Working Stress Design of Glulam Eaves Joint Composed
of Insert Type Steel Gusset Plates with Shear Plate
Connectors and Verification Test on the Full Size
Joint Specimens
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BIFUKA district forestry office is a building made of glued laminated
timber glulan of Todomatsu Abies Sachalinensis so called Hokkaido spruce
and to be completed in October 1985

Photo 1 shows a perspective view of this forestry office after completion in
which three hinged glulam portal frames are used to ensure a wide floor area for
the office with no interior walls or columns The portal frame was structuraly
designed for the snow load as shown in Fig 2

We cooperated with structural engineers for developing new type eaves joint
suited to the use of small diameter todomatsu logs taken from thinning operation
Schematic diagram of the eaves joint developped are shown in Figs 3 and 7 Plan

of location of shear plate connectors determined according to the manual
is shown in Fig 6  Background theory used for designing the joint is
shown in Fig.5- a b  Flg 8 and equations a b from 1 to 11

Numerical data in checking connector force is shown in Tables 1 to 4

Full size joint specimens were made and tested to failure to verify if our
design was correct as well as to obtain a consensus of the district building
inspector The configuration of the specimen tested is shown in Fig 9 Photos 4
and 5

Test results relating to the rigidity are shown in Table 5 Figs.11 12 and
13 Strength properties and descriptions of failure phenomena are shown in
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Table 6 and Photos 6 and 7
It was concluded that the eaves joint developped showed very satisfactory
properties both in rigidity and strength

1985 10

11 13

1
1985 10

597m 3 1985 4

Photol A perspective of BIFUKA district forestry office Portal
Fram es in the left hand side of this photo are composed of the
ointmethod studied in this report
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EAVES JOINT BY STRAIGHT GLULAM
MEMBERS

ORIGINAL PORTAL FRAME OF BIFUKA DISTRICT
FORESTRY OFFICE

FULL SIZE JOINT SPECIMEN
EQUIVALENT T® THE ORIGINAL
EAVES JOINT

4-1kg Fig 1 Relation between original glulam portal
60kg m frame in BIFUKA district forestry office
315kg m and full size joint specimen
h  150cm
B 3.64m
w 315 60 x 3.64 44.1 2 3
1410kg m 13.827k m
P 6 5ton
63 743kN
P 3l8kg 31185 M 9 26tm 90 810kNm
P 1940kg 19.025kN
2
' f ft
115kg 11 278WPa 80kg
7 845MPa 9%g 0 883WPa
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GLULAM
RAFTEB GLUING
sni;zsAlg I;‘L(;:A}-"I'E / Z Photo  Photograph showing glued laminated
CONNECTOR / 7 boad of thickness 65 mm with shear
//‘; plate connectors embeded three glued
o/,/‘ laminated boads make one rafter or
o/ colum member as shown in Fig 3
H .
iZ AT . §// § il
A H
Al b s T |
STEEL[[¢ ' ] GLULAM
PLATE L L ML il COLUMN
t=9mm A 8 hin
1 || STEEL
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Fig 3 Schematic diagram for explaining the
structural characteristic points in column
rafter joint eaves joint composed of 2 5
8 inch shear plate connectors and insert

Photo  Generalmethod for using a shear plate
type steel gussets plates.

connector between steel plate and
timber
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American Institute of

Timber Construction

AITC
5/8
67mm
3 4 2/,
L 706.1
1984
2/

FORCE

2-5/8 INCH t] B2 |t t

SHEAR PLATE

CONNF\CTOR >~ STEEL PLATE Bi
e

IWO ONE
TIMBER SHEAR SHEAR
(GLULAM) PLATES  PLATE

-
IN SINGLE SHEAR

173m
Spacing between adjacent connectors
center to center

70mm

Edge distance distance between side edge
to connector
140mm

End distance distance between end surface
to connector

1 38mm
Minimum member thickness for one shear
plate in single shear

2 67mm
Minimum member thickness for two shear
Plates in single shear

19mm
Minimum bolt diameter
4 5m
Minimum thickness of steel plate
4 2/
AITC
Fig-4 Specifications in using the 2 / inch shear
Plate connector to Abies
socal led Hokkaido spruce from
manual
67mm
10
w0 4500Kg 44.130kN

