
Appendix 2
 1Ambiant and heating tests

20D45SWS test: sws connection with a 45 mm timber member and 
two steel plates on each side (12mm).

20DSWS6: sws connection, 63 mm timber member, one bolt, and 
two steel plates on each side (12mm)

Ambiant test, sws connection, 63 mm, 20dsws6
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20DSWS7: sws connection, 63 mm thickness, 12mm steel plates on 
the sides.

Ambiant test, swsconnection 63 mm, 20Dsws6
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20DSWS8: sws connection, 63 mm thickness, 12 mm steel plates on 
the sides.

20SWS452: sws connection, one bolt, 45 mm timber, 12 mm steel 
plates on the sides.

Ambiant test, sws connection, 20dsws8
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20SWS453: sws connection, one bolt, 45 mm timber, 12 mm steel 
plates.

load-deformation, ambiant test, sws connection 45mm, 20sws452
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100sws45: 100 C heating test, sws connection, 45 mm timber, 6 
mm steel plates.

load - deformation, ambiant test, sws connection, 63mm, 20sws453

0

5

10

15

20

25

0 5
10 15 20 25 30 35

deformation (mm)

load - deformation

Ambiant test, sws connection 45mm, 20sws453

0

5

10

15

20

25

30

35

00:00.0 01:26.4 02:52.8 04:19.2 05:45.6 07:12.0 08:38.4

time (s)

load
displacement

load-deformation, 100C heating test, sws connection 45m, 100sws45

-2

0

2

4

6

8

10

12

14

16

18

0 5 10 15 20 25 30 35

deformation (mm)

lo
a
d
 (

kN
)

load-deformation

5

lo
a
d
 (

kN
)

lo
a
d
 (

kN
) 

- 
d
is

p
la

ce
m

e
n
t 

(m
m

)



150sswsb: 150 C heating test, sws connection, 

100 C heating test, sws connection 45mm, 100sws45
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load -deformation
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200ssws5: 200 C heating test, sws connection, 63 mm timber, 6 mm 
steel plates.

diagram load-deformation
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200ssws45: 200 C heating test, sws connection, 45 mm timber, 6 
mm steel plate.

load - deformation, 200 C heating test, 200sws45
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280ssws3: 280 C heating test, sws connection, 63 mm timber, 6 mm 
steel plates.

280ssws4

280 C heating test, 280sws3
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280 heating test, 45mm thickness, 280ssws4
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2 Fire test
750ssws4: sws connection with one bolt

750ssws4
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750ssws5: fire test, sws connection, one bolt.
750ssws5

0

1

2

3

4

5

6

7

8

9

0 2 4 6 8 10 12 14 16

Time (mins)

L
o
a
d

 (
k
N

)

0

5

10

15

20

25

30

35

40

45

load

deformation

fire test, sws connection, 750ssws5

0

100

200

300

400

500

600

700

800

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

time (mins)

bolt head 1
steel plate 1
bolt 1
bolt head 2
steel plate 2
bolt 2

750ssws5

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11

Time (mins)

air
wood
wood 1
wood 2

wood 3
wood 4
wood 5
wood 6

13

te
m

pe
ra

tu
re

 (
C

)

Lo
a
d
 (

kN
)



750ssws6: fire test, sws connection, one bolt.
750ssws6
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750msws1: fire test, sws connection, 4 bolts.
750msws
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750msws2: fire test, sws connection, 4 bolts.

750msws2
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750msws3: sws connection, 4 bolts

750msws3
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750swsw: wsw connection, one bolt

750swsw
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750swsw2: wsw connection, one bolt.

750swsw2
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750mwsw: invalided results (problems with the furnace)
750mwsw2: wsw connection with 4 bolts.

Fire test, wsw connection, 750mwsw2
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750mwsw3: wsw connection with 4 bolts.

fire test, wsw connection, 750mwsw3
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750swww: www connection with one bolt.

750swww (fire test, www connection)
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750swww2: www connection with one bolt.

fire test, www connection, 750swww2
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750mwww: www connection with 5 bolts

Fire test, www connection, 750mwww

0

5

10

15

20

25

30

35

40

1 13 25 37 49 61 73 85 97 109121133145157169181193205217229241253265277289301313325337

time (s)

deformation
load

Fire test, www connection, 750mwww

0

100

200

300

400

500

600

700

800

900

0 200 400 600 800 1000 1200 1400 1600

time (s)

bolt head 1
between two members 1
bolt 1
bolt head 2

between two members 2
bolt 2
air temperature

fire test, www connection, 750mwww

0

100

200

300

400

500

600

700

0 200 400 600 800 1000 1200 1400 1600

time(s)

wood middle member 1

wood middle member 2

wood middle member 3

bolt side member 1

bolt side member 2

wood side member 1

wood side member 2

24

lo
a
d
 (

kN
) 

- 
d
e
fo

rm
a
ti

o
n
 (

m
m

)

te
m

pe
ra

tu
re

 (
C

)
te

m
pe

ra
tu

re
 (

C
)



750mwww2

3 Pictures of some connections:

fire test, www connection, 750mwww2
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www connection with 5 bolts after a fire test

Sws connection with one bolt after a fire test

Wsw connection with one bolt after a fire test

4 Pictures of modes of failure:
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Sws connection with for bolts after a fire test once the char has 
been removed. The mode of failure is mode j (the timber is 

crushed)
 

www connection with 5 bolts after a fire test. 
The timber on the side members is crushed so this is mode g.

100 C heating test on a sws connection made of 45 mm timber.
The bolt are straight so the mode of failure is mode j.
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Ambient test on a sws connection with 63 mm timber and 12 mm 
steel plates on the sides. The bolts seems to be bent on mode m.

Ambient test on a sws connection with 45 mm timber and 12 mm 
steel plates on the sides. The bolts are straight so the failure is 

mode.

280 C heating test on a sws connection with 63 mm timber. The 
wood started charring on the sides. The bolts are straight so this is 
mode j.
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5 Prediction of time to failure using Johansen’s equation with the 
results from the tests:

Prediction of the failure load for the test 750ssws4
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prediction of fire resistance using johansen's equations for the test 750ssws6
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prediction of the fire resistance of the 750msws3 test, using johansen's equations
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prediction of the time to failure for the test 750mwsw3
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prediction of the fire resistance using johansen's equation for the test 750swww2
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6 Safir results

Sws connection:

34
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Wsw connection:

Prediction of the failure load of a sws connection with 4 bolts using the results of safir in 
Johansen's equation 
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temperature in the timber in a wsw connection at different depth during a fire
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www connection

prediction of the failure load of a wsw connection with 4 bolts using safir
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Temperature in the timber of a www connection for diffetent depth during a fire 
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temperature in the timber in a www connection during a fire
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7 Manufacturing process of LVL timber
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