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Beam Span-Depth Ratio Plate Thickness Plate Thickness
CB1 2.5 N/A N/A
CB2 25 3mm At Ends and Span of thePlate
CB3 2.5 6mm At Ends of the Plate
[Floe ol Y=Y Jgux
439.0-; FCU F’CU
Concrete CB1 50.2 43.9
CB2 49.1 42.8
CB3 44.3 42.6
[Flo¥gd (plgs: F-V Jgur
. ~~I'.' 95,5, o yod Fy Young’s modulus
R8 462.7 212000
T10 571.0 211000
Steel Bar T12 529.3 207000
T16 549.2 210000
T20 504.1 203000
Steel Plate 3mm 342.0 185000
6mm 354.3 193000
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Coupling beams: (a) concrete coupling beam (Harries et al., 2005), (b) PS coupling beam (Kurama and Shen, 2004), (c) composite
coupling beam (Su and

Zhu, 2005), (d) shear plate coupling beam (Fortney et al., 2006), (e) fuse coupling beam (Shahrooz and Fortney, 2005) and (f)
HPFRCCs coupling beam (Yun et al
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Test variables

Y Jooz 0 dslllas ol 50 colaiwl 0,50 Slo jg

Detail Specimen name A (mm) by (mm) I (mm}) Iy (mm) lcicar (mm) le (mm) Ifh Loading Predicted
history failure mode*
EE' SEVRF 350 175 7 1 800 300 3.43 C CF
et
SCF 244 175 7 1 600 300 343 C SCF
FCF 244 175 7 1 1200 300 343 C FCF

® CF, connection failure; FCF, flexural critical failure; SCF, shear critical failure,
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Details of test specimens

Specimens Ttem
\ . Wall remnforcements Eccenmeity of vertical load
Stud bolts Honzontal ties ol Eyr——— ¢ (mm) Femark

SBVET 12-319 4 HD10 HD13@230 HD13@230 +150 Connection falure
I/ (My /Ty =18

SCF 12-¢19 4 HD1O HD13@230 HD13@230 +150 Shear enitical
I/ (M [Tp) =14

FCF 12-419 4 HD10 HD13@?230 HD1%@100 +150 Flexure critical

IiMn{Fn)=28

[4] byl slo diges lo j>A-Y o
o ©laskie 1o

Average concrete compressive strengths

Compressive strength Ultmate strain Slunp Elastic moduls Poisson’s
(MPa) () (1) (GPa) ratio
0.0 2340 150 26.2 0.11
At the time of testing.
Mechanieal properties of steel
Type Ttem
Tield strength Tield stram Elashe modulus Ultunate strength
Sy (MFPa) £y ix 10-5) E; (GP3) Fey MP3)
. ; 10 mm diameter deformed bar 398 2315 1712 566
Remforcemen 13 mum diameter deformed bar 400 2533 157.9 555
Stasl Beam flanze 339 1682 2012 461
Beam web 352 1827 1927 489
Stud bolts 19 mm diameter deformed bar 362 1701 2158 445
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(c) Tensile strain e, (%)

Material properties of concrete and steel: (a) concrete, (b) reinforcing steel, (c) steel coupling beam flange, web and FBP/Stiffner
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Load Control  Displacement Control 3 eyele at each ductility level
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Laad Control - Displacement Contral 3 cyele at each ductility level
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Load Control - Displacement Control 3 eyele at each ductility level
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Displacement history: (a) load history 1 (Specimen SBVRT), (b) load history 2 (Specimen SCF), (c) load history 3 (Specimen FCF)
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Load-rotational angle hysteretic loops: (a) Specimen SBVRT, (b) Specimen SCF, (c) Specimen FCF.
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Peak-to-peak stiffness, (kN/mm)
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Rotation 6, (Radians x 10'2)

[A1¢s0590 asgly Jolio yo 1) Sidew CAIFY-Y o
S5 SNl g Lo -F
S 5o el 0500 gae sl oj ) SIS (g9, p ool Cumal i SO (655 Cix slo aatis
Jbasl 4l jo ol Setdly g (o n Jleed 5l gm0 25 ek 5l Sle ooV 98 W 1 S
el (Jlast @bl jo i CanSl g (980 L;'>193 30 5 pedd)

aged sl (6999 2l i Alas oo LaS a0 agly blae jo 1) (699,9 550 mayes YY-V S

Glp i welgs Gl eVlasl g s Syl e e alwgy WL FCF,SCF,SBVRT la

3 S Wge 5 abiwg WIE SBVRT wiges sl (69955 55! yin0.043 550 0 (a5 > 4l

Sl 0 oaly Lash YY-Y S )0 a5 (g ab andgd oo i el ool ools lasa YY-Y S

Oy 3 dm g abewg (65,50 B 51 s Jleps-disn 58 Jlall awgs 0al Gl (65 5

7Y



ol o cawl L1,0.0515 sga i > asgly 5l 518 el 181,0.0515850 s > 4l
ol dolgs Bay Hlgs & Bg 5 Jlasl o

