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SUMMARY

THE EFFECT OF LOAD RATIO ON THE LIMITING TEMPERATURES OBSERVED DURING
TWO BS476 : PART 21 FIRE RESISTANCE TESTS CARRIED OUT ON 254 x 146 mm x 43 kg/m
UNIVERSAL BEAMS PROTECTED WITH 20 mm THICK VICUCLAD INSULATING BOARD

D. E. Wainman

Two BS476 : Part 21 standard fire resistance tests have been carried out on universal beam sections of
serial size 254 x 146 mm x 43 kg/m which were fully protected with 20 mm' thick -Vicuclad insulation
board. The loads applied to each test assembly were designed to create conditions of extreme over and
under loading in the steel beams. Based on the actual dimensions and properties of the steel sections load
ratio values of 0.736 and 0.207 were obtained. The performance of both test assemblies was judged against
the load bearing capacity criterion outlined in Section 5 of BS476 : Part 21 : 1987. The fire resistance
rating of the higher loaded assembly was 92 min whilst that for the other was 156 min. For both situations
the temperature of the lower flange at failure has been compared with the limiting temperature data given
in BS5960 : Part 8 : 1990 and it has been concluded that the limits set in BS§960 : Part 8 may be slightly
optimistic for steel beams protected with Vicuclad boards.
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THE EFFECT OF LOAD RATIO ON THE LIMITING TEMPERATURES OBSERVED DURING
TWO BS476 : PART 21 FIRE RESISTANCE: TESTS CARRIED OQUT ON 254 x 146 mm x 43 kg/m
UNIVERSAL BEAMS PROTECTED WITH 20 mm THICK VICUCLAD INSULATING BOARD

g

1. INTRODUCTION

The load bearing steel members makingup the framework of a building are required, by the UK building
regulations, to possess specified levels of fire resistance, such as one, two, or more hours. For steel sections
this property can either be measured in the standard fire resistance test, (BS476 : Parts 20/21 : 1987), or
may be calculated by methods described in BS5950 : Part 8 : 1990. One of the calculation procedures
outlined there-in is referred to as the limiting temperature method. This is based on a study of the
behaviour of the critical element, which is defined as being that part of the section which will attain the
highest temperature in fire conditions. In the standard fire resistance test the critical element of a beam
section is usually considered to be that portion of the lower, (tensile), flange of the section which is at the
mid-length of the supported span. The limiting temperature is the temperature attained by this element
of the beam at 'failure’. It therefore follows that the time taken for the critical element to heat up to its
limiting temperature is a measure of the fire resistance rating of the section under test.  Furthermore, the
extent to which the test member is loaded clearly influences the time taken for it to reach failure, as
defined by the standard. Consequently, the limiting temperature recorded for a lightly loaded steel section
will be greater than for the same rnember subjected to a higher level of loading.

BS5950 : Part 8 provides a table of lmutmg temperatures, as a function of load ratio, for various steel
members including beams supporting conerete floor slabs. This table is largely based on data obtained
during the fire resistance testing of'uriprateeted steel beams and columns. It is therefore of interest to
ensure that the tabled data are equally vahd*fm* steel beams which are fire protected.

The present report glves details concernmg the measurement of the hmltmg temperature at two extreme
values of load ratio, for 254 x 146 mm x 43 kg/m universal beams protected with 20 mm thick Vicuclad
boards.

2. DETAILS OF THE TEST ASSEMBLIES = .
2.1 Steel Supply

The steel sections used in the construction of both test assemblies were obtained from a local steel stock-
holder. Each test required a 5 m length of 254 x 146 :mm: x 43 kg/m serial size universal beam in BS4360 :
Grade 43A steel. Samples were taken from each of the sections for chemical analysis; and for mechanical
testing. The chemical compositions and room temperature tensile results are given in Tables 1 and 2
respectively.  These show that both test beams almost certainly came from the same parent section, and.
that: both satlsfied the requirements specified in BS4360 1986 for. Grade 43A steel ,



SL/HED/R/S1199/18/92/C

The low silicon content of 0.08% indicates that the feedstock used came from a steelmaking/casting route
employing a balanced steel composition, and suggests that manufacture was probably via the BOS/ingot
route. The sections were devoid of any marks identifying the original manufacturer. It is worth noting
that the nitrogen level of 0.0083% is somewhat higher than would normally be expected for BOS produced
steel. The residual copper content is also rather high at 0.12%, though the other residual elements, (Ni,
Cr, and Mo) are at or below expected levels.

2.2 Concrete Cover Slabs

A concrete cover slab, nominally 650 mm wide x 135 mm thick, and in four sections each 1125 mm in
length, was cast onto the upper flange of each test beam. The slabs were secured in position by thin gauge
mild steel ties welded to the beam as indicated in Fig. 1, and described in the schedule of components,
Table 3.

2.3 Instrumentation
23.1 Temperature Measurement

A total of twenty 3 mm diameter mineral insulated 'K' type thermocouples; (Ni/Cr-Ni/Al), each with
insulated hot junctions and inconel sheaths, were used to monitor the temperature .of the steel beam
during each test.. These thermocouples were located at the positions shown in Figs 2:and 3; and were
embedded to the mid-thickness position of the relevant section. All were ingtalled: prwr to the app11cat1on
of the V1cuclad fire protection material. The positions may be summarised as:-. : g
(a) Four thermocouples embedded in the upper flange of the beam. -

Identified as :- F3, F5, F8, F9

(b) ~ Five thermocouples embedded in the lower flange of the beam. .
Identified as :- F1,F2,F4, F6, F7

() Four thermocouples embedded in the web of the beam at the mld-hemht posmon
A Identified as:- W1, W2, W3, W4 P i :

(d) Seven thermocouples embedded in the web of the beam at the mldaspan posn:mn These were

used t6 monitor the temperature profile through the depth of the assembly

Identified as :- W5to W11 1nc1uswe : ot

[ERRETENS S ¥ SR L

After the test assembly had been located in the furnace a further six thermacoup.lses. (of the same type),
were installed in order to monitor the furnace gas temperature at positionsalong ‘its-length. These
thermocouples were located at the positions indicated in Fig. 4, their tips being level with the lower flange
of the beam and 100 mm away from the fire protection material. SRRl -

23.2 Beam Central Displacement

Vertical movement of the beam at the mid-span position was monitored throughout each test by
Warrington Fire Research Centre Personnel using a displacement transduceériconnected to their data
logging facility.

2.4 Application of the Fire Protection System

Application of the Vicuclad board insulation material was carrieddutdurimg the. week commencing |

August 7th 1989 by Fylde Fire Protection Ltd., a firm of specialist struetural fireproofing contractors

based in Blackpool, Lancashire. The protection applied to each of the test assemblies was the same, and .

comprised the enclosure of the three exposed sides of the beam within a box:profile formed from 20 mm

thick boards as illustrated in Fig. 1. The protection covered a central 4300 mm long portion of the steel -

section. A board thickness of 20 mm was speclﬁed in order to provide a minimum of one hours fire
protection.
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No special preparation of the steel-work:preceded the fitting of the insulation material, application of
which was carried out generally in ‘accofdatice with: the manufacturers recommended practices and
procedures. 25 mm wide noggings of Viituelad board material were bonded to the steel beam using
Vicubond adhesive. These noggings extended over the full height of the web and were spaced at 500 mm
centres to coincide with every board jeint pesition. Recesses were cut in the noggings, as required, to
accommodate the thermocouples. Figure§'shows one of the beams at this stage of preparation. The 20 mm
thick boards, which were 1000 mm in length;:were both bonded and nailed to the noggings using Vicubond
adhesive and 50 mm long nails. - The method employed for closing off the end of the:beam is shown in’
Figure 6. RN : :

The board joint positions on each side of‘the.beam did not, by design, coincide with each other along the
protected length; the relative positions of the panels being as shown in Fig. 7. The joints between the
boards protecting the lower flange were at.the same positions as those in the boards protecting the right
hand side of the beam, when viewed:from the door end of the test furnace, as shown in Fig. 8. Figure 9
shows the offset of the panels on the left hand side of the beam.

2.5 Assembly

Each complete test assembly, consisting:of a: protected beam and its segmented concrete cover slab was
positioned so as to form the roof of the floor furnace at the Warrington Fire Research Centre. The
assemblies were simply supported on asteel loading frame, lined with refractory cement, so as to give a
total effective span between the roller supports-of 4500 mm. This frame was supported on the outer walls
of the gas fired furnace so that the length of beam exposed to the heating conditions of the test was
4000 mm. The arrangement is shown schematically in Fig. 10 and described in the schedule of
components, Table 3. A general view of one of the assemblies installed in -the furnace and just prior to
testing is shown in Fig. 11.

2.6 Loading

Loading of both test assemblies: was effected through the concrete cover slabs to simulate conditions which
would be encountered in service. Thesoad was applied via four hydraulic rams which were positioned at
points corresponding to 1/8, 3/8, 5/8 and 7/8 of the supported span, and along the centre-line of the web of
the beam, as shownin Figs: 1 and-10.: :

In the case of the first test, (WFRC 46738 on 24/08/89), the load applied to the beam via the four rams, (the
imposed load), was 21.0 tonnes. This, together with the contribution made by the self weight of the beam
and the concrete cover slab, (the dead load), was caleculated to generate a nominal load ratio value of 0.7
when calculated in accordance with the:géneral:provisions of BS5950 : Part 1 : 1985. In the case of the
second test, (WFRC 46734 on 06/09/89), the dead load, plus an imposed load of 5.25 tonnes, was calculated
to develop a nominal load ratio value of 0 2

Load ratio is defined in BS5950 : Part 1 as: bemg the ratio of the apphed moment at the fire limit state to

- the moment capacity of the member at ambmnt temperature

ie. LoadRatm ®), = M/ Me

where: Mfis the product of the maximum tenmle stress in the member and its elastic modulus.
and: Mc is the product of the room temperature yield stress of the member and its plastic modulus.
_ Coe i o f(max)x 2
Hence ‘ Load Ratio, R), = —————— .. (D
. v Tonne ey Pyxs
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When calculating Mc, the design strength, Py, corresponding to the minimum guaranteed yield strength
for the particular grade of steel is normally used, ie, for a BS4360 Grade 43A steel, Py = 275 N/mm2.
However, for the purpose of evaluating the effect of load ratio on the limiting temperature, the influence of
variations in the strength of the as-received material may be diminished by adopting the measured yield
strength values for Py. As indicated in Table 2, the average room temperature yield strength of the
material used in the construction of both test assemblies was 306 N/mm?2.

