or buckling of the beam. The experience gained in the current series
of tests has been based on a structure in which two stiff pin jointed 914 x 304
X 224 kg/m beams acting as columns provided full longitudinal restraint by
direct contact with a 254 x 146 x 43 kg/m test beam. Such a combination is
probably untypical of multistorey construction. The bending stresses at the
centre of the pin jointed column and the end stresses on the test beam due to
thermal expansion of the beam have been estimated making a number of
simplifyling assumptions.

If:- test beam expansion - column deflection = test beam compression then:-

a 2 At) _ [ 1 Wy £,3 Wy 23)
2 48 E; I,

A E;
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where the suffixes 1 and 2 relate to the column and beam respectively,

% = length, I = moment of inertia, a = coefficient of linear expansion, A =
cross sectional area, E = Young's modulus, At = change in temperature and W =
force. At equilibrium W; = W,.

a 27 At
LW = —

L2 2,8

2 5 Y e, I
. . _ W
Bending moment in column =
4

W 2,

. . stress = 4—-—Z—1

N

. W
where 2 = section modulus, and the end stress on the test beam = A,

Consider a 7.28 m long column, typical of a 2 storey height, in contact with a
6 m long beam. Allowing for changes in Young's modulus and the coefficient of
linear expansion with temperature, the longitudinal stresses in the beam and
the maximum bending stresses in the column have been calculated on the
assumption that the beam is heated uniformly in a fire, see Fig. 16. At a
test beam temperature of 300°C the maximum bending stress in the 914 x 305 x
224 kg/m beam acting as the column is 135 N/mm? and the end stress in the test
beam is 110 N/mm2. By using the Euler buckling formula and a coefficient of x
2 for the end conditions the test beam could buckle at an end stress of 142
N/mm2 achieved at a temperature of 390°C. If the test beam is assumed to have
a uniformly distributed load in addition to the axial comgression resulting
from thermal expansion, the maximum bending stress at 300°C becomes 205 N/mm?2
and thg 1% proof stress value is possibly reached in the beam at a temperature
of 450°C,

In a multistorey building construction a 203 x 203 x 46 kg/m column is
frequently used in conjunction with a 254 x 146 x 43 kg/m beam2. As also shown
in Fig. 18, the respective stresses developed in the assembly due to thermal
expansion of the beam are much lower than those in the rigid structure.

These calculations are an over simplification of the real situation. The
nominal clearance between a 254 x 146 x 43 kg/m beam and a column is 6 mm/end.
A rise in temperature of 160°C would be required before complete longitudinal
restraint occurs. Beams are linked to columns by connections which in the case
of bolted framework can provide variable end restraint. This effect could be
simulated in a fire test by the use of spring disc washers placed between an
experimental beam and its column. However, what should be determined now are
the loading patterns imposed on a column by the deflection of a beam which
intensifies the bending stresses at a position just below the connection. A
sophisticated approach would involve mathematical modelling; however, the
stress pattern around the connection is complicated and at present an
appropriate program for calculating the temperature distribution in this
locality (from which a stress pattern is derived) is not developed. Once
available, the mathematical analysis would then be checked and refined as
necessary by completing fire tests on at first two and then three dimensional
structures.

The introduction of the L/30 deflection limit for beams and columns in BS476 :
1972 was expected to ensure that the structure remained stable after a fire.
Recent developments in structural design have produced structural systems whose
limit of load bearing capacity under the fire resistance test is not adequately
predicted by a deflection limit of L/30. Discussions within FSB1/6 on failure
criteria centre around a maximum rate of deflection, &§ = L2/(9000 d) and a
deflection 1limit for structural collapse of L/20(3)., 1In the current work one
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beam was loaded in the fire test until the rate of deflection was 10 mm/min,
just short of the maximum value set by the above equation. The strain in the
beam was estimated to be 2.4%, similar to values recorded in earlier Australian
work". At this point the beam had a deflection of L/22 and although it was not
in an imminent stage of collapse there was some concern for the integrity of
the test equipment. From this point of view the criteria considered by FSB1/6
represent an upper bound condition. A second rate of deflection formula
suggested by Constrado, § = 1.1 L2 gives a limit of 22 mm/min for the beam span
used in the tests which, on present evidence, is considered to be a high value.

5. CONCLUSIONS

Four tests were carried out on BS4360 : Grade 43A unprotected steel beams with
a serial size of 254 x 146 x 43 kg/m to examine the effect of thermal and
rotational restraint on the fire resistance as measured in the BS476 : Part 8
fire test.

Under the conditions imposed by the tests neither dimensional nor torsional
restraint were deleterious to the fire resistance properties of the Grade 43A
beam.

Available test data on this beam size are limited. A simply supported beam
recorded a failure time of 22 min in an earlier experiment. The application of
a 'nominal' 30% rotational restraint increased the failure time to 41 min.

This improvement was influenced to a certain extent by a degree of composite
action between the concrete cover slab and the beam, and the fact that some
increase in rotational resistance occurred during the test. The superposition
of a rigid frame around the beam provided an added resistance to longitudinal
expansion and the failure time increased to 48 min. ©No significant improvement
in fire resistance resulted by increasing the degree of rotational resistance
to a nominal 70%. As the deflection of the test beam lifted the restraining
frame the effective rotational restraint was slightly greater than that applied
by the hydraulic jacks.

During the fire test failure occurred by the formation of plastic hinges in the
beam within the furnace close to the supports with the point of contraflexure
in the centre. The strain gauge readings taken on the cantilever section of
the beam between the roller support and the restraining frame indicated that
the bottom flange yielded locally after 12 min, other positions being affected
to a lesser extent as the ends of the beam twisted and made intimate contact
with the frame. After 20 min the surface stresses in the cantilever relaxed as
the central span of the beam yielded in the furnace.

The effect of restraint on the time-deflection curves was to delay the rate of
vertical deflection after 12 to 15 min which lasted for periods of 10-15 min.
This was caused by combined lateral buckling and competing mechanisms on the
vertical movement of the beam.

