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Average annual ring width
Fig. 2. % o FOEGERIBOSHTH
Frequency distribution of averaged
annual ring width of the studs.

Tablel. STEARBRRAKOLE & & KX
Specific gravity and moisture content of nailed joint test specimens
*F # Stud & K Plywood
A OB & 2 = -
HBH I &= Moisture content i 4 &5 & K
Test Specific Specific ;
specimen Number gravity gravity l\ggﬁgﬁe
in air dry T 3T B = B K in air dry
At nailing | At testing
T 97 0. 23~0, 56 14~17 14~17 0. 44~0, 61 9~13
W-W 7 0, 43~0. 48 17~19 17~19 0. 54~0, 58 9~12
W-D 7 0. 41~0, 48 17~19 14~15 0. 54~-0, 58 9~12
D-D 7 0. 41~0, 48 14~15 14~15 0. 54~0, 58 9~12
* 4#ikic X 3, Obtained by oven dry method.
g 4.58mm
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Nailed joint test for test
specimen, T.
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Fig. 3. 2% v FOWMY ¥ v 7 HRESH
Frequency distribution of MOE of the studs.
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Y =bpXp+bXstbe e (1)
Y =@Q1, Qmax or 5(Qmax)
TH o '

ZZTT, bp b RIFERARE, bo JREMER, X5 X, BELEThEK, FHOLE, Q) 3EL
smm FrDITEINT N (kg f/X), Qmax RBEAITHRN (kg /&), 5(Qmax) i Qmax RROEN (mm) T
b5,

SHORRE Table 2 ITRUTc, REBEROBERRI, T —BOBLEERS, 5% OBRET
BHETH -1,

BEMBCEY 3, TN IOBREY, BRERE Fig. 70 v + Uk, REWRERE bp, b 13,

Table 2. EERAOEHRFEKR S L UHBEK
Regression coefficients and correlation coefficient
Y=prp+lel+b°

Y by bs bo R Y by bs bo R
Qo.0s 61.9 34.5| — 20,6 0.489 Quo 147.5 119.5| — 37.2| 0.500
Qox 85, 5 50,9 | — 33.1| 0.566] Qu 1524 1111 | — 36.4| 0.493
Qo.s 83,1 59.8 | — 27.8| 0.570 | Qua 153, 1 83.6 | — 26,1 | 0.430
Qo 87.3 70.8 | — 26.2] 0.595] Qu 168. 8 57.7 | — 25,4 0.406
Qo.s 89, 3 77.5| — 24.81 0.607 | Qu 173.8 29.7 | — 18.8| 0.379
Qos 92. 4 80.5 | — 23.91 0.610] Qus 221, 4 | —188.4 31,6 | 0,425
Quo 95, 4 84,2 — 24.0] O0.611f Qu 189.3 | —293.8 73.8 | 0,417
Qs 93.0 97.8 | — 22.2| o0.587 [ Qu 352,2 | —304,8 | — 29.4 | 0.507
Q1 94, 4 95.2| — 18.2] 0.578 Qi 337.6 | —131.2 | —104,7 | 0.374
Q. 108,3 | 126.2| — 27.1| 0.569 | @Qmax 161.,3| 135.0| — 46,3 | 0.524
Qs 1235 | 141.2| — 85.8 | 0.563 || 3(Qmax) 18.7 | — 17.1 8.4 0,29
Qs 142.4 | 134.5| — 40.9| 0.539

400

300

200

100

bp, bs or bo (kgf)

—100

~—200

—300+

—400L— : —— —
o 2 4 6 8 10 12 14 16 18

=Y (mm)
Slip

Fig. 7. B RAKLEHREHROE L

Variation of regression coefficients and constant.
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STEAMAICET %, AN, IMORBELRLTNELEELONG, ¥/, Y E2Q LT, & (1)
EEN 8 THA TN,

dQ _dby dbs 5r s
R R T (2)

BEON, REREROMKSE, dbylds, dbjds (Fig. 7 kB3 370y rOMEE) i, ELOHETIC
SRS EHW ORI (Fig. 6 OifgOBEE) K3, AN, THMOEBREETRTC LKL S, L
7c4->T, Fig. 6 & Fig. 7 #ADETHTOGHE, TEAMOER A H =X 258 T 28%ED 55
RisBoh iz,
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DL, bbRE¥rTREL, ChdEWR, FHORBERG THRBELENLVPIBEH I EERLTNSD
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EBBE, bp>bs THB, LichoT, COXMTE, FHIDAROKELEL Lickd, T8N
RIET, WICHSMETH 505, Fig. 6 KHBL3IC, TOXMIZ, TRDETICE B I THENOH
MBEPEEICED UTOBRICH D, WOMER dbs/d5>d bylds T, STH¥HOHEINEI&DET%:
MABIE, THOREEE THEBESKEVC LERLTNS,