Details of the loading calculations for each test assembly are given in Appendix 1. In both cases the loads
were initially calculated on the basis of serial size dimensions and properties for the beam, and the
nominal dimensions of the concrete cover slab. The calculations show that, in the case of the first test
assembly, the combined loads were sufficient to generate a maximum tensile stress in the lower flange of
the section of 240.9 N/mm2. This is 46% in excess of the maximum permissible stress in bending when
calculated according to BS449 design rules. Similarly the maximum tensile stress in the second assembly
was calculated to be 68.8 N/mm2 which is approximately 42% of the maximum permissible value of
165 N/mmz2,

The influence of variations in the dimensions of the as-received material on the values of both Mc and Mf
may be eliminated by using section property data calculated on the basis of actual dimensions.
Retrospective calculations were therefore carried out based on the measured dimensions of the steel
sections and the concrete cover slabs, in order to more accurately determine the load ratio values
associated with each test assembly. These calculations, which are set out in Appendix Al.2, indicate that
in the case of the first test assembly the maximum tensile stress in the lower flange of the beam was 252.8
N/mm?2, or approximately 53% in excess of the maximum permitted design stress according to BS449. The
recalculated value for the load ratio was 0.736. In the case of the second test assembly the corresponding
values were 71.22 N/mm?2, (approximately 43% of the permitted maximum), and a load ratio of 0.207.

2.7 Failure Criteria

The performance of both test assemblies was judged against the load-bearing capacity criterion outlined in
Section 5 of BS476 : Part 21 : 1987. The maximum allowable deflection and the maximum allowable rate
of deflection for both test assemblies, as specified by the standard, were calculated to be 225 mm, (span/20),
and 8.62 mm/min, (span2/9000 x D), respectively, where D = 261 mm, the measured depth of the section.
The allowable rate of deflection criterion is not applicable until the deflection exceeds span/30, ie 150 mm.

3. EXPERIMENTAL RESULTS

3.1 Beam Tested at a Nominal Load Ratio of 0.7 (Test No. WFRC 46738 of 24th August
1989)

The load was removed from the beam after 93 min, at which time the mid-span vertical deflection was 156
mm, and the rate of deflection was 16 mm/min. Since both the span/30 deflection criterion and the limiting
rate of deflection criterion of 8.62 mm/min had been exceeded the test was considered to be complete. In
accordance with the provisions of BS476 : Part 21, the fire resistance rating of the test assembly was 92
min. In order to obtain additional thermal data, heating of the unloaded beam continued for a further
period of 27 min. A copy of the letter received from Warrington Fire Research Centre confirming the
general results is included in Appendix 2.

3.1.1 Temperature Measurements

A summary of the steel temperatures and furnace gas temperatures recorded at various times during the
test is presented in Table 4. The temperature data from thermocouples W5 - W11, located at the mid-span
of the beam, which were included to give a detailed temperature profile through the depth of the section,
are given in Table 5.
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In Fig. 12 the average furnace gas temperature is compared with the international time/temperature
curve. This plot shows that the average furnace gas temperature was generally well maintained, although
it tended to be slightly in excess of that required by the standard throughout most of the test. From the
data in Table 4 the over-temperature has been estimated to be typically about 17C°. It should be noted
that the temperatures indicated by the six "atmosphere’ thermocouples are not used for controlling the
furnace, Warrington Fire Research Centre installing their own thermocouples for this purpose.

Average heating rates measured at the different locations over the central 2 m portion of the test assembly
are presented in Fig. 13. Atfailure, (92 min), the measured temperatures were as follows:-

, Temperature °C
Location Thermocouple Identity
Minimum | Maximum Mean
Upper Flange F3, F5, F8, F9 363 409 387
Mid-Height Web W1, W2, W3, W4, W8 531 541 533
Lower Flange F1, F2, F4, F6, F7 561 576 569

The temperature profile at the mid-span position through the depth of the assembly is shown in Fig. 14.

3.1.2 Deflection Behaviour '

The vertical deflection measurements made at the mid-span of the beam are presented in Table 6 and are
shown plotted in Fig. 15. The rate of deflection remained well below the limiting rate of 8.62 mm/min
throughout the test, only exceeding this value during the 90th min..

3.1.3 General Observations
3.1.3.1 Prior to the Test
(a) - The beam dimensions were recorded as:
Depth 261 mm
Width 143 mm
Flange Thickness 12.28 mm
Web Thickness 6.8 mm
Root Radius not measured
(b) The concrete cover slab dimexisions were recorded as:
Width  642mm
Thickness 134 mm
Length 4000 mm (4x 1000 mm.)
(c) The moisture content and density of samples of the Vicuclad board material, taken on the day
of the fire test, were recorded as:
Moisture Content 31%wiw
Density 529 kg/m3
3.1.3.2 During the Test

The following observations were recorded during the conduct of the test.
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Time

min/s Event

-15.00 Load applied to the beam. Initial deflection = 22 mm

00.00 Test commenced

07.00 Slight emission of blue/grey smoke from the roof of the furnace commenced.

10.00 Test specimen visible in the furnace.
No visual changes since the commencement of the test.
13.00 Lower corners of the protection beginning to radiate a dull orange colour.

25.00 Sides of the prdtection beginning to radiate a dull orange colour.

Lower corners.of the protection glowing bright orange.
(shown in Fig. 16).

45.00 Protection on the beam glowing bright orange over the entire surface.
Protection appears to be stable and intact.

60.00 No significant visual changes since 45 min,

'80.00 A small split is apparent in the protection near the mid-span position.
It appears to extend across the full width of the lower flange and is
approximately half the specimen height on its left hand side, as viewed
from the door end of the furnace.

(Shown in Fig. 17).

92.43 Central vertical deflection equals span/30, (150 mm).
Rate of deflection is in excess of that allowable.

93.00 Load removed from the beam.

The split in the protection remains as at 80 min.
No other significant visual changes since 45 min.
Test continuing with no imposed load.
120.00 Test terminated.
3.1.3.3 Subsequent to the Test

On removing the beam from the furnace, (25/08/1989), it was apparent that damage to the Vicuclad
protection was more extensive than had been noted during the course of the test. Figures 18 and 19 show
the left hand/soffit, and right hand sides of the assembly respectively. Board failure had occurred
approximately 150 mm from the mid-span position, and this coincided with a soffit board joint, and also a
web board joint on the right hand side. (Refer to Fig. 7). The split on the right hand side, which extended
the full height of the section, had not been apparent during the test. Also on this side of the assembly was
a section nearly 400 mm in length, where the joint between the soffit and web boards had become
separated, thereby exposing the underlying steel flange to the furnace atmosphere. At the centre of the
affected area, necking down of the lower flange material by between 3 and 4 mm, over a distance of about
80 mm, had taken place as shown in Fig. 20. A number of smaller, less severe, cracks were also in
evidence throughout most of the test assembly, typical examples of which are shown in Fig. 21.

3.2 Beam Tested at a Nominal Load Ratio of 0.2 (Test No. WFRC 46734 of 6th September
1989)

The load was removed from the beam after 156 min, at which time the mid-span vertical deflection was
178 mm, and the rate of deflection was 8 mm/min. At this time a section of the Vicuclad board became
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detached, (see Section 3.2.3), and the test was terminated after 160 min. The span/30 failure criterion was
reached after 152 min but the limiting rate of deflection criterion of 8.62 mm/min was never exceeded.
Therefore, in accordance with the provisions of BS476 : Part 21, the fire resistance rating of the test
assembly was 156 min. A copy of the letter received from Warrington Fire Research Centre confirming the
general results is included in Appendix 2.

3.2.1 Temperature Measurements -

A summary of the steel temperatures and furnace gas temperatures recorded at various times during the
test is presented in Table 7. Table 8 contains the temperature data from thermocouples W5 - W11, located
at the mid-span of the beam, which were included to give a detailed temperature profile through the depth
of the section.

The average furnace gas temperature is compared with the international time/temperature curve in
Fig. 22. This plot shows that the average furnace gas temperature tended to be slightly in excess of that
required by the standard throughout most of the test. Although there were slight losses of control at
around 15 min, and again after 30 min, these were quickly corrected, and in general control of the furnace
temperature was acceptable. From the data in Table 7 the over-temperature has been estimated to be
typically about 15C°. As noted in 3.1.1 these temperature data are independent of those used for furnace
control purposes. '

Average heating rates measured at the different locations over the central 2 m portion of the test assembly
are presented in Fig. 23. After 152 min, (span/30), the measured temperatures were as follows:-

-

Temperature °C
Location Thermocouple Identity
Minimum | Maximum Mean
Upper Flange F3, F5, F8, F9 574 623 596
Mid-Height Web W1, W2, W3, W4, W8 686 744 705
Lower Flange F1, F2, F4, F6, F7 718 730 724

The temperature profile at the mid-span position through the depth of the assembly is shown in Fig. 24.

3.2.2 Deflection Behaviour

The vertical deflection measurements made at the mid-span of the beam are presented in Table 9 and are
shown plotted in Fig. 25. The rate of deflection remained below the limiting rate of 8.62 mm/min
throughout the test. However, had it not been necessary to remove the load from the beam after 156 min
the limiting rate of deflection would certainly have been exceeded in the next few minutes.

3.2.3 General Observations

3.2.3.1 Prior to the Test

(a) The beam dimensions were recorded as:
Depth 261 mm
Width 143 mm
Flange Thickness 12.28 mm
Web Thickness 6.8 mm
Root Radius not measured
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(b) The concrete cover slab dimensions were recorded as:
Width 647 mm
Thickness 130 mm :
Length 4000 mm (4x1000 mm.)
(e The moisture content and density of samples of the Vicuclad board material, taken on the day

of the fire test, were recorded as:

Moisture content 3.1 % wiw

Density 529 kg/m3
3.2.3.2 During the Test

The following observations were recorded during the conduct of the test.

