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Experimental Studies on Efficient of Joint with Glued Plywood Gussets

Report 3. Effect of Plywood Gusset Plates to Rigidity and
Strength of Wooden Fink Trusses
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Fig. 1. Details of specimens of wooden fink trusses with glued
plywood gusset plates.
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Table 1. Dimension and modulus of elasticity of wooden fink truss members

Length Breoadth Height Moment Modulus  Liner Flexural

f
Truss Member of ° Area of of L o
member s%rc(iiss;l s(iercotiss;x inertia elasticity rigidity  rigidity
No. of truss ¢ b h A=bh I E EA EI
(cm) (cm) (cm) (cm?) (cmt) (103kg/em?) (103kg) (103 kg-cm?)
AB 103.9 2.01 4.02 8.08 10.87 134.1 1084 1458
AC 103.9 2.01 4.03 8.10 10.95 136.8 1108 1498
AD 60.0 2.03 4.02 8.16 10.98 125.3 1022 1377
1 AE 60.0 2.03 4.02 8.16 10.98 125.3 1022 1243
DF 30.0 . 2.03 4.02 8.16 10.98 125.3 1022 1377
EG 30.0 2.03 4.02 8.16 10.98 125.3 1022 1243
BC 180.0 201 401 8.06 10.79 125.2 1009 1351
AB 103.9 201 4.02 8.08 10.83 130.8 1057 1419
AC 103.9 2.02 4.02 8.12 10.93 128.9 1047 1411
AD 60.0 2.02 4.03 8.14 11.01 1214 988 1338
2 AE 60.0 2.02 4,02 8.12 10.93 116.2 944 1271
DF 30.0 2.02 4.02 8.12 10.93 120.4 978 1318
EG 30.0 2.02 4.02 8.12 10.93 116.2 944 1271
BC 180.0 2.01 4.01 8.06 10.79 125.2 1009 1352
AB 103.9 2.02 4,03 814 11.01 129.3 1053 1425
AC 103.9 2.00 4,02 8.04 10.82 128.1 1030 1388
AD 60.0 2.03 4.02 8.16 10.98 1155 942 1268
3 AE 60.0 2.02 4.03 814 11.01 116.2 946 1281
DF 30.0 2.03 4,02 8.16 10.98 1155 942 1268
EG 30.0 2.02 4,03 8.14 11.01 116.2 946 1281

BC 1800 201 402 8.08 10.87 1245 1006 1353
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Truss Member l b 3 A I E EA EI
No.of truss {cm) {cm) (cm) (cm?) (cm%) (103kg/cm?) (103kg) (103kg-cm?)