ROXM 1~8mm TiL, bp=~b, T, STHNHIC BT 2EMER, A4 FHLLARETH S, L
LAMG, WMEEHDE, dbyldd ZTT—ETH B, dblds B4 icBP L, 6mmfET¥n
IED, 2hBE AKECTOS, chil, EAMSETUTHITIABER LTNC EERLTY
3,

Z46r $mm LLEDORATCIE, b BRI UBEO ERART 24, b REECBL LTV E, Zi 14mm
EBRLLAKEKRCZ, ERICBDT 3

EAToRBIHEEE, THIck3 140

EWMD NV FIVT T HTts, 120 =

by b OEARC OBMEMELH  F_ 100 ) - ST -
BoTWB, TS, ROKES 25 y AN
BORE, v FUSeTicT 28 §§ sol—2 \‘H
UABROOTTEENNE, E  RE

OHEMBORE, DUVENTHE

MELILBZDT, ANy F VI 2

NELEDEAMIZ/NELIL S, DK 0 2 4 6 8 10 12 14 16 I8
R, OBMKMICEY B EARAO Sp ™

BEEB, Fig. 8. FHIBOEBIZ X 2THEABEDOZED

. Two typical load-slip curves of nailed joint.
> , &
RUC &, 3(Qmax) OEMLL S H THIE 0.557, A4K%E 0.513

bHEZ L, bbb, b,<0 T, EH# L ; THIE 0.389, ARMEE 0.513
Specific gravity H ; Stud 0.557, Plywood 0.513

DHENENIZ ENSEEMN TRAT L ; Stud 0.389, Plywood 0.513.
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Plots of nail resistance ratio.
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Fig. 10. SAREISTRATRIICRZTHE Oax DERATR, bp~bs T, &
Effect of stud moisture content on W, FIHOEREREREETH 5,
load-slip curve of nailed joint. Bigic, ARBRKOESIEICHT S

TS5, 4—+k 24 viiol% Fig. 9 © T-5/T-M iR L7z,

3.2:2 AkKREOEE

3BHOAHTICE Y 2B E% Fig. 10 IR L1,

TR OOREVIER, D-D ERH, TTHT CHB >W-W GRERH, THET SRR >W-D
CREEBRTITHI S, HREBICRR) L5, HiIcERT~xZ, W-Ditsd 3MBRIDESTH 2,

Fig. 9 ic D-D 2%ie2 LT, W-W, W-D ofT¥iihlkE7a v b Lk, chESH B E, Ehr 0~2
mm OREHT, W-W/D-D i3 0.7~0.8, W-D/D-D i 0.2~0.7 &7 5T 3,

W-D THIRm ABECEBER, STRRATY Iy 72EDT, AREEMOMIC 1 mm Figk ORI
PBHEUIC LK &L (Photo. 5), T, §T%IT-7BFRIC, HWRICESXIEIABAS LT ELEE
LTS (Photo. 4, 5), 758, W-D KRBT, TOFTITLALHONEM T,

BRI STHN OB E, ROFERIEECS - TERTEBELMETS 3,
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4. FRITEOTFIRIC & B 15 OO BT (M

TORTRE, AAOHESTSRBROBELEL, BHBEOWMIEDOMEET- .
41 0B HRA

ZZTRWVAERY KON THBICHNAT 2. C OEHRIL, WHROMBSHENEZE - TEHY, HER
R, 240y FEAOLFETARIN L EOWEL, WHES v (ARG oliES L BoHE
EREZELEVEES) LOBRIKENST 2,

BOWKESL 72, TWHHSOWKES 7, &, BH - BHOTEABOIZDICk - TEL 2HES
Ty EOMELTRBON B,

Y=Y4+UYy e (3)

713, EHHICERABE LSBT EELRELT, UIEHIEOLARP ERD LN B,

Tv OFERI, ABROBROLEA Y P EB-TED, HOHDEVREIEROHALED» SHET
5DTHBY, FTHEAERONELENOBENERETH 0L, a V. —22HNRDELIHE
Bickzcbdnd, LbhLENs, BHOTHELNMN2~30EHEA, N ETHESTRIENURZERT
32LbTES,

