STIFFNESS OF FRAMING MEMBERS WITH PARTIAL
COMPOSITE ACTION

By William J. McCutcheon," M. ASCE

ABSTRACT: A simple procedure is presented for computing the composite stiff-

ness of a wood bending member with sheathing attached nonrigidly to one or

both edges. To account for interlayer dip, it is only necessary to modify the
axial stiffnesses of the flanges and then compute the stiffness of the resulting
T-beam or I-beam by the “transformed area” procedure. Test data agreed very
closely with theoretical predictions. The method also provides reasonable es
timates of interlayer dlip. The procedure can be carried out on a hand-held
calculator and is therefore in a form which can be accepted by code writers and

easly implemented by designers.

INTRODUCTION

Light-frame structura components have long been designed by simple
methods that ignore beneficial interactions among the individual ele-
ments which make up a floor, wall, or roof. Recent investigations by
government, university, and industry researchers have addressed these
inefficiencies in traditional design, and a variety of models have been
developed. Most of the new models for composite behavior involve the
use of complex computer programs. Little has been done to develop sim-
pler analysis procedures.

It is the objective of this report to present a simple analysis procedure
which can be carried out on a hand-held calculator. Such a simple method
is more likely to be accepted by code writers and implemented by de-
signers than methods based on complex computer programs.

BACKGROUND

The performance of wood components with composite action has been
investigated by a number of researchers. Amana and Booth (1,2) con-
ducted a study on the performance of stressed-skin panels constructed
with plywood, nailed or glued to wood ribs. Their theoretical formula-
tion was used by Polensek (11) in producing a finite element computer
program, FINWALL, which computes the performance of wood stud
walls. Goodman (4) and Hoyle (5,6) have also investigated the effects of
interlayer dlip.

Comprehensive finite element computer programs for floor analysis
have been developed by Thompson et al. (12) and by Foschi (3). The
former, FEAFLO, uses a crossing beam solution while the latter, FAP,
includes rotational and torsional degrees of freedom not included in
FEAFLO.
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McCutcheon (8) presented a simple T-beam model for predicting the
behavior of a floor joist with a single layer of sheathing attached. De-
rived from earlier work by Kuenzi and Wilkinson (7), this T-beam model
reduces the computation of joist-sheathing interaction to a few simple
eguations. A cooperative study (10) showed that this simple procedure
predicts average floor deflections which are virtually identical to those
predicted by the program FEAFLO. Recently, this procedure was ex-
tended to consider two-way action in floors, and to predict individual
joist deflections (9). Again, computed deflections were amost identical
to those obtained from the finite element program.

The T-beam model (8) and its extensions (9,10) have shown them-
salves to be excellent predictors of floor performance where there is a
single layer of sheathing attached to the joists. However, the theory (7)
upon which this method is based is not directly applicable to the case
where both sides of a member are sheathed, because the theory as-
sumes. (1) Each interface has the same amount of interlayer dip; and (2)
the bending moment is carried principally by the flanges. In a typical
wal stud or floor joist, neither of these assumptions will generally ap-
ply. What is needed is a procedure for calculating the composite stiffness
of framing members with sheathing attached to both edges.

SCOPE AND ASSUMPTIONS

This paper will present a simple computational method for predicting
the bending stiffness of a wood member with sheathing attached non-
rigidly to one or both edges. The framing members will be assumed to
be the principal load-carrying elements in the resulting T-beams and |-
beams.

The method will assume that all materials, including connectors, be-
have linearly and that the interlayer stiffness is much lower than the
stiffnesses of the framing member (web) or sheathings (flanges). Me-
chanical fasteners are evenly spaced and therefore provide uniform fas
tener rigidity along the length of the beam. Gaps are also evenly spaced
along the beam; they disrupt flange continuity completely, but their
physica dimension (width) is small.

THEORETICAL DEVELOPMENT

The aforementioned T-beam theory (8) can be summarized by the fol-
lowing five equations:
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EL = EL + KB o e (4)
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where EI = composite bending stiffness of the joist (web) and nonrigidly
attached sheathing (flange); El, = bending tiffness if the web and flange
are completely unconnected, usually taken. as the stiffness of the joist
alone; El, = bending tiffness if the flange is rigidly attached to the web;
L; = distance between gaps in the flange; h = distance between centroids
of the web and flange; S = interlayer stiffness, equal to the load/slip
ratio of an individua fastener divided by the spacing between fasteners,
and EA;, EA, = axid diffnesses of the flange and web, respectively.

