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Fumio Kawmvya : Configuration of Wood Sheathed
Wall and Its Racking Resistance
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Magnitude and direction of nail slip and rotation moment caused by nail force.
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->T, FARBTEIERFITS C EiCHE 23,

HESERIC LS L, XEMAEES—2AD1>TH51/300rad THEBEOW IR, LEMNELBLLEE
DOHFLIEIC AL TS, T8 5 1/300rad ZEHEFHOERI 1 m Yz fHA (BT P1/300 L5
T i, Fig. 4 WRTTELEE L BIKAT S,
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Lateral nail resistance
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Load-slip curve used for the numerical experiments.
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Pmax :
Pyyo:
S1/30 ¢
7 max :

Relationship between length of sheathing and wall
resistance (Square sheet).

K7, Racking strength,

1/300 rad FrDMi#, Racking resistance at y=1/300 rad.

1/300rad B D a—+ —§TD3=b, Slip of corner nail at y=1/300 rad.
BAM A0 BT7E, Shear strain of wall at maximum load.
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Relationship between length of sheathing and wall
resistance (Rectanglar sheet ; H =2400 mm).
Pmax : BAfi}, Racking strength.
Pyt 1/300 rad Biifit /7, Racking resistance at y=1/300 rad.
S 17300 : 1/300 rad By 2 —F —§TD3i=Y, Slip of corner nail at
y=1/300 rad.
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load.
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P = P. = P: =

P=P+P2
P = Pi =
H‘ E
— P
— + 2 *
H2
HERIE p=PiHi+PeH;
Conventional construction H;+H:
P = , P -’j
— + P =

RT3k
Light frame construction

Fig. 6. SR 2EHM &R - foiit DEEO B 1

Calculating method for the wall with. different sizes of sheathing.
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EH D% & kRS
Dimensions of sheathing and
stud's spacing(1'=303mm)
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Fig. 7. BB U7<7ERTELN HBED RER

Configrations of walls whose racking resistances were
calculated (Japanese conventional construction).
#TR9RE 2 150 mm, Nail spacing is 150 mm O. C.
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Shear load-strain curves of walls
(Conventional construction).
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Table 1. BEMERE & BYUMIA 7 (FERIER)
Racking resistance of wall for different configurations (conventional construction).
(1) @) BERAICHT B

B &M F #toR MR Ratio to configuration A

Furati Sheathing | SCIENTE T g W | pmax| @
configuration slze P 150 P max m vmax
A 3%9 455 (513kgf/m) |(1004kgf/m)| (1.96) [(1/31 rad)
B 2X9 607 0. 86 0, 94 1,09 1.41
c 1%><9 455 0.77 0.92 1.19 1.72
D 1X9 303 0. 65 0,87 1,34 2,59
E 3X3, 3X6 455 0,99 1.04 1.05 1,03
F 3X86 455 1.02 1,05 1.03 1,03
G 3X6 455 1,06 1,10 1,04 1.06
H 3X3 455 0,96 1.09 1.19 1.31

(1) : MIEMORY I 5477, Sheathing application is drawn,
(2) « BiffrizR, Unit is Japanese foot (=303 mm).

(3): 1/300 rad ZEHEFOEEEM 2 D DTS, Racking resistance per wall length at 1/300 rad strain.

4) : BER M7 b DEKTH, Strength per wall length,
(5) : BAMEKDE, Strain at maximum load.

5. #%

E

Bl UicBEe 70, EEIRIEELES KUREETHOARIRDR AR >0 T, BITHFEICX
b, EHMOTERPRD FBBIMMREICRITTEELRA . TORREELDEZLRDI DKL S,
EFTBETNVERRICULHERPD, 2E¥DC Ldtbh o1,

