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connection is shown in Figure 3. The CLT panels were
connected to the glulam beams underneath using Simpson
strong Tie’s SDWS22800DB screws at 15.2 cm (6 in.) c¢/c
on the two outside glulam beams and 20.3 c¢m (8 in.) c/c
on the middle glulam beam (Figure 2). Custom made
Simpson Strong Tie hold-downs were installed 25.4 cm
(10 in.) from the edges on both sides (Figure 2).

The load was applied using a hydraulic actuator attached
to the free end glulam beam.
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Figure 2: Layout for the diaphragm test
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Figure 3: Surface spline detail

3.2 DESIGN OF CLT DIAPHRAGM

The diaphragm was designed (for seismic considerations)
using recommendations from a design example [5] and
SDPWS 2021. The diaphragm had a Load and Resistance
Factor Design (LRFD) in-plane shear capacity of 98.3 kN
(22.1 kip) based on the strength of the surface spline
nailed connection. The Allowable Stress Design (ASD)
capacity of the diaphragm was 70.2 kN (15.8 kip). The
CLT-glulam screws were designed to have an additional
61% capacity over the design forces expected at the CLT
glulam interface. All other components of the diaphragm
were design to have at least two times the capacity
compared to the design level forces at the respective
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component per the requirements of SDPWS 2021. The
LRFD capacity summary for the diaphragm components
is given in Table 1 [8].

Table 1: LRFD capacities of Diaphragm Components (seismic

design)
Required Design Strength
Component Capacity* Capacity Ratio**
kN (kip) kN (kip)
Panel-Panel
nailed surface  98.3 (22.1)  98.3 (22.1) 1:1
spline
Panel-Glulam g0 355 1) 1584 (35.6)  1.6:1
SCrews
Tension .
Chord 222.4(50) 323.8(72.8) 2.9:1
Compression )
Chord 222.4(50) 327.4(73.6) 209:1
Hold-downs ~ 222.4(50)  560.5 (126) 5:1

*required capacity for non-shear elements is twice the
capacity obtained using design shear forces
**ratio of design capacity to capacity obtained using design
shear forces

3.3 INSTRUMENTATION SETUP

Figure 4 and Figure 5 show the location of the various
string potentiometers used in the diaphragm test to track
component deformations [8]. The load deformation
response on the free end glulam beam was captured by the
sensors in the hydraulic actuator. Figure 4 also shows the
two load cells (LC1 and LC2) used to capture the uplift
force experienced by the diaphragm at the hold-down
location.

ground
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Figure 4: String pot and hold-down layout on the top of the
diaphragm
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Figure 5: String pot layout on the bottom of the diaphragm

It should be noted that the instrumentation was not setup
to capture the bending and shear deformations (described
in Figure 1a and Figure 1b).

4 RESULTS AND OBSERVATIONS

4.1 OVERALL BEHAVIOUR OF DIAPHRAGM
SETUP

Figure 6 shows the hysteresis for the applied displacement
vs force observed for the diaphragm test setup [8]. The
summary of the test results is shown in Table 1 [8]. The
diaphragm setup displayed a relatively symmetrical
behaviour for positive and negative cycles. The average
initial stiffness of the setup was 24.1 kN/cm (13.8 kip/in.).
The peak capacity of the diaphragm exceeded its LRFD
capacity by a factor of 1.7. Through the observation of
deformations during the test, it was inferred that the peak
capacity of the diaphragm was primarily governed by the
capacity of its surface spline nailed connection which was
consistent with the design detail. Deformations could be
visually observed on the surface spline nailed connection,
the CLT-glulam screw connection and in the hold-down
connection. No significant bending and shear deformation
of the panels could be visually observed during the test.
Thus, the primary energy dissipation mechanism was
concluded to be governed by the various mechanical
fasteners utilized in the diaphragm setup, with the CLT
panels acting as rigid members. The mechanical fasteners
also induced ductility to the diaphragm.
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Figure 6: Force vs displacement hysteresis for the diaphragm
test

Table 2: Summary of the Diaphragm test

Design LRFD load
Peak positive load
Peak positive displacement
Initial stiffness (positive)

98.3 kN (22.1 kip)

164.5 kN (37 kip)

11.4 cm (4.47 in.)
22.4 kN/em (12.8 kip/in.)

