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cross-section area of infill concrete shear stiffness of infill concrete

effective cross-sectional area of the infill concrete flexural stiffness of steel faceplates

(=A/1.2) I shear stiffness of steel faceplates

total cross-section area of SC wall theoretical initial stiffness of steel faceplates
cross-section area of steel faceplates f pre-yield stiffness of SC wall

effective cross-sectional area of the steel faceplates post-yield stiffness of SC wall

(= As/1.2) length of wall

depth to the neutral axis of the steel faceplates bending moment

depth to the neutral axis of the infill concrete axial load

elastic modulus of concrete (MPa) shear force resisted by infill concrete at the onset o
elastic modulus of steel (MPa) steel faceplate yielding

uniaxial compressive stress of concrete (MPa) F shear force resisted by steel faceplates at the onset o
nominal tensile strength of concrete (MPa) steel faceplate yielding

effective tensile strength of concrete (MPa) | lateral force resisted by SC wall at the onset of stee
yield stress of steel faceplates (MPa) faceplate yielding

effective stress in steel faceplates (MPa) shear force resisted by infill concrete at peak lateral loac
elastic shear modulus of concrete (MPa) shear force resisted by steel faceplates at peak latera
specific fracture energy (the energy required to propa- load

gate a tensile crack of unit area) lateral load capacity of SC wall

elastic shear modulus of steel (MPa) : shear force associated with the ultimate moment capac
wall height ity of SC wall cross-section

moment to shear ratio (= wall height for single story thickness of infill concrete

wall panels) thickness of each steel faceplate

moment of inertia of the cross section of the infill con- crack width

moment of inertia of the cross section of the infill con- w crack width

crete 3 concrete strain at extreme fiber in compression
moment of inertia of the cross section of the steel face- Ecu ultimate concrete strain

plates &y steel strain at yielding

theoretical initial stiffness of SC wall Ps reinforcement ratio

theoretical initial stiffness of infill concrete B stress block coefficient

theoretical initial stiffness of steel faceplates iR stress block coefficient

flexural stiffness of infill concrete
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Table 1
(oncrete material properties,

Compressive srength ~~ Young's modulus — Poisson's  Uniaxial compressive strength ~~ Uniaxial tensile strength ~ Crack width ~ Agg. size
level (MPa) ratio (MPa) (MPa) (mm) (mm)

Low 24,856 020 216 28 0032 19
[nfermediate 0442 020 414 36 0.052 19
High 3,151 020 352 44 0.053 19

—A36 steel
---- A588 steel
= =-A852 steel

0.05 0.1 0.15 0.2 0.25
Strain [mm/mm]
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Table 2
Steel material properties.

Yield strength level Young's modulus (MFa) Poisson's ratio Yield strength (MPa) Ultimate strength (MPa) Fracture strain (%)

Low 200,000 0.30 B35 390 P
Intermediate 200,000 0.30 350 460 )
High 200,000 0.30 460 635 19

| Steel faceplate I

Infill concrete Connectors attached
to faceplates

(a) aspect ratio of 0.5 (b) aspect ratio of 1.0 (¢) aspect ratio of 2.0
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(a) Two level full (b) Three level face-centered (¢) Three level full
factorial design central composite design factorial design

Fig. 3. Three factor factorial design.

Table 3
Levels of the design parameters.

Variable Intermediate High

Aspect ratio 1.25(0) 2.0(+1)
Reinforcement ratio (%) 333 (0) 5.0(+1)

Slenderness ratio 25(0) 40 (+1)

Axial load ratio 0.1 (0) 0.2 (+1)
Yield strength of the steel faceplates 350(0) 460
(MPa) (-1) (+1)
Concrete compressive strength (MPa) 414 (0) 552
(-1) (+1)
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Table 4
LS-DYNA and cross-sectional analysis results,

Run Factor levels Data atyield point Data at peak point Cross-sectional

analysis

AR RR SR VIRN)  VY(RN) K (KNmm)  VE(KN)  VE(KN)  Kp (KN/mm) Ve (KN)

(8) (9) (10) (11) (12) (13) (14)

1
2
3
4
5
B
7
8

965 227 3069 1646 641 1357 1601
1419 240 4260 2224 627 1833 1686
1552 645 1909 1917 1388 1576 2865
2126 2656 2985 1277 1916 3145
1962 3629 2535 801 2109 3132
3154 5471 4639 827 3106 5004
23N 2691 2553 1615 1944 3954
4035 4563 4488 1592 3131 5921
1085 2626 1610 605 976 1601
1610 3652 2180 480 670 1579
1312 1999 1873 1339 936 2865
1939 2698 2829 1157 1321 3145
2117 3283 2402 765 1429 3132
3527 5100 4395 778 1656 5004
2406 2438 2264 1570 950 3954
4288 3906 4399 1294 1664 5921
120 3921 2202 2024 2303 4110
1739 4989 3501 1886 2324 4537
1726 3270 2718 4502 1889 6970
2271 4158 4097 4137 2620 7740
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+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1

+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
0o

Table 4 (continued)

Run Factor levels Data at yield point Data at peak point Cross-sectional
analysis
AR RR VY (kN) VY (kN) Ky (kN /mm) VE (kN) VE (kN) K, (kN/mm) Vi (KN) Ve

Vi

(2) (3) (8) (9) (10) (11) (12) (13) (14) (15)

996 512 577 1517 1032 193 1984 129
636 423 504 1197 970 160 1659 130
1352 547 695 1842 1165 292 2402 125
947 356 706 1312 796 270 1575
1054 632 564 1637 1668 227 2398
743 476 518 1112 1139 240 1721
1241 507 705 1939 1032 219 2224

AR RR SR AL

-1 1 1 -1 1 -1 1

(b)V, (kN)
SR | AL AR  RR | SR | AL | SS

S I I B [ | =11 -11-11-11¢-11H+-91
(c) K, (kN/mm) (d) K, (KN/mm)

Fig. 4. Main effect plots of design variables,
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Shear force, V

AP Lateral displacement, A
Fig. 6. Tri-linear shear force-displacement relationship.
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Table 5
Results of ANOVA for & and .