One beam was tested to a limit close to the maximum rate of deflection
determined by § = L2/9000 4 which FSB/1/6 is considering as a possible failure
criterion. At the completion of the test the vertical deflection of the beam
was L/22. This isolated result suggests that the committee proposals on
stability failure represent an upper bound condition.
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Thermal restraint frame

1 \\ 8.1 m
[

\

\ 914 x 305 mm
X 224 kg/m
////’///7 beam
::E;EE;EEE:::::///;ujijj:///////’
’///// /// Web

A% "y’

4.6 m Test beam

" stiffener

=
[TTETYTY

254 x 254 mm x 73 kg/m column
Rotational II
restraint
frame
em1) n)
Load cell — .
. Shims
Position of 50 Hydraulic ' \
strain om| Fam  — || 65
auges
gaug _ —
. 914 x 305mm x .
224kg/m beam
Test beam L 9/ J
254 x 146 mm x s —
431 kg/m
y +. - .
t L L J |
Roller 7 — —
support
_ I ] | e——
k-4 4
SCHEMATIC ILLUSTRATIONS OF THERMAL RESTRAINT FRAME FIG. 1
AND TEST ARRANGEMENT (R1/8733)
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PHOTQGRAPH OF THERMAL RESTRAINING FRAME AND TEST ARRANGEMENT FIG. 2
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Distance from end of beam to thermocouples:

W1 4.08 m
F3, F1 3.78 m
W2, F6 3.46 m
F2, F8 3.16 m
W3, F7 2.84 m
F4, F5 2.54 m
w4, F9 2.23 m
End of beam 6.30 m
W5, F10, F11 1.25 m
POSITION OF THERMOCOUPLES ON TEST BEAM FIG. 3

{R1/8734)
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Deflection, mm
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30% restraint, no thermal restraint ]COntiDUOUS

————— 30% restraint plus thermal restrain

—— —— 30% restraint plus thermal restrainjsegmented
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concrete

t) top

concrete

"~ 70% restraint plus thermal restraintjtop

- /
/
/
\ /
i /
/;
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[. ]
n Jii
L//
A/II
- 11
7
1
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! I
l/ N
U/
|
1
B Py
I,
/’ 1
J
- ///// /II
/// / //
[om-m=s /.7
i e e
w
,'// —
i e
74
i
’7/ [ F 1 . 1 M |
0 10 20 30 40 50 60

Time, min

VERTICAL DEFLECTION MEASURED AT THE CENTRE

OF THE BEAM DURING EACH TEST
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Temperature,

1000

800

600

400

200

T/C Flange

-

—————— T/C Flange
— — — T/C Flange
—-— . T/C Flange

~N oy e N

—-—.—— T/C Flange

°C

Time, min

LOWER FLANGE TEMPERATURES RECORDED ON THE BEAM

TESTED WITH 30% ROTATIONAL PLUS THERMAL RESTRAINT
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FIG. 5
(R1/8736)



T/C Web 1

““““ T/C Web 2
— ———-T/C Web 3
~— —T/C Web 4

Temperature, °C

1000 -

800

600

400

200

Time, min

CENTRAL WEB TEMPERATURES RECORDED ON.THE BEAM
TESTED WITH 30% ROTATIONAL PLUS THERMAL RESTRAINT
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FIG. 6
(R1/8737)



T/C U-flange
------ T/C U-flange
— — — T/C U~flange

o 0w U Ww

— — — T/C U-flange

Temperature, °C
10001

800}

600

400

200

Time, min

UPPER-FLANGE TEMPERATURES RECORDED ON THE BEAM
TESTED WITH 30% ROTATIONAL PLUS THERMAL RESTRAINT
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FIG. 7 ,
(R1/8738)
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T/C Flange 10

—.— T/C U-flange 11

Temperature, °C

1000
g8ool
—
//
—
~
////
600} ~ //;//
Y ~
y/ e

/

400} Y e
Y v
// e
e
200 -
/ .
~
-~
P
~
0 1 1 L 1 .|
0 10 20 30 40 50 60
Time, min
STEEL TEMPERATURES RECORDED 100 mm FROM FURNACE WALL FIG. 8

(R1/8739)
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Temperature,

1000

800

600

400

200

°C

International temperature/time curve
30% rotational restraint (continuous
30% rotational and thermal restraint
30% rotational and thermal restraint

70% rotational and thermal restraint

20 30 40 50 60

Time, min

COMPARED WITH THE INTERNATIONAL, TEMPERATURE/TIME CURVE
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concrete)

(cont.concrete)

(seg.
(seg.

concrete)

concrete)

FIG. 9
(R1/8740)
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50
S Time, min
20 . . .
[Loading jacks solid]
40+
S
B~
60F
A s .
S gub e SN
s
gor ~u *\+\+
~r e
100 | o~
120 | ,\
",
140 |- \-\* /.
\.::::,I:}‘E
160 b Design.stress.
180
200 |-
220 |- Position of hydraulic
jack and load cell )
240 |-
260 |-
280 __¥ield stress
300 |-
Roller
320 - support
— E 'A’
340 & e N/mm? End A"
STRESS READINGS ON BEAM WITH 30% ROTATIONAL RESTRAINT FIG. 11
NO LONGITUDINAL RESTRAINT AND WITH CONTINUOUS COVER BLOCK {R1/8742)
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+ve N/mm? '
- %\\ -Design stress ég)\

/
\

. d Roller support
{ Thermal /, End 'A!
+ restraint .~

4 \+
204 \
x 10 )
OPA\JLIIII min
C
20r
40

80 \

X

\
100}
120}
140 \

a
16_Q_F i i ) / ) Design stress
180- 0

| 7]
200} ,d/
220
240}
260
280 Yield stress
300
-ve N/mm?
STRESS READINGS ON BEAM WITH 30% ROTATIONAL AND FIG. 12
LONGITUDINAL RESTRAINT AND WITH CONTINUOUS COVER BLOCK (R1/8743)
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30% end restraint (continuous concrete)