By rearranging the above equations, it is possible to reinterpret the
theory. Subgtituting Egs. 2-4 into Eq. 1 and simplifying yields

K
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Thus, the composite stiffness (EI') can be computed by Eqg. 9, which is
of the identical form as Eqg. 4 for computing the stiffness if the web and
flange are rigidly connected. The calculation only requires that the axia
gtiffness of the flange is first modified by Eg. 10; this simple preliminary
calculation accounts for the nonrigid attachment of the flange to the web.

We can extend this concept to the dtiffness of a beam with sheathing
on both sides by first calculating the reduced stiffness (or area) of each
flange and then computing the I-beam stiffness by the transformed area
method. Thus,

—_— EA,
EA, = ———Ez-l- ............................................. (12)
1+10—;
S,L3
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FIG. 1.—Nomenclature for Composite |-Beam: (a) End View; (b) Side View

—_— EA,

EA; = —_—EA—z ............................................. (12)
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where EA;, EA, = top and bottom flange tiffnesses, respectively (Fig.
1); S, S, = top and bottom interlayer dlips, and L;, L, = top and bot-
tom gap distances. The total area of the transformed section is

-7 WA - P o -7 PP (13)
and the neutral axis is located by

__hEA, - hiEA,
g= —‘——Z—— ............................................ (14)

where hy, h, = distances from the web centroid to the flange centroids.
The composite bending stiffness is then equa to

El=El, +EA, 7 + EAy(hi = 9 + EAs(ha + 9)e ettt (15)
or EI=El,+EARI+EARI—AJ® .oooiiieiiiiiii . (16)

The magnitudes of the interlayer slip can be estimated by assuming
that the beam deflects as a half sine wave (Fig. 2).

The rotation at any point is
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FIG. 2—Assume a Half Sine Wave for Estimating Interlayer Slip

dy mA . x
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At either support (x = 0, x = L) where the dip is maximum, the end
dip is equa to the rotation times the distance of the dip plane from the
neutral axis:
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where d; , d, = top and bottom dlips, respectively; d = beam (web) depth;
D = midspan deflection; L = span; and ¥ = distance of the neutral axis
above the web centroid. Egs. 19 and 20 assume that there are no gaps
in the flanges (L, = L, = L). For flanges with gaps, the average dips are
computed by multiplying Egs. 19 and 20 by L,/ L and L,/L, respectively:

__‘H’AL] d .
& = —F- E a7 B T T T S (22)
wAL, (d
& = T (E + y) ............................................. (22

EXPERIMENTAL EVALUATION

The vdlidity of the theory was checked by constructing and testing 12
T-beams and 24 |-beams (Fig. 3).

The beams were constructed from two sizes of No. 2 spruce-pine-fir
webs (38 x 89 mm x 244 m and 38 x 184 mm x 2.44 m (nomina 2 x
4in. x 8 ftand 2 x 8 in. x 8 ft)] and employed two types of flanges
[19-mm (3/4-in.) CDX plywood and 11-mm (7/16-in.) oriented strand-
board]. The flanges were al 406 mm (16 in.) wide. 8d common nails
spaced a 152 mm (6 in.) were used to fasten the flanges to the webs.
A double layer of polyethylene was inserted in al dip planes in order
to reduce variability due to friction between the webs and flanges. The
beams were tested on a 2.13-m (7-ft) span under third-point loading.
Load levels were selected to ensure that the beam (web) stresses re-
mained below their adlowable values. Thus, the 89-mm (4-in) T-beams
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FIG. 3.—Experimental Evaluation of Composite Action in an I-Beam (M 840 406-1)

were loaded to about 1,780 N (400 Ibs), the 89-mm (4-m) I-beams to
2,450 N (550 Ibs), the 184-mm (8-in.) T-beams to 6,000 N (1,350 Ibs), and
the 184-mm (8-in.) I-beams to 6,675 N (1,500 lbs).

