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Table 1. Layer and connector properties of sample columns
(RAssAM & GOODMAN’s result)® (4)
wood species: Engelmann spruce
No. E . s K, b h d
103 Ksi in. Kips/in. mn. in. in.
1 1.44 25 125 11.7 4 0.75 0.113
2 1.47 25 25 213 4 0.75 0.113
3 1.44 2.0 25 13.2 4 0.75 0.113
4 1.54 25 25 174 4 0.75 0.113
5 149 2.5 2.5 20.9 4 0.75 0.113
E=average M. O. E.,, r=average number of nails per row.
s=spacing between rows, Ks;=average slip modulus (observed), b=width of layer, h=
depth of each layer, d=nail diameter.
F—2 HPERL Q) LEBBE (0or-s) DHEM (4A)
Table 2. Calculated values of effective slenderness ratio (i¢)
and buckling strength (ge¢r~s). (4)
No. ko Ks '82—3 @ ¢ Ae Ger=§
t/cm3 t/fcm <10 psi.
1 36.6 1.89 7.60 0.621 0.659 102.4 1356
2 373 191 3.76 1.255 0.505 117.0 1060
3 36.6 1.89 3.04 1.554 0.459 122.7 944
4 39.1 1.98 3.72 1.270 0.503 117.2 1106
5 37.8 1.93 3.75 1.259 0.505 1170 1074

1=83.1, ky=elastic bearing constant (calculated)
K, =slip modulus (calculated)
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Table 3. Calculated and observed buckling loads.® (A4)

Per—s Perp Per—o
No. lchs %s ICI:s (2) (3)
(1) (2) (3) (1) (1)
1 12204 12180 (13000) 0.998 1.065
2 9540 11972 (10300) 1.255 1.080
3 8496 8954 ( 7700) 1.054 0.906
4 9954 11464 (11300) 1.152 1.135
5 9666 12001 (11000) 1.242 1.138
Av. — — — 1.140 1.065

P;y_s=calculated buckling load by the expression developed in this study.
Py _p=calculated buckling load-by RASSAM-GOODMAN’s expression.
Pey—o=observed buckling load (from PAssAM & GOODMAN’s result; Figure 9.9

2.2 hHEHOER® (B)

=V=Y &PV D204 % CNIO EI%H - C2BHELERETHD, ToRAK
DEBHBELEAEMT, —HBLTEARR L, ZOoRBREEZ, #EK160cm TRHKY v£&
HCTERBR IR, '

2T, ZoEDHVL, FRBEOEBOTH Y v /7 REEEHEE 041 cm) & 25, (30)
REID bk, T, COhLEESIREND, QORI K¥HEL, HUVWT—FE0HE
FIHC L v BRI, 2 2RE, BEEEE o, 2XDL, ThOHEERER, FSRLE
ERBHTHSD,

£ RBREOHELEALHEY (B

Table 4. Layer and connector properties of sample columns®) (B)

CN90; d(nail diameter)=0.41cm. wood species=Yezomatsu & Todomatsu

No. b h E " s ko K,
cm cm t/cm? cm t/cm3 t/cm
1 8.87 37 120.0 2 20 34.6 3.38
2 8.88 3.73 1075 2 20 31.0 311
3 8.88 371 100.0 2 20 28.9 2.95
4 8.88 3.74 135.5 2 20 39.1 3.70
5 8.85 3.73 103.0 2 20 29.7 3.01

b=width of layer; A=depth of layer; E=M. O.E.; r=number of nails per row.
s=spacing between rows; ky=bearing constant {calculated)
K;=slip modulus (calculated)
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®-5 HYMEKL 1) LERBZ (0o-5) DHEME (B

Table 5. Calculated values of effective slenderness ratio (i)
and buckling strength (ger—s) (B)

‘B 2 . ger-8
NO. —4 ¢ ¢ P e

.10 kg/cm?
1 857 1.756 0522 75.1 104.8 108
2 8.74 1.722 0.526 75.2 103.8 99
3 8.95 1.682 0530 75.6 103.9 92
4 8.22 1.829 0.515 75.0 1045 122
5 8.86 1.697 0.528 75.2 1035 95

£—6 HEWFEOHHEMELEME (B
Table 6. Calculated and observed buckling loads (B)

P, er—S8 P cr—0 ( 2 )
No. kg kg

(1) (2) (1)

1 7087 9558 - 1.35

2 ~ 6528 7417 1.14

3 6022 6897 1.15
4 8129 8590 1.06

5 6263 7805 1.25

Av, — — 1.19

Per—s=calculated buckling load by the expression developed in this study.
Per—g=observed buckling load by NAKATA’s experiment.
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Summary

The objective of this study was to develop a theory for the analysis of nailed layered
wood columns which included the effects of interlayer slip. By use of Young’s modulus (E)
of layers and the nail diameter (d) used, the elastic bearing constant (k) for softwood species
can be calculated from NAKATANT’s empirical formula®. The slip modulus (K,) can be calculated
by the simplified theoretical expression developed in the previous paper®. The slip deformation
of a nailed layered beam was replaced by the shear deformation of an equivalent solid beam,
according to the theory for multi-layered beams including the effect of interlayer slip, developed
by HisHIDA and MaNoOY as shown in Fig. 2.

In this study, the effective slenderness ratio, 4, of nailed layered columns was introduced.

By using the effective slenderness ratio, the theoretical buckling strength of nailed columns
for softwood species will be predicted.

Test results for the five three-layered colums in Table 1, obtained by RassaM and Goob-
MAN®, and for the five two-layered columns in Table 4, obtained by NAKATA®, compared to
theoretical values are shown in Tables 3 and 6, respectively. These test results on the average
were in good agreement with the theory developed in this paper.

A rational procedure for predicting the buckling strength of nailed layered columns, pro-
posed in this paper, is as follows:

for softwood species,

1) the elastic bearing constant, %, (#/cm?®)
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£
567d+1.14

ko -
in which d=nail diamter (cm), E=modulus of elasticity (¢/cm?)
2) the slip modulus, K,(¢/cm)
K, = 1.1266k%-5.g-®
3) the basic factor, g

. _ 10rK,
B =—Fa

in which » =number of connectors per row, s =spacing between two adjacent rows of connectors
(cm), A=cross sectional area of each individual layer (cm?

4) the effective slenderness ratio, 2,

=

Ry
1+ﬁ’f]:,

¢_ 2.2
1+ ’ﬂ’:}:,

in which 1=slenderness ratio of an equivalent solid column, m =number of equal layers, L=
column length (cm)

5) the buckling strength of a nailed column, g, (kg/cm?)

E .3
Gor = —”% =30, =10
(3

in which the compressive strength, o,=g,E=0.0033 E
g = (1—0.007 L),  (2<100)



