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Experimental Studies on Efficient of Joints with Glued Plywood Gussets

Report 2. Deflections and Strength of Quadrangular
Frames Jointed with Glued Plywood Gusset
Plates and Frames with Knee Braces
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Fig. 1. Details of specimens. (1) Quadrangular frame with glued plywood
gusset plates. (2) Pin-connected knee brace. (3) Bolted knee brace
in accordance with JASS 11.
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Fig. 2. Locations of dial gages for measuring
deflections. (1) Quadrangular frame with
glued plywood gusset plates. (2) Frame
with knee braces. (3) Span of beam in
structure with knee braces, in a practical
calculation.

59



60 TBERFRLBEBRFRRE F268 17

P
8.925P | o % 8.925P
(&)
© 16.075P ©
01478P 01478P
TosP Tasp
13.40 / 166l
[&]
[S]
@
P:l 1/2‘.70
—_—
(0723 0277
o3 103

M3 MEs-—2voMEIOME
Fig. 3. M and M diagrams for quadrangular frame.
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Table 1. Properties of members of quadrangular frames with glued
plywood gusset plates

. Moment Modulus
Specimen Width Height rigfitlllcl)gs of P;l'e}i(;iial of
P N Member b h inertia lglaity elasticity
0. bi I
(cm) (cm) (cm3) (cm?) (108kg cm?) (103kg/cm?2)

AB 4.895 5.040 20.72 52.22 6.736 129

1 BC 4.895 5.043 20.75 52.32 7.272 139

‘ CD 4.885 5.032 20.62 51.87 6.536 126

AB 4.887 5.013 20.47 51.30 5.387 105

2 BC 4912 5.002 20.48 51.23 6.096 119

CD 4.895 5.047 20.78 52.44 5.150 98

AB 4.890 5.002 20.39 51.00 6.222 122

3 BC 4.905 5.000 20.44 51.21 7.220 141

CD 4.888 5.020 20.563 51.53 6.184 120

AB 4915 4.995 20.44 51.04 5.104 100

4 BC 4,902 4,753 18.46 43.88 5.967 136

CD 4913 4,998 20.45 51.12 4.943 97

AB 4,785 5.035 20.22 50.90 5.243 103

5 BC 4,795 5.035 20.26 51.00 5.865 115

CD 4.780 5.020 20.08 50.39 5.795 ' 115

AB 4.810 5.050 20.44 51.62 4.821 93

6 BC 4.825 4.984 19.98 4981 6.027 121

CD 4.860 5.005 20.29 50.78 5.078 100
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Table 2. Deflections of quadrangular frames with glued plywood gusset plates

. Side 1 n Deflection (10-3cm/20kg) Ratio
Specimen :)fegs:sgett Experimental* Calculated** (Exp./Cal.
No. a
Av. of Av. of Av. of

fem) né&v, W n&v, VW nhé&v, VW

15 4.68 273 6.09 29.9 0.77 0.91

2 15 5.98 29.8 7.72 373 0.77 0.80
3 175 6.06 26.5 6.52 313 0.93 0.85
175 791 315 8.09 39.1 0.98 0.81

20 7.28 25.0 7.18 33.9 1.02 0.74

6 20 7.89 25.3 8.11 38.5 0.97 0.66

(Remarks) * Value in elastic range, ** Theoretical value of elastic deflection, calculated
from flexural rigidities of members. Positions of measuring deflections, Uy, U,
and W are shown in figure 2-(1).
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Table 3. Strength of quadrangular frames with glued plywood gusset plates

Side length Max. bending Modulus of rupture

Specimen of gusset moment (kg/cm?) Exp. _ap e :

No. 2 Momax Exp. Cal* Cal. 57> Condition of failure
(em) (102kg cm) o b

1 15 147 710 836 0.85 395 Shear in glue line

2 15 157 766 716 107 426 ”
175 216 1,067 844 125 588 Bending in member
17.5 175 950 814 117 528 »
20 215 1,060 688 154 589 »
20 217 1,090 730 149 6.06 ”

(Remarks) * Calculated by using 5=EX0.006. gfs: allowable stress intensity for high
grade Ezomatsu in bending under short-time service, 180 kg/cm?.

