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1.Modeling

Numerical Analysis Method
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1.Modeling

Theory of Numerical Analysis

O Distinct Element Method is used as fundamental theory

O DEM is Non-continuum analysis explicit method, so it is suitable
for large deformation and collapsing analysis

Normal force Shear force




1.Modeling

Analysis Model

O CLT, MPP walls and floors
—truss element (brace substitution)
O Tie rods

—rigid body

O Columns

—piNn-pin connections at every story
O UFPs

—bilinear type hysteretic rule

O 2% viscous damping
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Floor weight

Roof (k/floor) 43.59
Floor 8-10 (k/floor) |54.43
Floor 7 (k/floor) 54.55
Floor 4-6 (k/floor) |54.67
Floor 3 (k/floor) 54.79
Floor 2 (k/floor) 56.50




1.Modeling

Modeling of CLT and MPP walls

O CLT and MPP walls were modeled by truss spring(brace substitution)

O They are connected at the middle of every story by truss spring to
control in-plane deformation

O They are connected at the bottom by two kind of spring

Truss spring Bilinear Non-linear tensile and
/(brace substitution) compression spring
. P A P
: / Truss spring tKs,
B PN S © (to control Kb, —
in-plane deformation) NS
Kb, | ‘ K| [ Disp.
N Non-linear Dy | Disp. D, D, -
Bilinear tensile and — | |

\% Bottom % compression spring




1.Modeling

Modeling of CLT and MPP walls

O Side columns of shear walls were modeled by beam element

O Maximum bending moment Mp
O If the bending moment exceed Mp, the rotational spring of beam

element become pin connection.
Schema and skeleton curve of the beam element

O/ \O K, ¢ Initial stiffness

M:M t
Shear walll _ _ A omen K, ~ K; ¢ 2nd and 3rd
Rotational spring :
stiffness
K, =0.05K; M

Mp p : Maximum moment

i NG Side column
O, Q <—— Beam element 0.9Mp

/ Ks=-0.1K,
@ <+——Rotational spring

g ‘ Rotational angle
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Modeling of Tie rod Ton T
O Tie rod was modeled by rigid body N ;\ TN
O It connected by three kind of spring Rigid body'— Compression [\ T [ Fearto
O At the bottom \ spring
—Post tension and Bilinear type hysteretic rule A~ @ Flooro
O On the top—Only compression spring @
Bilinear Post tension Bottom
P TN
P 4 1 Floor3
KSn ks, Rigid body ><
\ Post tension /| Floor2
o, | / V4
| D, D, DiSp.ﬁ‘ Bilinear Nﬂ\
— | T TS T 7
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1.Modeling

Modeling of UFP

O

Ooooo

UFP—BIlinear type hysteretic rule
Kb,=23.8 Kip/in]
Kb,=0.357 Kip/in]
D,=0.30 in]
P=7.14 Kip]
Bilinear P .
Kb,
Kb, | /
D, Disp.

UFP :
Bilinear




