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Yoshihiko Hirasumma: Strength of Plywood Box Beams (1)
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Table 2.

v IrBRBIc kY,

MO b 2N, MADIETEE, COREATRBEINTOEIORETH -7,
HAEKEER (JAS) IKEEISNTVS S v VEERARERV

thid 91 cm X182 cm (3RX 6 R) DFEKRD

V2 THMELTD v v F VI EREEL

BB O ¥ v SRS HE

Younc’s modulus in bending and specific gravity of
web and flange materials

v o= 7 Web 75 VY Flange
RGBT | v rms - e > 7 b
designation Youne’s modulus = Youne’s modulus =
£ in bending Specific gravity in bending Specific gravity
(103 kg/cm?) b g (10% kg/cm?)
1-A 111, 3 0.53 128.9 0.47
1-B 98, 4 0.53 116.1 0. 47
2-A 108, 4 0.56 139. 3 0. 58
2-B 100, 6 0.52 160. 7 | 0. 60
3-A 122.1 0.54 142, 4 | 0.52
3-B 104, 7 0.51 176.1 ’ 0.52
4-A 108.6 0.55 139. 4 | 0.52
4B 95, 1 0. 50 135.5 ‘ 0. 50
5-A 105, 7 0.58 136.5 | 0.52
5-B 94, 2 0,52 136.9 [ 0.52
6-A 114.0 0,48 152. 1 ‘g 0.53
6~B 99.5 0,57 124, 8 { 0. 54
I
7-A 102, 8 0. 54 151, 5 | 0,50
7-B 91,2 0.51 147.2 [ 0.51
8-A 103.9 0. 55 140. 6 ’ 0.52
8-B 89. 4 0. 50 132.3 { 0.53
9-A 105.2 0.55 142,8 | 0. 54
9-B 99,1 0.57 1505 | 0.52
10-A 114.7 0.53 140. 8 | 0.55
10-B 119.0 0.54 1276 | 0. 48
11 134, 8 0.55 126, 7 E 0.48
12-A 100, 2 0.54 164, 1 | 0.59
12-B 105, 8 0,52 165.3 0. 61
13-A 101.6 0.59 152, 0 ! 0.58
]
13-B 107, 4 0.55 163.5 i 0.57
14-A 101. 6 0. 49 143.4 i 0. 60
14-B 109, 1 0. 49 161.9 j 0. 61
15 113.3 0. 54 108, 1 l 0.51
16 99.2 0.58 115.3 0.47
17 7 0.54 149, 5 0.55

107,
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Table 3. & B & ® fF o # H

Particulars of test model fabrication

OB R M 30

Number of test model

o N Y

Length of test model 400 cm

S S Ly ) — vk e Al

Adhesive Resorcinol resin adhesive

B4 H A BB g . WAL A |

Rate of mixture Resin : Catalyst

® MmO

Spread 300 g/m?

oM H ik RIBIC & 2 il A

Method of spread Spread both faces with brush

E # & ke b7 LA (BREME 188 cmiX 259 cm)
Method of pressure Hot press (Pressure plates 138 cm X259 cm)
{i‘[;esiire}i Ji 5 kg/cm2~-12 kg/cm?

IE 6 M B |

Temperature of pressure i ca. 125°C

plates i )

H %% H}f i v 2 7 S5mm T3 9 45

Pressure time ca. 9 min, for beam with a web thickness of 5mm

U= 7B 7.5 mm T 124 i
ca, 12min, for beam with a web thickness of 7,5 mm

| Y« 7 9mm TiZH 15 4y
ca. 15 min, for beam with a web thickness of 9 mm

v 2 7E 12mm TR 20 4>
ca. 20 min, for beam with a web thickness of 12mm
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Fig. 3 JEEICER 2T 7 ket
Stiffener spacing with buckling
stability*.
*AED 0° B XU 90° Hiao gy v 7RE R
P —r— e e e ey % 90x10% kg/om?, BYWiA &% 70kg/cm? & U
[LL ________ ;'L'“_«__N__:L _______ iJ TEHE L7,
These values were calculated with the as-
i sumptions that sum of plywood Young’s
Fig. 2 v =70EDSHERF 75 DEE moduli in bending for two directions, 0° and

s . 90°, and shearing strength were 90108 kg/
Web joint and stiffener location. cm? and 70 kg/cm?2, respectively.
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Table 4. HMLOTE T, WIHICAROED )
Dimensions in cross section, weight, specific gravity
and web joint location of box beams