30% end plus longitudinal restraint
(continuous concrete)

30% end plus longitudinal restraint
(4 segment concrete)

70% end plus longitudinal restraint
(4 segment concrete)

Ram displacement, mm

0

10

15

20

25

30

35

40

0 10 20 30 40 50

Time, min

RAM MOVEMENT MEASURED AT THE END OF EACH BEAM FIG. 13
DURING THE CURRENT SERIES OF TESTS (R1/8744)
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30% Rotational Restraint (a)

70% Rotaticnal Restraint {1}

PHOTOGRAPHS OF BEAMS FOLLOWING COMBINED RESTRAINT TESTS FIG., 14
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Failure time, min

501
S X7
45
S = Segmented cover
C = Continuous cover
T = Thermal restraint
B = Bolted connection
40
35
30
25
x
20| | 1 A [
0 20 40 60 80

Effective rotational restraint, %

Failure temp., °C

900
c x T
S X T
800
700
600 1 1 L 1
0 20 40 60 80

Effective rotational restraint, %

FAILURE OF BS4360 GRADE 43A BEAMS UNDER FIG. 15
BS476 PART 8 FIRE TESTS (R1/8745)
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APPENDIX 1 LOAD CALCULATIONS

Actual properties of the Universal

Depth of section

Breadth of section
Thickness of flange
Thickness of web

Mass per metre

Moment of inertia
Distance of neutral axis
to the base of the beam

Effective span of the beam

(D)
(B)
(T)
(t)
(m)
(1)

(y)
(L)

Beam: -

260 mm

146 mm

12.36 mm

7.34 mm
412,179 N/m
6.3345E+07 mm“

130 mm
4500 mm

Maximum allowable bending stress to BS449 : Part 2 :

£f = 230 N/mm?2

Percentage of allowable bending stress required during the test

£f1

Required bending moment

Therefore w

where

£L£L
nuu

Concrete topping slab:-

Depth = 130 mm
width = 630 mm
Mass per metre = 1799.7 N/m

Total self weight of beam and topping

Required imposed load to produce required bending stress

Therefore total imposed load =

Using four point loads at 1/8,

Point loads required = 3388.85 kg

N
165 N/mm?2

8f11/yL2

f11/y = wL2/8 N/mm

load per metre run in N/m
8 * 165 * 6.3345E+07/130 * 4500 * 4500
31762.7 N/m

= 2211.88 N/m

31762.7 - 2211.88 N/m
29550.8 N/m

13555.4 kg

3/8,

29
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5/8 and 7/8 span equivalent to wL/4.
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APPENDIX 2 CALCULATION OF RESTRAINING MOMENT

wL-2

Central bending moment = -3

where W is the uniformly distributed load and
L is the beam span

In this case (from Appendix 1) w 31.76 kN/m

' central bending moment 80.39 kNm

30% Rotational Restraint

The end moment required is 30% of the central bending moment which was achieved
by applying a load of 33.7 kN (3.4 t) at a distance of 0.715 m from the
support.

For 70% Rotational Restraint

The end moment required is 70% of the central bending moment which was achieved
by applying a load of 78.7 kN (8.1 t) at a distance of 0.715 m from the roller
support.