AB 103.9 2.02 4.03 8.14 11.01 1214 988 1338

AC 103.9 2.00 4.02 8.04 10.82 121.4 976 1314

AD 60.0 201 4.02 8.08 10.87 113.3 915 1231

4 AE 60.0 2.01 4,04 8.12 11.03 111.8 908 1233
DF 300 2.02 4.02 8.12 10.93 108.5 881 1188

EG 30.0 2.01 4.04 812 11.03 111.8 908 1233

BC 180.0 2.00 401 8.02 10.73 1222 980 1313

AB 103.9 2.02 4.02 8.12 10.93 143.8 1168 1572

AC 103.9 2.01 4.02 8.08 10.87 140.2 1133 1522

AD 60.0 2.00 4.02 8.04 10.82 131.7 1059 1425

5 AE 60.0 2.02 4.02 8.12 10.93 140.3 1139 1536
DF 30.0 2.00 402 8.04 10.82 131.7 1059 1425

EG 30.0 2.02 4.02 8.12 10.93 140.3 1139 1536

BC 180.0 2.02 4.03 8.14 11.01 131.8 1073 1450

AB 103.9 2.01 4.02 8.08 10.87 139.3 1126 1516

AC 103.9 201 403 8.10 10.95 139.0 1126 1522

AD 60.0 2.01 4.03 8.10 10.95 1254 1016 1373

6 AE 60.0 2.02 4.03 8.14 11.01 129.3 1053 1425
DF 300 201 4.03 8.10 10.95 1254 1016 1373

EG 30.0 2.02 4.03 8.14 11.01 129.3 1053 1425

BC 180.0 201 4.02 8.08 10.87 1245 1006 1353

AB 103.9 2.01 4.02 8.08 10.87 114.7 927 1247

AC 103.9 2.01 4.02 8.04 10.87 115.1 930 1251

AD 60.0 2.02 4.03 8.14 11.01 106.4 866 1172

7 AE 60.0 2.03 4.02 8.16 10.98 97.6 796 1071
DF 30.0 2.02 4.03 8.14 11.01 106.4 866 1172

EG 30.0 2.03 4.02 8.16 10.98 97.6 796 1071

BC 180.0 2.00 4.03 8.06 10.90 106.0 854 1156

AB 103.9 2.02 4.03 8.14 11.01 106.2 864 1170

AC 103.9 2.02 4.02 8.12 10.93 107.2 870 1172

AD 60.0 2.03 4.03 8.18 11.05 96.0 785 1061

8 AE 60.0 2.02 4.02 8.12 10.93 95.8 778 1047
DF 30.0 2.03 4.03 8.18 11.05 96.0 785 1061

EG 30.0 2.02 4.02 8.12 10.93 95.8 778 1047

BC 180.0 2.00 4,02 8.14 10.82 105.9 851 1147

AB 103.9 2.00 402 8.04 10.82 120.8 971 1309

AC 103.9 201 4,04 812 11.03 120.8 981 1332

AD 60.0 2.02 4.02 8.12 10.93 109.3 888 1197

9 AE 60.0 2.00 4.03 8.06 10.90 107.7 868 1173
DF 30.0 202 4.02 8.12 10.93 109.3 888 1197

EG 30.0 2.00 4.03 8.06 10.90 107.7 868 1173

BC 180.0 2.02 4,02 812 10.93 110.9 901 1213

AB 103.9 2,01 4.02 8.08 10.87 120.7 975 1312

AC 103.9 2.02 4.02 8.12 10.93 120.4 978 1318

AD 60.0 201 4.02 8.08 10.87 106.3 859 1157

10 AE 60.0 2,01 4.03 8.10 10.95 100.2 812 1097
DF 300 201 4.02 8.08 10.87 106.3 859 1157

EG 30.0 201 4.03 810 10.95 100.2 812 1097

BC 180.0 201 401 8.06 1079 108.1 871 1166
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Table 2. Properties of Shina-plywood (average value)

. Tension tests Bending tests
Moisture Specific Face-grain  padal - Modul :
odulus o odulus o
content gravity elasticity Strength elasticity Strength
u ru direction E: ot Ep s
(%) (108 kg/cm?) (kg/cm?) (103 kg/cm?) (kg/cm?)
o 94.1
0 54.8 479 (103.0) 624
85 0.51 90° 41.9 353 13.9 220
45° 15.2 138 20.5 262
( ): Value for 182cmx91 cm size.
#F#3 vr6mm3751 (1L5mm+30mm+15mm) SKEOHRE
Table 3. Strength properties of 6 mm 3 ply (1.5 mm+3.0 mm-+1.5 mm)
Shina-plywood (kg/cm?)

Angle of Strength of veneer : Strength of plywood . Glue
grain . . Latera . . Lateral  Rolling bond
direction ’fre;ls 11:}31 Eg,?;n?g bending S’{:éllfllf:i Sgi?lrutlﬁ bending shear strength
s g g strength g s g strength strength
6° ) 7/ an oy T an T g
0 900 60 800 450 100 400 25 50
15 800 — 600 310 110 275 25 50
30 450 — 300 220 140 200 25 50
45 250 — 180 195 170 180 25 50
60 180 — 110 220 140 200 25 50
75 150 — 90 310 110 275 25 50
90 45 200 40 450 100 400 25 50

ERZEIVEBERT, Fey b OME, ik BR, TRAES I OBEETRZS
WTIE A BIVOR-215RT, Truss 1~6 F Tl H €y <, WikE X OEERREY
BLicl, AIABELO0, 90 % X045 F L& b X, Truss 5~10 (X AREAE % 45 £
LED, BERT Ly rORE%9, 135 K10 18cm ALY, fiov ey FLIh
W U CE s R,