MRREHER LT R i3 3, HRO#EAHE Fig. 11 R Lk, HBksIUERER, B
HELILHEYOHDES Te2PODEDTH 5,

4:2 FHEDIIRET SEDMEE

it DEED B AEIY, TOBRIEC L - THEEZR I FHIND, 55V 2EROBICOOTHR
HTardlid, MECESAEILLTLESCLILLNIDT, CZTRARLTIEOBREHERIC
LiZ-7,

FTEHOBRY HTH 2, HED &0 bRED OHB—RNTHEOT, W/ & Lo

WRICEETH A, TXTLHETR2.7m &8T5, LHLEBRAIKE-TR 2.42m 52560

RN, T ARTER 3X9 1400 e
(910X 1,820mm) H23 3 xX8mD1 1200 _lobserved
BROE, (3X6)+(3X3) B30 T e
2 (3X6)+(3%X2) DREIEY & 3 Pzl \ AR D

-5 r approximate
Zoh3, thdo BEE B OB gg 800 Vd AE RIS
Fig. 12 BB, HF—AR M, s ﬁ% 600 4 theoretical
HROBMTRAEEEIL 4, 000 kg f/cm?, §T

400

RORE 12 448 < 100mm, thi@b T 200
mm & Li, 7oA % #ERY Lk 200;
BE 27 : —
BT, 1MOEHER- - TIEKEH 0 m 20 3 20
HU, #BoldERIIES GINES TS (x10°° rad)

Shear strain

BEBICONVTHE) LOLKEDT
Fig. 1. im0 & & #&
% A - = T
¢, BEhEARLE. 7778, BV Validity of the theoretical procedure for
BRENEETORNDH LM, BEE predicting racking performance of wall.
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1200

(3X6)+(3X3)

1000 (3X6)+(3Xx2
S 800 (58)
£ (3x9)
'g —_
£ s00—A
£s /
#o 400/

200

0 "

5 10 1§ 20 25 30 35 40

HMWEA (X103 rad. )
Shear strain

Fig. 12. BE B XUABHOED FORESE
Effect of wall height and application of plywood.

Table 3. & ® L % ¥ 77 8 © | A B ¥ % &

Calculated results of wall racking behavior.

B BR* 7=1/300rad O & %
Wall construction when 7 =1/300rad
%}T'] B 17 B W A
g g | MEMER | Naleradng | Nait | “Shear | W 2 K .
specing _ data load . c TNl
Mark A B =R ) Load ratio
(mm) {Perimeter I;';%ri;te (kgf/m) (mm)
T-M 602 1 0. 474 0. 349
T-5 499 0.828 0. 629 0, 460
A 303 100 200 W-W 566 0.813 0. 529 0, 388
W-D 414 0, 595 0.756 0, 553
D-D 696 1 0, 337 0, 247
T-M 543 1 0. 550 0,412
T-5 480 0, 885 0,708 0. 508
B 455 100 200 W-W 523 0,816 0.571 0, 433
W-D 377 0. 588 0.793 0,589
D-D 642 1 0, 404 0. 304
T-M 384 1 0.783 0. 583
T-5 309 0. 805 0. 844 0, 664
C 455 150 150 w-w 378 0, 806 0,793 0. 589
W-D 269 0,574 0, 947 0,709
D-D 469 1 0. 659 0,493

* A3 910 X 2,730 mm AR D Ui,
Size of plywood is 3’ by 9’ and it’s application is vertical.
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2% 1/300rad HETIE, BREACENB|NCEERLTVS, Licht->T, CCTRESGE 2.73m &
L, AFRTEIR3 X9 &Lk,

$TTERE, MAIRAEZR LT, S#kRYIC Table 3 IRT 3EH (A, B, O) OBEHENRE L,
MEVLRIRE 303 mm DRI, BCMICEELTREShIc L&D, RENICHT 2 it EeEE LI
DTH %, B OBMMEERIT, ABERIBEOHEREM, 4,000ke ffom? 25/ Lz,

4:3 WAHEDFM
W AEEORM L Mm T 250 & LT, K
P=FK;sKge e e Kn* Py e, (4)