For each web size (2 x 4 and 2 x 8) there were three replications each
for

T-beams with plywood (PLY) flange
T-beams with oriented strandboard (OSB) flange
I-beams with PLY top, PLY bottom
I-beams with PLY top, OSB bottom
I-beams with OSB top, PLY bottom
I-beams with OSB top, OSB bottom

Each T-beam was tested twice: first with a continuous flange and dip
measured at points A (Fig. 4); second with the flange cut at midspan
and additional dip measurements at points B. Each I-beam was tested

| |

I 11 —1
® ®
r D "

FIG. 4—T-Beam Deflection (D) and Slip (A,B) Measurements

||

® ®0 ®
® ©©
= A >

FIG. 5.—I-Beam Deflection (D) and Slip (A,B,C,D) Measurements
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TABLE 1.—4-in. T-Beam Test Results*

=.T—""
Web T-Beam Load/Deflection Top Slip
E | Load/de- Differ- Differ-

Flange | (10* | flection Test Theory | ence Test Theory | ence
type | psi) | (kip/in) | (kip/in.) | (kip/in.) | (%) | (kip/in.) | (kip/in.) | (%)
M 1@ ) 4 5 (6) ™ (8) (9
PLY 1.50 [ 0.764 1.140 1.072 | -6.0 | 16.85 18.42 +9.3
0.878 0.850 | -3.1 | 25.04 26.82 +7.1
1.37 | 0.697 1.043 1.003 | -3.8 | 14.75 17.42 | +18.1
0.799 0.784 | -19 | 22.61 24.80 +9.7
1.26 | 0.641 0.980 0945 | -3.6 | 13.75 16.58 | +20.6
0.782 0.728 | -6.9 | 23.08 23.09 +0.4
OSsB 142| 0.723 0.959 0.983 | +2.5 | 15.85 16.81 +6.1
0.771 0.806 | +4.5 | 23.95 25.50 +6.5
164} 0.835 1.053 1.098 | +43 | 17.71 18.51 +4.5
0.848 0918 | +8.3 | 25.92 28.92 | +11.6
1.62| 0.825 1.150 1.088 | -5.4 | 19.97 18.36 -8.1
0.883 0.908 | +2.8 | 26.63 28.61 +7.4

*First line—continuous flange; second line—flange cut at midspan.
Note: 1 in. = 25.4 mm; 1 psi = 6.89 kPa.

three times. first with both flanges continuous and slip measured at points
A and B (Fig. 5); second with the bottom flange cut and dip measure-
ments also at C; third with the top flange also cut and slip measured at
D.

Prior to the T-beam and |-beam tests, material property tests were run
on the 2 x 4's and 2 x 8's (static bending to determine web stiffness),

TABLE 2.—8-in. T-Beam Test Results®

Web T-Beam Load/Deflection Top Slip

E | Load/de- Differ- Differ-
Flange | (10° | flection Test Theory | ence Test Theory | ence
type | psi) | (kip/in.) | (kip/in.) | (kip/in.) | (%) | (kip/in.) | (kip/in.) | (%)
(1) (2 (3 4) (5) (6) M (8) 9

PLY 143 6.47 7.35 7.62 +3.7 58.76 59.36 | +1.0
6.77 6.79 +0.3 95.98 | 101.56 | +5.8
1.13 5.12 6.03 6.25 +3.6 47.09 49.36 | +4.8
5.31 5.43 +2.3 83.13 8153 | -1.9
1.35 6.11 6.69 7.25 +8.4 54.62 56.69 | +3.8
6.03 6.42 +6.5 87.89 96.22 | +9.5
OSB | 1.42 6.43 7.89 7.47 -5.3 79.52 58.06 | —27.0
6.71 6.75 +0.6 | 111.22 | 101.17 | -9.0
1.51 6.84 8.12 7.88 -3.0 89.59 61.07 | -31.8
7.15 7.16 +0.1 | 127.92 | 107.18 | —-16.2
1.37 6.20 7.38 7.24 -1.9 74.02 56.39 | —-23.8
6.61 6.33 -1.2 | 122.13 97.83 | -19.9

*First line—continuous flange; second line—flange cut at midspan.
Note: 1 in. = 25.4 mm; 1 psi = 6.89 kPa.
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TABLE 3.—4-in. i-Beam Test Results®

Web |I-Beam Load/Defiaction Top Load/Slip Bottom Load/Slip

E | Load/de- Difter- Differ- Differ-
Flange | (10°% | flection Test | Theory | ence | Test | Theory | ence | Test | Theory | ence
type psi) | (kip/in) | (kip/in) | (kip/in) | (%) | (kip/in.) | (kip/in)| (%) | (kip/in) | (kip/in) ]| (%)
(1) ) (3 4) (5) (6) 7) 8 9) (10) (1) (12)

