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Practical Application of I-beams with Wooden Materials
Made in Hokkaido (III)

- Evaluation of the bending properties (ultimate bearing force) -

Yoshinori OHASHI TsukasaSATO Masahiko TODA
Noriaki MAEDA Takashi TAGUCHI Naoyuki FURUTA

In this study, bending tests of domestic I-beams were carried out to evaluate the ultimate bearing
force. The following results were obtained.

1) Failure modes were divided into following four types: tensile failure in the flange (TF), compression
buckling failure in the flange (CF), shear failure in the junction (JF), and shear failure in the web
(WF). Differences in ultimate loads between the specimens showed JF and WF were slight, although
shear failure modes were divided into two types by layout of the web joint in the shear section.

2) The ultimate loads for the specimens showed JF calculated by each strength of the components
were larger than the measured values, although the calculated values for the specimens showed
TF, CF, and WF agreed approximately with the measured ones.

3) The bending bearing force were equal or larger than those of dimension lumber and imported I-
beams, although the shear bearing force were smaller. Therefore, it was confirmed that an optimal
type of domestic I-beams in compliance with practical condition would enable construction of a
tough and stiff floor framing.
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Table 1. Outline of the specimens.

Type n B (mm) H(mm) L(mm) c(mm)
235-44A 10 44 235 3185 324
235-64A 10 64 235 3640 210
235-89A 10 89 235 4550 543
286-44A 10 44 286 3640 210
286-64A 10 64 286 4550 543
286-89A 10 89 286 4550 543
235-64B 8 64 235 3800 50
235-89B 8 89 235 3800 50
286-64B 5 64 286 3800 50
286-89B 5 89 286 3800 50
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Legend) n: Number of specimens, B: Breadth of the beam, H: Height of
the beam, L: Test span, ¢: Distance between the web joint in the shear
section and the loading point.
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Fig. 1. Layout of the web joints in the specimens.
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Fig. 2. Method of shear test parallel to the axis.
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Table 2. Number of specimens corresponding to each failure mode, and their ultimate loads.

Type n FN P (10°N)
TF CF JF WF Total TF ~ CF JF WF

235-44A 10 6(6) 4(2) 183(17.1) 168 (17.6) 205 (9.1)

235-64A 10 9(8) 1 217 (11.8)  21.6 (12.5) 226( -)

235-89A 10 5(2) 5 23.0(8.3)  22.1(10.9) 23.9 (2.4)

286-44A 10 8(8) 2(2) 174 (9.7)  17.1(10.6)  184( -)

286-64A 10 6(6) 4(3) 22.0(4.2) 21.6(3.1) 22.5 (4.9)

286-89A 10 4 (4) 6 276 (5.9) 283 (2.9) 27.1 (7.0)

235-64B 3 1(1) 7 21.1(7.2) 230( -) 20.8 (6.8)
235-89B 8 8 23.5(5.9) 23.5 (5.9)
286-64B 5 1(0) 4 269(6.3)  291(-) 264 (5.2)
286-89B 5 5 29.2 (6.2) 292 (6.2)
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Legend) n: See Table 1, FN: Number of specimens corresponding to each failure mode (parenthetic number means the specimens failed at the finger joint in the
flange.), TF: Tensile failure in the flange, CF: Compression buckling failure in the flange, JF: Shear failure in the junction, WF: Shear failure in the web,
P Average of measured ultimate loads (parenthetic value means coefficient of variation of plus-three corresponding specimens by percent).
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Fig. 4. Stress distribution in the [-beam cross-section.
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Legend) H: Height of the beam, #: Height of the flange, B: Breadth of the
beam, d: Depth of the groove, M: Bending moment, dx: Minute section,
dM: Increasing amount of M in dx, @: Shear force, oy Bending stress in
the flange, 0. n.: Maximum value of o, 0,: Bending stress in the web,

7 Shear stress in the flange, 7,: Shear stress in the web, 7,_pax:
Maximum value of 7, 7 .in: Minimum value of 7.

(MEERBR S H520% H15)



