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Steel Sheathed Shear Wall Configuration

* Fifteen wall sets subjected to
monotonic and cyclic loading
in experimental program

* Nine wall specimens were
modeled in OpenSees
subjected to lateral cyclic
displacement history

* Aspect ratio
»2:1 (4 ft. x 8 ft.) and 4:1 (2 ft. x 8 ft.)
* Single side steel sheet thickness
»0.033 in. and 0.030 in.
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* Edge fastener spacing -

»6in., 4 in., and 2 in.
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Configuration details of shear wall
Yu et al. (2007)



Modeled Wall Specimens
Tt Wllfimeions Sl fatenr e
1 4x8x43x%33-6/12-C1/C2 4 ft. x 8 ft. 33 mil 6 in./12 in.
2 4x8x43x%33-4/12-C1/C2 4 ft. x 8 ft. 33 mil 4in./12 in.
3 4x8x43x33-2/12-C1/C2 4 ft. x 8 ft. 33 mil 2in./12 in.
4 4x8x43x30-6/12-C1/C2 4 ft. x 8 ft. 30 mil 6in./12 in.
5 4x8%x43%x30-4/12-C1/C2 4 ft. x 8 ft. 30 mil 4in./12 in.
6  4x8x43x30-2/12-C1/C2 4 ft. x 8 ft. 30 mil 2in./12 in.
7 2x8x43x33-6/12-C1/C2 D ft. x 8 ft. 33 mil 6in./12 in.
8 Ix8x43x33-4/12-C1/C2 D ft. x 8 ft. 33 mil 4in./12 in.
9 2x8%x43x33-2/12-C1/C2 2 ft. x 8 ft. 33 mil 2in./12 in.
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Modeling Strategy

* Linear elastic displacement beam-column
elements for framing members

* Rotational springs for stud-to-track connections
» Rotational stiffness = 100 kip-in./rad
(Buonopane et al. 2014)

* Vertical springs for hold-downs
> Elastic stiffness = 99.3 kips/in. in tension
(Simpson 2017)
»1000 times larger stiffness in compression 1/
(Leng et al. 2013) L=

* Pinned connection for shear anchors Numeriﬁa}l %Od‘is of shear
wall 1n pe ees
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Modeling Strategy

* Linear elastic displacement beam-column - .-
elements for framing members

* Rotational springs for stud-to-track connections

» Rotational stiffness = 100 kip-in./rad Beam-column
element (elastic)
(Buonopane et al. 2014)

* Vertical springs for hold-downs

> Elastic stiffness = 99.3 kips/in. in tension SR::iant;"a'_,
(Simpson 2017) _ _
»1000 times larger stiffness in compression Vertical spring — T
at hold down Shear anchor
(Leng et al. 2013)
* Pinned connection for shear anchors INmeri] anodel of dhen

wall in OpenSees
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Modeling Strategy (Continued)

* Truss elements with nonlinear S
hysteretic material behavior for steel Truss element .
sheathing and fasteners (pinchingd) ——

»Symmetric Pinching4 material behavior

> Material parameter calibration based
on experimental results from Yu (2007)

»Strength and stiffness degradation
parameters from Shamin (2013)

Numerical model of shear
wall in OpenSees
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Modeling Strategy (Continued)

* Truss elements with nonlinear (B V(By)
("6,,"V>)

hysteretic material behavior for steel v
sheathing and fasteners Sy

° . . ° . o + - - ’ '
»Symmetric Pinchine4 material behavior S A Il T H ) (*8,,*V)
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> Material parameter calibration based / 57
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on experimental results from Yu (2007) \ el

»Strength and stiffness degradation # STy
parameters from Shamin (2013) | f e

min ?

Pinching4 uniaxial material
model



Hysteretic Response Comparison - Wall 2

Calibrated backbone (symmetric) parameters e X A5 A 2O
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Response Comparison- Wall 2
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Hysteretic Response Comparison - Wall 1

Calibrated backbone (symmetric) parameters o a2
000 | ——opensees
E& 500 -
6.9x10°% 33x102 91x102 18.2x107 8
+V1 +V2 +V3 +V4 g 0
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1000
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Calibrated Pinching4 Parameters

*5, +5, +5, *5,
(x103) (x1072) (x10°2) (x10-2)
mm mm
1 27.3 56.5 71.0 21.6 6.9 3.3 9.1 18.2
2 38.5 61.0 77.3 32.1 7.5 3.5 9.0 19.8
3 59.2 79.2 88.3 40.2 1.5 0.20 8.4 20.0
4 18.5 43.0 55.5 19.0 11.0 6.0 14.1 28.0
5 25.5 50.8 64.9 26.0 14.0 5.5 13.2 30.0
6 33.0 58.5 69.0 31.0 17.0 5.0 10.1 31.0
7 23.5 57.0 69.9 22.0 0.40 2.8 8.8 22.0
8 31.0 55.0 79.9 26.0 0.65 2.0 6.4 24.0
9 33.0 50.0 89.1 26.0 1.0 1.5 5.6 24.0
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Calibrated Pinching4 Parameters

+51
(x107%)
mm

+§2
(x10%)
mm

+53
(x10%)

+54
(x10%)