2EZL, T, PREMINETA, KiK. 2ERERY, Po REMELIWMATHREROFM
THh%,

BRERLE LTREBAEZEIONESM, £BECLSTHTRRT I LOLTERRE, TRAEERD
BIERARY (Kp L93) &, BEBICEARSERRY (Kp &F32) OI2IKEE, LT, HE

xR 2K12,
P=Kp+Kr*Po e (5)
&85,
1400
1200 FHE
= 1000 (T—M)
= N
o
<8 g0 -~ | N . -
Ry O'Fﬁ%i\\K\\ \\ Fig. 13. B L EEDHEN
3 —_ el \ BYMHLAE (BEIBRCB,
. Ve 75— 5 T-M, T-5)
4 / Calculated load-strain
200 ; curves of wall (con-
] ) struction; B, nail data;
TS o s 20 2 a0 a5 g a5 1M and T-5).
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Studies on Wood-Panel Construction (III)

Evaluation of a shear wall by analytical method

Fumio Kamiva®@, Yoshihiko Hirasuia®, Yoshio Hararama®

and Noriyuki Kanaya®

Summary

§1 Introduction

The shear walls sheathed with sheet materials are finding greater acceptace among builders.
Also, new kinds of sheet materials are being developped and accepted as the sheathing ma-
terials of shear walls.

The current method for evaluating the racking performance of su¢h a wall is the laboratory
full-size test. Howevery, since this is a time-consuming and costly method, we can not conduct
enough tests to evaluate the performance adequately and reasonably. Indeed, ther are many
factors and conditions which affect the performance.

In order to solve this problem, an analytical procedure which can predict the performance
of the walls has been developped in a previous study?. The input data required are the load-
slip characteristics of the sheet-stud nailed joint and the modulus of rigidity of the sheet
material.

As the nailed joint test is easy to conduct and its size is far smaller than the wall racking
test, we can do a lot of tests under various kinds of conditions. If we input the results of
the joint test into the analytical procedure, we might obtain the performance of the walls
under the same condition, then, we can evaluate the racking performance reasonably.

The objective of this study is to try to evaluate the racking performance by using the
analytical method. The shear wall of the “Seven by seven construction” was chosen as the
subject of this study. The Seven by seven construction is a kind of light frame construction
which has been developed in order to utilize the thinning tree of Sugi (Crypto‘meria Jjaponica
D. Dox). The wall is constructed with 7cm by 7 cm studys, 7cm by 3.,5cm plates and Lauan
structural plywood®®, '

In the first half of this study, the plywood-stud nailed joints were tested under some con-
dition. Then, in the latter half, on the basis of the results, the racking preformance of the

wall was evaluated.

§2 Nailed Joint Test

Test specimens and testing method

Two series of the nailed joint tests were conducted. One of them was a test for investi-
gating the scattering of the characteristics and the effect of the specific gravities of plywood
and stud on the characteristics. The other was a test for investigating the effect of drying

stase of stud when nailing and testing on the characteristic.

Received December 24, 1982
(1) (2) (3) (4) Wood Utilization Division




— 90 — RERBREMARE HI22 5

The plywood was Lauan structural plywood with nominal 7.5 mm thick. The lumber was
7cm by 7cm Sugi. The nail was CN 50 which is almost the same as the 6d common nail in
the USA.

Test for investigating the scattering and the effect of specific gravity of plywood and stud ;
In an earlier study which has been reported as the Part I of this paper?, a lot of lumber and
plywood sheets were used for constructing the test specimens of the wall. As these lumbers
and plywood sheets had a wide range of specific gravity, they became suitable materials for
this study.

After the racking test, the walls were taken to lumber and plywood sheets, then, the test
specimens of the nailed joints which were shown in Fig. 1 and Photo. 1 were constructed from
these materials. The lumber had one or two cracks on a face. Therefore, plywood was nailed
on the other faces avoiding this face witg cracks.

The average moisture content of the lumber was 14.8 percent. The test was conducted
within 11 days after comstruction. Figs. 2 and 3 show the distribution of average annual ring
width and MOE of the lumber.

Test for investigating the drying state; The sawn lumber of Sugi thinning tree is apt to
warp by drying. Therefore, the Seven by seven construction is usually built up while the
lumber is wet. However, drying after construction might reduce the stiffness and strength
of nailed joint, and therefore, the performance of the wall. In order to investigate this pro-
blem, the nailed joint was tested under the three conditions as shown in Table 1.

