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 Cross-laminated timber (CLT) is increasingly used in residential construction, especially for mid- to
high-rise buildings.
 Balloon-type systems seem suitable for the use of CLT in tall buildings, as compression
perpendicular-to-grain of ﬂoor diaphragms can be avoided.

 Response Spectrum

 Uplift and Shear Forces on CLT panels
Table 1: Maximum uplift and shear forces on CLT panels according to linear static and dynamic analyses

 



 

 The knowledge on the mechanical behaviour of balloon-type CLT systems is, however, very limited.
Additionally, there is a lack of reliable connection technologies for such systems.
 Tall balloon-type CLT buildings require high-performance connections to transfer high forces and
dissipate energy when under seismic loads.

 

 

The 15-story CLT building
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Figure 2: (a) Spectral acceleration for a period of 1.0s at a probability of 2%/50 years for soil class C and (b) elastic (black
line) and design (black dash line) response spectrum for a structure placed in Vancouver.

 ANSYS Micro-Scale Model
 CLT has been modelled accounting for the cross-orientation of lamellae and a bi-linear orthotropic
behaviour of wood.
 Hill’s potential theory has been adopted as wood strength criteria.
 Local crushing of wood has been accounted using a foundation material around the dowels.
 Two modes have been considered for CLT and foundation responses respectively: (i) elastic-elastic
and (ii) elastoplastic-elastoplastic.
 A tri-linear isotropic behaviour of steel has been considered to model dowels, bolts, and slotted-in
plates.

 



 



















 



 



 
  




























 
  







 Inter-Story Drift











 
 

 











 

















    





Figure 5: Inter-story drift based on the linear dynamic analysis.

 
 

VY ,max [kN]
334
148
-56%

Figure 4: Total shear forces on each story according to a) linear static and b) linear dynamic analyses.

 SAP 2000 Macro-Scale Model
 The micro-scale ANSYS model output have been used as input for the macro-scale model developed
in SAP 2000.
 For spring elements (hold-down connections), only one degree of freedom was accounted for (in the
Z-direction), with an assumption of inﬁnite rigidity in the X- and Y-direction.
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 Shear Forces Distribution
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 This work thus aims at evaluating the seismic characteristics and performance – fundamental period,
uplift forces, base shear, and inter-story drift – of a 15-story CLT building through LSA and LDA; a
comparison of the two methods is subsequently performed to determine the best design strategy for
mid- to high-rise CLT buildings. [2] [1]
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 Linear Static Analysis (LSA) is a simpliﬁed force-based design procedure employed to evaluate the
seismic behaviour of conventional low- to mid-rise concrete and steel buildings, but may be inadequate
for tall CLT buildings.
 Linear Dynamic Analysis (LDA) enables to accurately capture the main vibrational modes of structures
and their associated vibration periods; leading to a more proper sizing of elements, and higher structural
and economic eﬃciency.

Properties
Linear static
Linear dynamic
Variation
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Figure 1: The building schematic. (a) Axonometric view; (b) Structural and (c) architectural plan; (d) Shear wall; (e)
Connection detail.

 The building
 15-story multi-family residential building located in Vancouver, Canada.
 It consists of 520 square meters footprint that can accommodate a maximum of 4 residential units
per ﬂoor (merged living room and kitchen space, 2 bedrooms, 2 bathrooms, and one balcony).
 The building is 48 m tall and has an inter-story height of 3.2 m.
 Lateral Force-Resisting System (LFRS)
 The LFRS consists of glulam-CLT composite ﬂoor diaphragms and CLT shear walls.
 CLT panels for walls are joined with dowelled multiple-shear slotted-in plate connections, acting as
hold-downs; and steel plates with self-tapping screws, which prevent panels from sliding.
 Design Considerations
 The building complies with design provisions of the 2015 National Building Code of Canada and
Wood Design standards CSA O86-14.
 Over-strength and ductility force modiﬁcation factors, R0 and RD , have been taken as 1.5 and 2.0,
assuming that the connections display necessary levels of ductility and dissipative capabilities.
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Figure 3: Numerical models. (a) Micro-scale FE model implemented in ANSYS; (b) Deformed shape of the hold-down
connection (micro-scale FE model); and (c) Macro-scale FE-model implemented in SAP2000.

Results
 The fundamental period (T)
 For the linear static analysis (LSA), the fundamental period is T1 = 0.91s, estimated using NBCC
2015 formula.
 Results of the linear dynamic analysis (LDA) highlight the ﬂexibility of the building, with T1 = 1.96s
for both X- and Y-directions.

 LSA, leading to a fundamental period estimated to 0.91s, and the shear and uplift forces in the CLT
shear walls estimated at 356 kN and 2346 kN, cannot be considered a reliable tool since it does not
account for the eﬀective lateral stiﬀness of building.
 LDA seems to be a reliable approach as it accounts for the estimated stiﬀness of connections. The
calculated fundamental period has been found equal to 1.96s while the shear and uplift forces in the
CLT shear walls were 199 kN and 1244 kN.
 Results alight to outcomes provided in other studies and form a basis for further exploring the behaviour
of mid-rise balloon-type CLT buildings.
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