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1 Background and assumptions

Posi—Joist floor is a lightweight floorsystem constructed with wooden-rules/beams, steel-
diagonals (Posi-struts), gypsum boards and mineral wool insulation.

The special thing about the joists are the load-bearing beams. They consist of a hybrid
construction consisting of a lower and upper flange of wood (normal dimension 45 x 95
mm) which is connected by diagonals of thin sheet metal. See principle according to figure 1.

Parkett - 14 mm

Underlagsfoam - 3 mm
Golvgips - 25 mm

Golvspanskiva = 22 mm

Skruvad och limmad med MiTek JUISI-IL__

Posi-Joist - 300 mm
Bjalkiag fylld med losull,
Blipwen -

Mifek Swund profile - 80 mm___
Brandgips - 30 mm

Figure 1

The floor structure according to the figure is protected from below with 2 x 15 fire plaster
boards and meets the fire technical class REI 60. The bearing capacity in case of fire (R
60) is based on the bottom flange not carbonizing too much in the event of a fire from
below, without a large enough part of the bottom flange's cross-section being unaffected so
that the beam is able to carry current loads for the load case fire. With 2 x 15 fire plaster
boards this is not a problem. Calculations show that even R 90 is met with 2 x 15 fire
plaster boards. See further section 3.2

The joist layer according to figure 1 is filled with stone wool-type loose wool. See figure 2.

cilh, QPG \ B Figure2
A membrane/ground cloth is attached to the lower flanges of the beams, which means that
no insulation is added between plasterboard and the underside of the lower flange of the

beams. There is thus an 80 mm free air space between the plasterboard and the underside
of the beams.
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The joist can be delivered to the construction site with its upper part as shown in Figure 3
and there supplemented from below with a suspended false ceiling of plasterboard,
whereby the loose wool insulation is also filled in at the construction site. Another option
is for ready-made cassettes to be manufactured in a factory, including false ceilings and
loose wool insulation. See figure 2.

Figure 3

A clear advantage of the current joists compared to many other light joists on the market is
that the open diagonals make it easy to draw ventilation ducts in the joists without having
to cut holes in the supporting structures. See Figure 4.

Figure 4

In general, however, ventilation ducts laid within a joist can mean certain fire-technical
problems that must be taken care of. It is common for ventilation ducts laid in the joists to
supply the underlying apartment. See principle according to figure 5.
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Since the joist forms a fire cell limit (EI 60), this limit includes the entire joist construction,
i.e. both the lower part in the form of plasterboard and the upper part in the form of floor as
well as intermediate insulation.

According to the figure above, the ventilation channel basically means that you move heat
from the fire locally into the middle of the joist. However, the ventilation duct does not
burn to pieces or melt, but the temperature from the fire can be assumed to be
"encapsulated" in the sheet metal duct. It is, however, important that the holes for the
channel through the gypsum boards of the lower part are properly fire-sealed so that leaks
do not cause the fire to enter directly into the joists through such leaks. Then a completely
different situation can arise.

It should also be noted that there is a difference between supply air and exhaust air ducts. It
is common today for FTX systems to dimension the system to be operational in the event
of a fire. Properly dimensioned and executed, the risk of fire and fire gas spreading is
limited via a ventilation system common to several fire cells. A supply air duct that is
built into the joist then in principle transports 20 degree air to the burning fire cell and any
hot fire gases are not drawn into the duct at all. However, the channel can be heated for a
shorter distance closest to the fire through heat conduction in the plate. However, the plate
temperature decreases after a short distance and any fire-technical measures such as
insulation of the duct can then normally be limited in length.

