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Table 1 Basic properties of test
204 25 64 1 St soacim Tar
CS6AW1 _F nails
HRAES E ¥ W &  AkE
TE 60

Specimen R.W S. G. M. C.

r_ﬂL_rlLT;m_Tglj No. (mm) (%)

=t v 1 2.6 0.57 13.5
w FE g v 2 5.4 0.55 13.5
! IE B! g3 i LY TR
-— | 4 . .61 .
2 —o 10 g S 5 4.6 0.58 12.9
<3 ) 2 6 3.6 0.62 13.3
(o] o
S mean 3.9 0.57 13.3
N 7 9 min. 26 049 12.9
o 3 3 max. 54 062 135
S. D. 0.92 0. 043 0.21
l 55 30 30 C. V. (%) 23.8 7.5 1.6
Unit mm Foot note R.W. ; Annual ring width
S.G. ; Specific gravity
M.C. : Moisture content
2 Cseail F S.D. ; Standard deviation
C.V. ; Coefficient of varia-

Fig 2 Test specimen for determination
of nail spacing for CS64W1 F nails

tion
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Photo 3 Test specimens for determination of nail spacing for CS64W1 F nails
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Photo 4 Shear test of nailed plywood
gussets with CS64W1-F nails
204 9 12
12
2 CseA F
Table 2 Results of shear test for nailed plywood gusset with CS64W1 F nails
ARGES e 3 # kA — 1 41— 2 S ZE AT — TERF 0D 8T BYMrifid ) N ]
Lumber Plywood (9mm) Plywood (12mm) Test loads at some joint slips
Specimen Ultimate
R.W. S.G. M.C. TR Vo S.G  M.C. 0.33mm 1.00mm 2.00mm 10.00mm load
No. (mm) (%) (%) (%) ( kgf/nail )
il 33 0. 46 14.6 0.49 8.1 0. 65 8.4 70 103 132 240 252
2 1.4 0.49 16.8 0.50 7.8 0. 66 9.0 78 111 142 258 271
3 1.8 0.47 14.4 0.52 7.8 0.65 8.4 66 98 126 243 246
4 1.3 0.51 15.0 0.50 1.9 0. 66 9.0 72 107 135 268 278
b 1.4 0.47 14.1 0.51 8.0 0.67 8.5 75 108 138 254 262
6 1.7 0.47 14.0 0.51 8.1 0.63 8.9 66 100 127 238 246
T 1.2 0.55 14.7 0.54 8.6 0.64 8.9 69 104 137 261 267
8 d. 1 0.38 13.3 0.53 8.9 0.63 8.4 76 102 126 245 264
9 I. 1. 0.45 14.3 0.54 8.6 0.64 99 70 102 130 235 246
10 1.0 0. 40 1301 0. 56 8.2 0. 65 8.4 71 101 127 241 253
mean 1.6 0. 46 14.4 0.52 8.2 0.65 8.7 71 103 132 248 258
min i@~ 0. 38 13.1 0.49 7.8 0.63 8.4 66 98 126 235 246
max. 3.3 0. 55 16.8 0. 56 8.9 0.67 9.1 8 111 142 268 278
S. D. 0.63 0.048 0.970 0. 021 0.36 0.012 0.29 3.9 3.8 8.5 10.6 11.0
C. V.(%) 44.4 0.25 104.5 4.03 4.4 1.92 3.8 5.4 3.7 4.2 4.3 4.3
S 2.9 0.38 12.4 0.49 8.1 0. 65 8.4 58 88 117 226 230
2 1.9 0.38 12.8 0.50 7.8 0. 66 9.0 67 101 130 241 249
3 2.0 0.38 11.3 0.52 7.8 0.65 8.4 75 112 144 251 254
4 3.1 0.39 11.1 0.50 .9 0.66 9.0 68 102 130 232 236
5 2.6 0.40 12.1 0.51 8.0 0.67 8.5 74 111 140 254 256
6 4.4 0.38 11.0 0.51 8.1 0.63 8.9 66 102 130 237 246
7 3.0 0.41- .12.2 0.54 8.6 0.64 8.9 71 107 133 253 262
8 28 0.37 12. 1 0.53 8.9 0.63 8.4 62 95 120 228 236
9 2.0 0. 40 11.8 0.54 8.6 0.64 9.1 67 102 131 258 266
10 2.0 0.40 13.2 0. 56 8.2 0.65 8.4 67 97 121 239 251
mean 2.5 0.39 12.0 0.52 8.2 0.65 8.7 67 101 128 242 248
min. 1.9 0.37 11.0 0. 49 7.8 0.63 8.4 58 117 226 230
max. 4.4 0. 41 13.2 0. 56 8.9 0.67 9.1 75 112 144 258 266
iy 0.75 0.013 0.681 0. 021 0. 36 0.012 0.29 4.8 6.9 8.2 10.9 11.1
C.V.(%) 61.7 0. 02 51.6 4.03 4.4 192 3.3 7.2 6.8 6.3 4.5 4.5
K#—) 3.9 0.49 13.0 0.48 9.3 0.45 7.9 61 97 127 187 202
2 3.0 0.49 13.0 0.50 8.8 0.44 7.8 55 92 122 177 207
3 3.5 0.49 12.6 0.47 8.8 0. 49 7.7 60 92 122 164 202
4 5.0 0.47 12.8 0.48 9.1 0.46 1.8 51 80 107 195 199
5 3.3 0. 52 12.7 0.49 9.0 0.43 7.9 58 91 122 176 192
6 4.9 0.58 13.2 0.47 8.8 0.44 7.8 56 97 127 180 186
7 3.6 0.45 13.0 0.49 8.9 0.44 7.9 55 84 111 162 186
8 3.2 0.49 12.6 0.48 8.1 0.49 7.6 62 101 135 193 217
g 4.6 0.49 13.0 0.47 9.0 0.45 7.8 57 87 117 180 196
10 4.2 0.58 12.8 0.48 8.7 0.49 7.9 64 92 120 167 173
mean 3.9 0.51 12:9 0.48 8.9 0. 46 7.8 58 91 121 178 196
min. 3.0 0.45 12.6 0.47 8.7 0.43 7.6 51 80 107 162 173
max. 5.0 0.58 13.2 0. 50 903 0.49 7.9 64 101 135 1 217
S.D. 0. 6! 0.041 0.19 0.008 0.18 0. 022 0.10 3.7 6.0 i 10.8 119
C.V.(%) 52.2 0.19 4.0 1.73 2.0 4.86 13 6.4 6.5 6.4 6.1 6.1