B, 30 3KERM (BC) o R THFEE L, ZOEFHRIALIZNE, FLy b0
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{E-AVMZE - THME Ay P EOBEERBCET2RANCHL, EEREY TR
TESDREL, ZhhFEsikeE, Q) coBEGHcksTalFe— 2y b,
ey P OWDEFETHEIPEFL, b B) #ty FoBEMEE ) kv TER
AETDENED EREFL, WEMILENE S e EXbhillyv, EEOFFOIXHL
1) OBFEE T, EHCRTL2EIEY S LOBESFEE, v—) VY7 —@EKD
WTLBRE I hRIE by, ¥, ZOMET — 2 VOB IXHT E~ 2 vV rORK
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& MO EI —FED LX) THD, Lich->T (2) ofFhick T, 48Ry
T~ AV ERETRER VLY, ey PO TTL I LT D,

IOXSEWMFT ey PEBRECIAHETCR UL, Ty PHEARZEL, Thy
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Table 4. Properties of members of quadrangular frames with knee braces

. Moment Modulus
. . Section Flexural
. width Height of Y of
Spti\(;lmen Member b h modulus inertia rigidity elasticity
0. 7 EI E
(cm) (cm) (cm3) (cm?) (106kg cm?) (103kg/cm?)
AB 4.892 5.057 20.9 52.7 5.34 101
7 BC 4.900 5.037 20.7 52.1 6.85 131
CD 4,907 5.027 20,7 52.0 5.90 114
AB 4.892 5.057 20.9 52.7 5.34 101
8 BC 4902 5.057 20.9 52.8 5.79 110
CD 4.907 5.027 20.7 52.0 5.90 114
AB 4.892 5.057 20.9 52.7 5.34 101
9 BC 4,907 5.033 20.7 52.1 6.87 132
CD 4.907 5.035 20.7 522 498 95
AB 4.892 5.057 20.9 52.7 5.34 101
10 BC 4.907 5.020 20.6 51.7 5.86 113
CD 4.907 5.035 20.7 52.2 498 95
AB 4.950 4.945 20.2 49.8 5.22 105
11 BC 4.950 5.060 21.1 53.3 6.42 121
CD 4.945 5.000 20.6 51.5 5.22 101
AB 4.940 5.040 20.9 52.7 5.22 99
12 BC 4.940 5.025 20.8 52.2 6.08 116
CD 4.960 5.035 21.0 52.8 522 99
AB 4,945 5.050 21.0 53.2 5.22 98
13 BC 4.950 5.045 21.0 529 6.58 124
CD 4.960 5.010 20.7 51.9 4.84 93
AB 4.945 5.000 20.6 515 5.22 101
14 BC 4.940 5.000 20.6 51.5 5.63 109
CD 4,940 5.005 20.6 51.6 5.04 98

(Remarks) Specimen Nos. 7 to 10 are frames with pin-connected knee braces, Nos. 11 to 14
are with bolted knee braces.



66 EERFRFRHBRTERE £ 265 H17

WEBRABRA T/ -7, No.1l~14 11 JASS1l RIHE U LTEC L 5RBEEL, +
hERR-18) Rt L 5 9mm AL bt h EELLLDOTHS, No.ll~12 Tik
a=15cm, No.13~14 Tix @=20cm & LT, ZhZ Btk D e MR B 772
foo ¥, HO20ETF— 2 VRBBAED BRIV C HEOEAITATHE-12) X0 @)
CRT XK, AVHEAREL, EHRLOFLICERZImMm DAL P EER L, O
HVEBEBEED No.7~10 TiEA /%P5 L, ZOEARL TE 3T e voREBICE
{fehrorlic,

SDHDBZ0ET - AVERBWT, BHOBMEEl »—EL LicEED, HEPITX
5 Mk I OBEWRESCBEEEHE P=1 %20k xo M Q% R4erd. &
REMAIC BT 5 M 320 M KE®EM 0 EI »3—F Tl o, SOFELEP LR,
Ik T DB RS BT TE RALEFE (& 2 1Tl -21UY) b O E A -
BEY ORIB L ofoh R AKIC X 2 HETIT - 1o,

F#—-H HIx2x5—-AvoORiERRBRER

Table 5. Deflections of quadrangular frames with knee braces

Deflection (10-3cm/20kg)