Time
min/s ‘ Event
-15.00 Load applied to the beam. Initial deflection = 6 mm
00.00 Test commenced
10.00 Test specimen just visiblé in the furnace.
No visible changes since the commencement of the test.
13.00 Lower corners of the protection beginning to radiate a dull orange colour.
20.00 Lower corners of the protection glowing bright orange.
45.00 Protection on the beam glowing bright orange over the entire surface.
Protection appears to be stable and intact.
60.00 No significant visual changes since 45 min.
80.00 All protection glowing very bright orange.
Protection appears to be stable and intact.

100.00 = | Nosignificant visual changes since 80 min,

150.00 Two small splits are apparent in the protection near the mid-span position.
They appear to extend about 50-60 mm upwards from the lower corners on
both sides of the assembly.

152.00 Central vertical deflection equals span/30, (150 mm).

Rate of deflection is 6 mm/min. which is not in excess of that allowable.

155.00 A section of the soffit protection has delaminated from the assembly and is
hanging down, leaving the lower flange steelwork exposed to the furnace
atmosphere. The delaminated section is approximately 500 mm long from
the mid-span position towards the door end of the furnace.

156.00 Further sections of the soffit protection have become detached and these,
together with that noted above, have fallen into the furnace. The lower
flange is now exposed for approximately 1000 mm in both directions from the
mid-span position.

(see Fig. 26).
156.15 Load removed from the beam.
160.00 Test terminated.

10
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3.2.3.3 Subsequent to the Test

The extent to which the Vicuclad panels protecting the lower flange steelwork became detached may be
seen in Figs. 27 and 28. These show the left and right hand sides, respectively, of the test assembly just
prior to its removal from the furnace on 07/09/1989. Observations confirmed that two complete panels
were absent and that a central 2 m long portion of the lower flange had been exposed to the furnace
atmosphere. A number of vertical cracks in the web panels were also noted, the most significant being
situated adjacent to the mid-span position. Figures 29 and 30 show such cracks in the left and right hand
side panels respectively.

4, DISCUSSION AND CONCLUSIONS
4.1 In Terms of BS5950: Part 8 : 1990

Figure 31 shows a plot of limiting temperature, as a function of load ratio, for members in bending
supporting concrete floor slabs. The data points are taken from Table 5 of BS5950 : Part 8 : 1990 which is
reproduced here as Table 10. The upper data points are for unprotected members, or members where it can

be demonstrated that the beam and its fire protective cladding can remain intact at mechanical strains of
up to 1.5% in the standard fire resistance test. The lower set of data relates to more brittle coatings, where
strains of only 0.5% are considered to be appropriate. The two experimental points, measured in the
present work, have been superimposed on this graph and they indicate that the limits set in BS5950 : Part
8 may be slightly optimistic for steel beams protected with Vicuclad board.

A summary of the test data relating to seven simply supported, unprotected, steel beams of serial size 254
x 146 mm x 43 kg/m, which have been the subject of standard fire resistance tests at the Warrington Fire
Research Centre is given in Table 11. These data are sourced from Reference 1. Also included are data for
a single test on a beam of the same serial size which was carried out on behalf of British Steel by the
Technical Centre for Fire Prevention, TNO-IBBC, in their facility at Delft, Holland. Retrospective
calculation of the load ratio for this test has been carried out using the dimensional and loading data
presented in the report prepared by TNO-IBBC®). A load ratio value of 0.493 has been obtained using the
calculation method set out in Appendix A1.3.

Figure 32 shows a plot of both the upper and lower flange temperature, at failure, as a function of load
ratio for the eight beams listed in Table 11, and those evaluated in the present exercise. It is clear that, for
the Vicuclad board protected beams, the temperature gradients between the upper and lower flanges were
smaller than for the unprotected beams. This would lead to a reduction in the overall strength of the beam
at a given lower flange temperature and hence it would tend to exhibit a lower limiting temperature than
the equivalent unprotected beam.

It should be noted that the converse will generally be true for steel beams protected with spray applied fire
protection products since applicators tend to over-spray the upper flange which then remains cooler during
the course of a standard fire resistance test.

The present work indicates that when using board fire protection it is unwise to design to the limits of
BS5950 : Part 8 : 1990.

4.2 In Terms of Computer Simulated Behaviour

As part of the fire engineering work carried out at Swinden Laboratories a suite of computer programmes
has been developed which may be used for predicting the behaviour of steel beams in the standard fire
resistance test. The full computer simulation technique is based on the use of two commercially available
finite element analysis programmes, namely Fires - T2 and Fasbus 11, together with a number of in-house
pre and post processor routines which facilitate data preparation and extraction. A detailed description of
the simulation technique has been included in several recent reports, for example reference 2.

11
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The model has been used to predict the behaviour of six beams in the standard fire resistance test, the
results of which have been published previously(?). Regression analysis of these data.has produced a
relationship by which the temperature of the lower flange, at failure, may be predlcted from a knowledge
of the load ratio acting on the beam. C ,

The actual equation is:
Predicted Temperature (°C) = 825.232 - (354.044 x and Ratw)

Therefore, at load ratios of 0.207 and 0.736 the predicted lower flange temperatures am‘e 751 9 and 564. 7°C

respectively. These compare reasonably well with the observed values of 724 and 569°C.

5. CHANGES TO STANDARDS

It should be noted that in the period between the execution and reporting of these two fire resustance tests
changes have been made concerning the following British Standards. e

BS449 - 'The Use of Structural Steelwork in Building' has now been superseded by the limit state de51gn
approach given in BS5950 - 'Structural Use of Steel in Building'. T e

BS4360 : 1986 - 'Weldable Structural Steels' has now been replaced by En10 025 1990 and Grade 43A
steel in the former document now becomes Grade Fe430A in the latter. e

In order to avoid inconsistencies in the reporting of data the terminology which was current at the time the
work was carried out, has been used in this report. AR

D.E. Wainman

Investigator
D.J. Price
Research Manager
General Steel Products
REFERENCES
1. D.E. Wainman and B.R. Kirby: 'Compendium of UK Standard Fire Test 'Data - Unprotected

Structural Steel (1)' British Steel Technical - Contract Report RS /RSC/S10328/1/87/B.

2. D.E. Wainman and R.R. Preston: 'Failure Criteria in Standard Fire Resistance Tests - Second
Interim Report for Period February 1989 to January 1990', British Steel Technical - Contract
Report RS/RSC/S10917/2/90/E. .

3. L. Twilt et al, 'Behaviour of a Simply Supported Concrete Topped Beam and a Shelf Angled
Beam Under Standard Fire Conditions' TNO-IBBC Report No. B-89-724, December 1989.

12



SL/HED/R/S1199/18/92/C

pasA[euy jON JudWAH = YN

‘Xeuw

90°0

‘Xeut

900

‘Xewt

oL'1

‘Xewr

ggo

‘Xeuwr

0€°0

Sis{euy j1onpoiq
VEy 3pelp

VN

VN

VN

G00°0>

€800°0

é1r'o

G00°0>

90°0

800°0

v0°0

120°0

200

080

800

91°0

9861 - 09€VSd

VELOY O9am  :a/1IsoL
6861/60/90 :91e( 159,
ureagy [eSI3ATU(}

W/3Y € x wiw gy | x S 4erd

VN

VN

VN

G000>

£€800°0

(44!

G000>

900

800°0

¥0°0

0200

€¢0°0

080

800

910

d 080 I'6

8ELOY D¥Yam as1rsel
6861/80pz :91eq 159,
wreag [BSIdATU[)

W/3Y €% x ww 9y X $GZ

LL

us

qN

N

no

v

IN

O

10

S

UN

S

(% "IM - SIs{[euy janpoid) uonisoduro)) [esarway)

] de6Lore

SIt®1R( Is9,], pue uor)oag

3poD sd

SLSAL AONV.ISISHY HYIA HHL NI dd4SN SNOLLDES TAFLS FHL 40 SNOLLISOdINOD TVIIWgHD
TATdV.L

13



TABLE 2

SL/HED/R/S1199/18/92/C

TENSILE TEST RESULTS FROM THE STEEL SECTIONS USED
IN THE FIRE RESISTANCE TESTS

Section and Yield Stress Tensile Elongation
BS Code Test Detail (LYS) Strength p
8 8 N/mm2 N/mm? °

9J079P (254x146 mmx43kg/m

Universal Beam 305 473 32

Test Date: 24/08/1989

TestI/D: WFRC 46738
9J080P ]254x146 mmx43kg/m

Universal Beam 307 472 31

Test Date: 06/09/1989

Test I'D: WFRC 46734

BS4360: 1986 v

Grade 43A Specification - 275 430/580 22

(min.) (min.)
TABLE 3

SCHEDULE OF COMPONENTS

(REFER TO FIGS. 1 AND 10)

Reference Description
Number P
1 Steel Beam - Serial Size: 245 x 146 mm x 43 kg/m
Nominal Dimensions: Depth 259.6 mm
Breadth 147.3 mm
Flange Thickness 12.7 mm
Web Thickness 7.3mm
Root Radius 7.6 mm
2 Concrete Cover Slabs
Nominal Dimensions: Width 650 mm
Thickness 135 mm
Length 4500 mm
3 Thin Gauge Mild Steel Ties
4 Vicuclad Boards - 20 mm thick
5 Steel Nails - 50 mm long
6 Specimen Support Frame
7 Steel Roller
8 Blockwork Perimeter Wall
9 Lagging to Ends of Beam
10 Noggings Between Flanges - 25 mm wide
(Held in position with Vicubond adhesive)
11 Brickwork Furnace Lining

