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Development of gymnasium floor using wooden girders and joists
in larch glulam for structural use

Tetsunori SAWADA, Kazushige MATSUMOTO, Yoshinori OHASHI,
Masahiko TODA, Tatsuo ABE, Mitsuhiro SHIMIZU,
Akira KANAGAWA, Takehiko KONDOU

To expand the demand for glued laminated timber (glulam) from Hokkaido, it is necessary to create
demand for a substitute in the non-wooden architectural market. One example is the furring components
of gymnasium floors, which changed from wood to steel materials in the past. Therefore, the recovery
of wood in this market is hoped for. Here, larch glulam was used for furring components (girders and
joists), and the compositions of wooden floors satisfying the Japan Industrial Standards (JIS) provisions
for floor performance (elasticity, absorption, hardness of collision, vertical loading, and cyclic impact
load) were considered. By measuring Young's modulus of the components of the glulam and designing
their dimensions so that they had bending stiffness similar to that of the steel materials, we attempted
to build floors that complied with the JIS. We experimented with 6 floor types and found performance
compatible with the JIS for 2. However, since Young's modulus in glulam for structural use is within the
range of tolerance of the Japan Agricultural Standards (JAS,) we need to conduct detailed investigations
of the influence it has on floor performance. Moreover, since furring is used in the environment under
the floor, durability of wood equivalent to that of steel materials is required.

Key words:  glulam for structural use, gymnasium floor, floor furring components, bending stiffness,
floor elasticity
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Fig. 2. Relations between load and displacement
of steel girders.
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Fig. 3. Relations between load and displacement
of steel joists.
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Table 1. Bending stiffness of steel girders and steel joists.

. . TR Type | #BAA No. | AP A S[KN/mm] EI [103kN-mm?]
> 1] 4 1] k
fHBL K5 Steel girder  SHEARAK Steel joist | o1 0503 72090
H1 AEEERMELR T 44 steel girder G2 1.0630 22,145
Fig. 1. Steel furring components for FHRUR A J1 0.1980 4,124
gymnasium floor. steel joist J2 0.2002 4,171
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Table 2. Reference values of larch glulam for structural use and bending stiffness of section size.

FER] | JAS 56 B S50k HF v o ZARECEE | RREHE | RGeS | REHiTEIME | S
Type | JAS strength grade MOE(average) width height EI propriety
[KN/mm2] [mm] [mm] [103kN - mm?2]
75 75 25,049 O
A E95-F285 9.5 4 “ 23,739
girder 73 73 22,482
72 72 21,275
45 50 4,453 O*
46 49 4,284
Tfé: E95-F285 9.5 48 48 4,202
47 48 4,115
(50) (45) (3,607) (0%

*PABHIEEE - LEE CHEATE 2R L, AEICBT 5 NESREEV EaEs L TRE LT,
*Material size that can be used in the horizontal and vertical directions considering the size of the production yield.

B3R ASIXVEHMKIIOBHY LT HRE

Table 3. Dynamic MOE (E;) of girders made of larch glulam for structural use.

Rl bE | &S | RS | HE | BE | EAERSS | @0ve s | didEibE g7
No. | width | height | length | weight | density | eigenfrequency | %% Et EI selection
[mm] | [mm] | [mm] [a] [kg/m3] [Hz] [KN/mm2] | [103kKN/mm?]

gl 9,901 484 591 9.0 23,730 @)

g2 9,753 476 597 9.0 23,730 O

g3 9,973 487 602 9.4 24,785 O

g4 75 75 3,640 | 10,463 511 701 13.3 35,068

g5 9,682 473 646 10.5 27,676 @)

g6 10,409 508 687 12.7 33,486

g7 10,280 502 680 12.3 32,432
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Table 4. Dynamic MOE(E},) of joists made of larch glulam for structural use.

B W | &S | &S | &8 | 8F | EAERSR | #8ve s | gk e
No. | width | height | length | weight | density | eigenfrequency | 1%%% En EI selection
[mMm] | [mm] | [mm] [a] [kg/m3] [Hz] [KN/mm2] | [103kN/mm?2]

jl 4,182 511 584 9.2 4,313(3,493) O

j2 4,024 491 584 8.9 4,172(3,379) O

j3 4,125 504 617 10.2 4,781(3,873) O

j4 4,134 505 591 9.3 4,359(3,531) O

j5 4,392 536 609 10.5 4,922(3,987) O

j6 4,399 537 665 12.6 5,906(4,784)

j7 4,539 554 666 13.0 6,094(4,936)