PLY-PLY | 1.60 0.814 1.467 1.493 +1.8| 19.92 2281 | +14.5| 20.82 22.81 +9.6
1.252 1.227 -20f 17.9 20.28 | +12.7 ) 36.60 34.87 -47
0.972 0.992 +2.1} 26.61 3033 | +14.0| 31.85 30.33 -4.8
1.67 0.850 1.583 1.529 -34] 22.10 23.36 +5.7| 21.60 23.36 +8.1
1.257 1.263 +0.5( 18.88 20.81 | +10.2} 35.36 36.00 +1.8
1.032 1.028 -0.4| 30.20 3142 +4.01 32.49 4 -3.1
1.35 0.687 1.40¢ 1.366 -2.7| 18.71 20.87 | +11.5] 19.53 20.87 +6.9
1.060 1.097 +35| 16.29 18.38 | +12.8| 30.30 30.83 +1.7
0.817 0.865 +59| 25.76 26.43 +2.6| 24.91 26.43 +6.1
PLY-OSB | 1.03 0.524 1.012 1150 | +13.6§ 13.31 17.79 | +33.7 | 15.56 17.37 | +11.6
0.819 0.927 | +13.2| 11.53 15.89 | +37.8] 22.93 25.55 | +11.4
0.604 0.698 | +15.6| 17.89 21.32 | +19.2] 19.54 21.39 +9.5
1.67 0.850 1.443 1.477 +2.4| 18.86 274 | 4206 25.66 2238 | -128
1.183 1.261 +9.4| 16.05 2074 | +29.2| 3598 35.96 -0.1
0.939 1.025 +9.21 2748 31.28 | +13.8| 31.36 31.35 -0.0
11 0.565 1.180 1.191 +0.9( 17.34 18.41 +6.2| 20.05 18.00 | -10.2
0.930 0.969 +4.2| 14.65 16.49 | +12.6| 27.61 26.88 -2.6
0.704 0.739 +5.0( 22.37 22.56 +0.8| 23.49 22.63 -3.7
OSB-PLY | 1.18 0.601 0.918 1.227 | +33.7} 13.28 18.55 | +39.7} 12.73 1895 | +48.9
0.789 0961 | +21.8] 1237 16.08 | +30.0| 24.63 27.01 -9.7
0.706 0.775 +9.81 21.35 23.72 | +11.1) 22.38 23.65 ~5.7
143 0.728 1.284 1.354 +5.5| 21.65 20.50 -5.3] 1857 20.88 | +12.4
1.032 1.091 +5.7| 17.28 17.99 +4.1] 27.42 31.04 | +13.2
0.798 0.902 | +13.0| 23.86 27.61 | +15.7] 24.09 27.54 | +143
1.84 0.937 1.372 1.563 | +13.9} 21.52 23.71 | +10.2] 19.56 24.06 | +23.0
1.217 1.302 +7.0| 19.13 21.14 | +105) 33.32 37.59 | +12.8
1.058 L +5.0; 32.56 34.00 +4.4| 31.49 33.93 +7.7
0SB-OSB | 1.50 0.764 1.218 1.338 +9.9| 20.61 20.44 -08] 19.37 20.44 +5.5
0.998 1124 | +12.6 17.95 18.45 +2.8] 2894 32,12 | +11.0
0.870 0.935 +7.5| 27.04 28.57 +5.7| 26.30 28.57 +8.6
1.69 0.860 1.2%4 1435 | +10.9| 22.85 2192 ~4.1] 20.88 21.92 +5.0
1.091 1.222 | +12.0| 19.84 19.91 +0.4] 30.14 35.16 | +16.7
0.920 1.032 { +12.2| 26.09 31.53 | +20.9| 28.67 31.53 | +10.0
1.4 0.733 1.182 1.307 | +10.6| 19.85 19.98 +0.7 ] 18.37 19.98 +8.8
0.937 1.093 | +16.6| 16.53 17.99 +8.8| 2658 3116 | +17.2
0.781 0904 | +15.7( 21.72 27.64 | +27.3] 24.13 27.64 | +145

“First line—continuous flanges; second line—bottom flange cut at midspan; third line—top flange also cut at
midspan.
Note: 1 in. = 25.4 mm; 1 psi = 6.89 kPa.

sheathings (axial tension and compression to determine flange stiff-
nesses), and nails (latera load/dip tests with each type of sheathing to
determine interlayer dlip properties).