S5 i g 090 Siulel (b ;0 45/29 KN Jlasl aliwgs oo i (55,51 SBVRT iges sl
(655 Wigmy 55 alowgy 0l i (53,31 SCF diged (gl 058 (oo i Jlasl Loy LILE (5395
oals HLid VY-V Ko j0 aS (g ek 4 ol Jlasl lawgs ouls da (65,0 5l s ool jeb @
oboly 0629550 i > dgly 0 60V 8 Mgy i dlwgy ol Ld> (65,51 SCF diges (gly ol
bearng s e J5 892 gl Jlas! Jawgi ool i (65,3 0l 0 VY ga a5 <l 329/97 KN il
Wgad Sl paisy oo 9 |y (651 BT Dlaseine (gogpine b 4y Jlasl (>l ) Ligel>gplate
Agly 4 Mg i Jawgd ool Ll (65, CuwlSCF diged iline ouls i (655 DlasiwFCE

2BB3.67KN s Lol 0.0515 i > aggls o i >

7Y



Displacement (mm) Displacement (mm)
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(c) Rotation 6, (Radians x 10'21

Distribution of dissipated energy: (a) Specimen SBVRT, (b) Specimen SCF, (c) Specimen FCF.
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1# Create Part 2
Mame: Part-9
Modeling Space

@ 30 () 2D Planar () Axisymmetric

Type Options
@ Deformable

_) Discrete rigid

i ) i Mene available
) Analytical rigid

) Eulerian

Base Feature

Shape Type

@soid | | EEENEEEG
) Shell Reveolution

_ - Sweep

) Wire

) Point

Approximate size: | 200
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5 Edit Material [==]

Mame: ROD13
Description: 9

.

Material Behaviors

Density
Elastic

General Mechanical Thermal Electrical/Magnetic  Other

Plastic

Hardening: |Isotropic E|

[ Use strain-rate-dependent data
[7] Use ternperature-dependent data

Mumber of field variables: 0=
Data
Yield Plastic
Stress Strain
1 400000000 ]
2 555000000 0.2

Gancs
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1'? Create Instance

Parts

Concrete Wall &
Hor-Bar-580mm
Hor-Bar-1160mm
IPE

Stud Bolt -

m

Instance Type
@ Dependent (mesh on part)

) Independent (mesh on instance)

Mote: To change a Dependent instance's
mesh, you must edit its part's mesh.

[7] Auto-offzet from other instances

[ Ok, ] [ Apply ] [ Cancel ]
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Sl Al oo General Static > g4 gudos cpl jo

# Create Step @

Mame: |5tep-2 |

Insert new step after

Initial

Procedure type: | General

EN

Coupled thermal-electrical-structural =
Direct cyclic

Dynamic, Implicit

Geostatic

Soils

Static, Riks -
14| i | »

I Continue... | | Cancel

m

Step o yxo F-V o
Interaction al> po—0-Y-Y
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# Create Interaction
Mame: | Int-1

Step: | Step-1 EI
Procedure: Static, General

Types for Selected Step

Self-contact (Standard)

Model change
Standard-Explicit Co-simulation
Pressure penetration

Surface-to-surface contact (Standard)

# Create Constraint @

Mame: | Constraint-6

Type

Tie

Rigid body

Display body
Coupling

Adjust points

MPC Constraint
Shell-te-sclid coupling
Ernbedded region
Equation

[ Continue... ][ Cancel

oolod ol 9 9948 0 y2mi: BV S

(Load) 53 0 byl 2 3l 5 (5,184 Al yo —F-Y-¥

&S L pulys g0 oauds sl step o5 wlul o bo 09l o plonl (6,135 L (6l creat load Lo
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il 5 byl ol Cand

sl aladi 35 1a2e (59,5 : Concentrated Force
,9keas - Moment

e (59, 5 Lad L : Pressure

o> (S5, : Body force

Lz 54, 00,5.5 L : Line Load

g Oy S (59,0 : Gravity
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= Create Boundary Condition @

