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Theoretical Models for Predicting Racking
Resistance of Shear Walls*
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ABSTRACT

Shear wall is the most important component resisting lateral loads imposed to a building by wind or
earthquake. In shear walls, lateral load applied to framing is transmitted to sheathing panel through nailed
joints between sheathing and framing so that the load is resisted by in-plane shear strength of sheathing,
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Therefore, nailed joints are the most basic and important component in the viewpoint of stiffness and
strength of shear walls.

In this study, stiffness and strength of single nailed joint were measured by single shear tests of nailed
joints and used as input for theoretical models developed to estimate racking behavior of shear walls. And
shear walls were tested to check the accuracy of theoretical models estimating racking resistance of shear
walls.

Stiffness of nailed joint was affected by grain direction of stud but direction of sheathing panel had little
effect. Behavior of nailed joint and shear walls under lateral loads could be represented by three lines.
Theoretical model Il was more accurate than theoretical model I in estimating racking behavior of shear

wall under loads.

Keywords: shear wall, nailed joint, theoretical model, lateral load, light-frame wood construction
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Fig. 1. Theoretical model | for shear walls.
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Fig. 2. Theoretical Model Il for shear wall.

P28 P+ TP Ar P, @
Aj
m—1
oq714 P = ZF 8%
Pi = Ao @ AH o)A WK Y
gl A3 s
Py = SIZE A jHA ZHER 283
= 3F
Pr = Arele] 27+ AB oA kA 2
el 2Hgdhe aF
m = A e] FB 2E= Yo Bel & &
2 = A9 F71 AEE Yo R F &
r o= F3 2EEY §

Ay
. Pg,':kA, Pﬂezk [_kl

P,=*F

2.2. 0|22 H ]

Aerdo] diste] dAZ AP dAE =2y
Aol W¥o] Fig. 19 283 4zt fol7} e
& 4 Slch AA AlgA B SR My e
B AT GANE AA 7} e} e g
Heks M7 B8EE B+ ck(Fig 2).

Fig. 2914 2@ 7=zl = 2pa o] mepo] e}
= WEE BAEA] ATt shFol 2-4-3ho] mhaky
3] AT ~HE=E Fig. 19 283 o] 3
YA e P2 AFHY o] ZYe 4YE A6
ME 3 1R 9 7He] dasit, A WA tge |
MAEE &5 stoll X AP HA on a3 uhak



Sheathin,
panel

/
/
i
i

!
/

=

Framing
member

i /

Fig. 3. Simplified Theoretical Model 2 for shear
wall.
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Fig. 4. Single shear testing method for nailed
joints.

Table 1. Four shear testing modes for nailed
joints

Relative direction of load to

Mode | Fiber direction of
framing lumber

Long axis of
sheathing panel

1 Parallel Parallel
2 Parallel Vertical
3 Vertical Parallel
4 Vertical Vertical
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Fig. 5. Testing arrangement for racking resis-
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Fig. 6. Typical load-displacement curve obtained
from single shear tests of nailed joints.

Table 2. Joint madulus of nailed joints between
larch lumber and 9.5 mm thick ply-
wood (jointed by 6d box nails)

Stage Mode | 1 2 3 4
ks (kgf/mm) 306 | 317 | 266 | 252

1 | Load(kgh) 750 71| 79| 8
Deformation (mm) | 125 | 115 | 135 | 165
k2 (kgf/mm) 93 | 115 | 88 | 102

2 | Load (kgh 125 | B0 | 123 | 12
Deformation(mm) | 42 | 45 | 48 | 49

3 | ks(kgf/mm) 0 0 0 0
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Table 3. Joint modulus of nailed joints between
larch lumber and 11.1 mm thick OSB
(jointed by 6d box nails)

Stage Mode & 1 | 5 | 3 | 4
ki (kgf/mm) 367 | 395 | 297 | 280
1 | Load (kgf) 84 | 9| 87 9
Deformation (mm) | 115 | 125 | 075 | 0875
k2(kgf/mm) 123 1124 | 126 | 124
2 | Load(kgh 142 | 150 | 143 | 149
Deformation (mm) | 48 | 51 | 49 50
3 | ks(kgf/mm) 0 0 0 0
200

Experimontal data

[y 20881x « 327.8¢
R 00002

|y = B8.0587x + 18.200|
R = 09812

0 0 »

» 0 50 0
Max. dnformatienimm)

Fig. 7. Experimental results and estimation of
theoretical models for shear walls with
9.5 mm thick plywood sheathing and
305 mm stud spacing.
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Fig. 8. Experimental results and estimation of
theoretical models for shear walls with
11.1 mm thick OSB sheathing and 305
mm stud spacing.
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