In the case of exhaust ducts and fans in operation, however, hot fire gases are constantly
drawn into the duct. However, it does not burn in the duct itself, but rather the hot fire
gases from the fire cell are transported in the duct. This means that heat is gradually lost
and the further away from the fire, the lower the temperature in the duct. On the other
hand, the insulation that the duct must have at least at the beginning of the duct in order not
to risk igniting combustible constructions means that the temperature drop along the duct
will be relatively limited. This means that exhaust ducts built into joists as above must
normally have sufficient protection against or distance from combustible parts along their
entire length.
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2 General about fire engineering dimensioning of constructions

In general, the fire resistance of a fire barrier and/or a load-bearing structure may be
determined by

* Trials

* Calculations

* Combination of trials and calculations

In the Eurocodes for concrete, steel, composite and wooden constructions, there are
instructions for calculating the fire resistance of various constructions. Usually, the
temperature of the structure is calculated for a given fire class requirement, e.g. EI 60 for a
separating structure or R 60 for a load-bearing structure when the structure is exposed to a
standard fire impact according to ISO 834.

For separating constructions, the temperature increase on the side not exposed to fire must

not exceed 140 degrees on average after the prescribed time, e.g. 60 minutes. At a starting

temperature of 20 degrees, this means a permissible temperature on the non-fire side of the
wall of 160 degrees.

For load-bearing constructions - in the current case the wooden constructions as above - it
applies that the residual cross-section of wooden studs and wooden beams after charring
during 60 minutes of standard fire exposure must have a bearing capacity that is greater
than the current load in the case of fire.

In order to be able to make calculations as above, the thermal data of the materials included
in the construction, such as thermal conductivity and specific heat capacity and their
variation with temperature, must be known. The thermal conductivity increases with
increased temperature for the vast majority of materials. For stone wool products, for
example, the thermal conductivity increases more for light products compared to heavier
ones, even if the thermal conductivity is the same at room temperature.

Thermal conductivity numbers and specific heat capacity as a function of temperature are
specified in the Eurocodes for concrete, steel and wood and these values can thus be used
as input data when calculating fire resistance as above. For e.g. stone wool and glass wool
there is corresponding data reported in Fire Safety in timber buildings.

Thermal data for plasterboard, including the effect of the plasterboard's disintegration, has
been produced by the Fire Protection Team and verified to be on the safe side through
comparisons over a long period of time with a large number of fire tests on various
constructions with plasterboard.

For Fermacell Fibergypsum, thermal data have been determined through comparisons with
fire tests on different wall types. See the Fire Protection Team's report: Fermacell - Fire
engineering dimensioning of shaft walls, Stockholm 2015-10-10.
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The temperature in a structure exposed to fire can be calculated with the two-dimensional
heat conduction program TASEF (Temperature Analysis of Structures Exposed to Fire)
developed by Professor Ulf Wickstrom. Ulf Wickstrom was previously long-term manager
at the SP (RISE) fire testing laboratory in Borés, and the TASEF program has been used
and verified against a large number of fire tests.

In the TASEF calculation, the cross sections are divided into a number of elements using
node lines. The program then successively calculates during the fire the temperatures in
each node, taking into account the thermal data of the constituent materials and their
variation with temperature.

Based on calculated temperatures in the load-bearing wooden studs, the charring depth can
be determined. According to Eurocode 5 (EN 1995-1-2), the carbonization limit
corresponds to the 300 degree isotherm. According to the same Eurocode, an additional 7
mm, corresponding to a zone with no or very little strength, should be subtracted from the
charring limit in order to obtain the so-called effective cross-section for which full strength
may be assumed. According to previous investigations by the undersigned - based on
comparisons between measured temperatures and real breaking loads and calculated
temperatures and breaking loads in a large number of fire tests - these 7 mm can be
replaced with the 200 degree isotherm.

See report:

Fire resistance of load-bearing wooden stud walls. Proposal for a fire engineering
dimensioning method and comparison with performed fire tests on loaded wooden stud
walls. SBUF Development project 13442/ 2018.