Bending tests on the 2 x 4's and 2 x 8s were conducted in the same
manner as the T-beam and I-beam tests: 2.44-m (8-ft) specimens tested
on a 2.3-m (7-ft) span under third-point loading. Loads were 1,110 N
(250 Ibs) for the 89-mm (4-in.) material and 4,890 N (1,100 Ibs) for the
184-mm (8-in.). The results of these tests are listed under “web” in Ta
bles 1-4.

Sheathing specimens were cut from two sheets of each type. The ten-
sion specimens were 76 mm (3 in.) wide by 914 mm (36 in.) long with
axial extension measured over a 305-mm (12-in.) gage length. Compres-
sion specimens were 25 mm (1 in.) by 102 mm (4 in.) with a 51-mm
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TABLE 4.—8-in. |-Beam Test Results®

Web -Beam Load/Deflection Top Load/Slip Bottom Load/Slip
E | Load/de- Ditfer- Differ- Differ-

Fiange [{10%] feciion | Test [ Theory | ence | Tesi | Theory | ence | Test | Theory | ence
type psi} | (kip/in.} | (kip/in.) | (kip/in.) | (%) | (kip/in.) | (kip/in) | (%) | (kip/in.) [ (kip/in.) | (%)
(1) (2) ()] (4) (5) (6) N (8 (9) (10) (11) (12)

PLY-PLY | 1.4 6.52 8.46 8.93 +5.6 76.7 65.8 | -14.2 64.1 65.8 +2.7
7.64 8.01 +48| 701 614 | -12.4] 1155 137 -1.6
7.01 7.15 +2.07 1233 105.5 ) -14.4} 1105 105.5 -45
1.09 4.93 6.41 7.34 | +145 50.2 54.1 +7.8 46.1 54.1 | +17.4
6.17 6.41 +39| 498 49.8 0.0 86.6 90.1 +4.0

5.33 5.56 +43] 809 82.1 +1.5 80.3 82.1 +2.2
1 7.24 9.84 9.65 -191 781 71.2 ~-88 76.8 71.2 -7.3
8.21 8.73 +6.3]| 69.1 66.8 -3.3} 1332 124.5 -6.5
7.82 7.87 +0.6] 116.9 116.2 -0.6] 132.8 116.2 | -12.5
PLY-OSB | 1.27| 5.75 8.2t 8.05 -19} 701 59.5 | -15.1 73.0 59.2 | -18.9
7.28 7.25 -04| 64.1 55.8 | -12.9| 107.1 102.6 -4.2

z 10 z 20 an 10ne 7 Y ~11 7 1N2 0 a4 4 —01
©v.J7 ©.J7 v.u G/ by 14 % 9Y a7 2.3 7.4

1.24 5.61 7.12 791 | +11.1 59.4 38.5 -15 67.1 $8.2 | -13.3
6.65 7.11 +6.9| 54.4 54.8 +0.7| 107.7 100.5 -6.7
6.03 8.26 +381 9.2 922 -4.21 102.5 92.4 -9.9
1.83 8.28 10.23 10.58 +341 918 78.2 | 148 105.2 77.9 | ~26.0
9.51 9.79 +29] 858 744 | -133] 156.8 140.2 | ~10.6
8.36 8.93 +6.81 139.7 131.6 -5.8] 149.3 131.8 | -11.7
OSB-PLY j 1.06 4.80 6.58 7.10 +79) 599 522 | -129 50.2 525 +4.6
5.63 6.17 +9.6] 510 47.8 -6.3 86.4 86.9 +0.6
5.06 5.4 +7.5 77.2 80.4 +4.1 86.6 80.1 -7.5
1.69 7.65 9.72 9.95 +2.1| 104.1 73.2 | -29.7 70.7 73.5 +4.0
8.69 9.04 +40| 908 68.8 {-24.21 1248 129.3 +3.6
7.94 8.29 +4.4| 1327 1224 -7.7] 1151 122.2 +6.2
1.31 5.93 8.29 8.23 -0.7{ 788 60.5 | -23.2 63.3 60.9 ~-3.8
6.93 7.31 +55] 679 56.1 | -17.4| 107.8 103.8 -3.7
6.53 6.57 +0.6]| 96.4 97.1 +0.71 106.6 96.8 -9.2
0sB-0SB | 1.79 8.10 9.33 10.29 | +10.3| 1322 759 | ~-426| 1142 759 1 -335
8.65 9.51 +9.9| 121.6 722 | -40.6| 160.3 136.3 | -15.0
8.15 8.76 +7.5} 197.8 129.2 | -34.7 1483 129.2 | ~129
133 6.02 7.84 8.21 +4.77 817 60.6 | -25.8 70.7 60.6 | -14.3
7.27 7.42 +2.1 76.2 56.8 | -255| 114.3 105.4 -7.8
6.51 6.67 +2.5) 109.3 98.5 | -100{ 107.9 98.5 ~8.7
1.36 6.16 7.86 8.35 +6.2| 762 61.6 | -19.2 66.8 61.6 -7.8
7.02 7.55 +7.5| 674 57.8 | -14.2 97.5 1075 | +10.3
6.28 6.81 +8.4| 1106 100.5 -9.1 9.6 100.5 +6.2

