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[] TEST CONSTRUCTION
6.1 General

The investigation was carried out on a floor/eeiling structure with dimenslons of approximately 3.2 x 4.0 m
and comptised of floor elements of neraied voncrete, steel joists and a suspended ceiling.

The suzpended ceiling was comprised of ceiling panels manufactured by Armstrong, type Prima Fine
Fissured, and an ¢xposed suspenslon framework constructed of tee-section steel, manufachired by Arm-
strong, type Tralok Prelude. Four light fittings manufactured by Crompton lighting and Illuma, were
mounted in the ceiling, The upper surfoces of the light fittings were provided with fire-resistant covers
manufsetured by Environmental Seals,

62  Materials ©

6.2.1  Floor and supporting construction

The floor structure was comprised of:

- &mr!P:Bldumljoim,lmgrhMNmm,sme|=4150nm:

. six flovr elements of reinforced acraled concrete, thickness 150 mim, with the following dimen-
sions:
- 3050 x 750 inm {4 clements);
- 3050 x 400 mm (2 clanents).

The floor was assembled in a supporting comprised of a steel test frame lined with aesated conerete ele-
ments with 8 wall thickness of 150 mm, The internal dimensions of the supporting construction frame were
4000 x 3200 mm.

622 Ceiling framework

The ceiling scetions were constructed from "stitched” cold-rolled thermogalvanized steel sirips, finished

with & powdered epoxy-resin coating on the exposed susfaces,

B main beam (1), type Trulok Prelude, BP 3140334, principle dimensions 3600 x 38 x 24 mm,
thickness 0.33 mn;

- eross tee (2), typo Trulok Prolude, BP 1130334, principle dimensions 1200 x 38 x 24 mum, thick-
ness 0.33 mm;

- wall moulding (3), typs Trulok Prelude, BPT 2424H, principle dimensions 3050 x 24 x 24 mm,
thickness 0,5 mm,

The structure also made wse of Sealfast rapid fasteners (4), comprised of two lengths of 4 mm & stes] wire
and a connector. The positions of these fasteners are shown in Figure 1.

'Thoﬂsumbdwmhmm:cmmdwcmupmdmgmmpmmhﬂumﬁsl
"milchod'refmwhdenuﬁnnsprmmhbadyomemmm_nmmmmammum|ho
rigidity of the sction.
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6.23  Ceiling panels
- Armstrong ceiling panels, type Prime Fine Fissurcd, self-supporting panels with dimensions 1200
% 600 x 15 mun (! x b x ) and with a weight of approx. 3.67 kg/panel.

624  Light fittings (see Figure I)

The following light fiitings were used:

o) light fitting, type Thorne Crompton with Perspéx diffuser, dimensions 1200 x 600 mn;
by light fitiing, Lype Thome with aluminium grid, dimeasions 1200 x 600 mm;

c) and d)light fitting type D111X/C, dimensions & 73 tam, height 73 mm, 2 pieces.

6.2.5  Fire-resistani covers

- W,Upaﬁnvhug:armdhmiomlZJJxE]leJSmm(txbxd).mmfacumdﬁom
gloss-fibre sheet, mounted over both light fAirtings a) and b) as specified in 6.2.4 (sce Figure 3);
cover, type Envirograf Ref. No. 030201, dimensions @ 150 mm, height 120 mm, manufactured
from glass-fibre sheet, mounted over a light fitting d) as specified in 6.2.4 (see Figure 3);

- ww.wpeﬁnvioyuhm“quimcmimslsnxliﬂxIZOmm(lxbxd),mum;:.-
tured from gauze i afumnshﬂat,typﬁh{umgnflmm]mlsmpmwalight
fitting ¢) as specified in 6.2.4 (see Figure 4).

6.2.6 Fastenings

- UPAT Express nails, @ 5 x 50 mm, for the attachment of the wall mouldings to the aerated-
concrets framework (for further details see 6.3 );

- lead anchors, for the attschment of the rupid fasteners to the aerated concrete floor elements;

- galvanized steel clips, for the stnchment of the 610 x 1225 covers to the suspension framowork;

= steel clips, dimensions approx. 65 x 40 mm, thickness 0.5 mm, for the attachment of fhe ceiling
panels in the suspension framework.

627 Leals

Strips of rock-woul (type Rockwool 750, density 115 kg/m®):

- loseﬁl:hejuinubotmmlbuﬂwrchumts,ﬂmﬂ:ymnm;thatﬂmwuuiﬁbenoimpodhwnt
1o the deformation of the floor structure during the fire test;

- maea]ﬂnremmhmewmd-mmuuwﬂlofmemppncﬁngmminnummmsh
which the steel joists were placed in the wall.