@  2400Kg 23.536KN
5

2/
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(a)

Q
N{§ g@ﬁu
Mt
Q
Lelel® \y=Q2 (L7031)
TM= Mo Mg/2
= M+ Qe (L703-2)

Mg= Qgeg + (N, cosf- Q&slnﬁ)eA

(L703:1)
IM = M+ My/2
=M+ (Qgeg + (NpcosB - QusinBle, )/2
(L703-2)

a

3
Fig-5 a Equilibrium of generalized forces acting
on ordinary bolted splice joints from
Timber Construction Design Standard by
Architectural Institute of Japan®

b Equilibrium of generalized forces acting
on eaves jointing glulam portal frame
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Fig.6 Plan of connector locations determined by following the AITC manual®
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. Ino. . 6 Fig 7 Cross sectional view of the eaves joint
! ! L composed of 3 glulam boads and 2
©; arctan i P steel gusset plates In this joint shear

plate acts as* single shear” in each
shear plate
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them
3 55  996kN 360mn 520m
i i 1 32 362K\ 8 78kN B 17°
result
Fresuli. =V FFX;2 + FRY{2  oooreeee - (8) 1
()
fw 2
L, 0 90.810KNM 43.443KN
fosin® @ 1y cos® @ 46.582KN 360mm 520mm
31.872kN 55.211kN B 170
L
LI
w arctan i i 10
5 5 11
result fw )
result fw
result w
result | w i i 1ln. 1
37 4
2 4 1
90.810KNM 9
73.550 8.532 65.018kN
33mmx65mm

No.409 1986 2



1 6 8
Table 1 Coordinates of connector and forces acting on each connector in case of the design
condition shomn inFig 2 refertoFig 6 Fig 8 eq 1 ey 2 e 3 adeq 4 for

symbols used

1 Xj Yi ri Sp 0 FMj FQj FAj
(em) (em) (em) (em) (deg) (kN) (kN) (kN)

1 28.0 28.4 39.9 580.0 45.4 4.276 1.089 0.932

2 28.0 11.1 30.1 768.0 21.6 3.226 1.089 0.932

3 28.0 - 6.2 28.7 806. 6 12.5 3.079 1.089 0.932

4 28.0 —23.5 36.6 632.8 40.0 3.923 1.089 0.932

5 28.0 —40.8 49.5 467.5 5E.5 5. 305 1.089 0.932

6 10.7 —40.8 42.2 548. 4 75.3 4.521 1.089 0.932

7 —10.7 —40.8 42.2 548. 4 7t.3 4.521 1. 089 0.932

8 —28.0 —40.8 49.5 467.5 55.5 5.305 1.089 0.932

9 —28.0 —22.5 35.9 644.0 38.8 3.854 1.089 0.932

10 — 28.0 — 52 28.5 812.2 1€.5 3.050 1.089 0.932
11 — 28.0 12.1 30.5 758.3 22.4 3.275 1.089 0.932
12 —28.0 29.4 40.6 569.7 4€.4 4. 354 1. 089 0.932
13 —11.4 34.4 36.2 638. 3 71.7 3.883 1.089 0.932
14 5.2 39.4 39.7 582.0 82.5 4. 266 1. 089 0.932
15 21.8 44.4 49.5 467.5 63.8 5. 305 1.089 0.932

