Lattice Girders from Small Larch Logs ( )
The flexural properties of lattice girders
of green timber after drying

Kohel KOMATSU Hisayoshi KURATA

Lattice girders were designed for residetial floor beams which had a 364-centi-
meter span and a 182-centimeter spacing. Specimens were made of green larch
timber and four-point bending tests were made on them after eight-month indoor
seasoning. The results are summarized as follows :

(1) The flexural rigidity of the tested girders satisfied the design value.

(2) The shear rigidity of the girders, whose panel points were connected only
with nails, had 70 percent of the design value on the average. On the other hand,
the girders whose panel points were reinforced with metal wares, possessed a
sufficient shear rigidity.

(3) The overall stiffness of the tested girders barely satisfied the design value,
thanks to the high M.0.E. value of the materials used.

(4) Of the sixteen specimens, thirteen reached the safety factor value, which is
described as 4, the rate of a maximum load to a design load for long-term
service, by the internal bylaw of BCJ (The Building Center of Japan).

(5) It must be admitted, however, that the tested lattice girders were on the
whole not strong and stiff enough to satisfy all the design values with ease.
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Table 1 Modulus of elasticity of materials used
1H B 5% B M
Items chord Web
T iy 1l 73.2 72.9
Mean
& /Nl 50 50
Minimum
B ok A 147 95
Maximum
it em) B % 15 10
e . ) Standard deviation
B1R HAROBKE 7 OB HoE 264 80

Figurel Types and structural characteristics
of lattice girders tested
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Table 2 Outline of lattice girders built up

No. ETEY WY HY he” hw' (HRIST(AE)
(10°kg /cnd)  (kg) (em) (em) (ecm) Nail (number)
I—1 74 75 3846 30.0 7.7 7.6 CN90 (16)

I—2 84 81 40.18 30.0 7.8 7.6 ”
I—3 81 86 40.14 29.9 7.7 7.7 ”
I— 4 91 90 40.42 29.7 7.7 7.6 ”
I—5 55 56 43.38 33.0 9.5 7.6 CN 90 (16)
I—6 61 72 41.50 33.0 9.2 7.7 ”
-7 62 62 42.18 329 9.4 7.6 ”
I—8 63 61 42.78 33.0 9.3 7.8 ”
I—9 65 67 42.24 33.0 9.4 7.8 4
n—10 68 67 42.05 33.0 9.4 7.7 ”
I—11 68 68 43.65 33.0 9.2 7.7 ”
I—12 78 81 43.00 33.2 9.3 7.6 ”
n—13 8 80 444 33.0 9.4 7.6 ”
n—14 83 81 44.30 33.0 9.3 7.6 ”
n—15 8 90 44.00 33.0 9.4 7.6 ”
n—16 93 94 46.50 33.0 9.5 7.6 ”
n—-17 93 96 46.75 33.3 9.5 7.6 ”
M—1 76 85 50.65 33.5 9.4 7.6 N 100 (16)
M— 2 74 72 51.25 33.5 9.4 7.6 ”
I—3 70 74 50.95 33.5 9.4 7.6 ”

a) k3EM Y~ 7{%# Modulus of elasticity of top chord
b) FEE#Y » 7% Modulus of elasticity of bottom chord
c)ER Weight
d) 4y Depth of lattice girder
e) %M # > Depth of chord member
f) B3¢ v  Depth of web member
ZDMN~FiE  Another dimensions common to all specimens
5EA5HE  Width of chord member be=4X2.2—8.8cm
M4 #40E  Width of web member bw =2 X3.8=7.6cm
EiREIHisE Panel distance a=45.5cm
FAAE  Angle of diagonal ¢=45°

P(20 ton ram)
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Figure2 Four-point bending test on lattice girder
and location of deflection measuring device
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ks 1 Table 3 Design conditions supposed in this study
LP 30kg 0 02cm ] ]
5 F AP A/ Span L=364cm g4y Depth H=33cm
Ks 30kg 0 O2cm Lattice FHAABE Angle of diagonal ¢ =45 HEisiffR
1 5ton cm girder Panel distance a =45.5cm