Fig. 4 and Photo. 2 the testing method. The studs were cut from two logs of Sugi thinning
tree as shown in Fig. 5. Test specimens, W-W, were constructed two days after the sawing
and tested within three days after the construction. Test specimens, W-D, were constructed
also two days after the sawing and tested after indoor natural drying of five months. Test
specimen, D-D, were constructed with studs which had been dried for five months at the
same place to W-D, and tested within three days after the construction.

As it was nine months after the felling when the logs used for this study were sawn,
they were rather dry. Their moisture content at the sawing was from 17 to 18 percent.
However, they had no cracks yet (see Photo. 3).

Test results and discussion

The scattering; Fig. 6 shows the plots of the maximum, mean, 5 percentile exclusion limit
and the minimum lateral nail resistance at each displacement. This figure illustrated that
the amount of scatter is rather large.

The effect of specific gravity; The multiple regression analysis was conducted in order to
investigate the effect of specific gravity of plywood and stud on the lateral nail resistance.
The specific gravities of plywood and stud were chosen as the predictor variables. The next
formula is the regression equation. -

Y=prp+be.!+b0 ............. SRCLLIEREELRRRLE (1)
Y = @3, Qmax or 3 (Qmax)

Where b, and b, are the pertial regression coefficients, b, is the pertial regression constant,
X, and X, are respectively the specific gravities of plywood and stud, @5 is the lateral nail
resistance when the displacement is 5 (mm), @max is the maximum JIateral nail resistance, and
5(Qmax) is the displacement {(mm) at the maximum nail resistance.

The results of the analys.s were shown in Table 2. The test of the regression coefficients
was also done. The results showed that they were significant at 5 percent level.
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The variation of the regression coefficients and constant with displacement was shown in
Fig. 7. The magnitude of b, and &, shows the contributions of stud and plywood to the nail
resistance,

If we differentiate Eq. (1) with respect to displacement, 8, we get the next equation.

4Q _dby
dbd ds

This equation means that the magnitude of dbp/d5 and dbs/d5 (the slope of the curve in

dbs 5
X,,+78_X, (2>

Fig. 7) shows the contributions of plywood and stud to the change of nail resistance with
displacement (the slope of the curve in Fig. 6).

Therefore, comparisons &, with b; or dby/d& with d&,/d§ will give interesting information
which suggest the mechanism of the resistance. First of all, consider the regression constant,
bo. Although it should be zero theoretically, it is not zero actually. This means that there
are unknown parts which can not be explained by the specific gravities only. However, as b,
is almost constant in the interval 3=0 to 14 mm, it might not prevent the following reasonings.

Consider the interval =0 to 1 mm. This interval is very important because the displacement
of nails which fasten sheet material to frame is in this interval when the wall is subjected
to the allowable load (see § 3). At 3 is nearly zero, b, is about double of 3,. As & increases,
by rises quickly but at a decreasing rate, and becomes almost equal to b, at 5=1mm. This
indicates that the contribution of plywood to the nail resistance is greater than that of stud
in this interval. On the other hand, 4b,/d5 is greater than d&,/d5. In this interval, the nail
resistance rises at a decreasing rate as § increases. Therefore, it can be seen that the con-
tribution of stud to this decreasing rate is greater than that of plywood.

Consider the next interval =1 to 8 mm. In this interval, b, is almost equal to s, which
shows that the contribution of plywood is equal to that of the stud. While d bp/d 3 is almost
constant, d b,/d 5 decreases gradually as § increases and becomes zero at §=6 mm, then minus
at 8 >6mm. This indicates that the nail resistance does not increase even if & increases.

In the region 5>>8 mm, while 5, continues to rise, b; drops quickly at an increasing rate
and becomes zero at 5= 14 mm. This indicates that the nail resistance in this region depends
mainly on plywood. At 5>14mm, b; is minus, which means that the nail resistance in this
region decreases as the specific gravity of the stud increases.

These tendencies of the regression coefficients in the region §>>8 mm explain well the
failure type of the joint, The failure type of the almost all test specimens was the punching
shear of the plywood by the nail’s head. If the specific gravity of the plywood is comparatively
high, the plywood has high strength for punching shear, therefore, the nail resistance in this
region becomes high. If the specific gravity of the stud is high, the nail resistance becomes
higher at small displacement, therefore, plywood is punched out at smaller displacement. This
produces the decrease of the nail resistance in this region.

