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Part1: Mass timber 101

Part 2: Fire protection design 101

Part 3: Fire behavior of mass timber —ongoing research
Part 4: How to stay informed
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Prescriptive fire protection design
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Prescriptive fire protection design
o Fire resistance failure
Average unexposed surface > 250°F

above ambient

Any point on unexposed surface >
325°F aboue ambient

Flaming on unexposed surface

1200 n T . .
5 100 e e Smoke or gas can ignite cotton waste
g w0 on unexposed surface
Py
g . . .
g 2w Structural integrity failure
3 o - - o Loss of load carrying capacity
Tirme (min)
Individual structural Subject to ASTM E119 Time to failure criteria per
component (standard) fire ASTM ET19
R
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Structural fire engineering

Using concepts of structural mechanics, material science, and knowledge of fire
dynamics to calculate structural capacities throughout a design-basis fire.
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Structural fire engineering

Using concepts of structural mechanics, material science, and knowledge of fire
dynamics to calculate structural capacities throughout a design-basis fire.

pyrolysis charring smoldering
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Structural fire engineering

Using concepts of structural mechanics, material science, and knowledge of fire
dynamics to calculate structural capacities throughout a design-basis fire.

pyrolysis charring smoldering
100 — 250°C 300°C 100 -300°C
Mass loss of timber Mass loss without
in presence of a a flame at high
flame temperatures
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Structural fire engineering W
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Structural fire engineering

Original timber section

Edge of char

Edge of unheated timber
Timber temperature <100°C
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Structural fire engineering

Original timber section

Edge of char

Edge of unheated timber
Timber temperature <100°C
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:<— Corner rounding
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Heated wood.
Zero stiffness layer

14

2/6/2024



Structural fire engineering

Original timber section

Edge of char

Edge of unheated timber
Timber temperature <100°C
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Heated wood.
Zero stiffness layer

Char depth depends on
char rate (NDS, Eurocode)
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Concerns with mass timber and fire
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Connections
10mm x 260mm ASSY VG CSK
screw @ 610 mm on center L
™~ v
120 mm thick N, .
5 ply CLT .
———
16 mm thick
. (2) 10 mm x 280 mm
knife plate ASSY VG CSK screw
WTN
570 mm x 310 mm L\ 310 mm x 610 mm
24F-V4 glulam column Ay 24F-V4 glulam beam
———(3) 10 mm x 280 mm
ASSY VG CSK screw
100 mm thick '——(22) 8 mm x 160 mm
wooden block ASSY ECO screw
TR
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Smoldering
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[ Timber-concrete composite floors\
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Timber-concrete composite floors

Concrete topping
/ Mass timber panel

Shear connector
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Timber-concrete composite floors

Testing goals:
1. Examine failure mechanisms within the floor during fire
2. Quantify heat transfer through floor at connectors

3. Compare design methodologies and inherent assumptions

o
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Timber-concrete composite floors

NLT-concrete composite floor

4801mm

254mm x 127mm
MiTek MT20 truss plates welded wire mesh
76mm NWC topping

1257mm
ot ' = =
o = o= SN i i

support

O Section A @ Section B
CLT-concrete composite floor

4801mm
wire mesh

screw, typ

57Tmm NWC concrete

%
175mm CLT

@ Section A @ Section B
MPP-concrete composite floor

l 4801mm

76mm NWC concrete
127mm MPP

® Section A ® Section B
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Timber-concrete composite floors
Elasto-plastic method

concrete 0, = compressive
J_ stress, concrete o1,
B VAU s - N1
! X
V. q .

) T S -————

TN
\_ cLT o, = tensile 05 4= bending o, , = resulting
stress, timber stress, timber stress, timber

Assumptions:
v Plane sections remain plane

v Full or partial composite action

v/ Connectors are rigid and perfectly plastic

v’ Linear-elastic behavior of timber and concrete

v Timber fails before plastic behavior in the concrete

v' Ignore concrete in tension
R

.. Or?gon.State Frangi, A., Fontana, M. (2003). “Elasto-Plastic Model for Timber-Concrete Composite Beams with Ductile Connection,” Structural Engineering
&) Umver51ty International. 13(1), 47-57.