T - , = S = £ ZoHEHMT
S| R 7IVVIE |7y IRN v TES | EoER %\@%b)g GD R
Beam Beam Flange Flange Web Beam B = ¢ Vit
designa- depth breadth depth thickness | weight earsnpé\gipélcren Web joint

tont - (cm) b (em) | d(cm) t (cm) | (kg) | gravity location
-A 30 13. 488 3.015 0,742 29.8 0.07 I
1-B 30 13. 503 3.018 0.757 30.1 0.07 I
2~A 25 13. 455 3.938 0,753 36.8 0.10 I
2-B 25 13. 500 3.938 0,756 37.6 0.10 1
3-A 16.7 13. 500 3.933 0. 745 29.0 0.12 I
3-B 16,7 13. 490 3.910 0.748 28.8 0.11 5 I
4-A 30 9,193 2.998 0.739 24,8 0.08 i
4B 30 9,203 2.993 0,751 23.8 0.07 I
5-A 25 9,208 4,463 0.750 28,7 0.11 I
5-B | 25 9,215 4,698 0.757 28.6 0. 11 i
6-A | 16,7 9. 200 4,358 0.742 22.4 0.13 I
&B | 16.7 9.198 4,270 0.745 23.1 0.13 I
7-A | 30 5.033 3.025 0. 745 18.1 | 0.09 1
7-B 30 5.085 2,963 0. 753 18,0 0.09 I
8-A 25 5,220 4,655 0,757 20.1 0.12 I
8-B 25 5. 200 4,680 0. 749 19.6 0.12 i
9-A 16.7 5.208 4,773 0.752 16. 4 0.15 1
9-B 16.7 5,288 4,580 0,752 | 15.7 0.14 1
10-A 40 9,757 4,514 0, 541 33.5 0.08 i
10-B 40 9,858 4,528 0, 541 32.0 0.07 I
L 40 9,893 4,748 0. 543 37.1 0,08 i
12-A 40 4,615 3.015 1,232 33.8 0.12 i
12-B 40 4,623 3.013 1,218 32.5 0.1 i
13-A 30 4,673 6.008 1,242 33,6 0.16 T
|
13-B 30 4,805 6.025 1.250 | 32.5 0.15 I
14-A 25 4,545 9,950 1. 241 34.5 0.20 i
14-B 25 4,638 9,415 1,230 34,7 0.20 il
15 30 9,855 4,495 0.750 32.0 0.09 i
16 30 9, 740 4,750 0.916 34,4 0.10 il
17 30 9,980 4,545 1,228 41,2 0.11 il
1) Fig. 2 M
Ct. Fig. 2
b o
Ila !
v
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Table 5. 27 7+ & LCRAMKOZETF I H DTk
Breadth of stiffeners and length of splices along beam length

Z F 7 F Stiffener
2w 5 5 & AW P AR
Beam At loading point At web joints Length of
designation A W I 18 B splice
Bz‘sff)th Number B’ég;‘f)th Number (cm)
1-A 5 4 9 1 3 No used
1-B 5 4 9 1 ”
2-A 6 4 9 1 ”
2-B 6 4 9 1 "
3-A 3 4 9 1 ”
3-B 3 4 9 1 ”
4-A 5 4 9 i 1 ”
4-B 5 4 9 1 ”
5-A 6 4 9 1 ”
5-B [ 4 9 1 ”
6—-A 3 4 9 1 ”
6-B 3 4 S 1 ”
7-A 5 4 9 1 ”
7-B 5 4 9 1 "
8-A 6 4 9 1 ”
8-B 6 4 9 1 ”
9-A 3 4 9 1 ”
9-B 3 4 9 1 ”
10-A* 10 4 No used No used 6
10-B* 10 4 ” " 6
11 10 2 1 3 No used
12-A 8 2 14 3 14
12-B 8 2 14 3 14
13-A 9 2 14 3 14
13-B 9 2 14 3 14
14-A 9 2 14 3 14
14-B 9 2 14 3 14
15 8 2 8 2 No used
16 8 2 8 2 ”
17 8 | 2 14 2 14

*RFTFEY = TWEML TN,
Stiffeners arn’t attached to webs.
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Table 6. Wi @ # & X o # v W #HY

Section properties and flexural rigidity of beams

Wi~k € — A ¥ }® Wi —kE— 2 v b FTHH R
wosd Statical moment (cms3) Moment of inertia (cm*) Calculated
flexural
Beam | 75vy | 9 = 7| & # | 75vY | v« 7| 4 & rigidity
designation| Flange Web Total Flange Web Total (108 kg-cm?)
Q1 Qs Q@ Iy Iy ‘ I; EI
1-A 548, 7 101, 2 649. 9 14, 868 2,025 16, 890 1,372
1-B 549.8 101,2 651.0 14, 894 2,025 16,920 1,374
2-A 558. 0 70, 4 628, 4 11,888 1,172 13, 060 1,057
2-B 559.9 70, 4 630, 3 11,928 1,172 13, 100 1,060
3-A 338. 9 31.4 370. 3 4,464 349 4,813 388, 5
3-B 337.3 31, 4 368.7 4, 449 349 4,798 | 387.3
4-A 372.1 101, 2 473.3 10, 087 2,025 12,110 | 989, 2
4-B 371,9 101, 2 473, 1 10, 085 2,025 12,100 989, 1
5-A 422.0 70,4 492, 4 8,802 1,172 9,974 “ 809, 6
5-B 439.5 70, 4 509. 9 9,081 1,172 10, 250 832.0
6—-A 247, 4 31.4 278,8 3, 180 349 3, 529 285, 8
6-B 2441 31.4 275.1 3,153 349 3,502 283,7
7-A 205, 3 101, 2 306,5 | 5,562 2,025 7,587 627, 2
7-B 203, 7 101.2 304, 9 5,528 2,025 7,553 624, 5
8-A 247.2 70.4 317.6 5,117 1,172 6, 289 514.8
8-B 247, 3 70, 4 317,7 ‘ 5,113 1,172 6, 285 514,85
9-A 148. 2 1.4 179.6 1,862 349 2,211 180, 4
9-B 145, 1 31.4 176.5 1,842 349 2,191 178.8
10-A 781,85 120,0 901,56 27,878 3, 200 31, 080 2,518
10-B 791,7 120.0 911.7 28,232 3, 200 31,430 2,547
11 827,9 120, 0 947.9 29, 360 3, 200 32, 560 2,637
12-A 257, 3 240,0 497, 3 9, 538 6, 400 15,940 1,339
12-B 257, 6 240,0 497.6 9, 548 6, 400 15,950 1,400
13-A 336. 8 135, 0 471,8 8, 249 2,700 10, 950 902, 9
13-B 347.0 135.0 482.0 8, 495 2, 700 11,200 922, 6
14-A 340, 3 93.8 434.1 5, 868 1,563 7,431 610. 1
14-B | 340.3 93.8 4341 | 5,948 1,563 7,511 616.5
15 | 564.9 101, 2 666, 1 14,557 | 2,025 16, 580 1,347
16 L 5841 101.2 685. 3 14,922 | 2,025 16,950 1,376
17 | 577, 3 135.0 712.3 14,852 I 2,700 17,550 1,431