14



SL/HED/R/S1199/18/92/C

)
206 | cs8 | c98 | 2¥8 | 928 | 608 | 68L | 99L | 6EL | SOL } 8L9 | S¥9 | €09 } ¥¥S } GV | 0C (2,02) @AY Paepuerg
616 | c06 | ce8 | 698 | ev8 | 928 | 608 | 18L | 9GL | 81L | L89 | €99 | 619 | €VG | G¥V | OV ueap
868 | 088 | 298 | 8e8 | €38 | 008 | 28L | LGL | 63L | 889 | €99 | 0€9 } 209 mﬁm. 1€v | ¢S 9V
oc6 | s16 | g68 | L98 | v8 | ge8 | €38 | L8L | ¥9L | VaL | L69 | €99 | VB9 | 19G | ¢V | oF SV
L16 | 868 | 8.8 | €58 | se8 | 128 ] q08 | aLL | 6¥L | 80L | 8L9 | S¥9 | O19 | 9€G | 8¥¥ | SV 14
1e6 | 216 | 268 | 698 | 198 | ge8 | L18 | 26L | 19L | ¥3L | 689 | €99 | V19 | &¥G | 6EV | 8% 13
ze6 | L16 ) c68 | 128 | 298 | 668 | 618 | v6L | G9L | 6GL | 169 | 999 | L19 | G¥VS | G¥V | oF (44
806 | g68 | 9.8 § €98 | Le8 | €38 | 808 § 98L | L9L | VEL | SOL | TL9 | ¥¥9 | €LG | L9V | €E v $eD oruinyg
162 | 6v2 ] G0z J 091 | vET J TTL J 10T j G6 | €8 |99 |¥S | €V 1€ Gc | Vo vé uBa
88z | 9vz | c0z J6qt | ver j 60T | TOT f €6 6L | V9 | VS Vv | &€ 6 | 92 14 Ld
L62 | ¥S3 OB | ¥OT J LET | QIT J 00T | 96 | ¥8 L9 |GG | €V 1€ 14 14 14 94
¥8 | 1#g | 26T J ST | L3T ] LOT JOOT | €6 |38 | V9 |€S faov | OF G¢ | vé ve vd
66 | LSG | 21} LOT JIPT | 8T 20T | S6 }€8 199 |SS v |¢oE Gg¢ | Vo ve ¢d
882 | 9¥2 | 0% | LST J OEST | OTT | 201 1 66 | S8 L9 99 | ¢V 1€ | 92 | v¢ ve 14 a3uey 1 1amo]
Lzl eve 9oz et jistjostjeor je6 JLL €9 | SS | VP | o€ | S8 | 9% 14 uBap
6L | e | 90z J oLt Jost | et fsot |16 | %L |09 16 Jovy |oE | S¢ 14 14 M
69z | 9cz | voz J oLt | asu feer | sinje6 |s8L | ¥9 | L9 |8 |SE 9% |S¢ 14 EM
LLs L eve | 80g | vLr ST j et jotr g6 8L | ¥9 (GG |V | g€ 14 14 14 (4:'
€8% | g¥2 | 902 f 691 | sb1 8T | 60T | ¥6 | LL | V9 | SS |V 1€ g¢ | g¢ 14 IM 9o M
08T j8ST pLer | STIT 60T J 00T fjS6 |38 |99 | ¥vG LV | OV 1€ ge V¢ Gg PLE)
G0 | LLI | €G1 | 831 | 0BT | 10T | 10T | 98 | 99 € | LV %y | ¥E | 92 14 14 6d
002 § LLT | IST 1 93T J €TIT | VOT | 96 | 698 | OL Lg 1 6v J0v 1€ Ge | V¢ 14 84
6T Jecr 1T | Sot1 |66 |66 Jo06 |9L |€9 Je€s Sy |LE |8 |Vve | Ve vé qd
6ST oI | ¥2r J TIT J €O | L6 |26 08 |V9 | ¥S | LV | 6F 0 | ve | Vo ve ed aguepy zaddp
Sy | OV | <€ 0g § L2 | ¥¢ 12 } 81 g1 ¢r | o1 8 9 14 (4 0
uoreI07y
ardnodouwrrgyy,
(utur) SQWIL], SNOLIB A 13)J€ ), danjeradwa ],

(£°0 ATALVIIX0¥ddV = OLLVH avoD
6861 HLVZ LSNDNV NO 8£L9% DHAM "ON LSAL ONIHNA AIdHOIHTY VILVA HUNLVHIdNAL
¥ 4'14V.L

15



o
Q
2
o0
=
[=2]
[=}]
—
—
42}
2
a
=
&
U
42}

6vo1 | evor | 9got | 6ot | zzot | vior | oot | goot | 266 | 886 | 616 | 896 | 196 | 976 | 286 | 816 (D.02) 2AIND) PIEPUERIS
6901 | 2901 | €got | ovot | tvot | ogot | sgor | ezor | grot | voot | vee | €86 | aL6 | ¥96 | 396 | S€6 ued
ogot | osot | scot | egot | zzor | svot | zoot | eoor | ooot | 686 | zL6 | 196 | 996 | 2v6 | €6 | 816 9V
azot | esot | 1901 | ecot | avor | ecot | veor | zeot | vzor | w101 | coor | 066 | 626 | oL6 | 196 | ¥¥6 | SV
eoot | scor | svot | 1vot | eeot | zeor | 1zo1 | gor | zror | 966 | 166 | .6 | 896 | 696 | vv6 | 0g6 | vV
120t | wzot | voot | acot | 1cot1 | ovot | ecot | seot | szor | sto1 | soor | 166 | v86 | L26 | 996 | L¥6 | €V
azo1 | ozot | oot | csor | ogor | seot | seor | ecot | veor | etor | oot | 166 | gs6 | 1i6 | 296 | cv6 | 2V
acot | zeor | gvor | zeot | @vor | ezot | 1ot | otot | coor | 66 | 86 | 616 | 696 | 656 | 8v6 | 36 | 1V sex) soruIn g
919 |oco | 1o |.vzo | w09 |ess |e9s |oos |ses |eis | uev | vov | gen | cov | 89€ 168 ueoly
269 | 720 19o9 |seo |zio |sss |es |eos Jovs |Lis |eov | 99w | 9ev | ov | soe | Loe | Ld
699 1 eco loco lozo |zo9 |ess |1zs |2os |1we |s1c | ver |9y | ecy | sov | wre|Lee| o4
1co Lo |veo lsoo loes |es |1os |aes | 1ee | 2os | e8v | oo | Lov | 96e | 2o¢ | vee | vd
vo. Loso loso lavo |1zo |wes |ors |sos |evs |oss |o6v |owv|zvw | orw | oLe|eee| zd
169 lzvo loze | 119 |ees |ors |voc |ocs |ves | s |ev |oov | 1ev | eee | g9 ] 8ee| 14 o3ueidiomor
9e5 16to | zos |vsc | 795 | wvs | tes | ez |1os |sev |esv | oev | eov | sze | voe [ u1e . uwesp
20 | 1o | ses lsze loss |zvs |1es |eze |sos |vsv | 1ov | oev | sov | 6e | Lve | vie ]| wm
cco | 2e0 |19 loss lers |ivs |2es | 1ae |96v | 1w | 9vv | oov | g6¢ | s9¢ | vee | qoe | em
aeo | 119 loog lzss leos |wws |1ss | zas |esv |oww |esv | rov|vov|ee]|eve] tie| 2m
229 | 119 | see |see |oos |ave |1es |ezs |cos | sy |oov | oev | eov | 18| 198 ] 81E] 1M qoM
1is lesy lsoy love |wey |iov |ese |see |ree | see |wie | 16z | 89z | 9v2 | vz | 108 —
et lesy leww lesy |ser |oiv |90 |sec |ese | goe |eve |ose| L6z | vez | ose | 9ze| 64
09 lces lowe |wey losy |rer |eov |see |cLe |ese |cee | oie| o6z | 89z | sve | 2ea| 84
18y loov lovw loar lvov |ese lowe |ooc |ose |c1e | o6z | 992 | #ve | 2oz | 10z | 6L1 | g4
oty Vaoy loev loiv |oee |oe |cog |woe |see | 60c |88z | 992 | ava | osa |66t |ser| €a  @Bueigreddn
ozt | stt Lot {sor Loor | ¢6 | 26 | o6 | s8 | o8 | so for| o] o9 | ss]os
uorjeI0]
apdnodow a9y,

(UTuI) SOUIL], SNOLIB A Jd})e ), danjeraduwa,

(AANNLLNOD)

v A'14dV.L

16



SL/HED/R/S1199/18/92/C

GOL ] 189 | 899 | LV | 689 | V65 | OLG | V9SG | 6€S | LIG | €6V | LOV | 66V | LOV | €LE | 9€€ J TIM J7 wotyurw o
00L | 289 | €99 | G¥9 | LI9 | 065 | SLS | 659G | v€G | 61G | 68F | €9% | 9€¥ | GOV | 1LE | g€€ | 0IM 7 wolj wut og
TOL | €89 § V99 | €VO ] 619 | 16G | TLG ) LSG | 06S | 805 { 98V | 19V | €€V | €O¥ | 126 | 9€€ | 6M AT wody urut oG
6L9 | 6G9 | 8€9 | LT19 | €69 | S99 | 1¥G | 985 | 005 | 08V | 6GV | GEV | 60V | 18E | 2S€ | 02 | 8SM WBIH-PIN
6€9 | 919 | €69 ] 695 | €¥S | VIS | 6% | LLV | GGV | VEV | €1¥ | 06€ | 99€ | T¥E | V1€ | 482 | LM JN WoIjwu (G|
GIO | T6S § LIS JCYS J SIS | S8V | GOV | 1SV | 68V | LOV | 98 | P9€ | IPE | LIE ] 162 | 993 | 9M  Jd) wojww Qg
€8G | 6GG | €€9 | 80G | I8V | 1GV | CEV | 0GV | L6E | GLE | GGE | €€€ | TIE€ | 883 | #9C | OVG | SM  JN woljwwi o]

oM
OC1 I SIT | OTT | SOT | OOT } G6 | @6 06 g8 08 gL } 0L g9 09 GS 0s *

uores’o|
apdnosourzayy,
(urur) sawy, SNOLIBA J37ye ), danjesadwa],

96 | ¥5¢ | O1C | SGOT | 6€T1 | SIL | €01 | ¥6 08 €9 (44] 6¢ 66 414 414 g | 1M dTuoyyurur g1
964 | G9¢ | GIC | 691 | V¥I | 131 | 901 | ¥6 6L | ¥9 [4Y oy | 68 14 14 G2 | 0IM T woly wuw og
L6G } LS | 91C | QLY | 191 ] 631 } 111 ] 96 08 G9 | ¥S (44 og gé (4 14 6M 4T woly wut oG
98¢ | 09C | VIC § QLT | LST J 9€T | #IT | ¥6 | 6L | 99 LS 9 | G¢ gé (4 14 8M BIH-PIN
8GS | LZC | 961 § 991 | 6%1 | €T | 311 | ¥6 | SL g9 | 89 0s 9¢ 414 ge 14 LM ) wodywu gg
6€C | 112 | 281 | ¥ST1 | 6ET | 31 | €01 | 06 GL | @9 Gg Ly Ge 9% (4 (4 9M  df} woJjuww g
GIZ J 061 | €91 | LeT1 | 21 | €11 | 0O1 | 68 €L 1 09 | 85 | Vv | ¢¢E G¢ G¢ gé SM  JdNwoyww gy

oM
Gy | OV | S¢€ o€ Le | veé 16 81 g1 ¢l 01 8 9 14 [4 0

uor}esor]
apdnosowaay,

(utur) sawIL], SNoLIe A J3jje O, dunjeradwag,

(L°0 ATILVWIX0dddV = OLLVY AVOD 6861 HIL¥Z LSNONV NO
8ELIY DUAM "ON LSAL ONIHNA AIAHOITH VILVA ATIA0Ud FUNLVIAJWAL TVIILYAA NVJS-AIN
S H'TdV.L