4\ Depth ht=hp =9.6cm #808 Total width
B3] br=bp =2.3X4=9.2cm #7iEi#& Cross sectional
3 Chord area AT=Ap=88.32cri Wfifi 2 KE— %~ F Moment
of inertia It =IB =678.30cm*

v Depth hw=7.8cm #8#E Total width bw =
(Y] 3.8X2=7.6cm HXbYTiEf% Effective cross sec-
Web tional area Aw =47.4cdd

4 L4 4 Center to center distance between

chords g =23.4cm  §T Nail=CN90 &T7#%/ His
Number of nails per panel point m=34 (1 H A
#iéT& L T as single- shear nails)

Z Dt XM E Design load w =3.396kg,/ cm

Others #EHIC Y %% Slip modulus for design Ks=1500
kg/cm FREHY Y 7{%# M.0.E. for design
E=60X10° kg/ cuf #HZISHE Allowable stress
for long term loading; rf.=Lf»=70, L f.=60

(kg/ cut)
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Figure3 Comparison between design condition and experimental
condition in respect of stresses and deflection
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Table 4 Explanation of symbols used in equations

i 5 HOoE X E B
Symbol Explanation or  Definition
) ANV HRTD-bH  Deflection at midspan (cm)
ds ETeE# D+ Relative slip between top and bottom chord (cm)
ls —ERANDES Distance from reaction point to the nearest
loading point (cm)
L FFRABDAINY Span length of lattice girder (cm)
a 0 o i BE e Distance between panel point (cm)
H F F APEH WV Depth ot lattice girder (cm)
g I F AR 4 EFR Center to center distance between chords (cm)
hi B tsttd¢ v (i=c,w) Depth of members (cm)
bi #ir#eE (i=c,w) Total width of members (cm)
(EI) 5 F AR Ol R Flexural rigidity of lattice girder (kg * crf)
(GA) SFARDE AWM Shear rigidity of lattice girder (kg)
Ks STOT D %% Slip modulus of nail (kg / cm)
m HWRbH7YD—MEHEA Number of single-shear nail per panel point
LB KK ¥4
E X %M Modulus of elasticity (103kg /caf)
Qx A WH External shear force (kg)
Mmax BEEEEE— X ~ b Moment at failure (kg *cm)
P 4 BT RBROShH Resultant load on a beam in four-point bending test (kg)
w F
Subscript
( )c 8 M (BH#H) Chord (generally)
() E3E# Top chord
()8 TE&M Bottom chord
( )whE ## Web (diagonal member)
( e Bending
( )s AN, XD Shear or slip
()4, desX#tA (BXaHHE) For design (design value)
4
4 1 60ton cn?
5 Pd 927kg

P 900kg P 950kg
ob 1
ds

TYPE 2
TYPE 2
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BOE5R MHYURNFEBOR S D bds (P=927kg)

Table 5 Midspan deflections at equivalent design load (P=927kg)