Practical Application of I-beams with Wooden Materials Made in Hokkaido (III)

322 MERREEFE DOTRELEABR
HRERORBERLE E LD TEIRITRT,
77 VR TTREM OSIIRRBRTIX, Ty v

WCHEEE U722 (KA BRE, 72 CRESECRkEE L7

BRIZ8 R CTh Tz, —F, T THE L2 T

X, 10 R0 5 BRI TR L 72,

REBREDO MR LN, AHLY NTol
7= CHEE M D5 [3ERER (=~ « b K~ DK
= THEZHE, 911K, LY s ) —LRsEER, g
150 XJE X 35mm) TlE, 72 CHESERCRlE L 7= 58 1K
DB IR S 1T EHIEAS 34.3N/mm?, 7= THEZ ERLAS:
TR U72 33 (RO EHEA 31 IN/mm? Tdh o7, 72
B, JAS ITHET Dk EE TIEMEE 7= THEZ R
FHRSR & OILAEFRE 20 (X HIfE SPF2 #% T 11.4N/mm?
EEDHLNTND,

BT =Y BWRO N ARRER T, CEEES
505N/mm? Th o7z, RBRIBOLMITIRZR DD, BER
520 pMT o G A A o mNE AR (kv
N7~V GO IASFHE2 MR, HIE3 @K, JE X 9mm,
Ty VTARTTIE, 101K) OF-H)E 5.00N/mm? &
% CThotz, 728, JASICHAT HEEHGRO
N AWTIR & O FEHERE 22 (XA 7R K D
e P EEBLRTIUE3IN/MmM? EED LTV 5,

‘A%@H%ﬁmﬁhm%%fi S 4 A
1.37N/mm? Th o7z, FREFEIIESKDO LS
R = T BMEF I TN A EAWIEECH - 7=
0, W LA mABIE TS L, VT ORBH
Wna— I TR LIy b T T UK
B L= 0NRELTERY, £ 2EER NS
Woua—0 7o THETH S 2 & & M TR
T& oz, 7eB, JASICHAGT DMEEHGRO

EI3IR BHERABROKR

Table 3. Results of strength test for each element.

Type n av. s.d.

F ,(N/mm?) 8 40.5 3.6
F y;(N/mm? ) 10 31.9 7.3
F_ (N/mm?) 20 5.05 0.43
F (N/mm?) 10 1.37 0.11

JUBI) Fogy: 7o THESM OBIRR S, Foyy @ WM OSEME, Fy :
AROTNEAWIRE, Fg EGHOMETmEANRS, n: R
Bk, av. T, s.d.: RERE

Legend) F'y: Tensile strength of the finger jointed lumber, Fy y;: Tensile
strength of the lumber, Fy,,: Panel shear strength of the plywood, F:
Shear strength of the junction in parallel to the axis, n: Number of
specimens, av.: Average, s.d.: Standard deviation.
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Fig. 5. An example of specimens that failed at the junction.
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Table 4. Comparisons between calculated and measured ultimate load in the bending test.

Type P__(10°N) P_(10°N) P /P

BF TF WF BF(1) BFQ2)  JF WF BF(1) _ BFQ) TF WF
235-44A 183 294 186 184 239 0.62 0.98
235-64A  21.6 226 373 229 178 242 0.58 0.94 1.27
235-89A 221 23.9 410 250 173 245 0.54 0.88 1.38
286-44A  17.4 342 205 237 296 0.51 0.85
286-64A  22.0 394 231 229 300 0.56 0.95
286-89A 283  27.1 538 314 220 305 0.53 0.90 1.23
235-64B  23.0 20.8 356  22.1 177 237 0.65 1.04 0.88
235-89B 235 46.4 284 174 239 0.99
286-64B  29.1 26.4 480 289 200 267 0.61 1.01 0.99
286-89B 29.2 556 327 223 296 0.99