Footnote *; 8§ is SPRUCE, T is TODOMATSU and K is KARAMATSU .
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Table3 Allowable unit stresses of long term for
lumbers  KARAVATU and structural

| s LAUAN
phywood Unit kgf_or?
E B -5k £ M K »hAd v UIEREK
Grade Lfb, Lft Lfe Lfs ific E
H ®
Sel. Struct. 130 90 7 25 100 x 103
1 #
L # No. 1 110 80 7 25 100 x 10°
Lumbers
2 %
No. 2 90 65 7 25 90 x 10°
Wi AR LT 1A
Structural No.1—A 50 35 - - —
plywood

Footnote Lf  Allowable unit stress of long term
E  Modulus of elasticity . . ) .
Subscripts b, t, ¢, s and c indicate bending, tension, compression,
shear and compression perpendicular to grain.

A : Cross-section area A=A
Z : Section modulus Z=2Z1+22
I : Moment of inertia I =11+12
E : Young’'s modulus E =£11--';kk£ ( k=Ii/n)
/—}—\
O-L:-"'.
nze  ©Maz o .
I2,E2 12,E2 2
A,z NA,Z ALZi A1,Z1 R
1.E c+¥NIE Ih,Er 11,E °
Qi
(Unit;mm)
(1) (2) (3) (4)
A(cm?) 33.8 26.2 33.8 33.8
Z(cm3) 50.1 30.1 174.2 141.3
I(em4) 223 104 1092 770
7
Fig 7 Kinds and properties of member cross section
110 20kgf 1.5m
0.45m Wtop

s top

Lop {(20kgf mPx ) (3kgf m® cmx 150cmx 0.7)}x 0.45  151kgf m

v

) @3 x 150 x 1.0)}x 0.45  212kgf m

15kgf m? Skgf m? 12kgf
L bottom s bottom

s top {(20 X

L botton s bottom 15kgf m* Skgf m® x 0.45m 12kgf m 2lkgf m



3.3.2

U 39 48
68 69
1
2
¢ b 0.225
¢ Weop kgf x 0.225 p Wootton kgF x 0.225

if800 model 30
10

LPr = 34 kgf sPt = 48 kgf

( Design load of long(L) and short term(S) for top chord )

