The Structural Design of Otaru Expo®s Exhibition Halls
Built Using Glued Lattice Girders of Larch

Koheil KOMATSU Noriaki MAEDA
Yoshio NAGAHARA Tadao KITAMURA

During the summer in 1984 a local exposition called® ' 84 OTARU EXPO”
was held in Otaru Hokkaido Japan In the exposition six exhibition halls
named“ OTARU CONNECTION HALLS” were built using A frame structures
as shown in Fig 1 whose members were composed of lattice girders of larch
developed by Hokkaido Forest Products Research Institute

We cooperated with architects in producing the lattice girders and designing
the A-frame structures

The most characteristic point of the lattice girders was that their chord web
panel points were all glued rigidly to ensure higher rigidity and better appearace

The halls were structurally designed with wind load and dead load taken
into consideration as shown in Figs and The strength of the
cord web glued joints seemd to be the most critical thing in designing the glued
lattice girders and it was checked by comparing the resultant stress ' R
shown in Fig 7 cf egs 2 7 and APPENDICES and an allowable
stress  , obtained by experiments on the actual-size lattice girders cf
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Fig.  Structure of Otaru Expo exhibition hall composed of glued lattice girders of larch
and larch sawn timber
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Table 1 Member stresses and supports reactions due to loads on frame

& AR (I i BREC X5 BEEMEC L S & W h B
Stresses Part Due to wind load Due to dead load Resultant Unit
£ — A v F A~B 4.284S—0.357S% 0.795 — 0.066 S? 5.079S — 0.423 52
Moment B~C 0.2865%- 3.427S 0.795 — 0.066 S2 0.2205% 2.632S (kNm)
® A B 1 A~B 4.284 — 0.714S 0.795 - 0.132 S 5.079 — 0.846S
Shear force B~C 0.571S — 3.427 0.795 — 0.132 S 0.439S — 2.632 (kN)
71 A~B 6.430 — 3.210 3.22
Axial force B~C - 6.924 — 3.210 —-10.13 (kN)
RaA —3.427 31777 — 0.25]
3 73 Rc 4.284 1 31771 7.46 17
Reaction HaA — 6.924« 0.917— — 6.0l (kN)
force Hc — 6.430« — 0.917« — 7.35«
Notes “ " is a distance measured alongd member from the supports or refer to Fig.3

wp =0.530 kN/m
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Fig. Loads on -frame and stresses distribution diagrams
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Fig.  Diagonal bracing in a plane of roof structure model for plane frame analysis by

Note Brace © is the most critical member and a tesnsile force of t 4.85k was obtained
in this member by the analysis
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t 90kg on? oc (19.675 5.065 4.8x 10
89 5.154 a
oc oc

0y = 8.28MPa < sft-pj= 10.59MP 0.K.

0 ¢=7.2TMPa<; Jk-rj=11.10MPa 0O.K.
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10.53 a
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oc 3.2 38.125 4.8x 103 5
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TN
b-max  19.675k a max  5.065k
c 4.8x 10 %

T = ,&W_.r'
21p
= Nv
™ 2Ag

T2/ T e e 27 T sinlp-f)

-1
B = tan(Y/X)

f,:/*2 + Y2

T r T N T R
Fig. Relation between shear stresses 'r ', acting in a chord-web gluelines and a
resultant shear stress '
Notes ', shear stress due to web-axial force w
‘r torsional shear stress due to moment w
Derivations of p, are shown in APPENDICES-
Evaluation of an allowable value of *; is shown in APPENDICES-
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8 w cos @+ by sin® ¢

Tp =V {Tycos@—1 rcos(90° = D
+{rysin@+7 sin(90°— )2
:\/TN2+Tr2+2TNTrsin((p—ﬂ) """ (6)

B tan? 7
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w X sing 5.08 sin60° 5.866k

