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Earthquake-proof Reinforcement of Deteriorated Framing of Existing
Wooden Houses with Shear-Resistant Components *!

Chiemi Honwma *23 Masataka TERANISHI *2,
Yoshihisa Sasak1*2 and Takuro HIRa1*2

A practical earthquake-proof reinforcement of existing wooden houses was proposed. This study focused on
deteriorated framing at the sills and columns of external walls of Japanese conventional houses. The proposed
method of reinforcement is: (1) Deteriorated sills and the bottoms of columns are removed and replaced with new
members. (2) Shear-resistant components with structural wood-based panels, similar to ordinary nailed shear walls
used in light frame construction, are installed and nailed to the frame members. (3) The assembled shear walls are
anchored to the foundation in the following ways. The bottoms of the columns are fixed to the foundation with steel
plates and concrete screws to resist pull-out forces. The sills are fixed to the foundation with concrete screws to
resist shear forces. We conducted full scale tests of the reinforced shear walls and single shear tests of column-to-
foundation and sill-to-foundation anchor systems. The test results verified the practical applicability of the

earthquake-proof reinforcement proposed in this study.

Keywords :  existing wooden house, earthquake-proof reinforcement, deterioration, shear-resistant component,

anchor joint.
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Assembly procedures of reinforced shear walls.
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Fig. 4. Reinforced shear wall with a window opening.
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Table 1. Basic properties of test materials.
Ta u(%) E(GPa) G(GPa)
Ave CV (%) Ave CV (%) Ave CV (%) Ave CV (%)
Frame member 0.41 3.0 14.7 9.0 9.5 134 - -
204 lumber 0.44 5.0 131 6.1 9.9 189 -
OSB panel 0.65 2.0 7.1 4.3 - - 1.52 75

7. Specific gravity at moisture content %%, « : Moisture content, £ : Dynamic Young’s modulus, G : Shear modulus of rigidity,

Ave: Average, CV : Coefficient of variation.
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Fig.5. Load-deformation curves of reinforced shear walls.
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Table 2. Basic lateral resistance of reinforced shear walls.
No Evaluated value (Unit : kN) Basic lateral resistance per Equivalent shear wall
- P 2P./3 P, 0.2P./D- unit wall width 1 m (kN) factor
With 1 517 751 5.95 4.82
1thout
opening 2 5.32 7.76 5.56 5.71 4.82 2.46
3 5.15 6.47 517 3.98
With 1 341 501 3.50 3.08
ith an
opening 2 321 5.05 341 3.36 3.46 1.76
3 331 511 4.04 3.29

P : Lateral resistance at apparent shear strain 1/120 rad.,

Puax:

Apparent ultimate resistance, D: : Structural characteristic factor.
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Fig.6.  Load-deformation characteristics of reinforced

shear walls compared with typical shear walls.
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8, |" ’| screw (¢ 6) S
<
= b0
{ L GE
— | I I— N
[T~~~ =w [
ol Reinforced 120 90 50| 90
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(foundation) Load 240

Fig.7. Single shear test of column-foundation joint.
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Fig. 8. Single shear test of sill-foundation joint.
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Fig.9. Load-displacement curves of column-foundation

joints.
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Fig. 10. Load-displacement curves of sill-foundation joints.
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Table 3. Maximum resistance of anchor joints.

Ave SD | L0.05 | f
G lowdaonfin | ona | 19 | 9 | 105
Ave: Observed average maximum resistance, SD:

Standard deviation, L0.05: 5th percentile lower limit
resistance, f.: Design ultimate resistance given by L0.05 %
2/3.
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Vertical load V2
Lateral force R

Shear force
Pull-out force W =R)
=

e i~ Sill-foundation joint

Column—foundation joint

Fig. 11.  Equilibrium of a reinforced shear wall system.

Table 4. Arrangement of column-foundation and sill-foundation joints.

P.(kN) | Vi(kN) | V2(kN) | Vi-V2(kN)

_ﬁ'f <kN) ( V1 - Vz) /_fr'f Ne ﬂr (kN) PL\/_f:'f N
1.0 22.1 14
Corner walls 23.1 30 20.1 1.3 2
5.0 18.1 1.2
9.63 10 134 15.5 09 3.90 247 3
Other walls 14.4 3.0 114 0.7 1
5.0 94 0.6

P.: Design ultimate lateral force applied to the reinforced shear wall without opening, which is given by 1.8 times its allowable
lateral resistance, fo+ or fer : Design ultimate resistance of the column-foundation or sill-foundation joint shown in Table 3, Vi and
V> . Pull-out force and vertical load shown in Fig. 11, 7. : Required number of column-foundation joint with 4 concrete screws or

sill-foundation joint with 2 concrete screws.
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