25

Timber-concrete composite floors
CONCLUSION #1: Shear connectors do not yield
350 ——— NLT-concrete floor
300 |
st | 7 CLT-concrete floor
z
< 200
Py =— . = MPP-concrete floor
3]
5 150 f
'
100 NLT-concrete
connector capacity
of
i CLT and MPP-
o concrete connector
0 30 60 90 120 150 180 capacity
Time (min)
aﬁ- Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural
Z}2a OregonState Engineering, 149(11). https:/doi.org/10.1061/JSENDH.STENG-12577.
. .. Shephard, A.B., Fischer, E.C., Barbosa, A.R., Sinha. A. (2020). “Fundamental behavior of timber concrete composite floors in fire” ASCE Journal of Structural Engineering.
< University 147(2), https://doi.org/10.1061/(ASCE)ST.1943-541X.0002890.
26
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Timber-concrete composite floors

CONCLUSION #2: Concrete and timber plasticity

150 )
i FE model with |
| timber & concrete —— Experimental (Shephard
. L plasticity m etal. 2021)
£ =1 —_——
g1 00 FE model with /I 2 ;Imzeég?;i (Shephard et
c L timber plasticity f/i= ’ .
. I F ++++++ FE model, no plasticity
(8] L -
3 | /
© 50 t / ..+ | —=FE model, concrete
e I Vi . / plasticity
[ o Limaam | (CTZFEmodel, timber
LT plasticity
0l | FE model with concrete
Time (min)
/AR Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural

Engineering, 149(11). https:/doi.org/10.1061/JSENDH.STENG-12577.
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Shephard, A.B., Fischer, E.C., Barbosa, A.R., Sinha. A. (2020). “Fundamental behavior of timber concrete composite floors in fire” ASCE Journal of Structural Engineering.
147(2), https://doi.org/10.1061/(ASCE)ST.1943-541X.0002890.
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Timber-concrete composite floors
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CONCLUSION #2: Concrete and timber plasticity

e, 200 F
—_ e
E " '-:..' -
£
5 150 ------ m
)
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3 100 E'\
c ‘.')
= L~
=y 13
2 50 +
) r
Tlt=135min i
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------ FE model, no plasticity

— - -FE model with concrete plasticity
FE model with concrete and timber plasticity

Material tensile strength

Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural
Engineering, 149(11). https://doi.org/10.1061/JSENDH.STENG-12577.

Shephard, A.B., Fischer, E.C., Barbosa, A.R., Sinha. A. (2020). “Fundamental behavior of timber concrete composite floors in fire” ASCE Journal of Structural Engineering.

147(2), https://doi.org/10.1061/(ASCE)ST.1943-541X.0002890.
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Timber-concrete composite floors
CONCLUSION #2: Concrete and timber plasticity

T
E E
£ £ 150
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o ket
(0]
v 3 100
£ £ L
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% F ‘% 50 -
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t=82mn | . t=175min
45 10 5 0 5 10 30 20 10 0 10 20 30
Stress (MPa) Stress (MPa)
—— Modified EP capacity . .
...... EP capacity Modified EP capacity
— —y-method — —y-method
FE model with concrete and timber plasticity FE model with concrete and timber plasticity
Tensile capacity Tensile capacity

R
OregonState  Engineering, 149(11).hitos:/idoi.org/10.1061/SENDH STENG-12577.
\

147(2), https://doi.org/10.1061/(ASCE)ST.1943-541X.0002890.

Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural

. ., Shephard, A.B., Fischer, E.C., Barbosa, A.R., Sinha. A. (2020). “Fundamental behavior of timber concrete composite floors in fire” ASCE Journal of Structural Engineering.
& University
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Timber-concrete composite floors
CONCLUSION #2: Concrete and timber plasticity

Failure time in min (% error from experiment)

NLT-concrete CLT-concrete

Experiment 187 165

FE model 175 (-6%) 166 (1%)

y-method 57 (-70%) 106 (-36%)

Elasto-plastic model 82 (-56%) 129 (-22%)

Oregon State  Engineering, 149(11). https://doi.org/10.1061/JSENDH.STENG-12577.
[
147(2), https://doi.org/10.1061/(ASCE)ST.1943-541X.0002890.