1) FHEICI JAS IklE S 5 ATRBURE
All values were calculated using nominal veneer thickness conforming to JAS.
2 Ny bTaAYOHBRLKHLOTIIEE D E (FRTT) Kh 3 AFTMMo, hariic B9 5 Briki—
WE—~AY o
Statical moment about the neutral axis of all parallel-grain material, regardless of any butt joints,
lying above (or below) the neutral axis.
3D Ny b ad Y rObs LICED ST, EFTHREO PN AW ZRE~ AV b
Moment of inertia about the neutral axis of all parallel-grain material, regardless of any butt
joints.
4) El O EICRRO Y v 7R E v,
The following values of Young’s moduli were used for calculating El.
77 vy Flange Ejg1:80%x10% kg/cm?
v = 7 Web Ey : 90x103 kg/cm?
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oot iR
Thd, BMBEMWPTOHEICH Oy v 7RI, ~4 7 7T 106X103kg/em?, 5 7 v T 132X 103kg/
E L, FHER&IENA Y # T 437 kg/em? & Lz,

WAMERIIY = 7EFA—OEWRPOEBL, TOMEFORIE, WED 12HERELE Ui, i
LY = 7EImMmPFTE, RAMEREZEBIRLT, chexF 7+ TRB LI, EDORXF 7 FOHEF
EXd, AUKHED 242 B%E Uit AF 7 F LIRAMERD L%, Tableb [KiRY,

AR, BR - JEERRUCTE208 28T 25505, chbididSA, BTREILK,

ZFTFOMBELVT7 5 VY VOMBAEED 2ICHI-TE, HorULdDY - TBERTINLEI T
BT 0ENHLDT, INLEMAFNPD E1XEF »— % Fig. 3 O XS ICfER LYPII®, o h
POEET AL TRENE O (FEHE 10, 1) ELENHD (FRHAR) O 1kEeEd.

JERDE— FOMEE AL IDIC, DS 100ETIR, ZAF74EY = 70OMIC1em ORRAE
LoT, UxTPRFT7FICEMUSO XS EHBEIC U,

ARIORBKTE, ROBSHAEETIMOmTRItED L4, 1.7~22.2 OFIA & L7z, ROMERIC
M UTIRMTRBIFIG, 38— BIOWERICE - TKEFROBEIMHRI NS 0, BT T 7w
PR—FORBEIILIED 5 o

HEphkoTE LBV ORIE LT, MLTEILTEEN-TRY, HIEFCBLTE, BEREAeL
BE-TEWNWTHA D, 2, Tv—F—INLE2HICOBH L7 7 ¥ IYMDIEPICE, WD PENIT
EEZHLTOW20085D, cNSERVLEDRPIIE, BEABSEONTHNEEDdH -7,

WA Ok, BRI EE Tabled, 51, Rolimoyits Table 6 IK/RT,

6. £ B F &

BT sz, Fig. 4 KRT 51, A9 360cm, 3434 2 AREEICE - 720

REFEER, JRRekomRs, W Iomb SNV RETOENEES, v2707 7 v Vs s
KIS S, 75 Vv VOBBESBIOY 2 TDESHTH S

Ay BRI DR 5HHE, TR — P LTHBARSORLICH 2 A1, Imme DRV FEILT
Py RERROWMA S F v b THEDM Y, coFubic, 3—7 BEARERERE TRIE L (Photo.
1~3 2D,

U= T OMEEAE, 77 v VEARERET AHEAED, CNRKEMNEEEDDIT, 77 vVIKHT
%Y = 7 ORESEEAZUE L7 (Photo. 2),

i, U TDERARI Licb DIl 20T, #Es4A Y = Taiichic - THLET 5 fcoic, #E)
BAERIEHE RT v v 5 4 — 28 AVTEMHE—EHETEE L, BALEMNT, BMFOMEERT
YV a A —FTHDEE, INoEXY L a—LiIchirtEic,