Mame: | BC-3

Step: | Step-1 B

Procedure: Static, General

Category Types for Selected Step
@ Mechanical
Fluid Displacement/Rotation
©) Electrical/Magnetic Velocity/Angular velocity
- Connector displacement
) Other

Connector velocity

Siye Ll Jloel oty £V S

# Create Load @

Mame: | Load-1 |

Stepr | Step-1 -

Procedure: 5tatic, General

Category Types for Selected Step
@ Mechanical &
Thermal Moment
Acaustic Pressure

Shell edge load

Fluid )
Surface traction

() Electrical/Magnetic Pipe pressure

Mass diffusion Body force
) Other Line load
Gravity
Bolt load -

oo 6,185, (B %0 0 iy VT S
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Load Contred  Dasplacement Controd 3 cyele @ each ductility level

e, -
42 !
!
+1 [ i 0.5
75 1507 T
il | WA,
088 o0 g0V
1
aF ;
| 1ecycle at each Load level Lot
[ (Unit; kM)
[a)
[B]L, 55k ,1 (19T Jgux
lechamical properties of steal
Type Item
Yield strength Yield strain Elaste modulbus Ultimate strength
Jy (MPa) Ey ix1075) E; (GPz) Fry MPa)
. ; 10 mm dizmeter deformed bar 398 21315 1712 366
Remforcemen 13 mm diameter deformed bar 400 153 1579 555
Stecl Beam flanze 339 1682 2012 461
Beam web 352 1827 1927 489
Stud bolts 19 mm dizmeter deformed bar 362 1701 1153 449
Bl P19 Y-V Jgua
\verage concrete compressive strengths
Compreszive strength Ultmmate stram Shump Elastic modulus Poisson's
(MPa) (1) {mm} (GFa) 1t
30.0 1340 130 262 0.11
it the time of testmg.
[8]4iged Wl 32 ¥-Y Jguo
letatls of test specomens
Specimens Ttem
. . Wall reinforcements Eccenmeity of vertical load
Stud bolts Honzontal ties ool To compechions & (mm) Remark
SEVET 12-¢1% 4-HDIO HD13@230 HD13@230 +150 Connection falure
iMy /Py =18
SCF 12-¢1% 4-HDIO HD13@230 HD13@230 +150 Shear critical
iMy [Py =14
FCF 12419 4HDI1O HD13E230 HD1%@100 +150 Flexure enitical

/iMn/Ta) =28
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Material Behaviors

Density

Plastic

General Mechanical Thermal Electrical/Magnetic  Other

Elastic

E

[] Use temperature-dependent data
0

Type: |Isotropic

Mumber of field variables:

N

Moduli time scale (for viscoelasticity): | Long-term

[] Mo com pressicn

[T Me tension

Data
Young's Poisson’s
Modulus Ratio

1 215800000000 0.3

2305 o Jlesl
%= Edit Material [=]
Mame: 5T
Description: /\,
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= Edit Material [== ]

Mame: conc

Description: )

Material Behaviors

Density
Elastic

Concrete Damaged Plasticity

Concrete Compression Damage

Concrete Tension Damage

General Mechanical Thermal Electrical/Magnetic  Other

Concrete Damaged Plasticity

Plasticity | Compressive Behavior | Tensile Behavior

Use strain-rate-dependent data
Use temperature-dependent data
MNumber of field variables:
Data
Yield Inelastic -
Stress Strain
1 14280000 0
2 17920000 5.49801E-005
2 21000000 0.000132271
4 23520000 0.000231873
5 25480000 0.000353785
6 26880000 0.000498008
7 27720000 0.000664542
8 28000000 0.000853386 -
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DAMAGET
(Avg: 75%)

+4.800e-01
+4.400e-01
+4.000e-01
+3.600e-01
+3.200e-01
+2.800e-01
+2.400e-01
+2.000e-01
+1.600e-01
+1.200e-01
+8.000e-02
+4.000e-02
+0.000e+00

Ju\.o ) s.Ma_wS v ‘;é)? J)J @')—” )5—\“5 Yy-v lS.w

DAMAGEC
(Avg: 75%)

+3.600e-01
+3.300e-01
+3.000e-01
+2.700e-01
+2.400e-01
+2.100e-01
+1.800e-01
+1.500e-01
+1.200e-01
+9.000e-02
+6.000e-02
+3.000e-02
+0.000e+00
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(a) Snecimen SBVRT.