17



SL/HED/R/S1199/18/92/C

§ g PUB UIW g6 J& W 0G| Jo uoIIdRLa(

PapPa3axy UOI}a915a(] Jo ayey SUMNWTT (4)

I 144 €9 1 6 1€
0 1534 ¢9 I 8 0g
91 961 £6 1 1534 19 1 L 63
el ovl ¢6 1 oy 09 0 9 8¢
o1 L3l 16 I |84 69 1 9 Le
()6 LIl 06 0 oy 86 I S 9¢
L 801 68 1 oy LS 1 14 14
9 101 88 1 6¢ 99 0 € Ve
9 G6 L8 I 8¢ q9 0 € 144
14 68 98 0 LE vS 0 € 66
4 g8 g8 I LE 3¢ 0 € 18
L4 18 ¥8 1 9¢ (44 0 € 0g
3 LL £8 I Ge & - € 61
€ vL (4] 0 Ve 0s 0 14 81
[4 1L 18 [4 ve 6V 0 14 Ll
3 69 08 1 (43 8y 1 14 91
4 99 6L I [£5 Ly 0 € St
[4 ¥9 8L [4 og 9% 0 € 4
[4 ¢9 LL € 8¢ 14 0 € el
I 09 9L [4 114 144 I €. Gl
(4 6G GL € €3 ey 0 (4 11
(4 LS L (4 0% [44 0 [4 ot
! qS gL I 81 |44 0 4 6
I 12 oL g Lt 4 L ¢ 8
! €9 L I 4 6¢ 0 L L
(4 (44 oL I 4! 8¢ 0 I 9
I 0$ 69 0 £l LE 0 1 g
I 6¥ 89 I el 9¢ 0 I 4
I 8V L9 I (4} 13 0 1 g
I Ly 99 I 141 143 I I (4
I 9% 99 0 1] €€ 0 0 1
I 114 ¥9 I 01 (43 - 0 0
UL/ ww ury uTw/uru wu urpy UTWL/ W wum urpy
3By uond3[Ja(q | uonoseq sy, ajey uonpdaya(g | uonddped ], ey uordIY3(J | uotIY3(J EALLIN

88L9Y DUAM "ON LSAL ONIHNA AIAYODFY WvAd AHL A0 NOILLOTTAAA "TVILLYIA NVdS-dIN

(2’0 ATALVINIXOHddV = OLLVYH avO'D 6861 HLVZ LSNHAV NO

9 A'1dV.L

18



SL/HED/R/S1199/18/92/C

(o))

%06 | G88 | 998 | a¥8 | 928 | 608 § 68L | 99L [ ecL f coL | 8.9} svo oo} vve | cvv | 02 (D,03) 3AInD) paepuesg
816 | s68 | 198 | ssL J1¥8 | 128 J 2is j esL J otL J tiL J €89 § ¥99 | 1gs § ges | 628 | 2L ueapy
L68 | 168 | €28 ] 69L | 228 | G6L J 9LL } 6SL | #89 ] 89} 959 | L69 | 6¥c | 8¢5 | g6c | 68 9V

ov6 | 116 | 188 | 96L | ¥98 | €28 } 8e8 | 68L | 9aL | LaL | 669 | 129 ) 8.5 ) esc | ese | 6L Qv

166 } L16 ] 998 | S6L | ¥98 | 828 | 618 | 262 | 02L | 812 | v69 | 699 } c95 | 695 | 10 | 98 PV

026 | L88 J 1.8 | €8L | 9¢8 | 0e8 | SI8 J 06L J Oo1L | L1L ] 989 J 059 | e | 2¥S | ¥se | 9¢ eV

€56 | v06 | L98 | L8L | Lv8 j6es8 | 918 | s6L | FuL | stL ] ¥89 ) 159 | 2ec ] o¥s | 128 ]| ¥L A"

G68 | 398 | 998 § L9L | 018 | 808 | s08 | 69L J 90L f 2oL J 69 ] s¥9 | e¥s | ogs | 992 | Ly v ser) adeuany
g9z irgzlestpLenjotnjoories {os f9L 1og oy loe ez 1oz lgz 4 ueapy
ssolvic|err|serjotrjoor|se |68 Js. les |y 19e lez 1gz |z 6% Ld

v9z | vec | st vvi | cer ] 601 166 J 06 QsL 1e6S J9v 19 162 192 gz 92 94

vee iz | Lot var oot fzotjoorfie JLr Jes Jov |ve Q22 Vo gz 474 vd

6L | Lec etz jost ozt tiiyse |88 J9L 19 |y Joc 18z |9z |gz 414 ad

gse | LIz f oLt jeerleor]cot)es Joe JLr |19 Jev lse Jog |1z |9z 92 14 a8uel] Jamo]
eSc L1z esT oSt joct jort j96 fe8 69 s Jsv lse |sz |92 |9z 9% ueay
9vz | a1z f os1 | svi | szt | 901 o6 |es 89 los |ev |ee |1z 9z | 92 9%z | M

8¢c | ¥0z | sLt javi fear f Lot lee {18 169 Jos 1#v Ive sz lgz gz gz | M

vva J 112 1 08T J 6¥T | 621 J 60T | ¥6 38 |69 | L5 jsv Jse |82 o9z | gz sz | M

6Lz | Ova | ooz 19T J IvI | 61T |86 |¥8 JoL Je6s |sv |se Joeg |13 ] 93 9% | M PM
vt est | ienfeorfss Ju6 |28 2z oo Jos lov Vae Dz 1oz 14z 474 - uBIW
erfist|ssifeirfoorJoor)ie Jeo Yoo Jev Jee Jae Vg Voz |oz 9% 64

Goz yeLT yLsT 61T 01|66 |68 JSL {v9 les av tee ez Vezg 1wz ¥g 8d

IST J€ET JOIT | 201 J96 |96 S8 |69 {5 Ly I8 Joe 192 g2 |3 ¥2 Sd
wryviryverjeorjve Jve | ¥8 JoL 185 lev J1v Jve lez 1oz 1wz T4 ed a8uelq 1addy
s Jov Jsecjoe}rzelvzlicist)settiar}]or 8 9 ¥ ra 0

uorjedo]
i apdnooourtay,
(‘utwr) sowy ], snolrep 19ye ), aanjeradura g,

(2’0 ATALVHIXOUddV = OILVY avO'D
6861 HL9 HIEWALJLAS NO PEL9Y DUAM "ON LSAL ONIUNA dAGHOIFY VILVA FUNLVIAJWAL

L 3'14V.L

19



SL/HED/R/S1199/18/92/C

(1u0Q)
ggor | evot | svo1 | 9got | 6201 | 2go1 | ¥101 | 9001 | L66 | 886 | 626 | 896 | L96 ] G¥6 | 3€6 | 816 | (D.03) AIN] pIBPUTIS
9901 | 9501 | ¥sot1 | s¥o1 | scor | sco1 | eot1 | €01 | 2201 | 3101 | 666 | 986 | 896 | 196 | 8¥6 | 626 ueay
1501 | 6got | 2eotr | #eot | vzot | 1201 | €101 | 6101 | €101 | 2001 | ¥66 | €L6 | 1€6 | 836 | €66 | G16 | 9V
8201 | 8901 | 6901 | g901 | zgor | ¥sot1 | Lvo1 | oot | 6801 | 6301 | L10T | LOOT | ¥86 ] 9.6 | €96 | G¥6 | 9V
cgor | 1201 | grot1 | 901 | 1901 | 9501 | svo1 | svo1 | 9g01 | Zeot1 | #101 | G001 | 0L6 | G596 } 656 | £V6 | PV
9901 | 2901 | 0901 | 3501 | ecot | 9votr | 801 | geor | 0%0t | €101 | €86 | 686 | ¥86 | 2L6 | 676 | 9€6 | €V
6901 | 8got | zsot | 1501 | 9cot | veor | 9cor | zeot | 201 | 3101 | 8001 | L86 | GL6 | L96 | ¥S6 | S€6 | BV
6cot | reot | 1eot | 9zot | zror | s1ot | gtor | 9101 J 966 ] 186 | 8L6 | GS6 | 396)] 996 ] 636 | 206 | IV ser) ddeuan g
¥59 | 199 @N@w 119 Voss lers lzog |1vs letc |gev |6or |ovw | o1v | Lee | 198§ eoe ued|y
ge9 |zv9 1229 1219 JLes jogs | 195 Jovs |21e |26y | qor |osy | sov | 1Le ] gee f 963 | Ld
169 | 269 b zz9 [209 g6 Jors |sss 1s8es | 916 Leev | L9v |68y | 60F | LLE | G¥E | ¥OE | 9d
8%9 lceo Jozo |909 | 165 | wLg | LsSs 19es |e1s |68y oy | wev | vov foLe | ¥ee | 962 | vd
099 | 2%9 |sg9 1619 | 309 }88s |ors ji1ss | 625 Joos |isy | #sv | vovr | cec | 8se | 0se | gd
ce9 lzv9 1229 219 |96s |e6Ls |29s |19s |61 |s6v |89 |6ev | 80v ] vLe | 8ec | 663 | T1d 98uepy 1amor]
0e9 lc19 |66 fees 99 |svs Joegs |e0s |28 |¥#9F |e6sy | €1y | 98¢ | ss¢€ zzs | L83 uBa
¥19 1665 {ess }L9s |oss |ees |s1s | w6y | ety |osy | 9gy | 1oy |wre | vve | €1E | 0823 ) M
239 1209 16 Jses 18ss Jovs | 1gs Joos |9Ly |asy |2Ley Jooy |oLe | 1ve | 80€ | €L €M
919 009 |¥8s |r9¢ Joss lzes fvis Jeev | iy |svv |eev | Lee JoLe | ive | o1e | 8L | am
899 1ego }r69 Joz9 | w09 18 |ors Jevs | Lzs | sos |osy | ¥ev | 9oy | 566 | 9SE | 8IE | IM PM
80 | 16v sy tesy jorev |Liv Jree e fese leee | 1ie | 882 | 992 | 3¥g | 618 | L61 uea]N
o6 Josy | 19v |e¥y Jo9zy | Lov |8se |89c |Lve |Lee |90c | €8z | 193] 6€3 | 915 | v61 | 64
8¥s laes Jsis {sevr Josy |19y lavy |y joov fsere |9se |eee |eoc| ¥82 | 8955 | €62 | 84
o8y 2oy |evv Jsob Joov |sse Jg9e Jebe |oze |86 | SLz | €9% | 0e3 ] 602|681 | OLT | Sd
60 joev |1y |esy j¥ey | viv jeee Jere |ise | s8se Jsoc |%8% | 695 )9cc | cizjo6l| €4 a8uepy 1add
g1 | ozt | stt | or1 } sor | oor S6 06 g8 08 Sl oL g9 ] 09 | ss | oS

uoneIoT
ajdnosowaayj,
(‘UTW) SOWLJ, SNOLICA J9Je ), aanjeraduwia |,

(@ANNILNOD)