FEAMEI BB RIZEALET (117 2001078 O 9° A /mm) AW, 770 ¥ 2ICTRE Lo

WEIOIERZTO T 0 v 7 44 777 o% Fig. 5 IK/RT,

BhEke= 095, BEHEEMIIBLI0e~ Feu (B 10ton, H773,005X1078784 /F.S)
DOHNEXY va—ZiIc AL, WE—HAMEEH LS. COMBBILPREABA 2 LEON SR
AT, (oA RERZEMGT S Eopisic Va vy /o RETERMICRYIZT Ui,
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54 (20 ton)
Ram
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~Load cell po E-b
_Loading beam
L _— PRE G ER
M 1 A RIS . | /Roller Yoke for
Deflectometer for SUOBR 14 BB G (R | deflectometer
lateral deflection Test model tmy - Wooden loading head |

-7 % RILE
Bolt for
—supporting yoke

/ ~Scale 901&L [
[ & - <
i %, Strain gage £ ffr 5t e o=
FHITyr Ke-Strain gage EE/ Deflection trans ducer A

, J i 9K 8
Knife edg%7 i ; - Supporting plate
~ 260 1200 - fL : 1200 . ~ 1200 el 2000 D=5
| P e 36(0() e | | Roiler

----- 4000 S

{Unit : mm)
iR R A E
Front view

EI-V (I3LU )

¥ st A Strain gage attached to flange
sTA I 2 it

Yoke for deflectometer 1B B A

\ Deflectometer for lateral deflection
<" )

=

I
L
B\ ///‘ﬂ //,«-/ﬂ Strain gage
TR OB <
Deflection transducer
B E@
_Back view

kS

Fig. 4 i 2 5 i o B Bk 26 g

Test apparatus for beam bending.

RNRE®RSE
Displacment transducer
®
: T RuJZ | | ZRTVIVERIER| | TN 79
° Switchig box Digital strain meter Digital printer
e
EUMEBRS

Displacement transducer

Fig. 5 #AANE - NG T o v 7 [

Deflection measuring block diagram.

FUIL TS
Digital printer

RBREMIBERR A M TN B JE A
Transducer indicator DC amplifier Digital woltmeter

ET-
Strain gage

Fig. 6 #HE - k7w v 714

Strain measuring block diagram.
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EBHE, T4 ¥R VA VT~V (fx—2, F—YRe0mm) 2, HEMEE LT, SFWESL
TEICF I~ =V aiBEgic 2 EERETHE U (Photo. 2 21 EAHDWEN SIUERZTO
TRy I EAT ST a% Fig. 6 WKRT, BT Y A VEBRHORRITRERHHEOEGEL L, BEAHOEKH
TEEIPHIT 5,999X108TH %,

FEE, WERXT &2 7 —ZIPERERE (Bokig)) 100 ton, 17 4 20ton) iCk - T, HERAABY
B 5ET, ERENCNA,

BABRLUEHOWER, BMALHELRC & ICHELRRE LIORETT - 7.

7. ABRER L&Y

7.1 WIEOREE

AlEl o B TE LN PHRIBEER, ROXHBHDTH S,

D v =T7oKEHEICES D

Y 7OMRERZT TV IOERES I DIC, AV HICED b @R bN S o TEIZERE
BICELTLE S 2 RBICHER SN TV 50, BHBHMNE - S0BLN T 3 & & bic, REBICTH

% (Photo. 5),

2) Va7 Ou—-Y)VYIYTILLEHD

75 vIEY 2 TEEE LIRS O TS (Photo. 6),

3) U= T ERANOEEBOHEE
FBRIZEDBIRLLb DO — ) v/ vy T THIB L e ARICEHN T % (Photo. 7),

4) U7 OEMELEEIRICISZbD

oY)y vl Ebic, WEATIKIIbN TS (Photo. 8),

5 U7 OERBICIEZHOD

v = 7T OAEEN, Y, 77 VY EOEERICET AHET BN TS (Photo. 7, 9),

6) U=TAEWOEWDOe —hNy sy VT

EMRADORMD T IEBZEARRD 20 EXBHIC X2 b0 L Ubh, ERO—BoEREZZI LTS
(Photo. 10,

7 5T VIOBIEDICKEHD

AT 7 FRRAMEROTRDBHE SRR ICC LT 5 (Photo, 11, 12),

8) 7I7VVOHMILEEED

RS T BRI X 32T LT3 (Photo. 13),

9) 7I3VIOHEICEELD

AR L EDIEIC D - T 7 7 v VO L THAMB ST 5 (Photo. 14),

100 2F7FFRBRAMEROTRVICEZ D

CHNOIREMTREALNT, v—Y) vy 7975 vy PR BHES L & bicbh T3 (Photo.
11, 12),

FBROMY BT, AEHEEELAOBAIE, LEOLALADTRBKEBEBRTE & b
&, —BD S BIGHER L, BWEOELLFEKN LS 572602 RN E LN b O & XEIT 5 DIl K
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EARM