[8] &= yo dlin jo )5 090 :VF-YV &
308 S, L ,euls yo a8 G'>193.cw| ouls ol ylid et Sgo ojle o i HeulS ) IS 0
1] l.e,ﬂ 3 &y olul 9 YU i e S ole el oads eols oyl

S, Mises

(Avg: 75%)
+5.660e+08
+3.035e+07
+2.782e+07
+2.530e+07
+2.277e+07
+2.024e+07
+1.771e+07
+1.518e+07
+1.265e+07
+1.012e+07
+7.589e+ 06
+5.059e+06
+2.530e+06
+0.000e+00

‘5.1.0 )'9.10 o)’Lw ) wﬁu )SJJU YO-Y f lS.w

A



t ] 0 0010 LS S0 Hlasd G0V e b sy jo T Heuls 3 S o

S, Mises

(Avg: 75%)
+5.660e+08
+4.335e+08
+3.974e+08
+3.613e+08
+3.252e+08
+2.890e+08
+2.529e+08
+2.168e+08
+1.806e+08
+1.445e+08
+1.084e+08
+7.226e+07
+3.613e+07
+0.000e+00
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S, Mises
(Avg: 75%)
+3.634e+08

+3.924e+06
+1.962e+06
+0.000e+00
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[x1.E6]

V(KN)

ROTATION

95Ul 1580 0 55 50 ol Slms (im0 903 Y A=Y IS

Displacement (mm)
~40 <32 =4 ~16 -8 0
5()(_) 1 A 1 i 1 L 1 L 1 L

00 | _ oo

(D Initial cracking below | 0.2
the bottom flange Biptes

@ Shear cracking below | () 5
the bottom flange I

@ Spalling of coverinthe | ()7
face of shear wall L

@ Ultimate load - 1.0

Vn(tcst)’ (kN)
Vn( lest)/vn(anal.)

V,=-399.6 kN

10 -8 -6 -4 -2 0 2 4 6 8 10

T v T T

Rotation 6, (Radians x 107%)
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le Edit View Define Draw Select Assign Analyze Display Design Options Tools Help
IV EHE 2o Z@r B aaaaq &y xzyz &2 § 0|5 - Ofit-ra - T -|@ -~
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Steel link beam with stifteners

40000

------- Steel link beam without stiffeners
35000
30000 = « « R/C link beam

Dissipated energy (N.m)

1005999 0 100 200 300 400 500 600

Cumulative displacement (mm)
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Mp=ZFy=810*2400=1944000 kg-cm
Vp=0.6FyAw=0.60*2400*(33-2*1.15)*0.701=33000 kg
1.6MP/Vp=1.6*63=95 cm

2.6MP/Vp=2.6*63=160 cm

5 MP/Vp =5.0*63 =315 cm
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Yield strength Yield strain Elastic modulus | Ultimate strength Density v

fy (MPa) gy (x10-6) Es (MPa) fsu (MPa) | y(n/mm?)
Reinforcement 400 2533 157900 555 | 7.85e-5| 0.3
Steel 240 1200 200000 370 | 7.85e-5| 0.3

[23] i el 50 o5 (5 5Ld Sladeiinn ¥-F Jgu

Compressive strength(Mpa) | Density Elastic modulus(Mpa) | Poisson ratio
F'c(MPA) y(n/mm3) | EC (MPa) v
Concrete 15 24E-5 180000 0.18
Concrete Dilation Angle | Eccentricity fbO/fcO K Viscosity Parameter
30.5 0.10 1.16 0.666 .001
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bar

600

500
400
o
© 300
* 200
100
0
0 0.05 0.1 0.15 0.2 0.25
strain
38K koo T G J1ogei 10 F S
b ablic g <3| Wlasiw-F-0-F
CB1 WALL(I*w*h) 1500*250*3000 CON AY=4mm
Coppling beem(IPE33) 0.5 STEEL
Wall Reinforcement dl4@l4c/c bar
Horizontal ties d10@]15c/c bar
CB2 WALL(I*w*h) 1500*250*3000 CON AY=5mm
Coppling beem(IPE33) L=1.00 STEEL
Wall Reinforcement dl4@l4c/c bar
Horizontal ties d10@15c/c bar
CB3 WALL(I*w*h) 1500*250*3000 CON AY=6mm
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