H R A E (FRERIKARBSCOVLT, RS EnATRARER 2 H
THEY G, HERRISS AHECEL LS H4 AHET, WELSC I X7 7
BHEHM 10cmX20cm) OREBXELT2H1IMAL L, 2BOEESt OBMTEY + v F20F
S TEBBCA—FMEI 222 X5 L, ARGEOHEBEMCISARORE 2 EEL
TREZ KX L, ¥-RBRGEOWNE 6 #FHcshibd R E L CRBHLEEORK
Bhe b AMBOBREESNWER LBV, R-3cRRFEEME () &HEMEM
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Table 4. Angle of grain direction, length, area of gussets for wooden
fink trusses

Angle of grain direction
of gusset against shear

(6°) (cm) {cm?)

Truss Truss Truss Truss Truss Truss Truss Truss  Truss
1, 2 3,4 5~10 1~6 7, 8 9, 10 1~6 7, 8 9, 10

Length of gusset Area of gusset
Location

of gusset

AF (AG) 30 30 30 6.30 7.00 8.00 25.20 28.00 32.00
AD (AE) 30 30 30 6.30 7.50 9.30 8.03 13.00 18.73
BF (CG) 0 90 45 9.70 14.90 20.10 22,90 43.94 64.58
BD (CF) 0 90 45 842 12.92 17.42 36.00 54.00 72.00
FA (GA) 0 90 - 45 2.00 2.00 - 2.00 8.00 8.00 8.00
FD (GE) 0 90 45 4.00 5.00 6.00 8.00 12.00 16.00
FB (GC) 0 90 45 2.00 2.00 2.00 8.00 8.00 8.00
DA (EA) 0 90 45 4.64 5.80 6.96 8.06 12.46 17.45
DF (EG) 0 90 45 4.64 5.80 6.96 8.06 12.46 17.45
DB (EC) 0 90 45 462 5.21 5.80 18.48 20.84 22.30
DE (ED) 0 90 45 4.62 5.21 5.80 18.48 20.84 22.30

B2 &% &y vy b OFM
Fig. 2. Details of plywood gusset plates.

B (S AMHEMEBEYRT, FE Ok JLic, BBERRELAR 13 5HTOE
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Fig. 3. Locations of loads and dial gages for measuring deflection.
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Table 5. Percent of member stresses in wooden fink trusses