3.3.3

i ,"PfPt
2Pt ,0""" ll?
Pte + *
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1Az 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 /\ 39
, N A A A A A R 2 A A A &
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il AN P Pl Pl P ol Yl TV il Pl Pl Pl P Il Pl .
T 1 1 1 1 71 171 1 1 1 13717171771 17
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8
Fig 8 An analysis modelof Unique trussed
rafter for finite element method
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Fig 10 Exaggerated deformation diagram
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4
Table 4. Results of examination for grade and cross section of members

T % #
T%p%h?rd Bottom chord
EXRES
Element No. @-6-0-0 ®-B--0 @-8 G%-8-%-9 @-6-©-0 ®-@ 0-0-0-@ B-8-8-@
&, 2 2 & 2 & 2 % & & %
%Grad? I?Io.mZ No.ﬂ% No. 2 No. 2 No. 2 Sel. Struct. Sel. Struct. Sel. Struct.
WERA (cm?) 26.2 33.8 33.8 33.8 33.8 33.8 33.8 33.8
Cross-section area
WEFRKZ (cm®) 30.1 50.1 50. 1 50.1 50.1 174.2 141.3 50.1
Section modulus
EEES Ik (cm) 0.7x90.2 05%x9.2 05x451 0.5x90.2 0.7x90.2 — — -
Buckling length
WE_KEE i (=V1/A) 1.99 2.57 2.57 2.57 2.57 — — -
Radius of gyration (cm)
HEEL A (=1k/1) 31.70 17.55 8.78 17.55 24.58 - — -
Slenderness ratio
#  IN (kgh) 3 522 509 316 5 0 516 508
Axial force
g E— A v M (kgf*cm) 1107 1110 1122 1122 1076 15795 15795 1629
Bending moment
N M _ _ —
() 7uti+ (F) /uto 0.40 0.48 0.48 0.39 0.24
N M o _ _
()t (5) et - - 0.69 0.97 0.36
M y NAIL-i ! M
< !
" Fi 1
4 N"{'T 6 Foa + NZ
]
)
Q x ' Q
| a_ | a |
2 . 2 = .
Fi:/(%-cosﬁﬁ%)+(£§M;-smea+ —ﬁ—) IM=M+Q-a
Se =1Ielni
Ip=Lr?
2 2
=/( EM oy 4+ 890 (IMy, 4 Ny
I n Ir n n:Number of
nails
¢
150
2030 30 30 40
T I
9 =
2 J5 o8 o _
M .23.‘ 6 .12.9 o8 .Z I 8 i M k
b 13% o6 ¢ o &
Ne ‘ T o2 7" 0° o3 _S N
o2l o% o7 ' 9
Q o5 o6 o ot I __‘; - Q
1
1 300 1
(Unit; mm)
1

Fig 11 Design method for nailed plywood gusset

of chord splices
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Web
@-@ B-9-0-8 9-0-@-@ @
% % % & s % 1 & 2 %
Sel. Struct. Sel. Struct. Sel. Struct. No. 1 No. 2
3.8 33.8 33.8 33.8 33.8 top 0 kgf
501 501 5.1 _ _ bottom 508 kgf
— — — 1.0x118.2 1.0x129,7
— - — 1.10 110 top 63 kgf
bottom 18 kgf
- — - 107.75 118.24
508 508 311 678 448
top 1076 kgf cm
1281 813 289 0 0 bottom 813 kgf cm
— — — 0.71 0.48
0.31 0.24 0.11 — - 2
. 1612 63 \2 1612 2 .
_tgﬁﬁ‘%i{‘/( 338 ><4.54‘75' +(—3§§—X3.0 ) }/34—'0.82<1
. 966 18 \¢ . / 966 508 \2 =
11
LTo plywood 1
splice
Lo plywood Lfo plywood 1
splice splice
splice 0.9 1.2 x 8.9 18.6cm
splice 0.9 1.2 x8.92 6 27.7cm®
E— 50 0.78 1
E— 50 B 50 1.13 1
62kgf cm