63 Meiliod of construction and assembly

The method used to construct and assembile the floor/ceiling structure is described below. An overview of
the structure is shown in Figure 1,

- lining of the steel test frame with the acrated-concrete elements;

- positioning of the steel joists, contre-10-centre distancs approx. 900 mm length-wise in the acrated-
concrele frame;

- Pesitioning of the floor clements on the steel jolsts;
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attachment of the wall mouldings on the inner surface of the aerated-concrete frame, at a distance
of approx. 280 mm from the underside of the steel joist to the underside of the wall moulding, with
UPAT nails at a contre-to-centre distance of approx. 300 mm;

- atachment of the lead anchora and the rapid fasteners, cenitre-lo-céntre distance 1200 mm, in the
direction of the span of the steel joists, as shown in Figure 1;

- shortening of the main beams to lengths of approx 1.72'm and 1.48 m and the henging of the rapid
fastencrs with the location of the connectors and the fire-breaks as shown in Figure 1, centre-fo-
centre distance between the main beams approx. 1200 mm;

- adjustment of the rapid fasieners to the correct kength;

- installation the cross tees, conlre-to-centre distance approx. 600 mm;

- installation of the light fitings (sec Figure 1);

S attachment of the fire-resistant provisions (see Figures 2, 3 and 4);

- atiachment of the other ceiling panels, using clips located centrally on each side of the ceiling
panel;

- sealing of the joints between the floor elements and the recesses in the aerated-concrete framework
with rock-wool,

T THE CONSTRUCTION OF THE STRUCTURE

TNO Building and Censtruction Research
Centre for Fire Research the supporting and the foor of joists and aerated-

concrete floor elemonts.

the manufacture and installation of the suspended
eeiling with exposed suspension framework and
ceiling panels.

Armatrong BY, Breda

Environmental Scals Lid : the installation of the light fittings and the fire-
g TEST METHOD
81 Inspection of the test plece

Dwiring construction and assembly the specifications of the materials and components were checked against
the information that had been previously supplicd.

82  Conditioning
The structurs investigated in this report was located in the Centre for Fire Ressarch's test hall in the period

between the beginning of its construction until the completion of the fire test. The ambient lemperature was
204 5 °C and the relative humidity was 50 £ 10%,

NVFRE-CVE-R 144 E} 8ol 1
8.3 Firetest
83.1  Conditions

The investigation was carried out in secordance with the provisions as stated in the Dutch standard NEN
6069:1997, The test specimen was heated on one side, the underside, in accordance with the standard fire
eurve.

832 Measwremenis

The following parameters were measured during the heating period;

- mommpmminumfumu,bymnsofmﬂmmmuplm{mvluptonndincluclim;
TGOV 7), and the overpressure in the famace;

- the temperature of the wderside of the flanges of the steel joists with six thermocouples (TST 1 up
to and including TST 6);

- lhammdlhew&soﬂheMIjolmMlhsixlhennoewp!&(’l‘ST?uptomdincludiu
TST12),

- lhelempunmrco!'lhel.irinthaphuumwiﬂu[xllmuowup!es(‘ISTHuploandimludingTST
17,
the temperature of the air in the plenum immediately above the fire-resistant provisions (TST 18 up
to and including TST 21);

- the wmperature of the unexposad surface of the floor with five thermocouples (TOPF1 up to and
including TOPPS),

- the ambient temperature in the test hall;

. the velocity of the air in the test hall;

S the deflection at the centre of e floor, with one displacement transduoer (VERPL. OPNT).

Tholocuiﬁnnfdwﬂmnmouplssmmdeﬂmimunnadnmmﬂmminﬁms.

9 OBSERVATIONS DURING THE HEATING

The heating was terminated after a puriod of 51 minutes; at this time onc of the ceiling panels fell out of
the suspension framework, Also failure to support the load as defined by MEN 6069:1997 i.c. the deflec-
tion criteria occured. )

Appendix A contains a detailed description of the observations made during the heating trial.
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10 MEASUREMENT RESULTS

V0.1 The determination of the density’ and the equilibrinm molsaure content

" Pii Fi !
- density : 243 kg/m'
- moisture contcnt (wiw) 113%
10.2  The fire test

The results of the measurements are shown in Figures 6 1o 14,

During the heating period the overpressure In the oven and the temperature and velocity of the alr outside
of the o¥en were in compliance with the requirements stated in NEN 60691997, .
11 SUMMARY

The most important results from the investigation are summarized in table 1.