30



RSC/2921/1/83

8vT | 8€T | L2T | 8IT | 80T | 96 18 oL 09 0s 8€ LT ST S ww ‘uor3loaried
88 | 8.8 998 | €S8 | 6€8 | €z8 | <S08) 98L ] €9L | Se€L | TOL | 099 | 009 | 66V | DoLT I¥ @AInd OSI
968 | 888 | ¥L8 | LS8 | O¥8 | <08 | €8L)| 99L ]| O0SL | 8zZL | 269 | 9€9 | ¥9s | ¥ew a1sydsowje ueay
588 | 8L8 198 | 058 | Sz8 | S6L | 9LL| LSL| €SL | STL| €L9 | ¥09 | 0€s | €1I¥ 9
LO6 | €06 | G68 | 9.8 | SS8{ 028 | 908 | ¥8L| 2Z9L | 6vL | BTL | 959 | sLs | 8w S
€06 | 968 ) €88 | z98 | W¥¥8 | 9081 6LL| S9L | €WL | rLTL| v69 | 629 | wss | cew v
GT16 | 906 | €68 | €81 098 | 0€8 | 66L | €8L | L9L | svL | toL | 099 | t6s | ssv €
v06 | 968 8.8 | T98 | 0S8 | 018 | S6L | TLL| T9L | Le€L | SOL | €S9 | S86 ] 6E¥W 4
098 | 0S8 | 2Z€8 | 0281 %08 | vLL | LvL | W®EL| 9TL | L69 | SS9 | €19 | 9vs | ezv T a1aydsouwyy
0S¥ | LZv | €6€ | Lse| 81€| 18z} 0SZ| stz| ¥81 | 8¥T | ¥IT| 98 ¥9 6€ 11 9buer3y 1addp
99L | €SL| 9€L | toL ]| TL9| 829 o6S| T¥S| oev | 9tv | TvE | 162 | .€vZ | 19T 0T abuety
¥89 | L99 | BE9 | ¥09 | 995 | vZS | L8V | CVv | 96€ | €€€ | B9Z | 60T | OST [ (8 g qaM
6G9 | SE€9| 86S | S65 ! L0S | 9Ss¥ | 80V | 69¢ | 6TE | €92 | soz | ST 10T | LS ueay
999 | €e¥9 | 809 | .95 | 615 | 69%v | vzt | SLE ] 6T1€ €92 | 10T | SPI v6 43 6
9¥9 | 29| €8S | 8¢S | 88¥ | €ev{ <8¢ LLe| €€€ | sLz | sTz | 19T | 80T | 8S 8
69 | SZ9 | (8S | €¥S | 96¥ | bvb | €6€ | ZvE | Ter | LEZ | TI8T | TET | €8 Ly S
sL9 | 2s9 ¥19 | €LS| 92S | LLY | O€Ev | Z8E| G€€ | 6LZ | ZZr | OLT | OzI oL ¢ 9buery 1addn
qam pue abuety
vi8 | 008 SLL | 6vL | TEL| €0L | 9.9 | ¥¥9| zCo09 | T¥s | osv | zve | €z | ziT 19M0T URdW
ST8 | 96L; L9L | €VL | 62L | G691 699 B8€9 | 665 | v¥S | 65V | 8SE | 6€T | ¥IT ueay
808 | 68L ! 09L | 6tL veL | 689 | 799 829 €8G5 S¢S | Te€v | 9z | 60T | ¥O1l v
T8 | TO8 | TLL i SWL | €EL | 669 | 2TL9} TY9| 909 | TSS | OLV | L9t | 9¥vz | Wwel £
Lz8 | 608 | 08L 1 o0SL ! 8€L SOL | T89({ 2S9| ST9 | v9s | ¢8v | €8¢ | ¥9zZ | T¥T 4
vo8 | ¥8L | LSL | @eL | 0ZL | 9891 099 629 | 165 | LES | WSV | GG€ | LeT | 8ZT 1 qeM
vi8 | v08 | T18L | €sL | ¥veL | OTL | 289 6V9 | S09 | 8€S | €vv | o€ | TT1C | 20T ueay
9€8 | LTIB| 26L | ®9L | 6€£L | 8TL | 169 | 659 ST19 | e¥vs | esv | ree | LTz | SOT L
TSL | StL| 69L | wweL | 9zL | LoL | €894 TS9| 809 | svs | evv | s€€ | 1T} 00T 9
618 | 108 ¥LL | SbL | €€L | TOL | TL9} S€9| S8s | wIs | €1v | 66C¢ | 98T | 06 v
ves | 918 | 68L | 65L | 6€L | TTL | €89 1S9 | 609 | vvs | ssv | T8¢ | sez | wel z
0€8 | OT8 ] S8L | SSL | #veL | otL | v89 ) 059! 909 | ovs | €¥v | 62€ | vor | 26 1 ©9buer3 1amo1
/
T 6¢€ 9¢ €€ 0€ Lz ve 12 81 ST (A 6 9 € uoT3E20T
utw .meﬂB SNOTIRA 193]V ~UO ~wu3uﬂuwQEwB w._..nm:OUOEqu.H
utw Tp :3WT3 IInTred
S00°0 | S00°0> - | S00°0> ~ | 500 | s00°0> | s00°0>] €0°0 | L0o0O°0 | €0°0 | T€E0°0 | €T0°0{ T6°0| €0°0 ]| ¥Z-0 v6€sy
¥
N «a0% iz aN ug no 15 A IN OR Ehe) s d UR 1S “oN
% ‘uorjzrsoduo) a1dues
0°62 $ ‘(19 ww 0pz) uor3lebuors
8y ,zWu/N ‘y3busizs arTsUIL
192 \ WU/N ‘SS313S PI3IX
sbueTa
(93810uU0) snonuT3juUO0) - JUTEI}SOY [PUOTILION $0f UIIM popeoT AT1nd)
€8°T°LC ©938d 389L ’‘VILTIE "ON D4M ‘87 °"ON -3Jay 389 ‘LG °ON 3I83L DSd T°€V
=W 69T J0 INTIVA ¥/dH V GNV w/BY €% X uw 9y X $GZ 40 dZIS NOILDAS V HLIM ‘THIELS VEY HAWID : 09¢€vsH € XIGN3Iddv