FUBI) Pray @ A WEEETHEIC 3425 3 5 o K7 2 00 SE I8 0 SE 1,
WF : 52 REMW, BF(1)~(2):(1)~(2)=ic X 535l

Pa  RATEOF 5, BF : TF & CF %

AR L7l PR, JF B LT

Legend) P, Average of measured ultimate loads corresponding to each failure mode, P,;: Calculated ultimate load, BF: Bending failure including TF
and CF, JF and WF: See Table 2, BF(1)~(2): Calculated value by formula (1)~(2).
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Table 5. Bearing force at the ultimate load.
Type M_ (10N.mm) me (103N)
av. s.d. TL av. s.d. TL
235-44A 7.3 1.2 4.7 9.1 1.6 5.9
235-64A 9.9 1.2 7.4 10.8 1.3 8.1
235-89A  13.1 1.1 10.8 11.5 1.0 9.5
286-44A 7.9 0.8 6.3 8.7 0.8 6.9
286-64A 125 0.5 114 11.0 0.5 10.0
286-89A 15.7 0.9 13.8 13.8 0.8 12.1
JUBD) Mgyt BEREIFTE— R B, Quay 1 IKEAMT), av. : K,
s.d. : FEYERZE, TL: PRI (FEKHET5% O 5% TRIFFARM)
Legend) M,x: Maximum bending moment, @,,,x: Maximum shear force,

av.: Average, s.d.: Standard deviation, TL: Lower limit (5th percentile
lower tolerance limit with confidence level of 75%)
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WL 1 1QTL
Gu@ £ S

Qy AT L0 AL SRAEAMS (N)
L@ RHFAEEAMT (N)
Qr  BREAW O TIRE (N)
Lg: QXD HIRA/3 (mm)

bz & LT, WA I RROHIRA N & & v
24 BRI L, PuRBE Tk AR OfIRR A <
Z WA TRD =AM /1O TRRAE B 5 H Lz,

F BH?

2F BH
MTL: b6 > QTL: s3

F, : 86 o (P ILESREE (SPF HFE 2 kD 210 4 T
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Practical Application of I-beams with Wooden Materials Made in Hokkaido (III)

Foxk EAZH (FHHFAE 455mm FHR) THFHFIRR /N

Table 6. Span limit in practical conditions (uniformly distributed load, intervals of 455mm).

Type H WB MTL QTL LM LQ L()'
(mm) (mm) (N/m) (10°N.mm) (10°N)  (mm) (mm) (mm)
235-44 44 235 22.0 4.7 5.9 3616 4105 3708
235-64 64 235 27.2 7.4 8.1 4550 5687 4041
JEPE 1 B 235-89 89 235 34.9 10.8 9.5 5470 6576 4558
Domestic I-beams 286-44 44 286 24.9 6.3 6.9 4192 4828 4379
286-64 64 286 30.0 11.4 10.0 5630 6966 4768
286-89 89 286 37.5 13.8 12.1 6170 8366 5380

Oy 210 38 235 39.3 5.1 10.7 3765 7392 4061
Dimension Lumber 212 38 286 47.8 7.0 13.0 4393 8925 4928
A 1 T 235-44 44 235 30.5 11.6 12.2 5676 8493 4345
Imported I-beams 286-44 44 286 35.4 14.9 12.2 6426 8454 5103

NGB B, H: HE1RBW, Wyg: ROHAE, M : Rk KMFE—2A2 O TRME, Qpu: R KNEAW SO TR, Ly M X 56 A

R, Lot Quic X BHIBARL, Ly 2 bRl IR 2 <

E) KFIEELA TORb/DSREIRA Sy (FERANY) BT, WeB L L0 EHMNITAT#RY 2 5,

Legend) B, H: See Table 1, Wy: Weight of the beam, My : Lower limit of the maximum bending moment, @ : Lower limit of the maximum
shear force, Ly Span limit by My, Lg: Span limit by @rr, Ls: Span limit by deflection.

Note) Boldface means the minimum value of span limits, allowable span, in each type. See the previous report? about the details of Wy and L.

Fy : 88 AR (SPF Cld 1.8N/mm?)
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