/R Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural

. . Shephard, A.B., Fischer, E.C., Barbosa, A.R., Sinha. A. (2020). “Fundamental behavior of timber concrete composite floors in fire” ASCE Journal of Structural Engineering.
&Y University 0 (2020) P gineering
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Timber-concrete composite floors
CONCLUSION #3: Presence of shear connectors did not impact char rate

Source NLT/timber CLT

mm/min (inch/hour) mm/min (inch/hour)

Experimental

(Average) 0.56 (1.32) 0.57 (1.35)

NDS 0.76 (1.80) 0.80 (1.90)

Eurocode 5 0.80 (1.90) NA

CSA 086 0.80 (1.90) 0.80 (1.90)

aﬁ- Liu, J., Fischer, E.C., Barbosa, A.B., Sinha, A. (2023). “Experimental testing and numerical simulation of timber-concrete composite floors in fire,” Journal of Structural
"' Or?gon-State grr:ginr? eZ"‘X |1349|=('11)r}hm)Es</:/d?3I Qf/m 1/3??? Di SggzNoG-Jrf 57(:17 amental behavior of timb t ite floors in fire” ASCE Journal of Structural Engineeri
‘E—‘S‘ Ul’llveI'Slty 14?(;)2)?:]‘{1)5.//80“2?‘1/61% 166.1,/(:éCDES)aS,T.19.‘,13_|241a).< 0.0(02893.. undamental behavior of timber concrete composite floors In fire lournal o ructural Engineering.
31

Timber-concrete composite floors

Testing goals:
1. Examine failure mechanisms within the floor during fire
2. Quantify heat transfer through floor at connectors

3. Compare design methodologies and inherent assumptions
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Timber connections

Testing goals:

1. Compare charring rates through connection components versus members
2. Measure movement in connections throughout a fire exposure

3. Examine smoldering behavior
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Timber connections

Testing methodology:

R
%P8 Oregon State

&7 University

AN

2. Allow to cool naturally for one hour

1. Expose to ASTM E119 fire (standard fire) for one hour

35

Timber connections

%°0X8" (3" MIN. THREAD)
LAG SCREWS @6" o.c.

COLD-FORMED STEEL
CLIP PER FEMA P2080-1 —1
(FEMA, 2020) @ 24" o.c.

(2) ROWS %"@x8" (3"
WMIN. THREAD) LAG
SCREWS @4"0..

(3)2x10 DF LEDGER

(2) ROWS 3"0x4" (25" MIN.
THREAD) LAGS @ 4" o.c.

E Jroxa" LAGS @ 67 o.c.

\\Q (2) ROWS 3"@x4" (26" MIN.

JBx4" LAGS @ 6" o.c.
L6x4x¥ LLV

THREAD) LAGS @ 4 o.c.

L L6x4x3% LV L

Platform frame and balloon frame
connections’

10mm x 260mm ASSY VG CSK
screw @ 610 mm on center

120 mm thick
5 piy LT
16 mm thick
knife plate
l T
570 mm x 310 e W oo m
2aF-va glulam column 24F-v4 glulam beam
| (3) 10 mm x 280 mm
ASSY VG CSK screw
100 mm thick (22) 8 mm x 160 mm
woaden block ASSY ECD screw

10mm x 260mm ASSY VG CSK
screw © 610 mm an center

120 mm thiek
Spyer

570 mm x 310

24F-V3 gluiam calumn =
¢ = 320 mm x 610 mm.

= 24F-V3 gluloen bear
50 mm thick harewood

(2) 10 mm x 280 mm
ASSY VG CSK screw

Glulam beam-to-column
connections?

Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and

3 Or?gon.State Balloon Framed Connections in Fire”. In preparation.
UanCrSlty Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.
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Timber connections

%°0X8" (3" MIN. THREAD)
LAG SCREWS @6" o.c.

1 s
COLD-FORMED STEEL

CLIP PER FEMA P2080-1 —1
(FEMA, 2020) @ 24" o.c.

(2) ROWS %"@x8" (3"
WMIN. THREAD) LAG
SCREWS @4"0..