31



RSC/2921/1/83

(49} 8¢T L0T z8 ¥9 8y [44 134 9 Sy 134 6€ [43 [44 11 |4 ww ‘uoT3ioaTzeq
906 968 988 SL8 £98 0S8 9t8 0zs8 208 €£8L 09L ZEL 669 LS9 L6S 96V JobT I 241nd OSI
906 968 088 998 158 LEB [44:] 808 88L T19L 1442 €TL 0L9 [44°] L96 LLY 219ydsouje ueay
LL8 €L8 6¥8 9¢8 0z8 L08 v6L 18L L9L 6€L L €69 1S9 629 GSSS €LY 9
116 968 £88 898 158 8€8 144} 118 68L 9L E£vL 60L €LY 969 L8S 06¥ S
0€6 26 606 vés SL8 LS8 98 ves S18 6L E€LL £vL 669 €99 6LS (484 14
LZ6 0zZ6 668 068 SL8 298 Ly8 [4%:] S18 S8L SLL 1478 L69 L99 165 86% €
926 vie6 206 L88 €L8 098 98 €£€8 908 8L S9L 6ZL 589 8¥9 vas €LY 4
998 €68 8€8 628 z18 008 LLL 96L 6€L 0TL 689 099 029 0665 L4 LSY 1 a21aydsowly
L09 08¢s €SS (44 8LY 123 4 8¢ VEE 882 LyZ 012 VLT 1528 80T SL Ly 11 °buery 1e9ddn
TLL €SL LeL 0zZL 969 L9 1v9 119 1°Ls Lzs LLY LTV Lve €LT 002 86 0T sbueta
€6L LeL 9zZL LoL LL9 6%9 0zZ9 Z6S 0SS €£0S (434 Z6¢ 0zZ¢E ve €91 88 S qoM
€2L 00L zL9 Zv9 vo9 L9S 183 1 1:14 €€y 08¢ €2¢ S92 90¢ 1S1T 96 0s ueay
11¢L 589 659 0€9 065 186 118 LY STy 9Lt Lzg vLe L12 S91 90T 13 6
ZeL 0TL 89 2s9 L19 r8s €ps vos €st ov 18 4% 9L2Z 112 IsT 96 0s 8
9zZL €0L L9 [44'] v09 L9S 9%S 8LV {344 89¢ 60¢€ €62 v61 (341 06 6¥ S
veL T0L L9 9%9 S09 596 14 1334 1834 SLE 91¢ 8SC 102 9vT ve 34 € @abuery aaddp
qom pue abuety
698 88 Gz8 66L 8LL 6SL 1§73 €TL 269 LS9 609 8¥s 8s¥ 9be zee 60T 19MOT UedN
G68 9€8 118 8L oL 6VL €€L LTL S89 199 809 €68 LY 69¢€ 5} 44 O€T uesy
%8 T8 L6L 69L 1442 CEL 8TL 00L L99 z€9 886 (43 (434 -3 43 Lz 60T v
598 Lv8 zz8 6L bLL 8GL e SZL 969 99 0Z9 L9S 14:14 I8¢ Lsz 9¢T €
998 L8 1z8 96L 8LL 9L ShL 6TL 00L 999 €29 895 1434 SLE 1444 81 [4
6v8 678 908 8L 09L £vL 82L €TL 8L9 3 4°] 009 1441 99¢¥ oLe [4°14 6%1 T q3M
€L8 LS8 9€8 118 68L 8L 8vL 8ZL 869 z99 119 1447 :344 62¢ €02 6 ueay
LL8 098 8€8 118 V6L €LL (472 T€L 0oL 99 19 1421 Lvy 9z¢ 002 L8 L
188 G98 144:] 0zs8 96L SLL bSL €EL S0L 699 619 (43 9sVv SEE S02 S6 9
998 068 Lzs vos 08L 6GL 6€L 1L 689 (4] 109 bes ovv 1133 602 T0T 14
vis 858 [2%:] z18 88L L9L 06t cEL €0L L99 ST9 9¥s 1444 0ze v6l €8 [4
898 €58 [4%:] 608 88L L9L 9L SZL €69 859 809 1421 (434 €EE Loz 6 1 ©obuer3 a9mo7
14 Sv [44 6¢ 9¢ €€ o€ Lz ve 12 81 St (A8 6 9 € uoT30907
UTW ‘S3WTL SNOTIeA 193JY ‘Do ‘oanjeaadwag 31dnooou3yg
UTWw gy !aWT3 dInyTeRg
S00°0 S00°0> - S00°0> - S0°0 10°0> 10°0> €0°0 T0°0> 20°0 620°0 Z10°0 16°0 20°0 €2°0 09%sy¥
184
N *30% az aN ug no TL A ™ OH 1D s a uyW 18 o} “oN
% ‘uor3tsodwo) ardues
0°82 $ ‘(719 wu 002) :oﬂummcon
18% Uu/N ‘y3busays arrTsUI
682 UW/N ‘853138 PIOTX
sbuetd
(93930U0) snonNUIjUO) - JUIPIISOY [PWIIYL pue [ePUOTILIOY $0f YITM Papero] ATTnd)
