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Performance-based Seismic Design of 9-Story Engineered Wood
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/] ABSTRACT /

One of engineered woods, glued laminated timber (GLT), can provide a constant level of performance and desired strength even if the
quality of wood is low. Due to this fact, there is a growing interest in GLT using domestic species and related research has been carried out
continuously. In addition, GLT is popularly being applied to the long-span or high-rise structures overseas. However, KBC 2016 does not
allow the engineered woods to be used for middle and high-rise buildings by limiting height. Therefore, a proper design procedure and
rationale should be clearly presented by the help of performance-based seismic design. With this background, the goal of this study is to
establish a specific procedure for design of a 9-story building with RC shear walls and GLT frames according to the performance-based
design of KBC 2016. The performance objectives were set according to KBC and the acceptance criteria for each goal were defined. The
RC shear walls and GLT frames were designed by concrete and wood structure requirements, respectively. Analytical models were
developed to reflect their nonlinear features, and both nonlinear static and dynamic analyses were conducted. Performance evaluation
results showed that the shear walls have insufficient shear strength, so they were re-designed. Consequently, it has been confirmed that
GLT frames can be applied to a 9-story office building with the assistance of RC shear walls and performance-based seismic design.
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Fig. 1. Performance-based design flow diagram

Table 1. Performance objectives in KBC2016 [6]

Seismic Performance level Seismic hazard
use group
Operational 1.0 x Design spectral
. (or immediate occupancy) acceleration
Special - -
Life safety and collapse 1.5 x Design spectral
prevention acceleration
Life safety 1.2 x Design §pectral
I acceleration
Collapse prevention 1.5 x Design §pectral
acceleration
Life safety 1.0 x Design §pectra|
I acceleration
Collapse prevention 1.5 x Design ;pectral
acceleration
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Table 2. Acceptance criteria for GLT frame & RC shear wall building

Performance level
Parameters
LS CP
Story Drift Ratio [6] 1.5% 2.0%
0.75 x Shear 1.0 x Shear
Shear Force
strength strength
RC Shear wall Plastic Rofat
astic Rotation LS Level CP Level
angle [11]
GLT
Beam-column | Rotation angle [7] | 0.75 x CP Level CP Level"
connection
GLT Column Moment 0.75 x Moment 1.0 x Moment
strength strength

" Rotation angle at the point where the moment strength drops on moment-
rotation relationship of GLT beam-column connection
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Fig. 2. Plan of 9-story office building [7]
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Table 3. Gravity loads for preliminary design [7] (kN/m?)
Story ENG-WOOD .
Dead load Live load
Typical 4.80 3.50
Roof 4.04 1.00
Table 4. Dimensions of section [7] (mm)
Element Section Dimension
G1 160 x 530
Girder G2 160 x 530
G3 160 x 760
C1 360 x 360
Column c2 300 x 300
C3 480 x 480
Wall 200
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Table 5. Information on ground motions selected from PEER data

base
MCE x 2/3 Level
Record Number | Earthquake Name| Year | Magnitude | Vs,30 (m/s)

6 Imperial Valley 1940 6.95 213.44
122 Friuli 1976 6.50 249.28
169 Imperial Valley 1979 6.53 242.05
175 Imperial Valley 1979 6.53 196.88
266 Victoria 1980 6.33 242.05
337 Coalinga 1983 6.36 265.21
346 Coalinga 1983 6.36 308.84

MCE Level [6]

Record Number | Earthquake Name| Year | Magnitude | Vs,30 (m/s)

68 San Fernando 1971 6.61 316.46
159 Imperial Valley 1979 6.53 242.05
161 Imperial Valley 1979 6.53 208.71
185 Imperial Valley 1979 6.53 202.89
337 Coalinga 1983 6.36 265.21
339 Coalinga 1983 6.36 307.59
346 Coalinga 1983 6.36 308.84
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Fig. 8. Spectra of scaled ground motions
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Table 6. Shear performance of walls by seismic hazards

MCE x 2/3 Level MCE Level [6]
Fu Fn DCR Fu Fn DCR

Wall ID

Wi1-1 569 642 0.60 659 856 0.77

Wi1-2 1118 877 1.27 1284 1170 1.10

Wi1-3 860 727 1.18 939 970 0.97

Wi-4 1573 1048 1.50 1615 1397 1.16

W2-1 1622 684 1.37 1460 913 1.60

W2-2 1530 556 2.75 1619 41 218

W3 95 321 0.30 1056 428 0.25

W4 59 280 0.21 61 374 0.16

W5-1 466 406 1.15 525 542 0.97

W5-2 365 367 0.99 481 489 0.98

W11 568 513 1.1 598 684 0.87
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Table 7. Re-design method of RC shear wall

Type Method Content

A Decrease in spacing of horizontal reinforcement Increase in the Vs not to exceed 4Vc¢ (Smin = 100 mm)
Increase in the Vs not to exceed 4Vc (Smin = 100 mm)

B Type A & Increase in material strength foc (MPa) 24 — 30

f, (MPa) 400 — 500

C Increase in thickness of RC shear wall T (mm) 200 — 300

) ) . . T (mm) 200 i 300

D Type C & Decrease in spacing of horizontal reinforcement -

Increase in the Vs not to exceed 4Vc¢ (Smin = 100 mm)

Table 8. Demand-to-capacity ratios of re-designed walls in shear

MCE x 2/3 Level MCE Level
Walllp A B c D A B Cc D
W1-2 0.78 0.64 0.73 0.56 0.59 0.48 0.76 0.58
W1-3 0.82 0.56 0.66 0.51 0.62 0.42 0.71 0.54
W14 0.82 0.67 0.88 0.67 0.62 0.51 0.91 0.70
W2-1 1.14 0.93 1.34 0.67 0.85 0.70 1.24 0.62
W2-2 1.55 1.27 1.57 0.57 117 0.96 1.69 0.61
W5-1 0.69 0.57 0.80 0.61 0.52 0.42 0.72 0.55
W11 0.84 0.70 0.60 0.46 0.63 0.53 0.59 0.46
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