3200DELENGER

10mm x 260mm ASSY VG CSK
screw @ 610 mm on center

120 mm thick
5 piy LT

16 mm thick
knife plate

S [i,

310 mm x 610 mm
24F-v4 glulam beam

{3) 10 mm x 280 mm

NO STRUCTURAL FAILURE IN ANY TEST

(2) ROWS 3"0x4" (25" MIN.
THREAD) LAGS @ 4" o.c.

E Jroxa" LAGS @ 67 o.c.

\\Q (2) ROWS 370xd” (25” MIN.
L

JBx4" LAGS @ 6" o.c.
L6x4x¥ LLV

THREAD) LAGS @ 4 o.c.

L6x4x3% LV L

Platform frame and balloon frame

10mm x 260mm ASSY VG CSK
screw © 610 mm an center

120 mm thiek
SpiyoLr

570 men x 310 mm
2453 gluiam eolumn ==

50 mm

(2) 10 mm %
ASSY VG CSK

Glulam beam-to-column

connections’ connections?
a Oregon State Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
\E.‘ . g . Balloon Framed Connections in Fire”. In preparation.
N\ UnlveI'SIty Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.
37
Timber connections

CONCLUSION #1: Charring through connections is slower than in member

Results from platform and balloon framed connections

Connection Type Location Average Char_rlng Rate
(mm/min.)
- Middle of Panel 0.75
Platform Framed Joint 4 0.46 )
Wood Ledger Joint 0.42
Floor Bearing 0.50
Exposed Steel Wall Compression 0.50
Concealed Steel Floor Bearing \_ 0.35 Y,

(o
Eig

Y Oregon State
University

e -

. In preparation.

Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
Balloon Framed Connections in Fire”
Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.

38
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Timber connections
CONCLUSION #1: Charring through connections is slower than in member

Results from glulam beam-to-column connections

Average Charring Average Charring
. Rate (mm/min.) Rate (mm/min.)
Connection Type . i i .
(with caulking) (without) caulking)
Horizontal | Vertical | Horizontal | Vertical
Midspan of glulam 0.94 0.91 . .
beam (average)
Knife Plate 0.76 0.33 0.82 0.30
Char vertically Notched Column 0.90 -- 0.97 --
Double Beam 0.95 - 0.84 0.76

a, Oregon State Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
" . g . Balloon Framed Connections in Fire”. In preparation.
< University

Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.

39

Timber connections
CONCLUSION #2: Char compression within joints causes movement

heatin cooling

w
o

\ Exposed Steel (35.6 mm) <—— 1.4 inches
ply boundary

- Concealed Steel (15.5 mm) <—— 0.61 inches

Settlement (mm)
N
o

[
o

~ Platform Framed (2.0 mm) «—— 0.08 inches

3 Wood Ledger (0.1 mm) | 0.004 inches

0 20 40 60 80 100 120
Time (min.)

a, Ore on State Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
. g . Balloon Framed Connections in Fire”. In preparation.
N UnlveI'Slty Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.
40
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Timber connections
CONCLUSION #2: Char compression within joints causes movement

£

=
=

Uncaulked connection Caulked connection
Char compression: 0.91 inches Char compression: 0.75 inches

Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A., and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
Balloon Framed Connections in Fire”. In preparation.

7P Oregon State

< UniveI'Sity Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.
41
Timber connections

CONCLUSION #3: Smoldering occurred in every test

Balloon Framed Connections in Fire”. In preparation.

Oregon State Redus, J.A., Muszynski, L., Fischer, E.C., Gupta, R., Sinha, A, and Barber, D. “Fundamental Behavior of Cross-laminated Timber Platform and
< UnlveI'Slty Fischer, E.C., Bhandari, S., Garrett, W., and Sinha, A. “Fire Testing of Glue-Laminated Beam-to-Column Connections”. In preparation.

42
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Timber connections

Testing goals:

1. Compare charring rates through connection components versus members
2. Measure movement in connections throughout a fire exposure

3. Examine smoldering behavior

R
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Resources

3

Fire Safe Use of :
Wood in Buildings h

TALLWOOD =

DESIGN INSTITUTE

https://tallwoodinstitute.org/

(Open Access)

R
KP8 Oregon State
& University
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Questions?

Email: erica.fischer@oregonstate.edu
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