2 8

Table 2 Estimation of connector loads for checking if they are not exceeding the allowable
values in case of the design condition shomn inFig 2 refertoFig 8 eq 5 eq 6
eg 8 e 9 e 10 andeq 11 for symbols used

i FMVj FMH; FFXi FFYi Fresult ® fo
(kN) (kN) (kN (kN) (kN) (deg) (kN) Fresultfw

1 — 3.001 3.050 4,129  — 2.069 4,619 63. 4 6.590 0.70

2 — 3,001 1.187 2.275  — 2.069 3.079 47.7 7.551 0.41

3 —3.001 — 0.667 0.422 - 2.069 2.108 11.4 10.679 0.20

4 —3.001 —2520 —1.432 — 2.069 2.520 34.8 8.659 0.29

5 —3.001 —4.374 —3.295 — 2069 3.683 57.8 6.874 0.57

6 —1.147 —4.313 —3.295 —0.216 3.295 86.3 5.992 0.55

7 1147 —4.374 —3.295 —2.079 3.893 57.7 6.884 0.57

8 3.001 —4.374 —3.295 3.932 5.129 39.9 8.188 0.63

9 3.0001 —2.412 —1.334 3.932 4,158 18.7 10. 160 0.41
10 3.001  — 0.559 0.530 3.932 3.972 7.6 10.876 0.37
11 3.001 1.294 2.383 3.932 4,599 31.2 8.993 0.51
12 3.001 3.148 4.236 3.932 5.786 47.1 7.590 0.76
13 1.226 3.687 4.776 2.157 5.237 65.7 6. 482 0.81
14 — 0.559 4,227 5. 305 0.373 5.425 86.0 5.992 0.89
15 —2.334 4.766 5.845  — 1.402 6.011 76.5 6.139 0.98
22 12mm

4 2
65mm 3 M Pe e
e 1425mm 9
195mm 700mm
15mm
2
100ton
4.5m
3
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100ton

COLUMN

100mm S
o
[=]
20 6 : DEFLECTION BETWEEN
LOADING POINTS
100 ton OIL JACK
J‘ e=1425
500 9
Fig. 9 Configuration of the colum rafter eaves joint specimen and
method for loading and deflection measurement
0C) ()
(
Lyv1z20] [ & ME kN1
45 (1) EM@RHEL~v 0> 63.743—> 0
1 2) REERtEE2Sr~r 0— 127.486— 0
(3) EMiEGtAIE 3L~ 0—191.230— 0
(4) WEAR 0— Bi#
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3 8 9
Table 3 Coordinates of connector and forces acting on each connector in case of experimental
condition shown in Fig 2 and Fig 9 refer toFig 8 Fig9 eq 1 eq 2 eq 3 eq 4
and eq 7 for symbols used

i Xi i ri Sp 03 FM; FQi FA;
(em) (em) (em) (em) (deg.) ( kN5 (kN) (kN)
1 28.0 28.4 39.9 580.00 45.4 4.276 0.726 0.775
2 28.0 11.1 30.1 768.0 21.6 3.226 0.726 0.775
3 28.0 - 6.2 28.7 806.6 12.5 3.069 0.726 0.775
4 28.0 —23.5 36.6 632.8 40.0 3.913 0.726 0.775
5 28.0 —40.8 49.5 467.5 55.5 5.296 0.726 0.775
6 10.7 —40.8 42.2 548.4 75.3 4.521 0.726 0.775
7 —10.7 —40.8 42.2 548.4 75.3 4.521 0.726 0.775
8 —28.0 —40.8 49.5 467.5 55.5 5.296 0.726 0.775
9 —28.0 —22.5 35.9 644.0 38.8 4.187 0.726 0.775
10 —28.0 — 52 28.5 812.2 10.5 3.050 0.726 0.775
11 — 28.0 12.1 30.5 758.3 23.4 3. 266 0.726 0.775
12 —28.0 29.4 40.6 569.7 46.4 4.344 0.726 0.775
13 —11.4 34.4 36.2 638.3 71.7 3.883 0.726 0.775
14 5.2 39.4 39.7 582.0 82.5 4. 256 0.726 0.775
15 21.8 44. 4 49.5 467.5 63.8 5. 296 0.726 0.775
4 8 9