Table 9 (21 e BHADIERER, WHROBLNE PR, TREHEOEH Vv EE2SEHZELT, BHEROT

7B ERELONE DAL LICDDTH %,
7.2 B A

TBORTIE, WWELEENAT 2 2 EN2 0N, FMETZREOBRENCELS, BNz v
CBEGHNE L, Fi, SWIEHAZT O Y - THOWREI NSNS Sl E D, Bk DAe
ROBAC D 2EENAE LT, CNERRT S0 LIITER,

Table 6 (Wi QRS X Y BIBEOEARENTOEE, ZOFFICHI - TE, AEx v iC
SEATISEAMEE DB AHEICAN, Ei, 79V VBETY 2 TV VO BRBIBHERIGHES LTS
Z 5N TH L EY

75V E;=80x10% kg/cm?
A E,=90x10% kg/cm?
2R U,

Table 7 (1 ST BEA OEIEEIE, < O XD QM RIMA D CER O3 s » oRD b
DTH 5o

PWHRAIC DT, P52 L OWMEDRENDD, WALADFNMREENTV LM, <
NoDIEMIT, EHIHES LIS T, Fig. 79, Fig. 8V9TRTLEHETF +— P o3k 5 ik RE
ENTNZDT, ZCTRINGDF v — b OEMBMEC OV TG Le (Table 7 2. 48, &
WO BT MRS 4X 108 kg/em? & U729,

Sections symmetrical about the

50 [ T I [ horizontal and vertical axes with
I p=0.10 i G{Iange assumed equal to Gweb. 160 . T
s N ! 1/4p=010 A~
] ‘ by ] \
e paZt 7 140 ;
X + T ¥ "
‘ X dy h [
! + y 0.14
3 - A Vap-NG
/ p=0.15 [ S 0.6 \\
AN W N
! .
|
T e \ oo
N AY={ N =D
.2
/ / ] R, EYee N
20 0-0.30 e ] /-ro.as .
{ ; @midspan,C~w{ g o 040 =t
0=0.4 et 0.50 -
0 \\ P T vy o0 =
15 < 02050 | f’"’ 1 N

2 i8hdredR 1 T T
. Hh“m—h«;_*(mr— )J L

_ ! —
=075 \\\ @ midspan, C=P ¢/,

| Deshear deflecti
o P00 | waaP Pa - Dsj‘—KG"i ‘ G- shear modzch;:n_ B
: ! L L 1 =moment of inertia |
| S 070 @0 030, 040 050 080
- | @ midspan C Pa d/h
* T P powl e R e
C % P§§ g:%—mwz i S S n—. S S —
| | i X — . : load Equal trical
T ok Rl S
zhg @ x>ac-Bigx0 Load Coefficients  C=0.2k
Fig. 8 BIWHEEA OWITEH OKF - EEH
SECTION CONSTANT, K LOAD COEFFICIENTS, C - et E{EL
TR U T FRIS I TED Y
Fig. 7 Byl A O HEH & TR RS Section constant for shear deflection
Section constant and load coefficients for (Sections symmetrical about horizon-

shear deflection equation®. tal and vertical axes)?,
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Table 7. % H ® X i B ¥ A
Observed and calculated values of deflection at midspan
(Deflection 1078 cm/kg)

£ W E | .
Observed values | Calculated values of deflection
s j
W Fig. 7 it X5 Fig. 8 ic& 5
dBeiar;a A ﬁgﬂigl i #E AL Obtamed from Flg 7 Obtamcd from F1g 8
* gtion Deflec- (ﬁlégeldlty Bending ,QHM%]} AHB‘?’B%%‘ A nl T?%Z} : zﬁl D /
tion kg-cm?) | def. Sélegr Shear Total SHEE
‘ ef. def, | def. |Obs. /Cal.
1-A 0. 649 1 1,276 0. 604 ‘ 0.135 0.739 0. 88 0. 396 1. 000 0. 65
1-B 0,774 1,070 0. 603 J 0,134 0,737 1.05 0. 389 0,992 0.78
2-A 0.775 1,068 | 0.784 | 0. 222 1. 006 0.77 0.422 | 1. 206 0. 64
2-B 0.789 1,049 | 0,781 0. 221 1.002 0.79 0,422 1.203 0, 66
3-A 1,797 461 2,131 0. 430 2.561 | 0.70 0,539 2,670 0. 67
3-B 1,531 541 2.138 1 0.431 2. 569 0. 60 0.537 | 2,675 0,57
4-A 0, 803 1,031 0, 837 0, 141 0,978 0.82 0.415 | 1,252 0. 64
4-B 0, 883 938 0. 837 0. 140 0,977 0.90 0, 406 1,243 0.71
5-A 0,925 895 1.028 ‘ 0. 268 1.291 0.72 0. 421 1, 444 0. 64
5-B 0,923 897 0,995 1 0,274 1. 269 0,73 0,410 1. 405 0. 66
6-A 1,992 416 2,897 0, 456 3. 353 0,59 0.526 | 3. 423 0. 58
6~B 2,275 364 2,919 0, 457 3.376 0. 67 0,535 | 3. 454 | 0. 66
7-A 0,873 948 1,320 0,156 1. 476 0,59 0. 441 1,761 0.50
7-B 1.166 710 1.326 1 0,156 1.482 0.79 0, 436 1.762 0. 66
8-A 1.288 643 1. 608 | 0. 283 1,891 0, 68 0.441 | 2,049 0.63
8-B 1, 446 573 1. 609 0. 284 1,893 0,73 0, 447 2,056 0.70
9-A 2,893 286 4, 590 0,478 5. 068 0. 57 0, 537 5,127 0, 56
9-B 2, 800 296 4, 631 0, 481 5,112 0. 55 | 0, 550 5.181 0.54
10-A 0, 463 1,788 0, 329 0,167 0. 486 0.95 3 0. 402 0.731 0. 63
10-B 0. 451 1,836 0,325 0,155 0. 480 0.94 0. 400 ‘ 0,725 0,62
11 0. 500 1,656 0.314 | 0,161 0,475 1.05 0. 395 0.709 | 0.71
12-A 0. 453 1,828 0,618 0. 066 0, 684 0, 66 0, 253 0.871 0.52
12-B 0. 494 1,676 0,618 0. 066 0, 684 0.72 0, 253 0.871 0,57
13-A 0, 642 1, 290 0,917 ‘ 0. 166 1,083 0. 59 0, 256 1 1,173 0,55
13-B 0. 639 1,296 0.898 | 0. 164 1.062 0.60 | 0,256 1.154 0. 55
14-A 0,803 | 1,031 1,357 0,168 1. 525 0,53 0,192 1. 549 0.52
14-B 0,754 1,098 1.343 0.180 1,523 0. 50 0.205 | 1,548 0. 49
15 0.713 1,161 0. 615 0,198 0,813 | 0. 88 0. 368 0,983 0.73
16 0. 563 1,471 0. 602 0.170 0,772 0.73 0.312 0,914 0.62
17 0,471 | 1,758 0. 579 0.121 0, 700 0.67 | 0,246 { 0. 825 0,57
1) Table 6 @ EI & B CalH Lico ‘
These values were calculated using the values of EJ tabulated in Table 6.
T A ) ADH UNMERREY T, ATk 2 RERICE T3,
d, z,g,g ............................................................................... (3)