Table 1 Summary of the test results.

Criterion Period from the beginning of the heating period
during which the criterion was still just met

Load bearing capacity 51 min.

Intergrity 51 min,

Thermal insulation 51 min.

1z CONCLUSIONS

The Fire-resistance with respect to the separating function as well as with respect to the loadbearing ca-
pacity, as determined in accordance with NEN 6069:1997 was 51 minuates.

¥ Determined prior to drying.
*Dﬂmiﬂoﬂ!hcrd:yhglhgmphm 105°C for 24 hours.

1H58-CVR-RAGNE) Bof 11

13

DIRECT FIELD OF APPLICATION

Thig conclusion is applicable solcly to floor/ceiling structures that are identical in wvery detail to the struc-
ture examined during tho test, inclusive of the materials, and subject to compliance with the following
conditions:

a)

b)
<)

d)

<)

14

the total load (as a result of the dead weight and live load imposed on the joists in a firc load case
is a maximum of 1.1%9 KN/m'.

the theoretical span is 8 maxinium of 4.15 m.

the joints between the fovr clements and between the floor elements and the surrotnding structure
aré sealed in o manner such that the premature integrity failure of these joints.

10 more than two light fitings of 1200 x 600 mm and two light fittings of & 73 mm are installed in
the ceiling.

the ceiling paniels are attached to the sections by means of stecl clips.

EXTENDED APPLICATION

Larger loads and/or larger spans or centre-t-centre distances between the beams are permitted only in the
svent that:

steel joists are used with a section factor (U/A <291 m™);
& calculation performed in accordance with NEN 6072:1997 has demonstrated that the tempera-
tures of the steel joists are at most equal to the critical temperature.

Note It

Failure of the steel joists must be expected if the temperatures of the joists (BJare in cxcess of the
eritical temperature ol the steel (@) 83 determined in accordance with NEN 6072:1997.

For joists with & section factor <291 m” the temperatures will be less than the measured sieel fen-
pmm:s. The eritical steel temperature depends on the load imposed on the joists and the static
system’”.

Note 2;
The caloulation of the steel 1smperature of the joists must be based on the heating of ihe joists on
three sides, with ambient temperatures in accordance with the curve shown in Figure 11.

In case of largor ¢.t.c. distances uf the joists the suspension system (the number of suspension
points) is not changed, :

* Seo NEN 6072:1997
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15  REMARK List of jllustrations
After the test, the fire-resistant covers over the 1200 x 600 mm Eght fittings were still clearly visible (seo Figure 1 : Overview of the structurs
photo 5). The cavers over the other light finings could no langer be scen. Figure 2 : Detail of the cover over the light fittings s) and b)
o Figure 3 : Detail of the cover over the light fittings a) and b)
‘/éﬂ‘* e “;’ / - Figure 4 : Detail of the covers over the light fitings c) and d)
. V/ 7. < Figure 5 :  Positions of the thermocoiples

P.W.M. Kortekaas P.W. van de Haar Figure 6 . Gas temperatures measured in the furmace

Figure 7 H Relative deviation between the average femperatures achieved in the furnace and

the standard fire curve, as well as the permitied deviation

Figure 8 : Temperatures measured at the lower flange of the steel beams

Figure 9 : Temperatures measured on the body of the steel beams

Figure 10 : Air temperatures measured in the plenum

Figure 11 E Average temperatures in the plenum

Figure 12 : Alr temperstures mensured in the plenurm above the fire-resistant provisions

Figure 13 g Tempesatures measured on the wpper surface of the floor

Figure 14 : ijcddiqﬂmmt(nggmg)mwmm upper surface of the floor
Photographs

Photo 1: View of light fiting 2) with cover prior to the test (se¢ Figure 1)

Photo 2: View ol light fisting b) with cover prior to the test (56 Figure 1)

Photo 3: View of light nuingc]wjlhmvarpﬁnrtolham(ml?igum 1)

Photo4: Wmc[li@tftﬁngd}wilhmpﬂorloiﬁemt(mme1}

Photo §: View of light fitting ) and b) with cover afler the test (see Figure 1)
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H = Observation on the side exposed to direct heat N o
N = Observation on the side not exposed to direct heat
Timea Obgervation ‘
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] 8
0 Heating begins c)
2 H Perspex panel of light fitting =) has fallen out
5 H Fire-bronks sctvated
8§ - N Emission of smoke above the floor P - II
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Figour 11 Gemiddelde luchttemperaturen in het plenum
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