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Shear Properties of Wood-Frame Wall Panels
Designed for Easy Demolition and Recycling*!

Noboru SEKINO*2?, Tadashi HIGASHINO*?,
Osamu SAWABE** and Hidehiko YAMAUCHI*®

To develop wood-frame wall panels which are easy to demolish and recycle, a new wall panel with
less nailing was designed. It consists of sheathing plywood enclosed at its perimeter within
laminated-veneer-lumber frames with slits, which is similar to the glass and frame of a fixed window.
The structure of this wall panel fits in with traditional Japanese wood walls (Shinkabe) having
sheathing materials between columns. The shear properties of this Shinkabe-like panel were
investigated by racking tests and were compared to those of conventional walls sheathed with
plywood (Okabe). Both tie-rod type and dead-load type racking tests were conducted.

The Shinkabe-like panel had maximum shear resistance, yield strength and ultimate strength
greater than Okabe, whereas its ductility was less. This trend was more prominent in tie-rod type
than in dead-load type tests. Furthermore, the new panel exhibited a feature different from the
Okabe in that the shear resistance at failure both in positive loading and the subsequent negative
loading were equivalent. Shear resistance factors obtained for the Okabe were 2.3 for both tie-rod
type and the dead-load type tests, whereas those for the new panel were 2.6 for both the tests. Based
on these results it can be concluded that the Shinkabe-like panel developed in this study has shear
properties the same as or a little superior to the conventional Okabe with sheathing plywood of the
same grade.

Keywords :  Shear property, shear resistance factor, wall panel, sheathing plywood, Shinkabe.
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Fig.1. Views of the shear wall panel developed in
this study. (Upper; a panel being taken off
the wood frame, lower ; disassembled panel
parts)
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Table 1. Basic properties of the materials used for shear walls.
Glued laminated lumber
LVL
Froperty Column and sill Girder Spagen
Species Spruce Spruce Radiata pine Larch
Dimension (mm) 105 X105 3000 105X 180X 3000 105303000 910X2430%X9
Specific gravity 0.46 0.48 0.56 0.66
Number of layers 5 6 9 5
MOE (Ave.*std, GPa) 11.4+1.0 13.5+0.9 11.8:+1.3 7-720.5%; 3,24£0.4%
MOR (Ave.*std, MPa) — = 69.3+16.6 72.5+5.99, 42 1+7.3»
Grade JAS E105—F345 | JAS E95—F300 = JAS 1st—CD, F1
@®) Parallel and perpendicular to the face grain, respectively.
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Fig.2. Geometry of the wood frame and two types of joint reinforcement.
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Geometry of shear wall panel specimens (WF panel).
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Fig.5. Load-actual deformation curves observed in
tie-rod-type racking tests. Fig. 6. Failure of WF panel specimens.

Table 2. Results of tie-rod-type racking tests.

) ) ) C) ) o N po 0 ) i Normal shear resistance

Specimen| o2 | 680 (%) T 0 00 | 00 40 e 600 0 B | B e [ ok e
Nodf 9.86 42.64 0.053 33.08 7.4l [14.47 23.64 059 3886 210 0.558 | 13.93 1.9 | 969 P.(0.2/Dy)

WF No.2 9.77 4012 0.045 33.36 7.33 | 14.26 23.03 0.54 3650 1.82 0.613 | 11.91 P.(0.2/Dy)
No.l| 9.30 40.54 0.068 30.07 6.97 | 11.94 23.76 0.41 36.68 1.93 0.591 | 11.94 2.03 | 9.02 Pa
No.2 9.0 41.31 0.062 29.01 6.7 |12.12 2.9 041 37.74 1.88 0.600 | 12.12 P
No.1 7.74 23.07 0.047 1918 5.81 | 14.49 15.97 052 20.71 4.38 0.3%8 | 15.97 )2

c No.2| + 581 19.56 0.057 18.09 4.37 | 9.75 1029 0.47 17.61 427 0.363 | 10.29 12.35 | 4.24 J
No.3 8.3 17.62 0.030 14.67 6.28 [11.86 10.78 0.62 1612 3.52 0.406 | 10.78 P
No.4| - 8.37 14.68 0.05% 12.18 6.28 | 1120 9.33  0.69 14.00 6.84 0.280] 9.3 9.33 | 7.00 B

2 Shear resistance corresponding to the actual shear deformation of 1/300 rad.

® Maximum resistance. ®Actual shear deformation at Prax.