The regression equation for the displacement at maximum nail resistance shows well the
same thing; the minus value of 5, shows that the nail resistance reaches its maximum value
at smaller displacement as the specific gravity of the stud is higher. The typical load-slip
curves which explain well this statement were shown in Fig. 8. The nailed joint, H of which
the stud has higher specific gravity than L shows higher resistance in the region §<{9.5 mm.
However, it is punched out by nail head at smaller displacement than L. This produces lower
resistance than L in the region 5 >>9.5mm.

The effect of drying state of stud; The load-slip curves under three conditions of drying
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state were shown in Fig. 10. D-D showed the highest resistance among them. W-D showed
the lower resistance than W-W in spite of it’s lower moisture content at testing than W-W,

The load ratio W-W and W-D to D-D corresponding to the same displacement were plotted
in Fig. 9. The load ratio of W-W to D-D shows the decrease of resistance due to high mois-
ture content of the stud. The most serious finding in the test was the remarkable reduction
of resistance due to the drying of the stud. The load ratio of W-D to D-D was 0.2 to 0.6 in
the region 8<1mm. The phenomenon which seems to have direct effects upon the nail re-
sistance of W-D was observed on the test specimens; the spring back of nail and crack which

passed the nailing part in stud (see Photos 4, 5 and 6).
§ 3 Evaluation of the Racking Performance of Wall by Analytical Procedure

Analytical procedure used in this study

In an earlier study?, an analytical procedure which can predict the racking performance
from the load-slip curve of the nailed joint and the modulus of rigidity of the sheathing ma-
terial was presented. In the theory, the pure shear deformation of wall is treated. Therefore,
the calculated results agree with the relation between load and actual shear strain which is
obtained by the racking method using steel rods. Note that the shear strain, ¥, is composed
of the shear strain caused by nail slip, 7~, and the shear strain of the sheathing material, 7,,
as;

Y=Ys+UN s ( 3 )

The validity of the procedure for the wall constructed with Sugi thinning trees is obvi-
ously fine as shown in Fig. 11. The subject to the calculation was the wall specimens, T3-2 PO
in the previous study?®.

Wall construction

Fig. 12 shows the calculated results for four types of wall construction considering plywood
application., From this figure, it can be seen that the height of the wall (8 or 9’) and the
existing plywood joint have no significant effect on the racking performance of the wall.
Finally, the three types of wall construction as shown in Table 3 were chosen as the subject
of the evaluation,

Evaluation

In Japan, the allowable shear load of the wall is evaluated on the basis of the load when
the shear strain is 1/300 rad. The allowable load, P, was evaluated by the formula;

P=Kp-Kr-P e (4)

Where Kp is a reducing factor relating drying, K is a reducing factor relating the ex-
culsion limit of the wall performance, and P, is the shear load at 7 =1/300rad (mean value
of the population).

The modulus of rigidity of plywood, 4,000 kg f/cm3, which is recommended by the AIJ
(Architectural Institute of Japan) was assigned. It was assumed to be not affected by the
drying state of studs. By this assumption, Kp and K1 become the factors relating only the
characteristic of the nailed joint. Howerver, they can not be obtained from the test results
of the nailed joint directly. Because the nailed joint has a nonlinear characteristic and the
ratio of the nail resistance under a certain condition to that under a different condition is not
independent of the magnitude of slip. Also, the shear strain of wall, 7, is not directly pro-
portional to the shear strain caused by nail slip, Y5 (see Eq. (3)). Therefore, the factors
should be obtained by comparing the shear loads which are calculated from the nail data under
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corresponding conditions.

Figs. 13 and 14 show the examples of calculted wall performance. K will be obtained
by comparing the plots in Fig. 13, and Kp, the plots in Fig. 14. Figs. 15, 16 and 17 show the
variation of load ratio with shear strain as the results of the comparisons. From these figures,
it can be seen that the load ratio is not independent of shear strain.-

T-5/T-M, the ratio of shear load which is calculated from the nail data, T-5 (5 percetile ex-
clusion limit), to the load from the nail data, T-M (mean), decreases as shear strain increases,

W-W/D-D, shear load ratio of undried state to dried state, and W-D/D-D, load reduction
ratio due to drying, decrease at first as shear strain increases, and reach their minimum values
at the interval ¥ =1X 1072 to 4 X 10-3rad, then they increase. The exsistence of the deeps in
this region is unfavorable because the allowable shear load of wall is evaluated on the basis
of the load at 7 =1/300 rad (3.33 X 10~%rad).