Below, calculations are made as above for the Posi-Joist joist with different conditions
both without and with ventilation ducts laid in the joist.
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3 Temperature calculations
3.1 General

In figure 6 is shown a principle section of the Posi-Joist joist with Posi-Joist beams at a
center distance of 600 mm.

b |

77 " _/”

bl | |

T T e e N Figure 6

For the TASEF calculation, it is sufficient to calculate the cross-section between the red
lines that constitute lines of symmetry. Namely, no heat exchange takes place across lines
of symmetry.

3.2 Floor joists with 2 x 15 mm fire-resistant plasterboard on the underside without
a ventilation duct

In figure 7 is shown selected node division for the TASEF calculation. Total number of

node points is 180.

[EESRETS

Figure 7

In figure 8 a temperature image is shown after 60 minutes of standard fire exposure.

POSI _ JOIST BJALKLAGET 2023-01-20

Brandteknisk analys inklusive inverkan av ventilationskanaler i bjalklaget



BRANDSKYDDSLAGET

Figure 8
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Calculated temperatures after 60 minutes in each node point are shown in Figure 9.

Figure 9

‘0z

0T

‘0z

0T

‘02 07 ‘07 6T 0T

0t
114
0z
0z

174

0T

‘0C

0

0z

0z -

‘0z -
0z

‘0¢

‘0T

‘0c

‘0z

T T4

T 'EC

0 €T

‘0T T

0T ¢

0T 0T

0 0T
‘ae 0T

44

'SE

‘GE

bE

‘0€

44
K4/
44

@

‘0S8 6L ‘vET 96T 'STZ 'ISZ 'S8T

TS 6L

09 JLL

T 09

LT EE 6E

L "0E vE

9z 6T 1€
‘9z 'BZ 0F

ot ‘v
‘9% '8E
€E 9E
K413

'PET "S0T "9¢T "99¢ °

'Y0T 'P9T 'Z8T "1¢T
8T 'SE vy 'S5 65 T9 'S8

09
'6E "B
e

9t ‘v

"8ET "86T L17 'vSZ '68C

£0€

Pz
80T

‘88
‘99
't9

9

ViE

9tE

"BEE

TIiE
T
11T
g0
ot

2ot

‘9T¢

e

PSE

"9EE
Lt
3 14
‘681
681

‘681

'SEE

‘€9t

‘oLE

'09¢
‘EFE
'BFE
‘BEE
‘8E€
‘BEE

k117

'S6E

‘S6E

'Z6E
‘16¢
T6€
‘06t
‘06t
‘06€

‘945

'ELS

‘ELS

LS
LS
LS
‘TS
‘TS
‘L5

0¢

8C6

0T

876

0T

‘876

‘0¢

‘876
‘8Z6
‘BT6
‘826
BZ6
‘876

"LLE =HIVL T Y3GNNN dIOA

FUNLYHIdWIL HIV IHNSOTONT

wnaxns SY6 (S)3UNLVEIIWIL 3414

L6TEE  HIGNNN LNFNTUONI FWIL «xs 0000'T INIL wux

2023-01-20

POSI _ JOIST BJALKLAGET

Brandteknisk analys inklusive inverkan av ventilationskanaler i bjalklaget



BRANDSKYDDSLAGET

Using the temperatures in Figure 9, the 200 degree isotherm has been constructed and
superimposed over the rule cross-section in Figure 10.

Figure 10

The cross-section has barely started to char (300 degrees) and the effective cross-section
(200 degrees) corresponds to an area of approx. 70 x 40 mm. This is 70x40/70x45 or about
90% of the original area. Dimensioning strength in case of fire load is significantly higher
than design strength in case of breaking load dimensioning at the same time that
dimensioning load in case of fire load is about half of dimensioning load in case of
breaking load dimensioning. This means that one can immediately state that the reported
design of the Posi-Joist joist with 2 x 15 mm fire gypsum board on the underside meets the
fire technical class REI 60 with a margin.

The corresponding calculation for 90 minutes of standard fire exposure (REI 90) is made.

Figure 11 shows a temperature picture after 90 minutes of standard fire exposure.