i, ds: B
REOWETHEINAEKT Fig. 7 ok onbd,
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Table 8. @1 o Wl ¥ & O F & # &
Flexural rigidity and calculated values of deflection
(Deflection 1073 cm/kg)

Sy STl | ~ - . [P
BT Cag | BFHES | Opins 7frl§rf Rig. 7 Obtamed 8fr<;n(1k (S
q Beam flexural Bending | R R R
esigna- rigidity def At n | MME/GHEME | 7 3% 5 B nﬁ *? i
tion| (108 kg-cm?) : Total def. Obs./Cal. Total def. | Obs./C
1-A 2,099 0. 395 0. 530 1,22 0.791 0.82
1-B 1,911 0. 433 0. 567 1,37 0,822 0.94
2-A 1,761 0, 470 0.692 1.12 0.892 0.87
2-B 2,022 0. 410 0. 631 1. 25 0. 832 0.95
3-A 667 1.241 1,671 1,08 1.780 1.0t
3-B 815 1.016 1,447 1.06 1.553 0.99
4= A 1,588 0. 521 0. 662 .21 0,936 0. 86
4-B 1,549 0. 835 0.675 1,31 0. 941 0. 94
5-A 1, 307 0. 634 0.902 1.03 1. 055 0. 88
5-B 1,349 0.614 0. 888 1.04 1.024 0.90
6-A 515 1. 608 2.064 0.97 2.134 0.93
6-B 425 1.949 2. 406 0.95 2. 484 0.92
7-A 1,025 | 0. 808 0. 964 0,91 1.249 0.70
7-B 996 J 0. 831 0,987 1.18 1,267 0.92
8-A 825 1. 004 1,287 1.00 1,445 0.89
8-B 782 1. 059 1.343 .08 1. 506 0.96
9-A 297 2.785 3. 263 0.89 3.322 0.87
9-B 309 2,683 3. 164 0. 88 3.233 0.87
10-A 4,213 0.197 0. 354 1.31 | 0.599 0.77
10-B 3,890 0.213 0. 368 1.23 ‘ 0. 613 0.74
11 4,008 0, 207 0. 368 1.36 0. 602 0.83
12-A 2,141 0. 387 0. 453 1.00 0. 640 0.71
12-B 2,154 0. 384 0, 450 1.10 0. 637 0.78
13-A 1,497 0, 553 0.719 0. 89 0. 809 0.79
13-B 1,632 0. 507 0,671 0.95 0.763 0. 84
14-A 982 0, 843 o1 | 0.79 1.035 0.78
14-B 1,104 0.750 0.930 : 0.81 | 0. 955 0.79
15 1,756 0, 472 0.670 1 1.06 ‘ 0, 840 0.85
16 1,903 0. 435 0.605 | 0,93 | 0.747 0.75
17 2,463 0. 336 0. 457 1,03 0. 582 0,81

D 75vv0 EREN UG Y Y o REE .
These values were calculated using the observed values of E in bending test.