— 50 — 50 05 1
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Fig 15 Test methods of flexural rigidity for
lumbers members and bending destructive
for structural plywoods gusset plates

5
Table 5 Results of bending dlestructive
test for structural plywoods

gusset plates
5 M 5.G. M.C. E P.L.S. M.O.R.
Plywoods (%) (x10%kgf/cm?) ( gf/cm? )
mean 0.52 8.8 64 316 469
min. 0.50 8.7 62 284 441
9mm Max- 0.55 9.0 67 329 505
S.D. 0.018 0.11 1.9 18.6  27.4
C.V.(%) 35 1.2 2.9 5.9 5.9
n 4 4 4 ¢ 4
mean 0.46 8.6 72 319 492
min. 0.45 86 69 295 458
2mm max. 0.48 8.6 75 346 513
mm s D, 0.011 0 2.3 18.7  22.17
C.V.(%) 2.5 0 31 5.9 4.6
n 4 4

Foot note ; Proportional limit stress

P.L.S.
M.O.E. ; Modulus of rupture
n ; Number of specimens

16

206



3.2.2
40.7 38.6 41.7 kg

16
Fig 16 Material No at Table 6

6
Table 6 Basic mechanical properties of members

HEES AR pa——
For the destructive testing For the creep testing
No. 1 No. 2 No. 3 No. 4 No. 5
Material Truss Truss Truss Truss Truss
No. R.W. S8.G. E R.W. S.G. E R.W. S.G. E E E
(mm) (x10%kgf/cm? (mm) (x10%kgf/cm?) (mm) ( x10°kgf/cm? )
1 6.2 0.45 89 3.1 0.56 136 4.2 0.56 112 122 119
2 5.8  0.52 90 3.4 0.59 137 45  0.53 113 128 118
3 5.9 0.4 68 3.9  0.45 70 7.0 0.47 72 75 78
4 7.2 0.44 84 3.3  0.63 136 3.4 0.50 113 126 118
5 6.6 0.54 90 3.2 0.61 137 4.3 0.53 113 128 118
[ 7.4 0.40 72 2.8 0.54 81 3.4 0.59 80 72 118
7 6.0 0.44 72 6.0 0.45 94 5.7 0.45 94 72 117
8 5.1 0.56 93 3.6 0.52 97 3.5  0.50 97 93 117
9 6.2 0.49 98 4.9 0.54 99 3.5  0.55 99 94 117
10 5.5 0. 46 83 6.2 0.49 98 5.1 0.52 99 7 118
11 5.3 0.45 79 4.6 0.56 93 5.0 0.54 93 79 117
12 8.0 0.53 80 8.0 0. 46 87 6.7 0. 46 87 80 117
13 7.2 0.38 72 7.4 0.49 87 6.0 0.50 98 72 118
14 2.5 0.51 81 5.3 0.43 83 4.1 0.45 83 81 118
15 3.5 0.67 7 4.5 0.44 79 3.9 0.67 77 72 117
N 1 2 3 13 4127 140
Footnote M.C.of members of trussNo 1 2 3 wereAve 13 4 12 7 14 0
4.1.2
17 4.50
0.45
)2 2
10 Y 10.9
780 kgf Weop  LWhottom
x 4 50 1050kgf Wiop  sWhotton X 4.50

100

kgf
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Fig 19 Load deflection curves at hode
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No. Oy 8 Oy + 0y do (4V(3)
(1 (2) (3) (4)
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Fig 20 Load elongation curves at bottom chord splice

7 U
Table 7 Results or bending destructive test for Unique trussed rafters

i &
Load (kgf) .