Peak negative load 160 kN (36 kip.)
Peak negative displacement 11.2 cm (4.41 in.)
Initial stiffness (negative) 25.6 kN/cm (14.6 kip/in.)
Average peak/LRFD strength 1.7

4.2 DEFLECTIONS AT VARIOUS FORCE
LEVELS

Figure 7 and Figure 8 show the contribution of fastener
deformation to total diaphragm deflection at various force
levels for positive and negative cycles respectively. The
force level values in the figures indicate the first time
those values were reached during the diaphragm test. The
diaphragm level deformations were calculated from the
fastener level deformations for nailed surface spline slip
(transverse shear fastener), screw slip (longitudinal shear
fastener) and slip in the hold-down assembly (anchorage)
using the equation 2. The bending and shear deformations
which were back calculated by subtracting all other
deformations from observed diaphragm deflection. This
was done because the test setup did not have sufficient
instrumentation to properly isolate contribution due to
bending and shear deformations.

Figure 7 and Figure 8 also show the SDPWS based
(theoretical) estimates for total bending and shear
deformations while Table 3 shows the numerical values.

Table 3: SDPWS based estimates for bending and shear
deformations at various force levels.

Force level Bending Def. Shear Def.
kN (kip) cm (in.) cm (in.)
22.2(5) 0.208 (0.082) 0.107 (0.042)
44.5(10) 0.417 (0.164) 0.213 (0.084)

70.3 (15.8) - ASD 0.658 (0.259) 0.337 (0.133)

98.3 (22.1)-LRFD __ 0.921 (0.362) 0.472 (0.186)

https://doi.org/10.52202/069179-0365



The plots suggest that SDPWS based calculation
overpredicts the contributions due to bending and shear
deformations in a cantilever CLT diaphragm.
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Figure 7: Contribution of fastener deformation to total
diaphragm deformation for positive cycle, ASD = 70.3 kN
(15.8 kip), LRFD = 98.3 kN (22.1 kip)
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Figure 8: Contribution of fastener deformation to total
diaphragm deformation for negative cycle, ASD = 70.3 kN
(15.8 kip), LRFD = 98.3 kN (22.1 kip)

The back calculated values for bending and shear
deformations were 34.8% and 26.8% of the total
diaphragm deflections at force level of 22.2 kN (5 kip) for
positive and negative cycles respectively. At LRFD level
of 98.3 kN (22.1 kip), the back calculated values for
bending and shear deformations were 15.1% and 12.4%
of'the total diaphragm deflection for positive and negative
cycles respectively. The bending and shear deformation
predicted by SDPWS would have been 93.6% and 119%
(i.e., exceed observed diaphragm deflection value) at 22.2
kN (5 kip) for positive and negative cycles respectively.
Similarly, bending and shear deformations predicted by
SDPWS would have been 55.8% and 63.4% of the total
predicted deflection at LRFD level for positive and
negative cycles respectively.
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The deformations also suggest that the bending and shear
deformations were more significant at smaller load levels.
It is speculated that as the load levels increased, the
bending and shear deformation increased linearly while
the other deformations increased non-linearly (at a higher
rate), thus leading to lower contribution of bending and
shear deformation at higher load levels as the fasteners
which have started to deform and yield begin to
experience more deflection relative to the CLT panels in
bending and shear.

5 CONCLUSIONS

During design, the ratio of deflection in diaphragm to the
adjoining components of the VLFRS can be utilized to
idealize flexible, rigid or semi rigid diaphragm behaviour
which governs the mechanism for force transfer to the
vertical elements. The various mechanisms contributing
to deflections in cantilever CLT diaphragms were
investigated. Observation of deflection data from the test
suggested that the equation derived using the in SDPWS
equation for CLT shear wall over predicts the contribution
of bending and shear deformations. Further experimental
testing with instrumentation setup for capturing bending
and shear deformations seems necessary to develop
equations capable of providing a more accurate prediction
for those terms.
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