Var. DF Response factor of Response factor of
Seq SS Contr. MS Seq SS Contr. MS

Linear

AR 0.2403 82.46% 0.2403 1.1472 91.37% 1.1472
RR 0.0051 1.75% 0.0051 0.0037 0.29% 0.0037
SR 0.0013 043% 0.0013 0.0001 0.01% 0.0001
AL 0.0169 5.80% 0.0169 00323 258% 0.0323
ss 0.0020 0.70% 0.0020 A 0.0026 0.21% 0.0026
cs 0.0061 2.08% 0.0061 00033 0.26% 0.0033

Square

AR? 0.0059 201% 0.0017 0.0302 241% 0.0042
RR? 0.0000 0.00% 0.0000 . 0.0002 0.02% 0.0000
SR2 0.0000 0.00% 0.0000 . 0.0001 0.00% 0.0000
AL? 0.0000 0.00% 0.0000 I 0.0000 0.00% 0.0000
552 0.0000 0.01% 0.0000 . 0.0015 0.12% 0.0015
cs? 0.0000 0.00% 0.0000 . 0.0000 0.00% 0.0000

2-Way interaction

AR = RR 1 0.0015 0.0015 0.0000
AR x SR 1 0.0000 0.0000 . . 0.0061
AR x AL 0.0018 0.0018 i X 0.0096
AR =SS 0.0001 0.0001 R ) 0.0005
AR = CS 0.0020 0.0020 A . 0.0009
RR <SR 0.0002 0.0002 X . 0.0019
RR = AL 0.0032 0.0032 A X .20 0.0026
RR =SS 0.0000 0.0000 . 0.0004
RR = CS 0.0001 0.0001 . 0.0003
SR x AL 0.0000 0.0000 . 0.0000
SR = SS 0.0003 0.0003 . . .00 0.0000
SR = CS 0.0001 0.0001 . 0.0003
AL x SS 0.0015 0.0015 0.0008
AL % CS 0.0008 0.0008 . X 0.0013
SS = CS 0.0001 0.0001 . 0.0002

Model 27 99.21% 99.25%
Error 49 0.79% 0.75%
Total 76 100.00% 100.00%




Table 6
Coefficients of the regression models for the response variables.

¥ ¥ P
:(5 :(l 1[

Term Coeff.

Cons. . . 0.2215
AR -0.0291
RR 0.0414
SR -0.0299
AL 0.0431
s -0.0073
cs -0.0113
AR? : 0.0705
55 AR x SR 0.0117
AR = SR AR x AL AR % S§ 0.0077
AR x AL RR = SR 0.0214
AR = CS RR x AL -0.0124
RR = SR RRx S5 -0.0107
RR x AL SR x AL -0.0075
AL x 55 AL % S§ -0.0230
AL % CS AL % CS 0.0098
SS = CS 0.0097
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Fig. 7. Plots of normal probability versus residual (left) and residual versus LS-

DYNA-predicted response variable (right).
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Fig. 8. DYNA-predicted normal stress in steel faceplates and infill concrete at peak lateral load for zero axial load, f, — 27.5 MPa, f, — 260 MPa.
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Fig. 11. Moment capacity calculation; (a) SC wall cross section; (b) vertical strain
profile; (c) vertical stress profile in infill concrete; and (d) vertical stress profile in
steel faceplates.
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Table 7
Values of the stress block parameters.
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Fig. 12. LS-DYNA and model predicted responses.
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1.05f, < f7 = [1.05 + 0.056(M/VL — 0.3)|f, < 1.2f,

(22)
0<f; =0.185(3 — M/VL)f <0.5f, (23)
My )
l'/u = Hi [\24J
Given:
Demands: M,V N
Wall dimensions: L,?_,1,
Material properties: £\, f,. f,

}

Calculate £ and f," using Eqgs. (22) and (23), respectively

J
P ameis]

Cale. 4, A,, and A, using | A4, =4, =4,=10
Egs. (9), (10), and (11),

respectively

!

rmjm:wg:]]

'

Calc. £, using Eq. (12)

Calc. £, and f3, using Table 7J

'

Calc. ¢, ¢', and k using Egs. (14), (15), and (16), respectively

!

Calc. the depth to the neutral axis, ¢, using Eq. (13)

|

A Calc. 4, using Eq. (17)
h

A4

A 2 Aoy

N

Y
v

Calc. L,, L], and L_ using Eqs. (19), (20), and (21), respectively

v
Calc. the bending moment capacity of SC wall cross —section, M, using Eq. (18)

!

Calc. the lateral load capacity of SC wall , V', using Eq. (24)

Fig. 13. Lareral load capacity calculation for SC wall piers.
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AL 3 Predicted lateral load capacity (kN)
LS-DYNA Mechanics-based Eq. (24)

2954 3083
4070 4662
2282 2037
3474 3172
4404 4168
4404 5093
3358 3207
1117 1094
1953 1886
2736 2535
3479 3145
1882 1766
725 747
1228 1210
1677 1632
2117 2024
1237 1205
512 569
912 912
320 356
618

(X}

b

(X
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0
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0
0
0
0
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0
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0
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Fig. 14. Predicted normalized lateral load capacity of the SC walls.
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