Shear load of the wall at 7 =1/300 rad for each nail data and their load ratio were shown
in Table 3. The slip of the corner nail, 8, (maximum value of nail slips on the wall) and
the ratio of shear strain caused by the nail slip to the whole shear strain of the wall, 7x/7,
were also shown in Table 3. }

Depending on the wall construction and the magnitude of the nail resistance, &, changes
from 0.34 to 0.95. It is affected by the modulus of rigidity of the sheathing material too.
Howevar, as the shear strain caused by nail slip has close connection to the slip of the corner
nail, the maximum value of 5, can be expected even if the effect of the modlus is taken into
consideration; it is about 1.4 mm for these wall constructions.

The nail data of T series were considered as the population. Therefore, the shear load
at 7 = 1/300 rad which is calculated from the nail data, T-M, becomes P, Alse, K is obtained
by comparing the shear load at ¥ =1/300 rad which is calculated from the nail data, T-5, with
P, As the test specimens of T series were constructed with natural dried studs, Kp is given
as the shear load ratio of the wall, W-D/D-D at ¥=1/300rad. P, Kz, Kp and P were shown
in Table 4.

Considering the reduction factor, Ky, in detail, the wall of which performance is calculated
from the 5 percentile nail data is considered to be constructed with studs of 5 percentile in-
ferior quality. Such a probability may be beyond 5 percent. In the wood frame house, several
hundreds of studs and plates are used. When the house is subjected to horizontal load, all
stud-sheet joints and all plate-shect joints might resist to the load. Therefore, the idea of
“Multiple Member” can be applied.

This problem is explained as follows; The resistance of the nailed joint is regarded as
obeying the normal distribution with mean, p, and variance, ¢2. If the shear wall is constructed
with z studs and plates, the performance of the wall might be calculated from the mean nail
data of n, % which are arbitraly taken from the population. Such a mean value, %, is known
to obey the normal distribution with mean, g, and variance, ¢3/n. Therefore, the 5 percentile
inferior quality of wall is calculated from the nail resistance of

2
—1.64-2
# Vo

Now, if =100, this formula gives a value which is almost equal to p. This means that
there is no need of the reduction factor relating the inferior quality of lumber.
From this point of view, the allowable shear load was evaluated. The results were shown

in Table 4 (values in parentheses). They increased about 12 percent in the case of B by in-
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troducing the idea of “Multiple Member”.
§ 4 Concusions

An analytical method was tentatively applied for the evaluation of shear wall which is
constructed with plywood and lumbers of Sugi thinning.

First of all, the plywood-lumber joint of which load-slip characteristic is required as the
input data of the method was tested. From the test, the population of the load-slip charac-
teristic of the joint was estimated. Since the wall is usually constructed while the lumber
is wet, the decrease of the nail resistance due to drying of lumbers was also investigated.

On the basis of the results of the nailed joint test, the shear performance of the wall was
cdlculated. In evaluating the allowable shear load of the wall, the idea of “Multiple Member”
was applied. This led to the conclusion that there is no need to consider the reduction factor
relating the inferior quality of lumbers and plywood. As the reduction factor relating the
drying of lumbers, 0.6 was given. Finally, in case of B, the allowable shear load, 320 kg f/m,
was given.

However, the value of the reduction factor relating the drying might change, if the drying
condition changes. Therefore, the behavior of the nailed joint under various condition should
be further investigated. Such a study is now in porgress.
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Photo. 1 $TH:AMWHER (EEREAT)

Nailed joint test for test specimen, T.

Photo. 2 §TH:GERE GAER{(E W-W,
W-D, D-D)
Nailed joint test for test
specimens, W-W, W-D and D-D.
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Photo. 3 REMBRETORBEK L M —FNIRE LTI

Test specimens and studs before drying—No crack can be seen.

Photo. 4 #HEHROSEREL (W-D) &EH (D-D A)—EhHBA-TW3
Test specimens, W-D, and studs for D-D after five month
natural drying—Cracks can be seen.
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Photo. 5 W-D HERKICEY 5 HlRic k2
FTORT ) Ty b
Spring back of nail due to drying
of stud which could be seen on test
specimen, W-D.

Photo. 6 W-D HERAKICAH SN EHMOEN—FTEIT - EHMICA - T 5

Cracks occured at nailing point, test specimen, W-D.