*First line—continuous flanges; second line—bottom flange cut at midspan; third line—top flange also cut at
midspan.
Note: 1 in. = 25.4 mm; 1 psi = 6.89 kPa.

(2-in.) gage length. Results of the sheathing tests are reported in Ta
ble 5.

Lateral nail test specimens were assembled from 305-mm by 51-mm
(22-in. by 2-in.) pieces of sheathing and 305-mm (12-in.) long pieces of
framing (web) material. The pieces were overlapped 102 mm (4 in.) and
fastened with one 8d nail. A double layer of polyethylene was inserted
in the dip plane. The load at 0.38 mm (0.015 in.) of dlip was chosen to
define the nail stiffness; this is the approximate median dip level in the
T-beam and I-beam tests. Results are presented in Table 6.

RESULTS AND DISCUSSION
The results of the T-beam and I-beam tests (Tables 1-4) are reported
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TABLE 5.—Sheathing Tests for Axial Stiffness

Experimental and

7/16-in. oriented

Specimen size computed values 3/4-in. plywood strandboard
(M (2 (3) 4
(a) Tension Tests
3- by 36-in. Elongation, 8 0.02 in. 0.01 in.
12-in. gage length [ 24 ¢ 5 3,840 Ibs 540 Ibs
5,100 600
3,600 696
3,300 624
Average load, P | 3,960 lbs 615 lbs
P/3t) P 1,056,000 psi 562,000 psi
5/12 td
(b) Compression Tests
1- by 4-in. Shortening, & 0.005 in. 0.0025 in
2in. gage length 77 0 at 5 1,920 Ibs 276 Ibs
2,400 228
2,370 222
2,280 324
2,100 —
Average load, P | 2,214 Ibs 262.5 1bs
P/t P 1,181,000 psi 480,000 psi
8/2 td
(c) Combined Results
| Average E | 1,118,000 psi 521,000 psi

Note: 1 in. = 25.4 mm; 1 psi = 6.89 kPa; 1 Ib = 4.45 N.

TABLE 6.—Lateral Nail Test Results

Load (ib) at 0.015 in. Slip

Plywood Oriented strandboard
M (2
67 134
130 108
101 137
96 128
120 144
120 120
106 127
127 113
101
79
120
118
Average: 107.1 lbs 126.4 Ibs
Load/slip ratio, k: 7,140 Ibs/in. 8,425 lbs/in.

Note: 1in. = 25.4 mm; 11b = 4.45 N.
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as load/deflection ratios for the composite beam stiffnesses, and load/
dip ratios for the interlayer dip measurements. Sample calculations are
presented in Appendix 1.

The T-beams and |-beams with continuous flanges were considerably
stiffer than the webs alone, from 9% stiffer for one of the 184-mm
(8-in.) T-beams to 109% dtiffer for one 89-mm (4-in.) 1-beam. In generdl,
the theory gave very good estimates of composite beam stiffness. Of 96
gtiffness computations, 50 (52%) were within 5% of the test values and
another 29 (30%) were within 10%. Only five predictions (5%) were off
by more than 15% (Fig. 6).

The interlayer dip predictions were not as accurate as the beam stiff-
ness predictions. Of 168 dlip predictions, 47 (28%) were within 5% and
another 46 (27%) were within 10%. Twenty-three calculations (14%) were
off by more than 20% (Fig. 7).
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The test results indicate that the theory gives good estimates of com-
posite beam stiffness. Considering the natura variability in wood-based
materials, the predictions were very good indeed.