€8°7°27Z °3BQ 3I83L ‘G9LTE °"ON D¥M ‘6Z "ON *39y 3I§3L ‘65 °ON 3IS3L DISg TUEY

32



RSC/2921/1/83

8vT EET [Aan) 68 L 19 8S LS SS 1s 6€ Lz L1 L 0 ww ‘uoTio’TzLaa
£68 v8s £L8 198 8v8 ves 818 008 18L 8SL 0€L L69 SS9 S6S 9€V JoZT I8 2Aa1nd OSI
068 LL8 oL8 8v8 €€8 ves €18 86L 9L 9¥L LoL 989 LEY L0S 909 a19ydsouje uesay
098 [44:] 6€8 618 z18 86L 8L 69L CEL [A YA 6L9 959 119 T6¥ 165 9
068 8.8 EL8 1s8 6€8 L8 L18 vos oL 8vL 60L S89 ov9 €18 9€9 S
S06 v8s 988 968 6¥8 €8 114:] €18 LLL 19L 6TL 00L Sv9 €0S L09 14
LZ6 616 606 988 Ly8 S98 0s8 LES €08 06L (443 LzL L9 0zs [ay] €
106 68 9.8 858 98 ves GZ8 L08 L9L 19L L T0L 0S9 €28 LT9 [4
658 8y8 9¢€8 0zs8 L08 06L 08L 09L €TL voL L9 Ss9 S09 vev LLS T aiaydsouay
[44 E6V 09%v ey 68¢€ €S¢€ 91¢ 6LT 9€¢C 86T L91 9€¢T1 SOT SL €S 1T @buery 1addn
LEL LeL 0TL 989 8G9 979 685 Shs €6V LEY LLe 90¢ [ 4%4 991 68 0T abuety-
veL 6TL 00L VLo Lv9 L19 [4:}] ovs 68Y% 6EV 98¢ €TE 962 68T TET S qaM
S89 199 829 06S (43 vis LLy LEY 98¢ T1€€ SLT 612 691 6T1 18 uesy
€69 L99 ZE9 06S 6%S 11S 6LY [R44 L6E Ske vezZ 18 44 681 SET SOt 6
069 L£99 9€9 €09 69S €S 00s 9% {31} 4 Tve 08¢ STz 191 01T oL 8
S99 v9 L09 796 128 8% (324 vov LSE (4113 0se 00z LST 111 1L S
€69 699 LED 909 LS [43] 98¥ SEV 98¢ SEE 9L 0zz 0LT 11 8L ¢ obuery 1addn
gqsm pue asbuet3z
vES SI8 E£6L 69L 0sL vEL 8TL 089 8v9 vo9 6vS viy 08¢ SLT VLT 19MOT uesK
GsZ8 608 98L 9L SheL T€L €TL ¥89 Sv9 z09 0SS o8y 06¢€ L8T 66T uean
0T8 T6L 69L SvL SEL 8TL 969 999 9Z9 v8s vES L9V Z8¢€ 88¢ S61 v
9€8 S8 6L 99¢L 9vL LEL LTL 069 [4°3'] 19 198 (434 €0V L62 602 €
6E8 128 96L TLL 1sL 9€L vZL L69 659 L19 99§ 96¥ 10% 762 68T [4
GI8 L6L viL 0sL SEL 9ZL SoL €L9 £€9 765 €vs 8LV v6¢€ 862 (4114 T q=m
8 €78 T08 LLL LSL 8¢L vZL €69 €99 909 8VS 99¢ 89¢ 092 (409 ueay
[32:] €78 108 LLL LSL 8€L veL 269 159 209 [4 49 09y €9¢€ 192 091 L
9v8 878 L08 8L €9L €vL €L 0oL 199 919 8GS [1:3 4 Z8¢ 992 €LT 9
4] L08 L8L Z9L £VL TEL 1T¢L 089 6€9 76S bes 1434 09¢ LS 8Vl 14
158 £Es 608 S8L €9L e oeL T0L 199 €19 €SS L9V (413 6V 8¢€T 4
ors [44] 108 6LL LSL 8€L vzl €69 €59 809 183 oLy TLE S92 6V1 T »abuery 1amon
144 [44 6€ 9¢ [ %3 113 Lz 144 12 8T ST [49 6 9 4 uoT3EO0n
UTW ‘SDWTL SNOTIRA I133JV ‘Do ‘Sanjeiadwsy a1dnodowaayy,
UTW pp :9WI3 LInTred
S00°0 S00°0> - S00°0> - S0°0 10°0> 10°0> €0°0 10°0> ¢0°0 620°0 10°0 26°0 20°0 €2°0 T9v sy
z v
N «30g iz aN us no TL A N OW Ele] S d UW s o] -on
% ‘uor3rsoduwo) arduesg
0°1¢€ % ‘(19 ww 0Q0z) uorlebuolam
¥8Yb JUU/N ‘y3bua1is arTsuUaL
v62 WU/N ‘SE3135 PTATX
abueta
(@33310uU0) pojuswbag — jUTRIIEAY [eRWISYJL Ppuy [eUOTILION R0 UYITM pPapeoq ATIng)
€8°Z°yZ 23®Q 3ISAL ‘99LTE °ON DM ‘0f °ON 39§ 3Is3L ‘09 °ON 3Is3L Dsd € eV

