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APPENDIX A: PARTIAL COMPOSITE ACTION

In wood buildings, roof trusses are normally connected with nailed roof sheathing panels.  The cross-section of these two components with their neutral axes is shown in Figure A1.  These two components are not rigidly connected, so the increased strength and stiffness of the section due to partial composite action may be considered in design.  The overall bending stiffness if the components are rigidly connected is as follows:
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Where:

(EI)R
= Bending stiffness if the components are rigidly connected

(EI)U
= Bending stiffness if the components are completely unconnected (with no   

   composite action)

(EA)1
= Axial stiffness of roof sheathing

(EA)2
= Axial stiffness of truss top chord

h
= Distance between neutral axes of roof sheathing and truss top chord
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Figure A1
Member Cross-Section with Roof Sheathing and Truss Top Chord
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Figure A2
Roof Sheathing and Truss Top Chord Cross-Section with Composite Action and Strain Distribution
For the case with no composite action, the strain distribution is shown in Figure A3, and the bending stiffnesses of sheathing and truss top chord are simply added as in the following equation:
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Where:

(EI)1
= Bending stiffness of roof sheathing

(EI)2
= Bending stiffness of truss top chord
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Figure A3
Roof Sheathing and Truss Top Chord Cross-Section with No Composite Action and Strain Distribution

However, in actuality, the sheathing is nailed (or glued in some cases) to the top chord and interlayer slip occurs between the components.  Therefore, the bending stiffness is somewhere between the rigidly connected and fully unconnected conditions, and depends on nail penetration length, nail bending stiffness, nail size, dimensions of truss top chord, and sheathing thickness.  From McCutcheon’s (1977) study, the bending stiffness of the truss top chord with partial composite action is determined as follows:
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Where:

(EI)
= Bending stiffness if the components are non-rigidly connected (partial composite action)

(EI)R
= Bending stiffness if the components are rigidly connected

(EI)U
= Bending stiffness if the components are completely unconnected (with no composite action)

L
= Distance between discontinuities (open gaps) in the sheathing in the direction of the truss top chord

h
= Distance between neutral axes of roof sheathing and truss top chord

N
= Nail stiffness

f∆
= A constant involving hyperbolic trigonometric function of (Lα)

P/(
= Load/slip

S
= Load per unit length which causes a unit slip in the nail

There have been a number of studies on the effect of composite action on roof wood trusses or truss assemblies.  These include Seif et al. (1981), Cramer (1990), Mtenga (1991), Lafave(1990), and Li(1997).  However, work by Cramer (2000) and Dung (2000) ignored the effect of composite action in their studies.  

Moreover, Seif et al. (1981) used the Purdue Planer Structure Analyzer (PPSA II) (Suddarth 1979) and developed the Composite FRAME (CFRAME) computer program to investigate the effect of composite action.  They performed parametric studies to examine the effect of interlayer slip stiffness.  It was found that the maximum stress and deflection were decreased by only 3% taking composite action into account. 

Lafave (1990) conducted some experimental and analytical studies on load sharing in wood truss roof systems.  In the analytical part, composite action was included in the analysis by calculating the composite moment of intertia considering the effective width of sheathing attached to the truss top chord and accounting for gaps between sheathing panels. 

Mtenga (1991) included partial composite action in his work by introducing interlayer slip which occurs along the slope of the truss top chord as follows:
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Where:

kx
= Interlayer slip stiffness

Wp
= Width of the attached plywood sheathing

S
= Nail spacing

kn
= Stiffness of a single nail

His study showed insignificant impact on the strength of the structures for a practical range of interlayer slip stiffness (less then 2 percent for connector stiffness ranging from 10 lbs/in to 10000 lbs/in.).

A1
Parametric studies

From the previous research, although some included composite action, they did not provide any strong evidence of its impact.  Partial composite action may or may not have a significant effect on the overall analysis.  The effect depends on a number of variables.  Since there is no conclusive evidence showing how partial composite action impacts effective section properties, a parametric study is performed.  Equations (3), (4), (5), and (6) are used to calculate effective bending stiffness of a section with changes in the sheathing thickness, MOE of sheathing, and distance between discontinuities (open gaps) in the sheathing in the direction of the truss top chord. 

Table A1 and Figure A4 show the effect of sheathing thickness.  The effective bending stiffness increases only 50% (15.4/10.2) with an increase in thickness of 400%

Table A1
Table Showing Effective Bending Stiffness with Different Sheathing Thickness

	Sheathing Thickness (in.)
	Effective Bending Stiffness

(x10^6 lb-in^2)

	0.25
	10.20

	0.3
	10.30

	0.35
	10.40

	0.4
	10.50

	0.45
	10.70

	0.5
	10.90

	0.55
	11.10

	0.6
	11.40

	0.65
	11.70

	0.7
	12.00

	0.75
	12.30

	0.8
	12.70

	0.85
	13.30

	0.9
	13.90

	0.95
	14.60

	1
	15.40
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Figure A4
Plot of Effective Bending Stiffness with Different Sheathing Thickness

Table A2 and Figure A5 show the effect of MOE of roof sheathing.  The effective bending stiffness increases only 25% with an increase in MOE of roof sheathing of 750% from 0.4x106 to 3x106 psi.

Table A2
Table Showing Effective Bending Stiffness with Different MOE for Roof Sheathing

	MOE of Sheathing (x10^6psi)
	Effective Bending Stiffness

(x10^6 lb-in^2)

	0.4
	9.80

	0.6
	10.10

	0.8
	10.30

	1
	10.60

	1.2
	10.80

	1.4
	11.10

	1.6
	11.20

	1.8
	11.40

	2
	12.00

	2.2
	12.10

	2.4
	12.10

	2.6
	12.10

	2.8
	12.20

	3
	12.20
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Figure A5
Plot of Effective Bending Stiffness versus Different MOEs of Roof Sheathing

Table A3 and Figure A6 demonstrate the effect of distance between gaps in the sheathing (flange).  The effective bending stiffness increases only 25% with increasing distance between gaps from 50 to 100 in.  Since plywood sheathing panels are 4 ft. x 8 ft. (48 in. x 96 in.), the distance is practically either 48 in. or 96 in.

Table A3
Table Showing Effective Bending Stiffness with Different Distances between Gaps in the Flange
	Distance between gaps in the flange (in.)
	Effective Bending Stiffness

(x10^6 lb-in^2)

	0
	9.75

	10
	9.81

	20
	9.95

	30
	10.20

	40
	10.50

	50
	10.80

	60
	11.30

	70
	11.80

	80
	12.30

	90
	12.90

	100
	13.50
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Figure A6
Plot of Effective Bending Stiffness with Different Distances between Gaps in the Sheathing

This parametric study shows that sheathing thickness, MOE of roof sheathing, and distance between discontinuities (open gaps) in the sheathing in the direction of the truss top chord does not have significant impact on the partial composite action as compared with the no composite action condition.  Moreover, previous research studies agree with this outcome, and composite action will not be included in this study. 
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