The interlayer dip predictions were not as close as those for giffness,
but they were not expected to be. The theory assumes a linear nail load/
dip relationship, whereas such behavior is actually highly nonlinear (Fig.
8). This does not have a strong effect on T-beam and I-beam stiffness,
where the primary element is the web, but is of critical importance in
estimating the slip itself. Given that a linear approximation was made
of a nonlinear phenomenon, the results were quite respectable.

The fasteners used in the tests, 8d nails at 6 in., are representative of
conventional construction practices. Polyethylene was used in the dlip
plane to reduce variability due to wood-sheathing friction. Therefore,
the interlayer stiffnesses in the tests were probably lower than would
occur in a newly nailed structure. However, in actual construction,
shrinking and swelling of the wood materials and working of the joints
would reduce their giffness over time to values near those used in the
tests.

CONCLUSION

This paper has presented a simple procedure for computing composite
action in a wood member with sheathing attached nonrigidly to one or
both edges. To account for the interlayer slip, it is only necessary to
modify the axia stiffnesses, or areas, of the flanges (Egs. 11 and 12) and
then compute the stiffness of the resulting T-beam or I-beam by a simple
"transformed area' method (Egs. 13, 14, and 16). Test data agreed closely
with theoretical predictions. The method also provides reasonable esti-
mates of interlayer dip (Egs. 21 and 22).
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APPENDIX |.—SAMPLE CALCULATIONS

To illustrate the T-beam and |-beam computations in Tables 1-4, con-
sider the second test (continuous top flange, gap in bottom flange) of
the first 8-in. I-beam with plywood top and OSB bottom flange (Ta-
ble 4).

The flange and nail properties determined experimentally and used in
all computations were:

Emy = 1.118 x 10° pounds per square inch (psi)
Seiy = 7,140/6 = 1,190 psi
Eosg = 0.521 x 10¢ pSl
Soss = 8,425/6 = 1,404 psi
In this beam
E, = 127 x 10° psi
L, = 84in. (continuous top flange)
L, = 42in. (gap in bottom flange)
EA; = 1.118 x 10° x 16 x 3/4 = 13.416 x 10°Ib
EA, = 0.521 x 10® x 16 X 7/16 = 3.647 x 10°Ib
hy = 1/2(7.25 + 3/4) = 4in.
h, = 1/2(7.25 + 7/16) = 3.84 in.
El(web) = 1/12 (1.5)(7.25)%1.27 x 10°) = 60.50 X 10° Ib-in.2
EA, = (12.7 x 10%)(1.5)(7.25) = 13.811 x 10°Ib

From Egs. 11 and 12 the reduced flange stiffnesses are

El 0.790 x 10° Ib
EA, = 0.232x10°1b

The beam tiffness, from Egs. 13, 14, and 16,

A = (13.811 + 0.790 + 0.232) x 10° = 14.833 x 10°
4 x 0.790) — (3.84 x 0.232
§ = ( ) — ¢ )=0.153in.
14.833
EI 60.50 + (0.790 x 4%) + (0.232 x 3.84%) — (14.83 x 0.153?)

76.21 x 10° Ib-in.?
For third point loading,

A = 23 PL3
1,296 EI
Therefore,
P 1,296 EI
- = 5~ = 7,250 Ib/in.
A 23L
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Combining the above equation for P/D with Egs. 19 and 20 gives

P 1,296 EI
= = - = 55,800 Ib/in.
' 87 LLI(E - y)
1,296 EI
= - = 102,600 Ib/in.
2

d
23w LLz(E + y‘>
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APPENDIX [II.—NOTATION

The following symbols are used in this paper:

A = transformed area of composite beam;
d = depth of web;
EA;,EA,,EA, = axial stiffnesses of flanges;
EA;,EA;,EA = modified axial stiffnesses of flanges;
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EA,
ELEL EIL

g unnnn

axial stiffness of web;

composite bending stiffness with flange(s) nonrig-
idly attached, completely unattached, and rigidly
attached;

stiffness factor defined by Eq. 2;

distance between centroids of web and flange in a
T-beam;

distance from web centroid to top and bottom flange
centroids in an I-beam;

nail load/slip ratio;

factor defined by Eq. 5;

span of beam;

distance between gaps in a T-beam flange;
distance between gaps in top and bottom I-beam
flanges;

vertical load on beam;

interlayer stiffness in a T-beam;

interlayer stiffnesses in an I-beam;

distance along beam;

vertical deflection of beam;

location of neutral axis relative to web centroid;
factor defined by Eq. 3;

midspan deflection; and

top and bottom interlayer slips.
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