Table 4 Estimation of connector loads for checking if they are not exceeding the allowable
values in case of the experimental condition shown in Fig 2 and Fig 9. refer to Fig
8 Fig9 eg. 5 ey 6 e 8 e 9 e 10 adeg 11 for symbols used

i FMVi FMH; FFXi FFYi Fresult ® fw
(kN) (kN) (kN) (kN) (kN) (deg.) (kN) Fresult/fo
1 — 3,001 3.040 3.766  — 2.226 4.374 59.5 6.786 0. 64
2 — 3.001 1.187 1.912 —2.226 2.932 40.7 8.120 0.36
3 —3.001 —0.667 0.059  — 2.226 2.226 1.5 11.023 0.20
4 —3.000 —2520 —1.795 — 2.226 2.854 38.9 8,277 0.34
5 —3.001 —4.374 —3.648 —2.22 4. 266 58.6 6.825 0.63
8 —1.147 —4.374 —3.648 —0.373 3.668 84,2 6.011 0.61
7 1.147 —4.374  — 3.648 1.922 4.119 62.2 6.639 0.62
8 3.001 —4.374 —3.648 3.776 5. 247 44.0 7.836 0.67
9 3.000  —2.412 —1.687 3.776 4.138 24.1 9.679 0.43
10 3.000 —0.559 0.167 3.776 3.776 2.5 11.013 0.34
11 3.001 1.294 2.020 3.776 4.286 28.1 9,287 0.46
12 3.001 3.148 3.874 3.776 5.413 45.7 7.698 0.70
13 1.226 3.687 4.413 2.001 4.844 65.6 6.492 0.75
14 —0.559 4.217 4,943 0.216 4.952 87.5 5.992 0.83
15 —2.334 4.756 5.482  — 1.559 5. 698 74.1 6.198 0.92
5 5 & 3
Cos A
11 13 P
cos a L
5 b L
5 K Cos a
COS O i
5 o) sin a
9 sin o e
880mm e 12
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(b )Specimen-3

(a) Specimen-2

-CO— :DEFLECTION MEASURING DEVICE

— :STRAIN GAUGE

100 a b 2 3

Fig 10 a b Locations of deflection measuring device for joint rotation and locations of strain
gauge for Specimen 2 and 3

Photo5 Test arrangement for Specimens 2
and 3 Steel shoes are used to prevent
crushing at loading points

Photo4 Test arrangement for Specimen 1 This
specimen was once failed by crushing at
loading point because of no steel shoes
were used The specimen was fixed by
gluing steel strips show nin the photo
and retested
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5 mm
Table 5 Deflection between two loading points calculated and  or observed

at certain load level unit in mm

HE L~ R @A R L~ FIIRGE 2 (5~

Load level Design load for long term Load as much as twice of
[snow +dead load] design load for long term

Py=63.743 kN 2 P3=127.486 kN
=LA KA REME GG | SHEME ESRME SRR
e 0 o 60 / € 6@ 60 60 e 66

AR E— 1

Specimen.1 4.98 3.44 0.691 9.96 7.72 0.775

Ak — 2

Specimen-2 4.98 5.37 1.078 9.96 13.25 1.330

AR fk— 3 ] .

Specimen-3 4.98 4.58 0.920 9.96  12.63 1. 268

8 . Deflection calculated with eq. 12 providing that 1 joint Aand B are
fixed rigidly 2 region between A and B is" rigid zone” 3 rafter and
column member deform as cantilever beam subjected to bending
moment axial force and shear force  refer to Fig 9

d  Deflection observed between two loading points refer to Fig.9

d 0 e Joint efficiency which indicates how the rafter column joint is

close to an ideal rigid joint

________ 12 JE
L 2090mm L 1970mmd 47°
o 60° E 80000ky cnf 7 845GPa
K 12 G E 18 0 436GPa
A0 7x0 195 0 13650 1.5
0 1%x0 7 12 5 57375x 10 n* .
5 2
14
5 1 400 . T T T T
g . Specimen-1 d
=~ Pras 315.774 kN
300+ 4
2 3 N i
b
2 200} 4
r -3 MACHINE TROUBLE 7
100}~ : 4
11 13
0 £ < 1 e 1 i 1 1 1
2 [0} 4 8 12 16 20 24 28 32 36 40
6 DEFLECTION BETWEEN LOADING POINTS (mm)
11 P o) 1
Fig 1lload P  deflectin & curve

