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Racking Tests of Plywood Sheathed Frames and Braced Frames*!

Yoshihiko HIRASHIMA *2 and Masaru TAHARA *3

Racking tests were conducted to clarify experimentally the structural performance of wooden frames sheathed
with 9 mm-thick plywood and frames with braces 45 mm X 90 mm in cross section. In the plywood sheathed frames
the only failure observed of the frames was by withdrawal of nails used for installation of the plywood. On the
other hand, in the braced frames many sorts of failure were observed including brace buckling. The envelopes
observed on load and shear deformation angle curves showed that the braced frames had lower values than the
plywood sheathed frames for stiffness, maximum load, shear deformation angle at the maximum load, the load at
eighty percent of the maximum load and deformation angle corresponding to it. The multipliers calculated from the
test results were 2.84 and 1.91 for the plywood sheathed frame and the braced frame, respectively. The reference
shear strengths for the plywood sheathed frame and the braced frame were determined by the load at the yield point
and the load derived from the structural characteristic factor, respectively. The equivalent viscose damping factors
were 0.139 and 0.104 for the plywood sheathed frame and the braced frame, respectively. The ratio of tensile to
compressive force in the brace was 0.719.

Keywords :  Racking test, plywood sheathed frame, braced frame.
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Fig. 1. Test specimens.
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Fig. 2. Typical load and shear deformation angle curves.
Table 1. Failures in the test specimens with braced frames.

Test Buckling failure ~ Large deflection of ~ Split of ~Withdrawal of nails Failure at Bending failure ~ Separation of
specimen of brace brace by buckling  girder from fastener joint of brace end of stud stud from joint

Bl O O

B2 O O O O O

B3 O O

B4 O O O O

B5 O O

B6 O O O

B7 O O O O O

B8 O O O ©)
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(b) Split of the girder and
withdrawal of the nails.

(a) Buckling failure of the brace.

{c) Failure at joint of the brace.

(d) Bending failure of the stud.

Fig. 3. Typical failures in the test specimens with braced frames.
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Fig.4.  Envelopes of the load and shear deformation angle
curve.
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Table 2. Results of racking tests.

Test Average P ymb! P y“dl o R_f) yyg) K" )
specimen  or CV’ (kN/m) (10 *rad) (kN/m) (10 °rad.) (kN/m) (10 “rad.) (kN/m/rad.)
Sheathed  Average 10.70 39.2 9.63 55.3 5.61 5.74 591 979 0.314

frame Cv 0.096 0.220 0.108 0.108 0.100 0.117 0.112 0.146 0.055
Braced  Average 9.53 32.0 8.35 46.5 313 5.48 9.26 562 0.438
frame (BY% 0.057 0.183 0.062 0.062 0.104 0.076 0.158 0.051 0.064

: Maximum load. * : Shear deformation angle at P. < : Ultimate load of bi-linear model for shear deformation angle curve.

" Ultimate shear deformation angle of bi-linear model. ¢ : Ductility factor.

f)

. Load at yield point.

¢ . Shear deformation angle at yield point. " : Initial stiffness. ”: Structural characteristic factor. ” : Coefficient of variation.

Table 3. Loads for derivation of the reference shear strengths and multipliers.

Test Av., CV P 0.2P./Ds 2/3Pn P’ Posm’ Multiplier derived from
specimen  or TL” (kN/m) (kN/m) (kN/m) (kN/m) (kN/m) new method old method
P Average 5.74 6.13 7.13 6.13 8.26 2.84 3.61

(\Y% 0.117 0.095 0.096 0.104 0.163
TL 5.57 5.99 6.96 5.97 7.92
B Average 5.48 3.82 6.35 4.69 7.21 191 2.76
Cv 0.076 0.072 0.057 0.04 0.091
TL 5.38 3.75 6.26 4.65 7.05

" 50% lower tolerance limit with 75% confidence.

"+ Load corresponding to the shear deformation angle of 1/120 radian.
“: Load corresponding to half of the shear deformation angle at Pn.
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Table 4. Comparisons of the calculated buckling force and
the maximum compressive force measured in the

brace.
Test specimen Brace A B” B/A
Bl R 22.3 319 143
LY 274 23.2 0.85
B2 R 32.7 24.7 0.75
L 34.0 29.3 0.86
B3 R 31.1 34.8 112
L 335 39.7 1.18
B4 R 305 337 1.10
L 38.2 45.6 1.19

* Calculated buckling force (kN) .

" Maximum compressive force measured in the brace (kN)..
9 Brace installed at right side of the frame.

¥ Brace installed at left side of the frame.
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