1 6.9

2 7.5 3.5 9.0 19.8
3 1.5 0.20 8.4 20.0
4 18.5 43.0 55.5 19.0 11.0 6.0 14.1 28.0
5 25.5 50.8 64.9 26.0 14.0 5.5 13.2 30.0
6 33.0 58.5 69.0 31.0 17.0 5.0 10.1 31.0
7 23.5 57.0 69.9 22.0 0.40 2.8 8.8 22.0
8 31.0 55.0 79.9 26.0 0.65 2.0 6.4 24.0
9 33.0 50.0 89.1 26.0 1.0 1.5 5.6 24.0
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Calibrated Pinching4 Parameters

*5, +5, +5, *5,
(x103) (x1072) (x10°2) (x10-2)
mm mm
1 27.3 56.5 71.0 21.6 6.9 3.3 9.1 18.2
2 38.5 61.0 77.3 32.1 7.5 3.5 9.0 19.8
3 59.2 79.2 88.3 40.2 1.5 0.20 8.4 20.0
4 18.5 43.0 55.5 19.0 11.0 6.0 14.1 28.0
5 25.5 50.8 64.9 26.0 14.0 5.5 13.2 30.0
6 33.0 58.5 69.0 31.0 17.0 5.0 10.1 31.0
7 23.5 57.0 69.9 22.0 0.40 2.8 8.8 22.0
8 31.0 55.0 79.9 26.0 0.65 2.0 6.4 24.0
9 33.0 50.0 89.1 26.0 1.0 1.5 5.6 24.0
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Conclusions

- Wall configurations modeled using a low degree of freedom truss-element
based finite element model in OpenSees

- Parameters for Pinching4 material model calibrated using experimental data

- Extensions of modeling strategy

»Different steel sheet thickness, framing member size
»Inelastic beam column elements for framing member behavior

- X-brace type numerical models capable of capturing steel sheathed
shear wall response

- Building block for models intended to capture system-level behavior

14



CFS-NHERI Inline Wall Tests
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CFS—NHERI Inhne Wall Tests (De51gn Level EQ)
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CFS-NHERI Inline Wall Tests (Preliminary Results)

40 40
Design Design
Elastic Elastic
30 r 30 F
20 20 r
2 10 Z 10}
=, =,
© ©
g g
Qo of S of
-10 -10
-20 -20
-30 ' ' ' -30
-1 0.5 0 0.5 1 -1 0.5 0 0.5 1
Drift [%)] Drift [%)]
Wall N1 Wall N2

17



e
Acknowledgments

- Collaborative research partners: Dr. Ben Schafer and Dr. Kara Peterman
JOHNS HOPKINS UMass Amh
UNIVERSITY dSS erst

- Funding agency: National Science Foundation

18



References

- Buonopane, S. G., Tun, T. H., and Schafer, B. W. (2014). “Fastener-based computational models
for prediction of seismic behavior of CFS shear walls.” In Proceedings of the 10th National
Conference in Earthquake Engineering. EERI Anchorage, AK.

- Leng, J., Schater, B. W., and Buonopane, S. G. (2013). “Modeling the seismic response of cold-
formed steel framed buildings: model development for the CFS-NEES building.” In Proceedings
of the Annual Stability Conference-Structural Stability Research Council, St. Louis, Missouri.

- McKenna F., Fenves G. L., Scott M. H. and Jeremic B. (2000). Open System for Earthquake
Engineering Simulation (OpenSees). Pacific Earthquake Engineering Research Center,
University of California, Berkeley, CA.

-+ Shamim, [., and Rogers, C. A. (2013). “Steel sheathed /CFS framed shear walls under dynamic
loading: numerical modelling and calibration.” Thin-Walled Structures, 71, 57-71.

- Simpson Strong-Tie Company Inc. (2017). “S/HDS and S/HDB Holdowns.” Simpson Strong-
Tie Company Inc.

* Yu, C., Vora, H., Dainard, T., and Veetvkuri, P. (2007). “Steel sheet sheathing options for CFS
framed shear wall assemblies providing shear resistance.” Denton, USA: Department of
Engineering Technology, University of North Texas (Report No. UNT-G76234).

19



e
Thank You

20



FINITE ELEMENT MODELING AND VALIDATION
OF STEEL SHEATHED COLD-FORMED STEEL
FRAMED SHEAR WALLS

Amanpreet Singh, Tara C. Hutchinson Wei-Wen Yu International Specialty
Department of Structural Engineering Conference on Cold-Formed Steel
University of California, San Diego Structures 2018

November 08, 2018

UC San Diego




	Slide 1: Finite Element Modeling and Validation of Steel Sheathed Cold-formed Steel Framed Shear Walls
	Slide 2: Steel Sheathed Shear Wall Configuration
	Slide 3: Modeled Wall Specimens
	Slide 4: Modeling Strategy
	Slide 5: Modeling Strategy
	Slide 6: Modeling Strategy (Continued)
	Slide 7: Modeling Strategy (Continued)
	Slide 8: Hysteretic Response Comparison – Wall 2
	Slide 9: Response Comparison– Wall 2
	Slide 10: Hysteretic Response Comparison – Wall 1
	Slide 11: Calibrated Pinching4 Parameters 
	Slide 12: Calibrated Pinching4 Parameters 
	Slide 13: Calibrated Pinching4 Parameters 
	Slide 14: Conclusions
	Slide 15: CFS-NHERI Inline Wall Tests
	Slide 16: CFS-NHERI Inline Wall Tests (Design Level EQ)
	Slide 17: CFS-NHERI Inline Wall Tests (Preliminary Results)
	Slide 18: Acknowledgments
	Slide 19: References
	Slide 20: Thank You
	Slide 21: Finite Element Modeling and Validation of Steel Sheathed Cold-formed Steel Framed Shear Walls