Specimen 1
Dot and dash line in the figure show P o
relation calculated with eq. 12 providing
that the joint is perfectly rigid
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T v T T T T T T T 500 T T T T T T L T T T T T
400 Specimen- 2 Pas=387.363kN -k Specimen - 3 _
z z gy #420, 705 kN
ok . 8 4001 4
300} . / . L .
&
e + 9‘/ L E 300 h
b % g
200 é’/ -3, 1 s or ]
- / - 2 200 -
N 7/ 2P,
100 < o N
L ] ; 100f 4
0 L 1 1 1 L 1 Il I —. -
1] 7 14 21 28 35 42 49 56 63 70 /
6 DEFLECTION BETWEEN LOADING POINTS (mm) -00 110 1 210 1 310 § S 510 1 5’0 1 7o
DEFLECTION BETWEEN LOADING POINTS (mm)
12 P 0 2
Fig 12 Load P  deflectin & curve
Specimen 2 13 P 3 3
Dot and dash line in the figure show P & Fig.13 Load P  deflectin & curve
relation calculated with eq 12 providing Specimen 3
that the joint is perfectly rigid Dot and dash line in the figure show P &

relation calculated with eq. 12 providing
that the joint is perfectly rigid
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-500 -1000  -15¢0  -Zo0K
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Fig 14 Distribution of fiber strain parallel to the grain of glulam
rafter measured along C C' line at joint A shown in the sub figure
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6 a 2
Table 6 a Estimation of joints rotation sum of displacement at loading points due to
joint rotations and their percentage in the to total deflection between two loading
points  for Specimen 2

P 0a 0B S4i 0o Oe Pct
(kN) (x10 7% rad.) (mm) (%)
63.743 0. 485 0. 440 1.13 6.15 5.03 18

127. 486 1.650 2.150 4.48 14.54 10.06 31
191. 230 2.561 3.564 7.18 22.27 15.09 32
254.973 3.697 4. 553 9.78 29.90 20.12 33
294. 200 4.515 4.435 10.84 34.05 23.21 32
333.426 5.136 4,964 12.25 38.56 26.31 32
387.363 10. 090 0. 240 14.70 45.26 30.57 32

F6XK—0b) ME, HABF— 3T
Table-6(b) Ditto, for Specimen-3

P 0a 0B 343 do Oe Pct
(kN) (x10 7* rad.) (mm) (%)
63. 743 0.379 0.093 0.63 5.66 5.03 11

127.486 2.000 0. 660 3.50 13.56 10.06 26
191.230 3.210 1.863 6.42 21.51 15.09 30
254.973 4.242 2.852 3.88 29.00 20.12 31
294. 200 4.545 3.795 10. 24 33.46 23.21 31
333.426 4.864 4.759 11.66 37.97 26.31 31
392. 266 5.621 7.322 15.29 46.25 30.95 33
420.705 5.150 10. 770 18.07 51.26 33.20 35
0 o : BRI AL 0 g : BAHBOMERS
rotation at joint-A rotation at joint-B

34i=20; Li cos (¢i—0i,/2) i=A, B (EHEfC X 5 MEGEN - e v T, 59 MRY
A 1X%28B) (Sum of displacement at loading points due to rotation of joints. Refer to
Fig.9 and Fig.Al for this equation)

0 o @ & AT (EIZAL) 0 e PEMEAT A GHEE) Pet=(2 4i/ 0o) X100

total deflection elastic deflection percentage

observed calculated by eq.(12)
3

26 3
APPENDICES
6 a b
Pd 63 743kN
11 18

J Hokkaido For Prod Res Inst 409 2 1986



123
1
15 8
2
2 3 37
15
7
Table 7 Destructive test results on full size eaves joint specimens
RUERGHRIE RS =9
Design load Ultimate Ratio BEEEMEIR

load (safety factor)

Failure phenomena
Pmax(kN) PmaxPd

for long term
Pd(kN)

REafk—1

. 63.743
Specimen-1

ARtk — 2

. 63.743
Specimen-2

Atk — 3

. 63.743
Specimen-3

315.774

387.363

420.705

4.95

6.08

6.60

ﬁiﬁmwaﬁﬁé

b B TR A,
TEER L7-2gh iR L,
BEAEW—ADIE, 8%
2k 7 & — O EEEE
BEOREA L 70 - T 2Mic
FIEIME T . £ DORFOT
B ) E s Ui
GRMDOBENIZZEST) .