j8 4,025 491 631 10.4 4,875(3,949) O

j9 4,222 516 646 11.4 5,344(4,328)

j10 45 50 3,640 4,328 528 618 10.7 5,016(4,063) O
j11 | (50) | (45) 4,423 540 634 11.5 5,391(4,366)

j12 4,176 510 603 9.8 4,594(3,721) O
j13 4,120 503 585 9.1 4,266(3,455) O
j14 3,940 481 594 9.0 4,219(3,417) O
j15 4,541 554 637 11.9 5,578(4,518)

j16 3,969 485 638 10.5 4,922(3,987) O
j17 4,263 521 593 9.7 4,547(3,683) O
j18 4,741 579 644 12.7 5,953(4,822)

j19 4,178 510 655 11.6 5,438(4,404)

j20 4,412 539 573 9.4 4,406(3,569) O
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Fig. 4. Steel post type A.
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Fig. 6. Steel post type C.
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Fig. 7. Standard structure of specimen for the floor performance test by JIS.
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Fig. 9. Test of floor elasticity.
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Fig. 10. Test of floor hardness at collision.
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Fig. 11. Test of vertical loading on floor.
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Fig. 12. Test of cyclic impact force on floor.
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Table 5. Performance values of floors and overview of the test floors.

ER A WAMEE Y TRAE RV U | IRENBRRFR | SRl Y ELHL AT R LR
Floor No. Value of elasticity Tvd WX Gs Displacement of
B Value of shock Time of vertical loading Cyclic
Propriety e B AiE & fii absorbing vibration Hardness of | fx K- |- A4 | impact
Min. value | Max. value decrease collision Max. value | Remained force
(sec) (G) (mm) | value (mm)
JISHEE | 0284k | 0.0LL E 0.45L4 F 10084 F 20LLF L5UF  |[HEDZRWN
Specified value | More than | More than 15~40 Less than Less than Less than Lessthan [ Z & No
of JIS -0.2 0.0 0.45 100 20 15 abnormal
@ Rl
-0.2144 -0.1008 12.49~15.93 0.09 104.6 6.0 0.3
Not adaptable Normal
X | AEER | SEECSZREEINA, KBIB90X HIOMm, HRAKB60X HE60mm, FHiAHKt15mm, fiE 7 w—1V > 7 t18mm
Components | Steel post type A, Girders B90 X H90mm, Joists B60 X H60mm, Plywood t15mm, Gymnasium flooring t18mm
@ Bl L
-0.2232 -0.1239 13.12~17.52 0.06 109.0 11.8 1.4
Adaptable Normal
[ .
X fERE | RIS ERINB, K5IB90>X H90mMm, AR AB60XHE0mm, THIAMtI5EMmM, fEE 72— 2 t18mm
Components | Steel post type B, Girders B90 X H90mm, Joists B60 X H60mm, Plywood t15mm, Gymnasium flooring t18mm
© Bl
-0.1034 0.0785 15.60~28.84 0.21 99.2 8.5 0.3
Not adaptable Normal
O fAf | BB FRIMA, KBIB75 X H75mm, #RAKB50X H45mm, FHIAHKtISmm, fEjE~7 a—Y > 7 t18mm
Components | Steel post type A, Girders B75XH75mm, Joists B50 X H45mm, Plywood t15mm, Gymnasium flooring t18mm
@ Rl
-0.0416 0.0200 21.63~28.74 0.10 105.0 15.3 1.2
Not adaptable Normal
[ -
X Ak | BB FAEB, K5IB75X H75mm, ARKB50X H45mm, T HiAHt15mm, fifE~> =—1 > 7 t18mm

Components

Steel post type B, Girders B75XH75mm, Joists B50 X H45mm, Plywood t15mm, G

ymnasium flooring t18mm

“EL
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-0.3374

0.0449

28.20~42.77

0.14

95.6

x| fkE

Components

BB FRIC, K5IB75X H75mm, ARAKB50X H45mm, T Hi&Htl5mm, fiffg~> =—1 > 7 t18mm
Steel post type C, Girders B75XH75mm, Joists B50 X H456mm, Plywood t15mm, Gymnasium flooring t18mm

“EL
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-0.1512

0.0266

26.17~37.06

0.14

95.7

14.6

0.8

gL
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O (EKES

Components

A

SRS FFIC, K5IB75 X H75mm, AR ABA45X H50mm, FHiAHt15Smm, fifE~7 w—U >~ t18mm
Steel post type C, Girders B75XH75mm, Joists B45X H50mm, Plywood t15mm, Gymnasium flooring t18mm
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