Member stress (kg/cm?) due to Percent of member stress due to
Truss Member i _
of Axial Modified Angular Deflec- F;}r(:zld- Axial Modified Anglu]ar Deflec- F:I(ledd-
No- Pruss force fa:rl:}g dllsr?éi(t:e- tion krf:r?lienngt force fa;{;cal dllsrf)eﬁse- tion }:le;‘rgg:lgt
AF —772 —-87.0 +24.6 +7.8 +237.0 (21.7) 244 6.9 22 66.5
FA -772 —-870 +49.2 +7.8 +1945 (22.8) 25,7 145 23 575
AD +268 4246 +125 +3.9 0 (65.3) 59.9 305 9.6 0
DA +26.8 +246 +25.0 +3.9 0 (60.1) 45.8 46.8 74 0
BF —926 —1052 +4144 2252 =+2306 (9.5) 10.8 425 23.1 23.6
5 FB —926 —1052 =£2472 +2252 =+1566 (12.6) 14.3 33.7 30.7 213
BD +799 +827 +£3211 =+156.7 0 (14.2) 14.7 57.3 280 0
DB +799 +827 +£1058 =+156.7 0 (19.1) 19.7 429 374 0
DF —26.8 —232 1058 +160.8 0 (92 8.0 36.5 55.5 0
FD —268 —232 =+1253 =+160.8 0 (87 75 40.5 52.0 0
DE +532 4570 +11.7 0 0 (77.5) 83.0 17.0 0 0
AF —774 —86.3 +37.2 +4.8 +2367 (21.2) 23.6 10.2 1.3 64.9
FA —774 —86.3 +74.3 +4.8 +1909 (21.7) 24.2 209 1.3 53.6
AD +266 +23.2 +9.3 +4.6 0 (7.7 62.6 25.1 12.3 0
DA +266 +23.2 +18.6 +4.6 0 (57.3) 50.1 40.1 9.8 0
BF —928 —1041 =£530.7 +293.2 =+2075 (82 9.2 46.7 258 183
7 FB —928 —1041 +£3254 +293.2 +959 (11.5) 12.7 39.8 35.8 11.7
BD +80.7 +828 £3922 +19.1 0 (1200 123 58.4 293 0
DB +80.7 +828 +212.7 +196.1 0 (16.4) 16.8 43.2 40.0 0
DF —266 —207 1116 =164.9 0 (89 70 375 55.5 0
FD —266 —20.7 +£1536 =+164.9 0 (78 6.1 45.3 486 0
DE +563.7 +59.1 +94 0 0 (785) 86.3 13.7 0 0
AF —774 —T746 +47.7 +4.9 +2345 (214) 20.6 13.3 1.3 64.8
FA —774 —746 +95.3 +4.9 1759 (22.1) 21.3 271 14 50.2
AD +26.7 +154 +13.9 +4.6 0 (78.7) 45.4 41.1 135 0
DA 4267 +154 £279 £46 0 (55.8) 322 58.2 9.6 0
BF —928 —91.7 +6688 +220.3 =+1451 { 82) 81 59.4 19.6 12,9
9 FB —928 —91.7 +4349 =+£2203 +356 (11.9) 117 55.6 28.2 45
BD +80.1 +67.7 +4621 =158.6 0 (11.6) 9.8 67.2 230 0
DB +80.1 +67.7 =+2531 =+158.6 0 (16.7) 14.1 52.8 331 0
DF —26.7 —120 1656 =+222.8 0 (67 3.0 414 55.6 0
FD —26.7 —120 =+2388 +222.8 0 (56 25 50.5 47.0 0
DE +533 +60.7 +11.2 0 0 (742 844 15.6 0 0
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Fig. 4. Deformation of fink truss.

dotted line: deformation due to primary stress.
real curve: deformation due to scondary stress.
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Table 6. Results of tests for wooden fink trusses

(Midspan deflection of lower chord)

Gusset of heel joint Areq of Calculated displacement Experi- Experi-
Truss Angle of Length glue bond due to due to Slide mental mental
grain against at axial slide of  displace. displace- displace.
No. direction shear truss peak force gusset T Axii] 0 Mment Calculated
(6°) (cm) {cm?) (cm) {cm) displace. (cm) displace.
1 9.0 8.03 0.227 0.022 0.097 0.255 0.992
2 9.0 8.03 0.233 0.022 0.095 0.221 0.949
3 90 9.0 8.03 0.235 0.022 0.094 0.188 0.800
4 90 9.0 8.03 0.246 0.022 0.090 — —
5 45 9.0 8.03 0.215 0.022 0.105 0.189 0.886
6 45 9.0 8.03 0.223 0.022 0.099 0.243 1.089
7 45 135 13.00 0.269 0.018 0.068 0.317 1.165
8 45 135 13.00 0.281 0.018 0.065 0.235 0.836
9 45 18.0 18.73 0.269 0.016 0.060 0.207 0.769
10 45 18.0 18.73 0.259 0.016 0.064 0.257 0.996
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Table 7. Results of tests for wooden fink trusses
(Ultimate load)