L ATdVL

20



SL/HED/R/S1199/18/92/C

8801 | ¥801 | 2801 | LL01 | 3Lot | 2901 | 1901 | (D.0%) 2AIn) prepuerg
L601 | 9601 | or11 | ¥601 | 8801 | 0801 | 1201 uedp
6201 | 2201 | 9201 | L201 | 2L01 | 0LOT | 6%01 | 9V
811t | 1111 | og11 | 9011 | 9601 | z601 | 8801 | SV
2011 | 6601 | w111 | 1111 | €011 | oot11 | 0801 | ¥V
6311 | 311 | 6911 | go11 | w111 | 2801 | vL01 | €V
0601 | 2601 | zot1 | 8601 | 9801 | 9801 | 6901 | 3V
8901 | sLo1 | 8201 | 2901 ]| 6501 | 1501 | %901 | 1V sex) ageuanyy
2L | ¥vaL |e1L JroL |¥6e9 | 189 | L99 uedy
8L | gL JozL }soL |se9 |z89 | 899 LA
ogL J1aL 9t jsor |269 |69 | w99 94
Lzl |81 |sir joor |89 |sL9 | 199 vd
Ler fosr |saL |eir foor |89 | €L9 2d
geL 8z, |ezr |orr o969 | €89 | 699 1d a8uelq 19mo]
gL Jgor Joor |s889 w9 | 099 | gv9 ued
¥69 1989 189 699 959 | &v9 | 829 M
goL §969 069 |8L9 ]|g99 | 159 | 9g9 £M
¥0L | %69 |889 9.9 |299 |s¥9 | ze9 M
L3L JvvL |esL |62 |e1r | 869 | €89 M PM
L09 |96 | 685 | s |ess |evs | szs ued
186 JLLs J2Ls |19 fovs |ogs | e1g 64
€69 129 j219 | 909 }wes | oss | v9¢g 84d
98¢ | vLS | L99 |1es | sees | 915 | Lev qd
€69 1609 109 }28s |z9s |wwve | 92g gd aduepy 1addy
96T | st | ogt { ovt | ovr | ger | ost
uorjeso|
apdnoaowaayg,

(‘urwr) sswt], snotre Iajye O, sanjeradwag,

(AANNILNOD)
LATIVL

21



SL/HED/R/S1199/18/92/C

(utur) SawIL], SNOLIB A 193J8 1), danjeradwa

~qu00))
LS9 | ¥¥9 } 669 | S19 1 009 | €8G | SOG | GVG | €45 | 00G | VLV | 9V¥ | O1¥ | €8E | LVE | 60€ | TIM  JTWoyuugg
699 1 689 | 929 J 019 | G6G J 6LS | 19G | 1¥G | 026G | L6V | SL¥V | S¥VV | 91V | #8E | 0GE | €1€ J OIM  JTWwoljwuigg
6¥9 ] 9€9 | 169 | L09 | 366G | GLG | 89G | 8EG | LIG | G6V | ILV | VPV | 91V | G8€ | GGE | LIE | 6M  JTwWwojywuwQg
€€9 1029 | G09 | 06G | VLG | LSS | OVG | 0GG | 86V | 9LV | 19V | 92V | 86E€ | 89€ | 96€ | €0€ | 8M Y3PH-PIN
€09 | 88G | GLG | 9GS J OVG | 1GG | €0G | 28V J 09 | LEV | €1V | LBE } 09€ | €€ | G0€ | 2L | LM A woljwwi Qg
L8G | GLG | 9GG | 6€G | €3G | YOS | 98V | GOV | €VV | 0CF | 96€ | GLE | OVE | 61€ | 162 | €92 | 9M AN woljww g
99G | 0GG | V€S | L1G 1 00G | I8¥ | 69% | T¥¥ | 0GF | L6E | VLE | 0GE | GGE | 662 | L | S¥¢ | SM AN wojywwQf
M

GoT J 0BT | SIT JOTIT JGOT JOOT | S6 | 06 f 98 | 08 | GL | OL | 99 | 09 | SS9 | 09

uor}eI0r]
ajdnooouriay g,
(utur) sawiL], SNOLIB A J93Je ), danjesadway,

69¢ | 862 | 881 | ¥¥#1 | 131 | LOT | 96 98 | QL | 9SG | €V | €€ | L& | G2 | V& | S% |1IM JTwojwwmiQg
€LS | VEC | V61 | €G1 } T1€T | V11 | 86 g8 L) LS| ¥ | v | 8 | 96 | G2 | 92 |OIM  JTwoljww(g
6L6 | OVG | 20C | 29T f #¥T J €a1 | €01 ] #8 | 12 | 85 | 9v | 9¢ | 62 | 92 | 92 | 92 6M  JTwoljwugg
L9¢ | 3€¢ | S61 | €91 | €¥v1 | 131 | 001 | ¥8 IL 1 09 | 8 | LE | 62 | 98 | 96 | 9% 8SM YSPH-PIN
0¥ | 602 | 9LT | 8V1 | I€1 | 601 | ¥6 68 | OL | 09 | 6V | 86 | 0E | 92 | 96 | G2 LM ] WOty wur gg
€€6 | ¥02 | SL1 | v¥1 | O€T | 801 ] €6 08 1 69 1 09 | 06 | 6€ | 08 | 92 | 9% | 92 9M N weljwuuwgg
812 } 061 | 291 | V€1 | 121 | LOT } ¥6 08 | 89 | 09 | IG J OV | 1€ | 92 | S¢ | SC M JnuwojwuQg
PBM

Sy Jov ) se]oc )Lz | ¥s| 12 ] 81 ST | %1 | O1 8 9 4 (4 0

uor}e’o’]
ajdnooowr1ay g,

(@0 ATALVIIX0UddV = OLLVY AVOT) 6861 HI9 HAGWALIAS NO

VELOY DUAM "ON LSAL DNIUNA AAAYODFY VILVA ATIHO0Ud TUNLVIAdWAL TVOILLYIA NVAS-AIN
8 H'1dV.L

22



SL/HED/R/S1199/18/92/C

VEL § LGL | BGL | OIL | L69 ] #89 1 09 J TIM  JTworjwuwgy
1€L | €L | LIL | 90L | €69 | 089 | 999 | 0TM 4] woljwur og
LZL ) 6TL § PIL J GOL J 689 | 9L9 ] 299 | 6M 7 wotj wu 0g
PIL | SOL | OOL | 889 ) 9.9 | G99 | L¥9 | 8M YSPH-PIN
889 | 8LO | €L9 | 199 ] L¥PO ] €69 ] 819 | LM 4N Worjww Qg
VLY § €99 | 8G9 | 9%9 | 2€9 | 819 | 209 | 9M  JdN woywiw Qg
€GO | €V | LE9 | 989 | 19| L6G | I8G | SM  JAN woyww ]

oM
99T | @ST | 0ST | G¥1 | OVI | GE€1 | O¢€1

uo1}1B207]
ajdnooourtay g,

(utur) seurt, snotrep J9jje O, aanjeradwa ],

(QINNILNOD)
8 H'IdV.L

23



SL/HED/R/S1199/18/92/C

S I11 14! 6¢ 021
G 901 44! 1 410 1
S 101 eVl 43 orI
S 96 (541 0€ S01
S 16 i 8% 001
L4 98 ov1 Lg G6
S é8 6€1 9% 06
S LL 8€1 14 g8
€ GL LET ¥e 08
L4 69 9¢1 4 GL
(4 S9 Gel (44 oL
€ €9 vel 12 S9
€ 09 €el 61 09
€ LS (49 Ll qs
8 8LI 961 (4 124 1€l 14! 0S
L oLT 1140 | (4 (44 0€1 1 14
9 €91 1440 ¢ I 09 631 6 oy
L LST €41 (4 6V 821 9 ge
9 0s1 (447§ (4 Ly L3l € 0¢
9 144! 161 I 14 921 4 Ge
9 8¢€1 0S1 I 1474 14 | € 0g
S (494 6¥1 I 144 14! € 141§
9 L3l 871 I 44 €l 4 01
S 131 A4 1 |84 (44} 1 S
S 110 1 1 I oy 121 0 0
U /U ww Uty U /W wu uIpy urur Uty
9yey uonaapyaqg | uondsyeq awry, ajey uoraja(q | uorpeayge( aw], uorjoapgaq | owyy,

VELIY DHAM "ON LSAL ONIHNA AIAYOOTY WVAL THL A0 NOLLOATAAA TVOLLYAA NVdAS-AIN

(8’0 ATILVINIX0UddV = OLLVY AVO'D 6861 HL9 HAHWALIAS NO

6 A'TdV.L

24



SIL/HED/R/S1199/18/92/C

TABLE 10
BS5950:PART 8:1990 TABLE 5

Table 5. Limiting temperatures for design of protected and unprotected hot finished members