33



RSC/2921/1/83

YoZ | LLT} T9T| OST| v¥T}| 921 | LOT| 88 L9 :14 9¢ o€ 62 62 8z | €z 8T 11 14 wu ‘uot3ddTIeg
¥Z6) 916§ LO6] 868 | P68 ¥88 )| €.8} T98) 8¥8 | Ve8] 8TI8] 008 ) I8L| 8GL| OEL} L69] 0L9} LE9 | 89S Oo¥T I¥ 3AInd OSI
206 | €68 | 6.8) 698 | L98| ZS8 | T¥8| €LL| €T8| €08 98L| 2ZLL | 9GL | 8TL| €TL| OL9| ¥€E9| TO9 | 89F a1aydsowie ueay
98| SSB8 | S¥8| 6€8 | 9€8| 618 | 9T8( LSL| T8L| SLL| TSL| 9vL | 62ZL | L69| €69 | TS9| 009| L9 | €S¥ 9
S06 | v68 | 088| CLB| L98| 0S8 | €¥8| 669) GTI8| €08 ¥BL| L9L | 09L | VEL)| 60L | €L9| BE9)| 909 | SL¥ S
LT6; 606 568 €88 €88 TL8| 198 TSL| vEB| 0€B| 808 86L | TBL| €SL| EVL | 669 | T99]| €€9 | Sé¥ ¥
Lve | 9¢6 ) 926 V16| 806, 968} 188 ) 018 298} ¥¥8) 0€8| €18 ) L6L | 69L] ¥VL | L69] LL9]| VE9 | v8Y € :
¥68 | L8B| €L8| 658 | 798| 6V8 | CEB| ¥ZB| 908 66L| ¥BL| 89L | 9GL | BZL| 6ZL| S89 | 0€9 ] 66G | 8¥YY¥ 4
€88! 9.8 868) B8P8B | L¥8 . TEB | 9T8] TOB| TBL| 69L| LSL| OVL j STL| B89} 099§ 029 | L6G| 996 | €SV 1 a13ydsouway
9T9| LLS! 8ES| 90G | S6V | C9V ! 6TV | 96€| €9€ | 9Z€| €62 | 9ST | LTZ | 9LT} ¥ZT| ¥OT | 98 69 144 11 @buery 13ddn
€6L ! ELL SSL, BEL| 9€L ! LTL | OTL| BE9 | ¥99| S€9| 009| 965 | 00G | VEV| 89€ | Z8Z | 8TIZ| BST | 68 0T abuety
€9L 1 €¥L | TEL) 8TL mahw 969 ; LL9} SS9 0€9 ] T09; 995} 925 | SL¥ | 9T¥v| 9s€| T8Z | 9zZZ| ZLT | ¥OT S q3m
1}
3 *
oeL Nﬂn“ ¢69: TL9! ¥99 mmom T19| ¢85} 6¥S | ZTTIS| OLV| 2TV | 89¢€ | 90€! 9¥Z | L6T | €ST| TTIT | S9 uesp
€TL V69, ¥L9| SS9 8¥9 ! 9T9 ! TO9| wLS| ¥vS | 60S| L9V | O2Zv | L9E | 8OE| B¥Z | 20C | 8ST| LIT | 89 6
EvL, €E€L. STL| 569 889 V99 6€9) ¥T19| LBS | LGS| €S| 8LV | €2 | €SE) 68T | €TT | 69T! SZT | 69 8
TEL ! OTL' 689+ 99! LS9 0€9 | 009} 89S O€S | L8V | 6EV| 68€ | vee | 08T | ¥ZZ | ¥6T | OST| TIT | LI S
2EL, ETL | T69: 699! T99. SE€9  v09| zLG| S€S| S6¥! OSv| TOV | LvE| S8Z | SZZ | BLI] vET| V6 LS ¢ @9buery 1addn
: m qem pue obuelj
S981| 6v8 808 88L! OLL| TSL| LEL TZL{ 00L| TLY | SE9| €8S | T2S| O¥¥ | EVE, 6VT | T¥T 19M0T ueSK
bS8 LEB| 6T8B| TO8| S6L| bLL' »SL! 66L| 6ZL | €TL| 069 Z99 | 929! 6LS| 02S| S¥v | 6vE| 852 | OST ueon
178 Nmmw v08! 98L| 08L: 09L  TVL, VEL| 6TL | 00L} SL9j S¥9 | LO9 | LSS L6V | ZEV | 9€€| 9¥Z | S¥T ¥
668! €¥8 ¥Z8! G081 008, BLL  LSL! 6€L| TEL| LTL} 969 899 | Z€9| 28G| €25 | 0S¥ ¥S€ T9Z | 2S1 €
998 TS8/ v€8| ST8 ! 608, 88L G9L| 9VL | SEL | €TL| €0L| LLI | €EVI | 86G| OVS | ¥S¥ | 8S€E{ V9T | 9¥T [4
TG8; vE€B; 9TB| B6L | T6L TLL® TSL! LEL| 6TL ) TTIL| 889 659} ¥Z9| 6LS| TZS| 9v¥ | 0S€} €92 | LST 1 q3m
€18 658 | zve| vze | 818 | 66L 1 08L) 092 | €veL | oeL| 602 089 | zvo | L8S| Tz | 9vv | see| ThT | ¥ET uesy
TL8 | 958 OV8 | €C8 | LT18 | L6L | 6LL{ 09L | OVL ; 624 SOL| 9.9 LE€9| 08S ] ETIG | Z¥¥ | VEE | BEZ | BET L
Z88 | 898, ZS8| VEB| BTB| 608, 06L | B9L | 6VL | 9€EL| LTL)| 689 | 1S9 | L6S | TES| SEV | L2E€) L22Z | LTT 9
868 | TY8 | vTB) S08 | 66L TBL ! TOL| S¥L | LEL| 6TL} S69| 999 | 8Z9 | GLS| TS| 2Ly | v9€ | 2Lz | €91 ¥
8.8 G981 6¥V8| TE€8 | STB8! G08 | P8L} VI9L} S¥L | CE€L| €TL| SB89 | 9¥9 | 06SG| S2S | TSV | €ve| Sbz | 9€T [4
8.8 ) €98 LV8| 8T8 | TZB; €08 €8L{ €9L ) ¥¥L | PEL| €TL| S89 | 9¥9 | T6S | S2S | 2ev | vz€ | ¥vZz | 81T 1 oabuely 21amoT
S (49 6v 9¥ 1 4 (47 6¢€ 9¢ €€ 0¢ Lz ve 1z 8T ST (A 0T 8 S uoryes0q
UTW ‘S3WTJ SNOTIRA I333IV ‘Do ‘oan3eaadwal 37dnodouIdyy,
UTW 9% :aWT3 3InTreg
v¥00°0 500°0> - S00°0> - | s0°0 10°0> T0°0> €0°0 10°0> 200 220°0 L00°0 88°0 z20°0 0Z°0 [4:) A2
v
N s301 1z an us nd T A ™ 10 d uw Is 0 <oN
% ‘uor3tsoduwo)d a1dues
0°1¢ $ ‘(15 ww gQz) uorjebuoram
(1:34 ZUU/N ‘yjbusils STTSUSL
982 ZUU/N ‘SS9I138 PTSTX
sbueTd
(popeoT A11nd}
€8°€°C27 93ed 3IB3L ‘G69TE °*ON OJ¥UM ‘1€ °*ON °*3I2d 3IS3L ‘19 °ON 3IsdL Osd AR 4

34



RSC/2921/1/83

APPENDIX 4 BS476 : PART 8, FIRE TEST RESULTS CONFIRMED BY
WARRINGTON RESEARCH CENTRE
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Telex 527110 0r 628702

CHACOM G WARRES

W.R.C.8.1. No. 31764

Mr. Gavin Thompson, 11th February 1983

British Steel Corporation,
Sheffield Laboratories, A
Swindon House,
Moorgate,

" Rotherham.

Dear Sir,

FIRE RESISTANCE 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 an unprotected steel beam which
was of serial size 254 mm by 146 mm by 43 kg/m and of Grade 43A steel in
accordance with B.S. 4360: 1979. Throughout the duration of the test, the
ends of the beam were partially restrained against rotation over their
supports. A total load of 129 kN was applied to the beam via four point
loads at 1/8, 3/8, 5/8 and 7/8th span positions being the load requiredzfor
the support and fixity condition to produce a design stress of 165 N/mm

at centre span and a stress reduction of 30% x 165 N/mm2 over the supports,
i.e. 30% end fixity. The test results were as follows:

Stability : 41 minutes (Test discontinued)
Re-load test: Satisfied

Date of Test: 7th February 1983

After 41 minutes of testing, the deflection of the beam reached 148 mm at
which time the test was discontinued.

A survey of the specimen was performed prior to the test being conducted, but,
if you have not already dome so, you are asked to provide an accurate written
specification of the specimen tested, together with detailed drawings to
supplement the survey information.

A FULL REPORT IS UNABLE TO BE PROVIDED UNLESS A DETAILED SPECIFICATION OF THE
TEST SPECIMEN HAS BEEN PROVIDED.

Yours faithfully,

e —

(A.H. BONE)
Technical Manager - Structural Fire Protection
VWarrington Research Centre

£S5 LONDON AMCT . C Chem FRSC
B SAYERS. B.Sc AMCT.C Eng MIFE
ED WILLIAMS FCA FCCA
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Mr. Gavin Thompson, W.R.C.S.I. No. 31765
British Steel Corporation, 28th February 1983
Sheffield Laboratories,

Swindon House, ~

Moorgate,

Rotherham.