My, = 2 (} S }

8 w’ cos® @+ hy’sin® @

0.0434 Kk m

Tr :TID o e (4) APPENDICES
5.47cm 2.35cm
P ro=VX+Y =5.95x10"%m
o= VX2 +Y? p 3.15% 10%n
_ 4.34 1072 x5.95X1072
2x315x10-6
0.40988x 10°k  m?> 0.41 a
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p APPENDICES- B tan! tan ' 2.35 5.47
23.25°
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R =\/TNZ+Z'r2+2TNTrSin (go—,@)
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APPENDICES
1
1
Table Al Notation and conversion table for units
a =R Panel distance
A = GEED Area or closs sectional area
f  =HBINE Allowable stresses
Ip =BiE—gfme— 2w Polar moment of inertia
7o =RUDOFLALEKRUDIEIE Distance from rotation center to the point
DRETOEME ro =+v/X2+YV?2 of maximum torsional stress
Aw =BEMHE Web length (center to center)
@ =M E M EDTAE Angle between bottom chord and web
P =§]0HE—mE AW Allowable single shear registance of nail
q —iREtHEERE Design velocity pressure
S =Wif—KE— £t First moment of area
( Dp=lhFe—svricys Due to bending moment
( Ja :iimj?Ki % Due to axial force
QDR :';BE; Tensile —
()¢ = PR 3EH Compressive — or Chord
C ) =R Buckling —
C Dw=IE# ‘ Web
CIpg=7 4 ¥ W= a1V FTEEINI Enq jointed by finger joint
s () =M Short term (in cases of allowable values)
LC D) =EM Long term ( ” 7o)
71 (Force) 577 (Stresses)
Kef N kN Kgf /i kN/i MPa
1 9.80665  9.80665 x 10 ~3 1 980665  98.0665 x 10 3
101.97162 1000 1 10.197162 1000 1
APPENDICES SAC,DE*'X:SABE“X+SBCDE*X
p =Aspe-x* X1+ Apcpe* *2
Derivation of p for glued panel point ; 2 +
:C_h_g -—c+dhg M A2
between cord and web 2 3 2
1 he(2a—c)
1 a ApcpE ~ - 2
X
1 a w sing b ¢ sing ¢ ccosp sing
ACDE-X ACDE
w Yy CosQ sing vy c w
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b APPENDICES
hw 8.3cm hc 5em @ 60° ,y hc hw 0.6024
' r-max
T R
yo 3 4 Evaluation of allowable value of T ; by
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a) Beaml b) BReamTl

la b & ¢
a Beam 3.5m b Beam 5.8m
Photo 1 a b Bending tests on actual size lattice girders for determining
chord web glued joint strength
a Beam span 3.5m b Beam span 5.8m

8.9) W-max W-max
2 4.6 Tmax U ormax T Remax
Table Moment and axial force being at failure in web estimated by . . analysis 99
and maximum stresses in glue line evaluated by egs.(2),(4), and (6)
X B My -max T Tn-max© Tr-max®  Tpomax©
(kNm) (kN) (MPa)
1 0.1294 14.4638 1.777 1.222
a) 2 0. 1565 17.4921 1.478 2.149 g gg
Beam I 3 0.1385 15.4729 1.308 1.901 2.88
4 0.1412 15.7809 1.334 1.939 2.94
p |1 0.1025 14.7090 0.968 1.807
Beam II 2 0.1017 14.5894 0.961 1.792 gf 33
F b5} e
Ave. - 1.304 1.802 2.78
a 3.5m 1 a b 5.8m 1b
Span 3.5m refer to photo 1 a Span 5.8n refer to photo 1 b
C 2 d 4 e 6
eq. 2 eq. 4 eq. 6
L s fRERDB &
T R 3 1
sz =2 X(I TR_max)XE h TR-max/z
AR
w-max w-max 2
o5 £ # =2.78MPa,2
, T T 4
N-ax r-mex L=l =1.39MPa
T Reiex
Tr 60 2 14
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