WIRTZNE
Po,L, Pe  Pmax  (6)/{5) (7)/(5) Type of failure
(5) (6) (7)

1050 2968 4047 2.83 3.8 Bending .of bottom chord (Cantilever part)
1050 1637 4875 1.56  4.64 Bending of bottom chord (Cantilever part)
1050 1484 3970 1.41 3.78 Bending of top chord and tension of bottom chord-splice

Ht oy OO DI L B MBEA . FREES
(2); Additional deflection by nailed gusset-slips (4); Observed deflection
G HAER At A
(5}; ﬁ%ﬁ‘[&'&}%g of short term
CoN SRR S5 B Rk # . o L
8= NieNi N; ; Real axial force of member-i (See Fig. 9) (6); Pro%)glonal limit load
ionieKs _ REHBEICSY M . Ultir:mte load

Ni ; Virtual axial force of member-i (See Fig. 21)
H oy FEBDETAR . X

ni ; Number of nails of member-i (See Fig. 21)
BMES

i ; Member No.
$Tic D R )

Ks ; Slip modulus (=1299kgf/cm, See Fig. 5)

64W1L F
3.2.1

(N)
(x107)

l . 5 A

ARICHOASTARYN T
pP= 1 QO :Number ot nails
21

Fig 21 Virtual axial force diagram
by virtual work principle






6 U
Photo 6 The whole view of Unique trussed rafters and typical examples
of joints after destructive test
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Photo 7 The wholeview of bending creep
test underintermittent snowfall
10ading for a pair of Unique trussed
rafters
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Fig 22 Test method of bending creep under intermittent
Snowfall loading for a pair of Unique trussed rafters
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Fig 23 Deformation diagrams of bottom
chard at each elapsed times of
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Table 8 Results of bending creep test under intermittemt snowfall
loadina for a _pair of Unique trussed rafters
RS EH OB O%A
Deflection of node 11 at design load of long term

7)) —THH

HEBES
Truss Elastic deflection (mm) Creep deflection (mm)

No.  0dm 8 du+d; o (4)/13) Gc—ca 01 G0 Ox0 Oaso

(1) (2) (3) (4) (5) (6) (n (8) (9)
4 4.16  1.91 6.07 6.23 1.03 18.21 6.77 7.61 12.97 13.82
(7span)
T2
5 3.89 1.9 5.88  5.81 0.99 17.64 6.36 7.46 11.86 13.35
(_span)
T 715
[ I ) T ROMEEBBE &
Footnote (1) (2), (4) ; See footnote of Table 7 (Ks =3466kgf/cm).
(5) ; 3% (Ot 0))

1, 120, 300 R 480B#%D 7 ) — 7' HBH
(6) (7), (8) (9); Creep deflections at after 1, 120, 300 and 480 days.
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Fig 24 Creep deflection at node 11 and Creep
elongation of bottom chord splice
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Fig 25 Outline of a house using
trussed rafters
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Photo 8 Drawing a real scale
figure on working stage

9
Photo 9 Cutting gussets

10
Photo 10 Fabrication of
trussed rafters

11
Photo 11 A site view of
trussed rafters on the
building site
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Photo 12  Continued
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Photo 12  Continued
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Fig 27 Shape of truss examined bending destructive
test and node No

1

fii& - 7=t IELwtn
Wrong shape Exact shape

28
Fig 28 A wrong part in node 7

9
Table 9 Basic mechanical properties of members

A 0 o akE  vroEM RAIREISS i BIERRE
E P.L.S M.O.R.

L] M. C. .L.S. M.O.

S.G. R.W.(mm) (%) (x10°kgf/cm? ( kgf/cm? )
Mean 0.42 1.60 10.3 93 440 629
Min. 0.33 0.56 9.6 69 224 334
Max. 0.50 2.66 10.9 135 540 873
S. D. 0. 045 0.52 0.39 18.2 92 139

C.V.(%) 10.7 32.5 3.7 19.5 20.9 22.1
n 13 13 13 12 12 12
(kgf)
. . « P 4000
Pyl BAHE

Ultimate load 3258 kgf

o

TR DS

3000 +
A Nod. a
155 910 "°% 8 910 455 010 g0 . &
+ mm
ad
= === 2000, N
+ \» F—a— 77 + + <4 + t—g
A - "SRR

+ + + + + + + . /
\ ~ //Design load of short term 1080kgf
Nt y‘ s e 1000 F7"" A . R

R AR
Design load of long term 800kgf

Deflection of bottom chord

.
38

0 1 ' L s
—— At design load of long term 20 40 60 80 100
-—-At design load of short term Wos o8 O A (mm)
—-—Close to failure Deflection at node 8
29 30

Fig 30 Load deflection curve at

Fig 29 Deformation diagrams of
node 8 of bottom chord

bottom chord at bending
destructive test
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Photo 13 The whole view of bending destructive test
and joints after test
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