Dear Sir,

FIRE RESISTANCE 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 an unprotected steel beam which
was of serial size 254 mm by 146 mm by 43 kg/m and of Grade 43A steel in
accordance with B.S. 4360: 1979. The concrete topping to the beam was cast
insitu and monolithic. Throughout the duration of the test, the ends of the
beam were partially restrained against rotation over their supports. In
addition, the free ends of the beam were restrained against longitudinal
expansion movement by a specially designed end restraint frame. A total load
of 129 kN was applied to the beam via four point loads at 1/8, 3/8, 5/8 and
7/8 span positions, being the load required for the support and fixity con-
dition to produce a design stress of 165 N/mm”~ at centre span and a stress
reduction of 30% x 165 N/mm2 over the supports, i.e. 30% end fixity. The
test results were as follows:

Stability : 48 minutes (Test discontinued)
Re-load test: Satisfied’

Date of test: 22nd February 1983

After 48 minutes of testing, the deflection of the beam reached the permissible
limit of 150 mm and the test was discontinued.

A survey of the specimen was performed prior to the test being conducted, but,
if you have not already done so, you are asked to provide an accurate written
specification of the specimen tested, together with detailed drawings to
supplement the survey information.

A FULL REPORT IS UNABLE TO BE PROVIDED UNLESS A DETAILED SPECIFICATION OF THE
TEST SPECIMEN HAS BEEN PROVIDED.

Yours faithfully,

AR

(A.H. BONE)

Technical Manager - Structural Fire Protection
£S LONDON AMCT.C Cnem FASC

B SAYERS. BSc AMCT. C.Eng. MIEE

FD WILLIAMS FCA FCCA
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Warnnglon Hesearen
Consunants :Services: Limnec
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Wwarnngton WA 2DS

Te warnngton (0925 551 1¢
Tewex: 627110 0r 626702

CHACOM G WARRES
Mr. Gavin Thompson, W.R.C.S.I. No. 31766
British Steel Corporation, 28th February 1983

Sheffield Laboratories, -
Swindon House,

Moorgate,

Rotherham.

Dear Sir,

FIRE RESISTANCE 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 an unprotected steel beam which
was of serial size 254 mm by 146 mm by 43 kg/m and of Grade 43A steel in
accordance with B.S. 4360: 1979. The concrete topping to the beam was cast
insitu in four discrete sections at 1/3 span positions approximately. Through-
out the duration of the test, the ends of the beam were partially restrained against
rotation over their supports. In addition, the free ends of the beam were
restrained against longitudinal expansion movement by a specially designed

end restraint frame. A total load of 129 kN was applied to the beam via four
point loads at 1/8, 3/8, 5/8 and 7/8th span positions being the load required
for the support and fixity condition to produce a design stress of 165 N/mm

at centre span and a stress reduction of 30% x 165 N/mm2 over the supports,
i.e. 30% end fixity. The test results were as follows:

Stability : 44 minutes
Re-load test: Satisfied

Date of test: 25th February 1983

After 44 minutes of testing, the deflection of the beam reached 148 mm. The
load was removed from the beam after a period of testing of 44 minutes 30

seconds at which time the beam had exceeded its permissible limit of deflection
by a distance of 1 mm.

A survey of the specimen was performed prior to the test being conducted, but, ‘
if you have not already done so, you are asked to provide an accurate written
specification of the specimen tested, together with detailed drawings to
supplement the survey information.

A FULL REPORT IS UNABLE TO BE PROVIDED UNLESS A DETAILED SPECIFICATION OF THE
TEST SPECIMEN HAS BEEN PROVIDED.

Yours faithfplly,

(A.H. BONE)

ES LONDON.AMCT.C Crem FRSC
B SAYERS.B.Sc. AMCT.C.Eng MIEE
FO WILLAMS FCA FCCA
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CHACOM G WARRES

Mr. G. Thompson, W.R.C.S.I. No. 31685

24th March 1983
British Steel Corporation

Sheffield Laboratories, ~
Swindon House,

Moorgate,

Rotherham.

Dear Sir,

FIRE RESISTANCE 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 an unprotected steel beam which
was of serial size 254 mm by 146 mm by 43 kg/m and of Grade 43A steel in
accordance with B.S. 4360: 1979. The concrete topping to the beam was cast
insitu in four discrete sections at 1/3 span positions approximately. Through-
out the duration of the test, the ends of the beam were partially restrained
against rotation over their supports. In addition, the free ends of the bean
were restrained against longitudinal expansion movement by a specially designed
end restraint frame. A total load of 129 kN was applied to the beam via four
point loads at 1/8, 3/8, 5/8 and 7/8th span positions being the load required
for the support end fixity condition to produce a design stress of 165 N/mm

at centre span and a stress reduction of 70% x 165 N/mm2 over the supports.
i.e. 70% end fixity. The test results were as follows:

Stability 46 minutes
Re-1load test: Satisfied

Date of test: 22nd March 1983

After 46 minutes of testing, the deflection of the beam reached 150 mm. At
the request of yourself, the load was maintained and removed from the beam
after a period of testing of 54 minutes 20 seconds at which time the total
deflection of the beam was 195 mm and increasing at a rate of 10 mm per minute.

A survey of the specimen was performed prior to the test being conducted, but,
if you have not already done so, you are asked to provide an accurate written
specification of the specimen tested, together with detailed drawings to
supplement the survey information.

A FULL REPORT IS UNABLE TO BE PROVIDED UNLESS A DETAILED SPECIFICATION OF THE
TEST SPECIMEN HAS BEEN PROVIDED.

Yours faithfully,

(A.H. BONE)

£5 LONDON AMCT..C Chem FRSC Technical Manager - Structural Fire Protection
B SAYFRS. BSc AMCT C Eng MIEL
FD WILLIAMS FCA FCCA
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