HER A & Bt & £ @ f# x 8% i
Design value Observed value Comparison
No. Jdb ds db+s db ds Jb+s @ 5) ®)
(1) (2) (3) (4) (5) (6) ) @ 3
(cm) (cm) (cm) (cm) (em)  (cm)
I—1 0.702 0.255 0.956 0.595 0.354 0.949 0.85 1.39 0.99
OI—2 0.698 0.257 0.955  0.473 0.440 0.913 0.68 1.71 0.96
OI—3 0.708 0.256 0.964 0.513 0.376 0.889 0.72 1.47 0.92
I— 4 0.720 0.261 0.981 0.497 0.397 0.894 0.69 1.52 0.91
I—5 0.505 0.231 0.736  0.510 0.325 0.835 1.01 1.41 1.13
I—6 0.511 0.225 0.736 0.496 0.302 0.798 0.97 1.34 1.08
n—7 0.511 0.231 0.742 0.485 0.372 0.857 0.95 1.61 1.16
n—8 0.509 0.227 0.735 0.539 0.344 0.883 1.06 1.52 1.20
I—9 0.507 0.229 0.736  0.453 0.297 0.750 0.89 1.30 1.02
I—10 0.507 0.229 0.736 0.589 0.180 0.769 1.16 0.79 1.05
I—11 '0.511 0.225 0.736 0.424 0.308 0.732 0.83 1.37 0.99
I—12 0.501 0.224 0.725  0.392 0.339 0.731 0.78 1.51 1.01
I—13 0.507 0.229 0.736 0.433 0.286 0.719 0.85 1.25 0.98
I—14 0.509 0.228 0.736 0.367 0.363 0.730 0.72 1.60 0.99
MI—15 0.507 0.229 0.736  0.450 0.204 0.654 0.89 0.89 0.89
MI—16 0.505 0.231 0.736 0.319 0.309 0.628 0.63 1.34 0.85
n—17 0.493 0.226 0.719 0.344 0.292 0.636 0.70 1.29 0.89
(Fy: I—5~0—17)
(Mean : T—5~1—17) 0.90 1.33 1.03
m—1 0.487 0.221 0.708 0.436 0.157 0.593 0.89 0.71 0.84
M— 2 0.487 0.221 0.708 0.483 0.205 0.688 0.99 0.93 0.97
m— 3 0.487 0.221 0.708 0.460 0.160 0.620 0.94 0.73 0.88
(BEy:I~1~M—3)
(Total Mean : I—1~M—3) 0.86 1.28 0.99
fid £ Remarks
(Vaxatehiy = b A Bending deflection designed with Eq. (4)
(2FRET MM - b A Shearing deflection designed with Eq. (6)
BBt ba Total deflection designed with Eq. (9)
(4)FERT - b A Bending deflection estimated with Eq. (3)
(5)ERIBIHT /= b & Shearing deflection estimated with Eq. (1)
O)EREFH=bH Observed midspan deflection
4 2
TYPE 6
TYPE 19
6
1 4
Pmax
Pd 4
3 Pd 927kg
H 33cm
Pmax Pd 4
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Table 6 Results of destroying test
2 b) o @ o
No. (EI)des Em o 3.5Pp Pmax Type of
(10%kg - cnf) (t/cnt) (kg /cf) (kg ) (kg) failure

I—1 1051 75 228 8647 3340 Shear — (a)
I—2 1057 83 251 8463 3340 Tension — (b)
I—3 1042 84 254 8337 3300 Shear — (a)
I—4 1024 91 287 8205 3400 Shear — (a)
I—s 1460 56 155 7237 3850 Buckling — (c)
I—e6 1444 67 167 7870 3430 Tension — (b)
n—7 1444 62 188 7917 4140 Tension — (b)
I—8 1450 62 170 7854 3760 Tension — (b)
n—9 1455 66 184 8220 3830 Tension — (b)
I—10 1455 68 165 8409 3350 Tension — (b)
0—11 1444 68 194 8538 3890 Shear — (a)
0—12 1473 79 221 8779 3840 Buckling — (c¢)
MI—13 1455 82 212 8752 3550 Shear — (a)
I—14 1450 82 230 8743 3840 Shear — (a)
OI—15 1455 88 247 8498 3850 Shear — (a)
I—16 1460 84 276 8389 4070 Shear — (a)
I—17 1496 95 297 8397 4400 Buckling — (¢)
m—1 1514 81 257 9085 4500 Buckling — (c¢)
m—z 1514 83 210 9353 4050  Tension — (b)
m—3 1514 72 240 9157 4700 Shear — (a)
a) 7F AROFKEAMTENE  Flexural rigidity of lattice girder for design (Eq. (10))
b) M DOEHY v SERE Mean M. O. E. of chords (Eq. (12))
c) RN OETREEH Apparent M. O. R. of lattice girder (Eqgs. (11), (12))
d) BMEREBRICEOVWT Ultimate load predicted on the basis of theory of nail

HE s W 7-BKilith on the elastic foundation [Refer to references 5) or 7)

(BEL <13k 5),7) for further details)
e) BERTE Maximum load
f) #y IRNDEFIIE4LX English character in parenthesis indicates photographs

NEREYRT shown in figure 4

No 373 1983 2



FTAK AR OBEO FAE
Photographs showing types of failure of lattice girders tested
(a) Shear failure at joint accompaning with cleavage fracture in compressive diagonal
(b) Tensile failure at bottom chord
(c) Buckling at top chord

Figure 4
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Figure5 Relationship between apparent
modulus of rupture of lattice
girder (defined in equations (11),
(12)) and mean modulus of
elasticity of chords
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