C : WEFEIC X585, Fig. 7 [R&N D,
A BOWER
G U = T OBWIE R
LT, Holmil A 1, Ay = 7OBSIE, SIERIHEREY K52 5T 2 ket
HHESERO LI ICREIN TN S, COFHESE, HROBEZNS, $i, chiEfimd z8s
DHRELZR LU TED LD TH L, BBMOREILBELREZETH S
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LirL, DBETIE, VIR COBDOF — 2 PRENRT VDT, L TEARDOEROEI LM TEH
Bl
Fig. 7 2R EEE & SHEEE T2 &, DO HIZ0.50~1.05 ORPHICH 2%, BIHEEA OH A
MRENEIZE, ZOMTREVMARICH S, F/ Fig. 8 ikkbb0Lplhilicid, Fig. 7 OoFNZ
ORI AR EWEAICH 5 o
T, MTEAOHERE O Y Y SR, BT 7 vYoenid, RBRAREERT AENCRIE L
fli (Table2) XDid, DREO/NIVETHE T EAEINE, Fig. 7 »5kd SN2 0HH#HES I, #@/h
T ELZOTRITOMEREDNS,
22T, 7IVVOYVIEEELT, BT YV SRKOREME (Table 2) 20T EI 2R, C
@ EI 545 X CBIWHEAE A oGRS ZEHE L TERE S iR LT A (Table 8),
cmbbizd ki, Fig 7 HoRoliESE, BhOEMICED, HEOHRTICHI - TR
fEBAicH 5o
—%, Fig. 8 OBAICE, 77 v VDY v SRBICHBIGHEE ORI, EHELFREDLE,
0.49~0.78, %775 v YOERMD Y v /S EEERNZEZ, ORI, 0.70~1.01 DFAICH - 7co L
DT &b, Fig. 8 iF, BINEALBERICEIEL, L oReMNOBEESALLEZ 5.
75k, HPIBEREEBRANES O, 0.43~0.70 OISV, #BFEHIZ0.58 TH -7,
7.3 BTN
FHNRAE L BIEH-T, MFREHFDLTRL DR, I<MbhAREET, Thit20TRE
LIPBWVANARIEHIE EN TN,
TDIE, BAIBHVAVIGELTERALT MR, TRENUT ORI Vv OHEN Y R — b
FTEEVIELFCESTNTNE, TDH#
0.8,/,09 ZHI X, B0 D bOERIE
DOHTIRIEE WEOTERICE - T, ZDiH
IMELC LIS,

I

| ] /
s A EEoRITR, LANOEEEAS
// S CEbBoT, MUELE, EOHH

\

09

- 8 ey DEf (F1EIIRD) OFFHIEUT
o ol I & BMELHEDSRA ST 2 C &
07 A 1od sees,
> " C o, BICHE LI ADKE SE
06— £ Pﬁr"w _ RHakwscshs, Fig. 9 KEZ o 1
4 I araeg TV BTRERD® £FNTT 5 ¥ VRS
05 | g oI IR AERRIC X > TEHEF Lo
T J
OT e OL J i 4
/B
Fig. 9 BIREH F, (REHRX) czig, M:Ef#yE—x L

Form factor F, for ultimate stress, oy L BT IR
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Table 9. 2% B & X 0 # # % R
Results of test and calculations
| BNCSstE Uik n - o
| Sax stre oceurren | AR T
" B e (kg) KO W R o B
Beam | Max, B S B ]
desi%liloar; load W flfo‘i:l%b M ;;1})) v Mmoo ﬁ((;lrk Xﬁr; L/J:‘)i ¥ Ratio Form of failure
gy 1D chenr | Shear” [Bending si%ii?ﬂ Shear” -

1-A 4,920 505 63. 8 18,8 | 2,640 | 1,850% 1,480 2.7 | H.S

1-B 4,630 474 53.8 12.5 | 2,650 | 1,890% 1,490 2.4 ”

2-A 1 4,470 | 448 71.4 12,1 | 2,540 | 1,500% 1,470 3.0 ”

2-B 8,500 | 349 | 557 9.5 | 2,540 | 1,510% 1,470 | 2.3 ”

3~A 2,850 464 73.6 | 12.8| 1,430 |  930% 890 | 3.1 ”

3B 2, 600 424 66. 8 11,7 | 1,420 930% 890 | 2.8 ”

4-A 4,150 607 54,9 10.6 | 1,790 | 1,810% 1,560 2.3 o

4-B 4,42 647 57,5 11.4 1 1,790 | 1,840% 1,560 2.4 ”

5-A 4,770 616 | 78.4 1.3 1,880 | 1,460% 1,690 3.3 #

5-B 4,050 507 | 66.5 9.2 | 1,940 | 1,460% 1,750 | 2.8 #

6~ A 2,290 508 61.0 9.2 1,020 Q00% 990 2.5 o

6-B 2,950 660 77.8 12.0 1,010 910% 980 | 3.2 ”

7-A 3, 900 971 52.9 8.7 990% 1,770 | 1,790 1 3.9 | Shear in flange

7-B 4,320 | 1,082 57.9 | 9.8 980% 1,790 | 1,760 4,4 | Tension and shear in flange

8~ A 4,120 863 8.8 8.7 1,090 | 1,440% 1,890 2.9 H. S,

8-B 3,700 775 62,5 7.8, 1,090% 1,420 1,900 3.4 Compression in flange

9-A | 2,550 003 | 68,9 9.0 590 8OO¥ 1,140 2.9 | H.S.