9 Shear resistance corresponding to half of yna.. ©Allowable shear resistance.

O Shear resistance corresponding to the actual shear deformation of 1/150 rad.

® Yield strength. ™Stiffness. "Ultimate strength.

» Ductility factor. ¥Behavior factor. "Minimum value among Piso, Py, Pu(0.2/Ds), 2/3Paax.
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Fig. 7. Load-apparent deformation curves observed in dead-load-type racking tests.
Table 3. Results of dead-load-type racking tests.
. b po o pe |Allowable shear resistance| po ) i) i) Normal shear resistance
Specimen - No. di%eocigm &ZISI) f /) () (5N) PO(kN) Decisive factor | P kI\II{/cm {:N by D[R (11{\11? P,(kN) Decisive factor

1 " 14.11 15.68 0.012 12.58 7.2_33 P 8.39 1.42 13.67 3.09 0.438 6.24 10l 508 P,(0.2/Dy)
WE 2 13.69 15.02 0.013 12.63| 7.52 P 791 1.46 13.43 4.73 0.343| 7.83 P.(0.2/Dy)
1 _ o |12.70 13.52 0.010 9.99| 6.7 Poss 7.91 127 1156 2.?6 0.491 4.7% 518 3.89 P.(0.2/Dy)
vpe 2 12.03 13.17 0.012 10.39| 6.59 P 6.82 1.32 11.47 3.52 0.406] 5.65 P,(0.2/Dy)
1 n 11.76 13.61 0.017 11.63| 6.79 P 8.18 129 12.31 5.12 0.328] 7.51 16| 57 P.(0.2/Dy)
C 2 13.29 16.71 0.016 13.03| 8.3 P 8.94 1.31 14.44 420 0.367( 7.87 P,(0.2/Dy)
1 11.27 12.06 0.012 11.19| 6.02 Pin 597 1.3 11.16 3.77 0.390] 5.2 . P,(0.2/Dy)
2 T |10.07 12.74 0.014 10.87| 6.37 Poar 7.5 1.05 11.60 3.3 0.419] 5.54 i P.(0.2/Dy)
1 " 16.91 29.11 0.043 22.70| 12.69 Py 13.67 0.84 24.96 3.51 0.407{12.27 B9l 10,3 P,(0.2/Dy)
WF 2 17.89 33.93 0.047 29.94| 13.41 Py 16.90 1.00 29.48 3.86 0.385|15.31 ' P,(0.2/Dy)
1 _|11.85 28.84 0.053 21.33| 8.8 P 14.57 0.51  25.04 2.50 0.499]10.04 el am P.(0.2/Dy)
VP-HD? 2 14.74 30.00 0.051 22.75| 11.08 Py 15.69 0.72 25.97 3.72 (.393]13.22 P.(0.2/Dy)

1 4 14.01 25.72 0.061 21.49| 10.52 Py 14.48 0.71 23.99 5.63 0.312]14.48 | 1068 B

c 2 14.60 25.78 0.054 21.51| 10.96 Py 13.99 0.81 23.17 5.20 0.325/13.99 o
1 _|14.54 19.27 0.020 16.11| 9.63 P 1040 1.17 17.10 3.11 0.437| 7.8 ral 55 P.(0.2/D5)
2 14.43 19.50 0.020 14.43 9.74 Pess 11.83 093 17.35 2.52 0.496| 7.00 P,(0.2/Dy)

2 Types of reinforcement of frame joints: see Fig. 2.

® Shear resistance corresponding to the apparent shear deformation of 1/120 rad.

¢~D Same as shown in Table 2.

L, MARVORBOEERBEREC L, T4b
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L7zo D Prax BIEARTCFEH25.8kN, BEHT
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Deformed joint plate

(c) VP-HD-type (WF panel)

Fig.8. Failure of specimens in dead-load-type rack-

ing tests.
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