BEAEW—-ADISE, 8 &
2% 7 & — O EENENE
BORRA L x> T Al
FIEIME T . FDREDfH
BRI N & 27 Uiz
GRH OB —MIEE) o

Shear failure in the rafter
(joint-A side) due to crushing
at loading point. Retested afte
repairing the damaged part by
gluing with steel strips, but
failed.

Splitting of glulam at N.15 and
8 connectors caused fatal drop
of load. The load was
determined as ultimate load
(no collapse of glulam
member occured).

Splitting of glulam at No.15 and
8 connectors caused fatal drop
of load. The load was
determined as ultimate load
(fracture of glulam member
occured in part).

15

Photo6 Typical failure type on the Specimens

2 and 3 Splitting of glulam surfaces

at 15th and 8th connector were observed

Photo shows the example of Specimen 2

No 409 1986 2

7 15

Photo 7 Detail of split crack starting from 15th

connector

This connector sustined the

most severe connector load as shown in
Tables2 and 4
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Table Al List of symbols used in this report and conversion table for unit

fw =HHESB EQEDFAC RS BT —F L —
ba ks 2 —ORMFFAMS . RO, £8K .
IM  =EEMoEERGEATL LR -4t
FMj =IMRI->TIfDax274—ififitsrh. %
FQj —-(Jé’)/ulﬁrj]QLlo’(1@@:*&5—0’{7}%?5
FA; v&bﬁqurlmma*aa—uWMTaﬁ

#4)
ri =gz O b | F2 k2 2 - TORR
HAMHIDIC YD 27 2 —DH

=1
FFXj =1foax 2 2 M3 55710 X K h
FFY; :lﬂﬁﬂ)J$7&—PJ’FFHTE:A}JU)Y)J[W&}TJ
Fresult= 1D = % 7 & —ic g+ 551 . X@B), #£8MX
O =i aEETR . R 12), #i5k

Allowable connector load for long term
service with angle @ of load to grain.
eq.(9), Fig.(8)

Sum of torsional moment acting at
rotation center

Force per connector due to M. eq.(1)

Force per connector due to shear force
Q. eq.(3) )

Force per connector due to axial force
N. eq.(4)

Distance from rotation center to the i-th
connector

Number of connector per one shear plane
X-component of resultant force Fresylt
Y-component of resultant force Fregylt
Resultant force acting on a connector.
eq.(8), Fig.(8)

Deflection between loading points.
eq.(12), Table-5

Lij, & —ﬁﬁh}:"ﬁ%ﬁ%%@"ﬂﬁﬁ HEMAE . FIX Length and opening angle of eaves joint.
0; ~[m LA, Bu ')V)Diﬁz:ﬁa APPENDICS-II, le of rotatmn at joint-A,B. Table-6,

Mexk (i ENDICES-
6 =R(7)T H’?i }lbﬂi Angle defined by eq.(7). Fig.(8)
p =RF#AAE, Ka), b). %512] Roof slope. eq.(a). eq.(b). Fig.5-(b)
e,ef =F—ALbFT— A, AW Uﬁ'ﬁ% (i =A, B) Moment arm, or eccentricity in shear

coupling moment

71 (Force) It/ (Stresses)

Kgf N kN Kgf /o kN /m’ MPa

1 9. 80665 9.80665 x 10 ~° 1 98. 0665 98.0665 x 1073

101.97162 1000 1 10. 197162 1000 1
GPa 1000MPa

due to joint rotations
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0
Definition of joint rotation® 0 relative
to the steel gusset plates and glulam member
as well as opening angle® relative to the
columm and the rafter
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