Size of R Ratio
Specimen knee brace Experimental* Calculated** (Exp.)/(Cal,)
No. @ Av. of Av. of W Av. of Av. of Av. of Av. of W
(cm) U &U; Vi &V, UBL,&U, Vi&V, U0&U, Vi &V,
20 8.87 134 260 6.94 7.88 185 1.28 1.70 141
20 124 170 344 7.44 816 201 1.67 208 171
9 25 13.1 138 285 8.89 9.18 15.6 1.47 150 1.83
10 25 12.3 20.8 34.4 9.19 9.58 16.5 1.34 2.18 212
7 35 7.34 116 14.2 7.31 5.27 915 100 273 155
35 7.59 12.6 14.8 7.60 5.31 950 1.00 237 156
. 35 7.64 13.1 16.1 7.86 5.66 977 097 232 165
10 35 8.20 124 155 8.03 5.81 999 102 214 155
Av. 1.22 213 167
11 15 7.06 9.89 266 7.26 7.28 224 0.97 1.35 1.19
12 15 7.04 102 251 7.34 764 230 0.96 1.33  1.09
13 20 7.64 10.1 21.7 7.62 8.64 20.0 1.00 117 1.04
14 20 7.60 104 227 7.78 882 213 0.98 118  1.07
Av. 0.98 1.26 1.10

(Remarks) Specimen Nos. 7 to 10 are frames with pin-connected knee braces, Nos. 11 to 14
are with bolted knee braces. * Value in elastic range, ** Theoretical value of
elastic deflection, calculated from flexural rigidities of members. Positions of
measuring deflections, Uy, Us, Vi, V3 and W are shown in figure 2-(2).
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Table 6. Strength .of quadrangular frames with knee braces

Modulus of rupture

Size of Max. bending (kg/cm?) Exp o

Specimen knee brace moment .. .
pNo. T a Mmax Exp. Cal * Cal. “sfo Condition of failure
(cm) (102kg cm) b ob
7 20 172 831 788 105 462 Bending in member
20 154 737 658 112 410 »
9 25 133 643 793 081 357 »
10 25 172 554 680 082 308 »
Av. — 168 711 730 090 384 —
11 15 195 926 747 124 515 Bending in member
12 15 174 839 657 128 467 Shear in member
13 20 222 1,060 722 142 5.89 Bending in member
14 20 183 889 698 1.27 494 »
Av. — 193 929 706 132 5.16 —

(Remarks) Cal.*: Calculated by using g»=EX0.006, Nos. 7 to 10 specimens are frames with
pin-connected knee braces, and Nos. 11 to 14 are with bolted knee braces.
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Table 7. Summary of test results

Size of Deflection at Modulus of
knee brace midspan (W rupture
Kind Specimen or gusset (10-3cm/20kg) (kg/cm?) d ] g g
No. plate < Py — fr
a Exp. Cal. Cal Exp. Cal K b 8jb
(cm) 4 3 a9’ gy Gb
15 273 299 710 836 0.91 0.85 3.9
2 15 298 373 766 716 0.80 1.07 4.26
Frames
with glued 3 175 26,5 313 1,057 844 0.85 125 5.88
plywood
gusset 4 17.5 315 391 950 814 0.81 1.17 5.28
plates :
5 20 250 339 1,060 688 0.74 154 589
20 253 385 1,090 730 0.66 149 6.06
(7 20 260 185 31.2 831 788 141 083 1.05 4.62
Eramqs 8 20 344 201 368 737 658 171 094 112 410
with pin-
Connected ) g 25 285 156 238 643 793 183 120 081 357
10 25 344 165 280 554 680 212 123 082 3.08
11 15 266 224 398 926 747 1.19 067 124 515
Frames | 12 15 251 230 422 839 657 109 059 128 467
with bolted
knee braces | 13 20 217 200 324 1,060 722 104 067 142 589
14 20 227 213 380 889 698 1.07 060 127 494

(Remarks) &: theoretical value calculated from flexural rigidities of members of frames,
8’: Calculated by the method shown in figure 2-(3). g»=EXx0.006.

Bz oW ToFRHE) AT, HHEESX5cm, v v/ HE E=100xX10°kg/cm? o
EHVCHBE L 0 B LOBRAHE Puax OfEY F-810/RT,

FBLHEWT, EHOBRL/DNE D12 JASS THILILH T2 2E5— A VD
a=20cm D DOT, DPOTHER T2y PEBFEC LS a=20cm DL DO TH B, a=15cm
DBV LEALRB IS a BRI CED, AR FEy itk bbb DLy, JASS T
XA FD22ED0L00HERREATORIKIERE, X E-O)BIUG AT X
2 aDENPEDOBETOLNCBIOGR ALy MREF D2 O DOEZI S L
Exbh?, e VEGSRCIZHS22EDL0, WThb a DEILEADLDL L
BARETFIED ) KRE L,