MITEK2X15 180 834
15 (h)

Temp*C 20 20 130 230 340 480 580 860 770 830 254

Figure 11

Calculated temperatures after 90 minutes in each nodal point can be seen in Figure 12.
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Figur 12
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the 200 degree isotherm has been constructed and

b

Using the temperatures in figure 12

superimposed over the rule cross-section in figure 13.

Figur 13

The effective cross-section after 90 minutes of standard fire exposure thus corresponds to
an area of approx. 55 x 23 mm. Figure 14 shows an approximate calculation of what this

may mean in terms of bearing capacity.
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Figure 14

Calculated dimensioning bearing capacity for breaking load dimensioning is 9 kNm per
beam, while calculated dimensioning bearing capacity in case of fire is 8.5 kNm per beam.
Since the dimensioning load in the case of fire can be estimated to be of the order of 50%
of the dimensioning load in the breaking load dimensioning, the fire load case is not
dimensioning for the bearing capacity even at 90 minutes of standard fire impact (REI 90).

3.3 Flooring corresponding to section 3.2 with ventilation duct

The joist design is the same as in section 3.2, but a ventilation channel for exhaust air with
a diameter of 125 mm is inserted between the upper and lower flanges of the Posi-Joist
beam. Computationally, the round channel is approximated to a rectangular channel with
the same area. The channel means that the construction is affected not only by fire from
below, but also by the temperature in the channel corresponding to figure 5.

The channel is placed midway between the top and bottom fins. With a beam height of 300
mm, there is a space between the channel side and the upper and lower flange of 45 mm. A
calculation of the temperatures with the assumption that these 45 mm spaces are filled with
the loose wool insulation as described in section 1 shows that too large parts of the wooden
flanges char away at 60 minutes of standard fire exposure. Therefore, the corresponding
calculation is made, but with the condition that a heavy stone wool disc type soil disc or
equivalent (density approx. 150 kg/m3) is placed between the duct and the lower or upper
flange.
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Selected node division for the TASEF calculation is shown in figure 15.

027

Figure 15

Figure 16 shows a temperature picture after 60 minutes of standard fire exposure.

MITEK2X15V IS0 834
T —4{h)
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Figure 16

Figure 17 shows calculated temperatures in all node points after 60 minutes of standard fire
exposure.
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Figure 17

Using the temperatures in figure 17, the 200 degree isotherm has been constructed and
placed over the cross section of the lower and upper flange respectively. See figure 18.

Figure 18

Through a comparison with the calculation of the bearing capacity according to Figure 14,
it can be stated that the fire load drop does not become dimensioning for the beam's
bearing capacity after 60 minutes of standard fire exposure. The solution with protection
between the duct and the lower or upper flange with a 45 mm stone wool disc type ground
disc or similar with a density of approx. 150 kg/m3 thus meets fire technical class REI 60.

The discs are only needed as protection locally in the compartment where the exhaust air
duct passes through a beam.
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4 Summary results

A number of temperature calculations of the Posi-Joist joist have been carried out based on
conditions according to EN 1995-1-2.

In summary, the following can be stated:

Joists without ventilation ducts for exhaust air built into the joists meet REI 60 with 2 x 15
fire gypsum board with a large margin. Fire-technical class REI 90 is also met.

Floors with ventilation ducts for exhaust air built into the floor meet REI 60 provided that
a 45 mm thick ground board or equivalent with a density of approx. 150 kg/m3 is placed as
protection between the duct and the upper and lower flange locally in the compartment
where the duct passes a beam. See figure 19 a.

An alternative to the above is for the duct to be isolated locally where the duct passes
through a beam with a 45 mm thick stone wool mesh mat intended for fire engineering
insulation of ventilation ducts See figure 19 b.
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Figure 19

At sufficiently high beam heights, where a distance between the ventilation duct and the
flange of the lower or upper flange of the beam of at least 120 mm occurs, loose wool is
sufficient as protection between the ventilation duct and the flanges of the beam for fire-
technical class REI 60.
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