D —@pafEmeE LT, mEskEnizs,

P 1500 (1/300rad ZEFREOEE X 1m %420 D),

Pmax (BEX1mY47DDRKES) @BKREKE 5D, Pmax/P i OFS, ¥ max (RAM A
DEWE) THCRDT 5,
2) CoORER, —EOHNEORHETR, BMHIASVREEHEZLDTHEZHOTINRE NS
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) ) Table 2. EERERR & BMTIY ) (HeARBET D) .
Racking resistance of wall for various configurations (light frame construction).
1) @ ! _ %BZ a ‘Cj(il'?%j;t
T WM ~F SﬁitE d1‘1€= e & Ratio to configuration, a
Wall _ Sheathing o ( rrsnprj‘)cmg @ w0 P max )
Configuration size . ‘ P 1o P max P | vmax
a 3x8 455 (697kgf/m) |(1523kgf/m)| (2.19) |(1/30 rad)
b 3xe 303 1,02 1,05 1,02 1,00
[ 2X8 607 0, 88 0,95 1,08 1,27
d 2X%8 303 0. 89 0,96 1,08 1.30
e 128 455 0.81 0.93 1,14 1.82
f 1X8 303 0,71 0. 89 1.25 1,82
g 4X8 607 1,07 1,02 0.95 2,48
h 4% 8 404 1.09 1.06 0,98 0.76
i 4X8 303 1,14 1,16 1,02 0,82
j 4X8 607 1,10 1.06 0.96 0.82
k 4X8 404 1,11 1,07 0,97 0.82
1 4X8 303 1,12 1,09 0,97 0.82
m 4X6 455 1.09 1,10 1.00 0. 88
2X3 ‘
n 3%6 303 0,95 0,95 0.99 0. 85
(1) : BlIE#HOIR Y {5 %2RT, Sheathing application (4) : BEE M- D O KIGE, Strenth per wall

is drawn.

(2) : Bifri2 R, Unit is Japanese foot (=303 mm).

(3} : 1/300 rad EREDEER Y2 Y Dt I, Racking resis-

tance per wall length at 1/300 rad strain.

B):

length,

BATTER DT, Strain at maximum load.
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BTk MR
Dimensions of sheathing and
stud’s spacing(1l’=303mm)
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Fig. 9. FHE U PR TR O R
Configrations of walls whose racking resistances
were calculated (light frame construction).

TR IS O A T 100 mm, i b T 200 mm.
Nail spacing is 100 mm O. C. at perimeter and 200 mm O, C, at intermediate.
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Shear load-strain curves of walls
(light frame construction).
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Configuration of Wood Sheathed Wall and Its Racking Resistance.
Fumio Kamiva®@
Summary

Introduction

The allowable shear of sheathed wood walls is defined, in Japan, by the notification of
the Ministry of Construction. The notification, however, does not refer to the size and the
application method of sheathings in detail. The objective of this study is to investigate the
effect of the wall configuration on the shear performance.

Analytical methods for predicting the shear behavior of sheathed walls from the ma-
terial and the nailed joint data have been presented by several researchers. One of such
methods developed by the writer (2) was used to calculate the load-deflection curves of
walls. The outline of the theory was describcd in the text written in Japanese. However,

the explanation was omitted in this summary.
Effect of the Size of Sheathing on the Wall Resistance

First of all, the basic relationship between the size of sheathing and the shear perfor-
mance of wall was investigated. A simplified model of the wall covered with a single sheet
of plywood was chosen as the subject. This model has no intermediate stud, thus only the

perimeter of the plywood is nailed to the frame. The material information of the wall is

as follows :
Plywood thickness 9mm(0. 35in.)
modulus of rigidity 4000 kgf/cm2(57000 psi)
Nail size CN50(6d in USA)
spacing 100 mm{4 in.)
load-slip curve shown in Fig. 3

The load-slip curve used is actual test data of the joint between Lauan plywood and
western hemlock stud.

Walls with square sheathing : Fig. 4 shows how the wall resistance changes when the four
sides of the plywood sheathing are changed keeping its shape square. The shear resistance
of wall when the shear deformation is 1/300rad is one of the basis of the allowable shear
in Japan. Fig. 4 shows that this resistance per wall length, P/, increases as the shea-
thing becomes large while the maximum load per wall length, Pmax, is almost constant
regardless of the sheathing size, which results in the decreasing of the ratio of Pmax to
P00 (safety factor) as the sheathing becomes large.

The reason of this phenomena can be easily explained by the theory. See Eq. (5) which

presents the realationship between the shear strain caused by the nail slip and the slip

Received June 18, 1986
{1) Wood Utilization, Divison
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components at the corner of wall, S, and S.,,. This equation indicates that the nail slip
thus nail force, under the codition of a constant shear strain, increases as the sides of the
sheathing, H, and L., increase. The relationship between the slip of the corner naill and
the size of sheathing is also shown in Fig. 4.

The shear deformation at the maximum load, ¥ max, decreases as the sheathing becomes
large. This is due to the same reason described above.