BRTTE Pmax 2B KRN JASS THEOH S22 2& D a=20cm 0, 0T 1410kg, &
NNIER T2y VEBECLS a=15ecm 00T, 750kg Thd, RAHECEVTL
JASS THR XA F32 2% DL 00nFT R Tw5b, Y VEASAR I S1 280D
DEHEE TR » Tiedy, ZOBRKMETE» L) AV EYRL, GR» €y MEE
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£—8 WHMKE—F 6X5cm lFiE, E=100xX103kg/cm?) 7 — 2 V2
BELILKFEHFROERS L ORAREOE
Table 8. Values of deflection ‘at mid-span and max. load converted into frames with
constant EI (5x5cm cross section and E=100x103kg/cm?) members

Size of gusset Converted Converted

Kind of frame or knee brace o* deflection ap* max. load
a 5 d . ab Pmax
(cm) (10-3cm/20kg) (kg)
15 0.86 317 0.96 750
gjﬁ;‘;fspvlgf?sglued plywood { 175 0.83 30.7 121 940
20 0.70 25.9 1.52 1,180
Frames with pin-connected { 20 1.56 32.8 108 1,130
knee braces 25 1.98 34.1 0.82 960
Frames with bolted knee { 15 114 284 1.26 1,190
braces 20 1.06 223 1.35 1,410

*  Average value for 2 specimens shown in table 7.

BTy POREILEFALILEZELDEV 2,

COXSERMNT ORI XL UBREILE DI JASS THRIZ X B HD42& 7~ A VH
BLIAREL, AHF ey P EEECIDLOTR T €y POREICGULERLSRL, ¥
VEBEASRBTIAH D20 T — A VTIIRIMIE S, BEENIRIRECLEVZ D,

ol

=

WHES5X5ecm D3 B= V<Y ERMEEHE LT, A-2v100cm, & & 60 cm OFF
S—avE, ) ERF ey VEEE Q CVESSECLIDHSL o, 8LV (B)JASS
N ATECETLITHECI D P2 281X - TEEL, Bl HEERBRY TV
(FEBRE)/GHEME) w X o TEFHRYHL, FLFLTHRCIHOOMEOHREEXT
7o BRAEHTHIEIOED LK) TH S,

) &yt VEBECIAMBI - AvERWTiL, Fey b1 O
a=15, 175 K XU 20 cm O 3 MHZ DV TRBE L2, Wi b ik L OEEOWHET
BOTEFHRILS THo7, Lo LBHY CHIFBEEE 21X a=175cm LETH
B, EreAey bHEORAC T, Witk BWEL bCH L,
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LT 5 EESEYAVL IO THEROEREIERHEEL VR ) REL T, Zh
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Summary

In a previous paper?, it has been recognized that the joints with glued Shina-
plywood gusset plates have efficient stiffness and strength. The present paper reports
the effect of the glued plywood gusset plates on the joint efficiency by using quad-
rangular frames. Also, the same size frames with knee braces were tested and the
experimental values of deflection and strength were compared with the theoretical
values calculated from the flexural rigidities and strength (6,=Ex0.006) of the
members. Details of the specimens, loading and locations of dial gages for measuring
deflection are shown in figures 1 and 2. The specimens with knee braces are divided
into two types: one is the frame with pin-connected knee braces as shown in figure
1-(2) and the other is with bolted knee braces in accordance with JASS (Japanese
Architectural Standard Specification) 11 as shown in figure 1-(3). The frames
tested were analyzed by the slope-deflection method and the method of consistent
deformation. The bending moment diagrams for the frames consisting of constant
EI members are shown in figures 3 and 4.

The load was applied continuously at the mid-span of the frame by using the
hydraulic jack with 5 tons capacity and the deflections were measured by dial gages
(830 mm stroke and 1/100 mm readings) at 20 kg load increments. The theoretical
value of deflection (§) of the frame was calculated by the following formula.

s 1
‘= ET
where M is the bending moment due to an applied load P and M is that to a unit

SMM ds

load P=1 applied at the point for measuring the deflection.

The results of test are summarized as follows:

1) In all frames jointed with glued plywood gusset plates, the joint efficiency
was sufficient in both stiffness and strength, and the efficiency increased proportionally
to the size of gusset plates.

2) In the frames with pin-connected knee braces, the experimental deflections
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were very larger than the calculated values, but the strength was sufficient.
3) In the frames with bolted knee braces, the experimental deflections coincided
approximately with the calculated values, and the strength was 24-42 per cent larger

than the calculated one.