Limiting Temperature, °C
at a Load Ratio of:

Description of Member

0.7106)]05]04]03]02

Members in compression, for a slenderness A (see note)
<70 510 | 540 | 580 | 615 | 655 | 710
>T70 but <180 460 ] 510 | 545 | 590 | 635 | 635

Members in bending supporting concrete slabs or composite slabs:
unprotected members, or protected members complying with
item (a) or (b) of 2.3 590 | 620 | 650 | 680 | 725 | 780
other protected members ’ 540 | 585 | 625 | 655 | 700 | 745

Members in bending not supporting concrete slabs:
unprotected members, or protected members complying with
item (a) or (b) of 2.3 520 | 555 | 585 | 620 | 660 | 715
other protected members 460 | 510 | 545 ] 590 | 635 | 690

Members in tension: ‘
all cases 460 | 510 § 545 | 590 | 635 | 690

Note. Ais the slenderness, i.e. the effective length divided by the radius of gyration

TABLE 11
SUMMARY OF TEST DATA FOR SIMPLY SUPPORTED, UNPROTECTED,
STEEL BEAMS OF SERIAL SIZE 254 x 146 mm x 43 kg/m

Lower Flange Upper Flange
gﬁi‘;?;toa Load Temperature at | Temperature at
’ Ratio Span/30 Span/30
(Ref. 1) oC OC

1 0.456 682 535

2 0.498 660 423

3 0.587 634 423

4 0.360 701 519

10 0.489 655 431

11 0.501 683 456

13 0.397 716 516

14 0.247 745 536

TNO-IBBC

05/10/89 0.493 629 383
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LOAD

TRANSVERSE SECTION THROUGH THE PROTECTED BEAM ASSEMBLY FIG. 1
SEE TABLE 3 FOR SCHEDULE OF COMPONENTS
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All dimensions in mm - not to scale
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TRANSVERSE SECTION IN DIRECTION OF ARROW'x'IN FIG. 2
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BEAM IN COURSE OF PREPARATION SHOWING NOGGINGS FIG. S
BETWEEN THE FLANGES

END DETAIL OF VICUCLAD PROTECTED BEAM FIG. 6
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VICUCLAD PANELS ON THE RIGHT HAND SIDE FIG. 8
OF THE TEST ASSEMBLY

VICUCLAD PANELS ON THE LEFT HAND SIDE FIG.9
OF THE TEST ASSEMBLY
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PROTECTED BEAM ASSEMBLY IMMEDIATELY FIG. 11
PRIOR TO TESTING
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10 20 % L S0 80 70 4 20 100 110 120

TIME (Minutes)

COMPARISON OF AVERAGE FURNACE ATMOSPHERE TEMPERATURE FIG. 12

AND THE STANDARD TEMPERATURE/TIME CURVE
TEST NO. WFRC 46738 ON 24/08/1989
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STEELWORK HEATING RATES RECORDED OVER FIG. 13
THE CENTRAL 2 m PORTION OF THE BEAM
TEST NO. WFRC 46738 ON 24/08/1989

F11



(Deq.C>

TEMPERATURE

SL/HED/R/S1199/18/92/C

750 e MEAN LOWER FLANGE

_____ MEAN UPPER FLANGE

200 |
x VEB 5 . ’
830
[-) WEB € ' .
| . o
900 - WEB 7
[} L
"0 + VWEB 8 - ¢ o x
- . ]
(a] WEB 9 . *
L] L]
500 , * x 7
. WEB 10 . e -
- ° 7
430 * WEB 11 * o x ’

[ 10 20 30 40 %0 0 70 [ L 100 1o teo

TIME <(Minutes>

MID-SPAN VERTICAL TEMPERATURE PROFILE RECORDED FIG. 14
DURING TEST NO. WFRC 46738 ON 24/08/1989
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MID-SPAN VERTICAL DEFLECTION OF THE BEAMk FIG. 15
RECORDED DURING TEST NO. WFRC 46738 ON 24/08/1989
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Test No. WFRC 46738

ASSEMBLY 25 min AFTER COMMENCEMENT OF THE TEST FIG. 16

Test No, WFRC 46738

ASSEMBLY 80 min AFTER COMMENCEMENT OF THE TEST FIG. 17

14



SL/HED/R/S1199/18/92/C

L

Rl g el (0 e
LI S e L
Wil Y g TR ey

LT e e

= P 4 ey
D e Crh
lm" o, S W

Test No. WFRC 46738

LEFT HAND SIDE/SOFFIT OF ASSEMBLY FIG. 18
SUBSEQUENT TO THE TEST

Test No. WIFRC 46738

RIGHT HAND SIDE OF ASSEMBLY FIG. 19
SUBSEQUENT TO THE TEST
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Test No, WI'RC 46738

FI1G. 20

NECKING DOWN OF THE LOWER FLANGE

i

FRC 46738

No. W

Test,

F1G. 21

16

TYPICAL CRACKING IN THE VICUCLAD
BOARD MATERIAL
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COMPARISON OF AVERAGE FURNACE ATMOSPHERE TEMPERATURE  FIG. 22
AND THE STANDARD TEMPERATURE/TIME CURVE.
TEST NO. WFRC 46734 ON 06/09/1989
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THE CENTRAL 2 m PORTION OF THE BEAM
TEST NO. WFRC 46734 ON 06/09/1989
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MID-SPAN VERTICAL DEFLECTION OF THE BEAM RECORDED FIG. 25

DURING TEST NO. WFRC 46734 ON 06/09/1989
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Test No. WFRC 46734

ASSEMBLY 156 min AFTER COMMENCEMENT OF THE TEST FIG. 26
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EXPOSED LOWER FLANGE OF ASSEMBLY SUBSEQUENT FIG. 27
TO THE TEST(VIEWED FROM LEFT HAND SIDE)
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Test No. WFRC 46734

EXPOSED LOWER FLANGE OF ASSEMBLY SUBSEQUENT FIG. 28
TOTHE TEST (VIEWED FROM RIGHT HAND SIDE)
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Test No. WFRC 46734

CRACKINGIN THE LEFT HAND VICUCLAD PANELS FIG. 29
SUBSEQUENT TO THE TEST

Test No. WFRC 46734

CRACKING IN THE RIGHT HAND VICUCLAD PANELS FIG. 30
SUBSEQUENT TO THE TEST
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TEST DATA
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LOAD RATIO
LIMITING TEMPERATURE AS A FUNCTION OF LOAD RATIO FIG. 31

FOR BEAMS SUPPORTING CONCRETE FLOOR SLABS -
(BS5950: PART 8 - TABLE §)
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+ UNPROTECTED BEAMS TESTED AT W.F.R.C.
o UNPROTECTED BEAM TESTED AT TNO-IBBC
» VICUCLAD PROTECTED BEAMS

UPPER AND LOWER FLANGE TEMPERATURES, AT FIG. 32
FAILURE, FOR 254 x 146 mm x 43 kg/m SERIAL SIZE
BEAMS TESTED AT VARIOUS LOAD RATIOS
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APPENDIX 1

LOAD CALCULATIONS

All CALCULATIONS BASED ON SERIAL SIZE DIMENSIONS
Al.l.l Dimensions and Properties

Section Size: 254 x 146 mm x 43 kg/m Universal Beam.
Steel Grade: BS 4360 : Grade 43A : 1986

Depth of Section: D 259.6 mm
Breadth of Section: B 147.3 mm
Thickness of Flange: T 12.7 mm
Thickness of Web: t 7.3 mm
Root Radius: r 7.6 mm
Area of Cross Section: A 55.1 cm2
Distance of Neutral Axis to Base of Section: y 129.8 mm
Elastic Modulus (x-x): Z 505.3 cm3
Plastic Modulus (x-x): S 568.2 cm3
Moment of Inertia (x-x): I 6558 cm4
Design Strength (Minimum permitted value): Py 275 N/mm?2
Design Strength (Average measured value): 306 N/mm?2

Al.1.2 Calculation of the Imposed Load
Al.l.2.1 Test No. WFRC 46738 on 24/08/1989
The nominal load ratio required for this test was 0.7

From Equation (1), and using the average measured yield strength value of 306 N/mm?2 as the design
strength, we have:

f(max)x 505.3

0.7 =
306 x 568.2

0.7x306x568.2
505.3

Therefore f(max) =

240.86 N/mm?2

For a simply supported beam the stress in the outer fibre is given by: ’

wL? y
Stress, (), = e
ress, @ = 51
where: w  is the applied load per unit length of the beam, (N/mm)

L  isthe supported span of the beam, (mm)
y is the distance of the outer fibre from the centroid, (mm)

Aln
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and: I is the moment of inertia, (2nd. moment of area), about the horizontal axis passing
through the centroid, (mm4)

Rearranging Equation (2) we have:

8xIxf
W = - 2
L°xy
_ 8x6558x10E+04x240.86x10E+03  _
Therefore W= 4500 x 4500 x 129.8 ’
w = 48075.782 N/m
Mass of Steel Section

From A1.1.1, the area of cross section = 55.1 cm2.

Assuming a value of 7.85 g/cc for the density of steel then:

‘ 5.1x7.85x100
Mass of section = 35.1x7.85x kg/m
1000

= 43.2535 x 9.80665 N/m

= 424172 N/m

Mass of Concrete Cover Slab

Nominal width = 650 mm

Nominal depth = 135mm

Area of cross section = 0.650 x 0.135 m2
=  0.08775 m?

Assuming a value of 2240 kg/m3 for the density of concrete then:

3

Mass of concrete 0.08775 x 2240 kg/m
= 196.56 x 9.80665 N/m

= 1927.595 N/m

424,172 + 1927.595 N/m

W

Hence the total dead load

it

2351.767 N/m

Al/2
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48075.782 - 2351.767 N/m

And therefore the imposed load

= 45724.015 N/m
For an effective beam span of 4500 mm
Imposed load = 45724.015x45N
- 205758.07 tonnes

9.80665x 1000

20.981 tonnes
Say 21 tonnes for practical purposes, or 4 point loads of 5.25 tonnes each.