Walls with rectangular sheathing : Fig. 5 shows how the wall resistance changes when the
lengths of the plywood sheathing are changed keeping the height constant. Except for P max,
a similar tendency to the case of square sheathing can be seen. The maximum load per
wall length, Pmax, increases as the length of sheathing increases, while Pmax is almost
constant regardless of the size in the case of square sheathing. However, since the rate of
increase of Pmax is smaller than that of Py, the ratio of Pmax to Py decreases as
the length of sheathing increases.

Comparison of Wall Resistance for Various Configurations

Secondly, wall resistances for various configrations of the light-frame construction and
of the Japanese conventional construction were calculated, and the differences between them
were investigated.

The material properties of wall were same as that described in the foregoing paragraph.
In the analysis of wall resistance, the effective sizes of sheathing which are the distances
between corner nails (see Fig. 1) were used. However, in the expression of the resistance
per wall length the wall resistance was divided by the actual length of covering according
to the current method. Therefore, notice that the resistance per wall length of the wall
with a short covering is expressed smaller than that with a long covering even if their
resistances per effective length are the same.

Fig. 6 shows the calculating method of a wall with different sizes of coverings. The
overall stiffness and strength of the wall sheathed with more than two coverings was deter-
mined by adding the deformation or the resistance of each part with a single sheet. The
calculation method for the wall with two coverings applied up and down depends on the
bending stiffness of stud. In the case of Japanese conventional construction, the resistances
of each part corresponding to the same strain were added because the bending stiffness of
the column (stud) is large enough to ignore it’s bending deformation. In the case of light-
frame costruction, the strains of each part for same load were combined. The interaction
of the corners of sheathing which happens when more than three corners gather at one
place was ignored in the calculation.

Walls of the Japanese conventional costruction : The calculated results for various confi-
gurations shown in Fig. 7 are shown in Fig. 8 and Table 1.

It can be seen in the figure and the table that Pmax and P50 decrease as the shea-
thing becomes short in the order of A, B. C and D. The ratio of Py/5 of D to that of A is
sixty-five percent. The similar ratio of Pmax is eighty-seven percent.

The shear strain at the maximum load, ¥ max, increases as the sheathing becomes short.
The ratio of Y max of D to that of A is 2, 6.

The horizontal application of sheathing, G, produces slightly higher resistance than the
vertical application, A. Eq. (4) indicates that the contribution of the nail located far from
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the center of sheathing is high. The difference in the resistance between the vertical appli-
cation and the horizontal application is due to the difference of the contribution of the nails
which fasten the covering to the intermediate studs.

The tendency mentioned above agrees well with the test results of Suzuki and NissHimort
M.

Besides G, the application methods of E and F are commonly seen in the field when 3’
X6’ coverings are used. These application methods produce an equivalent or slightly higher
resistance than the vertical application of 3’X9’ coverings, A. The wall sheathed with 3'X
3’ coverings has lower resistanc than A. However, the difference is small.

Wall of the light frame construction : Fig. 9 shows the wall cofigurations of which stiffness
and strength are calculated. The calculated load-strain curves are shown in Fig. 10, the
values of Pj,300, P max and ¥ max in Table 2.

In the wall of the light frame construction, a similar tendency to the case of the Japa-
nese conventional construction can be seen, 1i. e. the increases of Py and P max, and
the decrease of Ymax as the edge of covering becomes short. For example, P /50 and
Pmax of a wall with 1X8 sheathing, f, are lower than those of wall, a, by twenty-nine
and eleven percent respectively. The size of sheathing materials in Canada and USA is 4'X
8. A wall with such a size of sheathing shows a higher resistance than a wall with 3/x8’
coverings. For instane, the typical wall configuration in North America, m, is higher in
P 1300 and Pmax by, respectively, 9 percent and 6 percent than the typical configuration in
Japan, a.

The resistance of the wall with horizontally placed 4’8’ sheet is more than the walls
described above. The horizontal application of 4’x8’ sheathing produces, according to the
stud’s spacing, a higher P1/300 by nine to twelve percent and a higher Pmax by six to
nine percent than the vertical application of 3/X8’ sheet, a.

As the stud’s spacing decreases, i. e., studs which go through intermediate of covering
increase, the values of Pj30, P max and 7Y max increase. This is due to the contribution
of the nails driven into these intermediate studs. However, the contribution of the nail on
the wall resistance depends on how far the nail exsists from the sheathing’s center (see Eq.
(4)). And the nails driven into intermediate studs are not so far from the sheathing’s center
as the nails which fasten the perimeter of the sheathing. Therefore, the rates of increase

of Pisse, Pmax and 7Y max are small, i. e, one to three percent per one intermediate stud.