Calculated ultimate load (kg) Experi- Exp. load Failure
Truss a¢ heel gusset at peak gusset ailtlxgl%)er mental ~ Cal- load ) Wood
due to due to due to due to due to ultimate due to due to Location  Type of fa;(l;}‘e
> n}:zl;.lr-y Sc:rr;d- rgzrilr_y sc;rr;d- SC:rI;d- load nIl);lr'y sc;r;d- of failure failure  cent
stress stress stress stress stress (kg) stress stress (%)
1 1662 1577 1855 1754 2619 1440 0.866 0.913 Heel Shear 100
2 1622 1662 1855 1663 2492 1340 0.806 0.806 Heel Shear 100
3 1662 1578 1855 1679 2532 1450 0.872 0919 Heel Shear 100
4 1662 1580 1855 1689 2432 1120 0672 0709 Heel Glue bond
5 2825 2729 1855 1540 2789 1270 0.685 0.824 Peak Glue bond 0
6 2825 2729 1855 1981 2744 1820 0.981 0.919 Peak Glue bond
7 4237 4128 3002 2963 2475 2000 — 0.808 Upper ch. Bending 100
8 4237 4000 3002 2812 2010 2120 — 1055 Upper ch. Bending 100
9 5649 6681 4327 6288 2092 2090 — 0999 Upper ch. Bending 100
10 5649 6319 4327 6258 2166 (2120) — (0.979) Upper ch. Bending 100
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Summary

This paper presents the effect of plywood gusset plates to deflection and strength
of wooden fink trusses. The specimen was limited to a fink-type, 180 cm span, 30°
pitch trussed rafter consisting of 2cmX4cm members and five different type of
plywood gusset plates. The wood was kiln-dried clear Ezomatsu (Picea jezoensis) of
average density for this species and of YOUNG’s modulus of E=958~143.8x10°
kg/cm?®. The gusset plates were cut from Shina (Tilia sp.)-plywood, 6 mm in thick-
ness, constructed from 1.5, 3.0 and 1.5 mm veneers, and fastened with a kind of urea-
formaldehyde resin glue. Pressure for gluing was applied with 20 mm commom
nails spaced 2 cm apart. The dimensions and grain directions of the face veneer of
the gusset plates were showed in Table 4.

All trusses were tested in a pair, and the loads were applied by using two
hydraulic jacks with 5 tons capacity through four purlins by which two specimens
connected with each other at the loading points. The deflections at three points of
the specimen were measured by using dial gages with 30 mm stroke and 1/100 mm
readings at 50.kg load increments as shown in Figure 3.
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The theoretical secondary stresses in truss members were calculated by the
method introduced by S. K. SUDDARTH® and the theoretical deflections of trusses
were obtained from CASTILIANO’s theorem by using the primary stresses. The theo-
retical value of the ultimate load (P) was obtained from the following analysis:

When a shearing failure occurs at the heel joint,

XIXs
P =205
! Fzp
where: t=shear strength of plywood.

t = thickness of plywood.
s=length of plywood.
Fgp = axial force in member AB.

When the peak joint fails by rolling shear,

TT
PZ_ FAD + MADXT

A I,

where: 7, =rolling shear strength of plywood.

A = glue bond area of member AD.
I, = polar moment of inertia of the bond.
r = radius of gyration of the bond.
F4p = axial force in member AD.
M ,p = bending moment in member AD.

When member AF of the upper chord fails by bending moment,

6y 0006XEXZ
B M T M
Z

where: ¢ =modulus of rupture of member AF.
E =YOUNG’s modulus of member AF.
Z = section modulus of member AF.
M,z = bending moment in member AF.

The minimum value in P;, P, and P; may be the theoretical value of the ultimate
load for the truss.

The results of calculations and tests are summarized as follows:

1) Stresses in the upper and lower chords were high in most members. Stresses
in member AF of the upper chords were caused by, in the main, the fixed-end
bending moments, while those in member FB of the upper chords and member BD
of lower chords being by, in the main, the angular displacements and the member
rotations.

2) The experimental values of the deflections were agreed generally with those
calculated by a general method for trusses with pin-joints without regard to the
sizes and grain directions of the plywood gusset plates. It was supposed that the
deflections of trusses due to the shear deformation of plywood gusset plates were 6
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to 10 per cent of those of pin-jointed trusses.

3) When the truss failed at the heel joint by shearing force, the theoretical
value of the ultimate load compared well with the experimental value. When it
failed at the peak joint by rolling shear, the theoretical value did not agree with
the experimental one. In this case, the true effective bond area might be not ob-
vious. When the upper chord failed by bending moment, the theoretical value coin-
cided approximately with the experimental one.