Al.1.22 Test No. WFRC 46734 on 06/09/1989
The nominal load ratio required for this test was 0.2,

From Equation (1), and using the average measured yield strength value of 306 N/mm?2 as the design
strength, we have:

f(max)x 505.3

0.2 =
306 x 568.2
Theref £(max) 0.2x306x568.2
max) =
erefore 505.3
= 68.82 N/mm?2
After rearranging Equation (2) we have:
8xIxf
w =
L2xy

8x6558x10E+04x68.82x10E+03

= : m
Therefore W 4500 x 4500x 129.8

w

13736.508 N/m

Since the dimensions of the steel section and the concrete cover slab are unchanged, the total dead load
remains as previously calculated, i.e. 2361.767 N/m.

13736.508 - 2351.767 N/m

And therefore the imposed load
11384.741 N/m

For an effective beam span of 4500 mm

11384.741 x 45N

Imposed load

Al/3
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51231.335 ;
= — to
9.801665 X 1000

nnes

5.224 tonnes

Say 5.25 tonnes for practical purposes, or 4 point loads of 1.3125 tonnes each.

Al.2 RETROSPECTIVE CALCULATIONS BASED ON ACTUAL DIMENSIONS
Al.2.1 Dimensions and Properties of the Beams

Depth of Section: D 261 mm

Breadth of Section: B 143 mm
Thickness of Flange: T 12.28 mm
Thickness of Web: t 6.8 mm

Root Radius: r Not measured

(assumed to be 7.6 mm)

-

Area of Cross Section: 0.516945 E + 04 mm?2
Distance of Neutral Axis to Base of Section: y 130.5 mm
Elastic Modulus (x-x); Z 0.479106 E + 06 mm3
Plastic Modulus (x-x): S 0.537576 E+ 06 mm3
Moment of Inertia (x-x): I 0.625233 E + 08 mm4
Al.2.2 Self Weight of the Steel Section
From Al.2.1, above, the area of cross section = 0.516945 E + 04 mm2
Assuming a value of 7.85 g/cc for the density of steel then:
0.516945E+04x7.85 k!
. - m
Mass of section 1000 g
=  40.580kg/m
For an effective beam span of 4500 mm
Mass of section = 182.61kg

Al.2.3 Self Weight of the Concrete Cover Slabs

As noted elsewhere the concrete cover slabs were actually cast in four segments each 1000 mm in length,
and not 1125 mm as intended. Since no data are available concerning the actual densities of the concrete
a value of 2240 kg/m3 has been assumed in the following calculations.

Al.23.1 TestNo. WFRC 46738

Width of concrete slab = 642 mm
Depth of concrete slab = 134 mm
Length of concrete slab = 4000 mm

Al/4
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The total weight of the cover slab is given by:

C(1) = 0.642 x 0.134 x 4.0 x 2240kg
= 770.81kg
Al1.23.2  Test No. WFRC 46734
Widfh of concrete slab = 647 mm
Depth of concrete slab = 130 mm |
Length of concrete slab = 4000 mm

The total weight of the cover slab is given by:

C(2) = 0.647 x 0.130 x 4.0 x 2240 kg
= 753.63kg
Al.24 Recalculate Load Ratio Values
Al.24.1 Test No. WFRC 46738
Load applied via the hydraulic rams = 21 tonnes
= 21000 kg
Self weight of the steel section = 182.61kg
Self weight of concrete cover slabs = T70.81kg
Therefore the total load applied = 21953.42kg
= 21‘5289 N
From Equation (2) we have:
wL? y
Stress, (f), = w;
Therefore P (max) = 215289 x 4500 x4500x 130.5
4.5x1000x8x0.625233 E+08
= '252.76 N/mm? |
and from Equation (1)
Load Ratio, R), = Hmax)x2
PyxS

Al/5
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252.76 x 0.479106 E+06
Therefore 306 x 0.537576 E+ 06

= 0736

Al1.2.4.2 TestNo. WFRC 46734

Load applied via the hydraulic rams = 5.25tonnes
= 5250kg

Self weight of the steel section = 18261kg

Self weight of concrete cover slabs = 1753.63kg

Therefore the total load applied = 6186.24kg
= 60666 N

From Equation (2) we have:

L2
Stress, (f), = bt
T 81
£ ) = 60666 x 4500 x 4500 x 130.5 N/mm?
Therefore A T 4 5x1000x 8x0.625233 E+08
= 71.22 N/mm?
and from Equation (1)
. f(max)xZ
Load Ratio, R), = ———
PyxS
; . R = 71.22x0.479106 E+ 06
. Therefore T 306x0.537576 E+06
= 0.207
Al3 CALCULATION OF THE LOAD RATIO FOR THE BEAM TESTED AT TNO-IBBC
Al3.1 Dimensions and Properties of the Beam

Section Size: 254 x 146 mm x 43 kg/m Universal Beam,
Steel Grade: BS 4360 : Grade 43A : 1986

Depth of Section: D 261 mm
Breadth of Section: B 147 mm
Thickness of Flange: T 12.8 mm
Thickness of Web: t 8.13 mm

Root Radius: r Not Measured

(assumed to be 7.6 mm)

Al/6
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Area of Cross Section: A 0.572658 E + 04 mm?2
Distance of Neutral Axis to Base of Section: y 130.5 mm
Elastic Modulus (x-x): Z 0.517337 E+ 06 mm3
Plastic Modulus (x-x): S 0.585392 E+ 06 mm3
Moment of Inertia (x-x): I 0.675125 E + 08 mm4
Design Strength (Minimum permitted value): Py 275 N/mm?2
Design Strength (Average measured value): 294 N/mm?2
AL3.2  Self Weight of the Steel Section |
From A1.3.1, above, the area of cross section = 0.572658 E + 04 mm?2
Assuming a value of 7.85 g/cc for the density of steel then:
) 0.572658 E+04x7.85
Mass of section = g/m
1000

= 44954kg/m
For an effective beam span of 4500 mm
Mass of Section = 202.293 kg

Al.3.3 Self Weight of the Concrete Cover Slabs

The concrete cover slabs were cast in four segments each 1250 mm in length

Width of concrete slab = 800 mm
Depth of concrete slab = 130 mm
Area of cross section = 0.800 x 0.130 m2

0.1040 m2

Taking the average measured value of 2409 kg/m3 for the density of concrete then:
Mass of concrete = 0.1040 x 2409 kg/m

= 250.536 kg/m

For an effective beam span of 4500 mm

Mass of concrete = 1127.412kg
Al.3.4 Recalculate Load Ratio |
Load applied via the hydraulic rams = 13906.8 kg
Contribution from the load spreaders = 132kg

Self weight of the steel section , = 202.293 kg
Self weight of the concrete cover slab = 1127.412kg

A1
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Therefore the totalload applied L = 15368.505 kg
= 150713.55N
From Equation (2) we have:
Stross, 0, = "7
ress, (f), = 51

150713.55 x 4500 x 4500x 130.5 N 2

f = /
Therefore (max) = e 1000x8x 0675125 E+08 /™

163.87 N/mm?

And from Equation (1)
f Z
Load Ratio, (R), = ~maX)xZ
PyxS
163.87x0.517337E+06
Therefore "R =

294 x 0.585392 E+06

= 0493

Al1/8
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APPENDIX 2

LETTERS FROM WARRINGTON FIRE RESEARCH CENTRE
CONFIRMING THE GENERAL RESULTS
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WARRINGTON
FIRE
RESEARGH
GENTRE

Holmestield Road, Warrington, Cheshire WA1 2DS.
Tel; (0925) 55116 Telex: 628743 WARRES G  Telefax: (0925) 55419

Our Ref: 46738 - CWM/KC
29th August 1989

BRITISH STEEL TECHNICAL
Rails & Sections Division
Swinden Laboratories
Moorgate

Rotherham

S60 3AR

For the Attention of Mr. G. Thomsbn

Dear Sir

FIRE RESISTANCE TEST RESULTS

We confirm the results of a fire resistance test carried our on your behalf in
accordance with BS 476: Part 21: 1987, Section 5, on a loadbearing steel beam
of nominal size 254 mm by 146 mm by 43 kg/m, Grade 43A, spanning a distance of

4500 rm.

The beam was protected by an insulative cladding system known as 'Vicuclad' to

provide one hours insulation. The 'Vicuclad' boards used were 20 mm thick.

The beam was loaded in accordance with BS 5950. The test results were as

follows:

Loadbearing capacity : 92 minutes
Residual loadbearing capacity : Satisfied’
Test discontinued : 120 minutes

The load was removed from the beam after a period of 93 mimutes at which time

the beam had deflected 152 mm and was increasing at a rate of 16 mm per
minute.

DATE OF TEST : 24th August 1989
Our full report covering this test will follow in due course.

Yours faithfully

77424

C. W. MILES

Technical Officer

Structural Fire Protection
WARRINGTON FIRE RESEARCH CENTRE

A2/2
WarindbEFd RELY Cenrre Limited

Registered in England No. 1247124
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WARRINGTON
FIRE
RESEARGH
GCENTRE

Hoimestfield Road, Warrington, Cheshire WA1 2DS.
Tel: (0925) 55116 Telex: 628743 WARRES G Telefax: (0925) 55419

Our Ref: 46734 - CWM/KC
11th September 1989

BRITISH STEEL, TECHNICAL
Rails & Sections Division
Swinden Laboratories
Moorgate

Rotherham

S60 3AR

For the Attention of Mr. G. Thomson

Dear Sir

FIRE RESTSTANCE TEST RESULTS

We confirm the results of a fire resistance test carried out on your behalf in
accordance with BS 476: Part 21: 1987, Section 5, on a loadbearing steel beam
of nominal size 254 mm by 146 mm by 43 kg/m, Grade 43A, spanning a distance of

4500 mm.

The beam was protected by an insulative cladding system known as 'Vicuclad' to

provide one hours insulation. The 'Vicuclad' boards used were 20 mm thick.

The beam was loaded in accordance with BS 5950, with a load ratio of 0.2. The

test results were as follows:

Loadbearing capacity : 156 minutes
Test discontinued : 160 minutes

The load was removed from the beam after a period of 156 minutes at which time
the beam had deflected 178 mm and was increasing at a rate of 8 mm per minute.

DATE OF TEST : 6th September 1989
Our full report covering this test will follow in due course.

Yours faithfully

@ it

C. W. MILES

Technical Officer

Structural Fire Protection
WARRINGTON FIRE RESEARCH CENTRE

KC(1324)
A2/3

Warrington Fire Research Centre Limited
Registered in England No. 1247124