9-B 2, 280 816 | 61,1 8.3 59 900% 1,110 | 2.5 v

10-A 3,980 286 53.3 5.5 | 3,720 | 1,790% 2,870 | 2.2 Web buckling

10-B 3, 230 229 43,3 4.5 3,760 1,790% 2,880 1.8 ”

11 4, 200 286 56. 1 5.6 3,910 | 1,800% 3,140 | 2.3 ”

12-A 6,780 | 1,219 42,9 1], 270%, 3,790 2,990 | 5,3 | Tension in flange
12-B 7,000 | 1,257 44,8 9.4 1,270 | 3,750 2,980% 2.3 | Rolling shear in web
13-A | 6,900 | 1,004 59,8 8.8 | 1,470 | 2,770% 3,130 | 2.5 H.S.

13-B 6, 300 890 54,2 8.1 1,510 2,790 ; 3,110% 2.0 Rolling shear in web
14-A 5, 330 7921 627 6.1 1,250 | 2,040% 3,480 2.6 H.S.

14-B | 5,380 789 | 63.2 6.5 | 1,270 | 2,040% 3,320 26|

15 4,800 464 64,3 9.1 2,590 | 1,790% 2,110 L2y ”

16 6, 500 603 71.7| 11.8| 2,650 | 2,360 | 2,210% 2.9 | Rolling shear in web
17 6,900 624 | 570 12.5| 2,640 | 2,900 | 2,204 3.1|

D =8R8/ OR &8 - 1S c K 2 RKERERE (A shTng)

Ratio==Mazx. load/Max. design load (attached mark *) calculated from the stress which causes beam failure.
2) H.S. 137 = 7 OKEHMBERAERT,

H. S. means the web failure by horizontal shear.
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F: AR
Iy : Z DM R OEE: LT 2 TR Z B OMEI O ERO W ke — 2 ¥ b
o e
EWOME - RE—* Vb Iy 13, AEORBRTE T 27Dy b ag V0BT 7V IOMF4 Fic
BOTR-BEHAKEBEENTO S, V2 7RALEELRNEDE LDTY, 75 YDLHDH
T IRE— 2 ¥ Mg L (Table 6),
X (4) 5, BICHAELERBTBHEFEL, Table 9 IR L,
MO TR LR TR, 5O 775~1, 219 kglem? OFFRIZH - 7o
A Y OFEEMIGIE A 160 kg/em? (LEMESEY, WAL EThE, 7 7 v i IRIic
X o THBRULETIE, CORICHAE LRERIYISNEFRERICNELD it, 4.8~7.6 DHINIC

% -7z )
T, BETON TV LEETHEDS
2F 1,
- é .............................................................................. (5)

coic, M:#EH#TE—2 vt
Fp: 79 v VMOFEEM (FITBRR0) JEHE
PORD LN AREWE Py &, EBROBANE Pnax O Pmax/Py (RICC T TRAREIFS) 12,
3.4~5.3 DHEMICH - 7z

OREOAMEICHT 2 FEBIEOFE TP 5B NBERFRIENED 2 B EomsEF LT
WA ER, FEBRNEEZBELTOS ESHTE LA,

— i, MEOZERRI—BEIRDEL, BrORGPEELDT—RZICE->TED LGNS DT
H5D, AEORBRNSEONIZERS AL 3RBEIRBBHDBELBRUNT 5, BICERICEIC
EUIeBARBH EFERAELE OB TR COERG »ERELLS

CoZEE, BEOOBETOAMOHERIGNEY, b TEEE T bh, RRAMICHLT
bREEHATUNSWEZRALTVS T LIKRARS 5,

MRl Z &M « BFEWEEL LB SEAMOREICIE U TS » &+ A MDD ERK D 2T T, K
Mca 3 2 MIESFHEET D CEPBETHEA S,

7.4 JKEBIWREE S
ZUTHE S B KF RIS TR OB 4, RUTRRELD, £OMRRAPSEHE SN S,

Vi o
]ﬁzft ..................................... ( 6 )

zic, o« harshick i 2 KRR IS
| &R [Fis{ok L ipl]
Q : ROBNCEFTIMHET, PRI X DANCH 2R ORI ICEET S b — 2 v OifE—RE
=AY (DTN b Y a4 YV PENTOTHETICANS)
I - o AT h i iicBEl T2 P — 2 VOMHE ZRE—~2 Vb (T 2T hy b Y
ad YV EFENTOTHEHEIRANDS)
Lt REIC B 5D 2 TOREEE

=
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Wrilli—& B Lk E— 4 v b Ofliid, Table 6 (it EN TS,

BT S U7 S APBETE 7 (TR b b & RMEROJRT)) % Table 9 1289 JKEBYWT N THE
BULETE, 25Ol 53.8~78. 4kg/cm? ORIPICH - 120

U= T U TIE, bl 43.3~-56, 1kg/em? offilllicdh v, FIEOMBIDE T LTS T
EDBHD LI D

ACPBIWUE 3 CHAR L7 BT, B RGTE Pmax &, GROBIARFEIIWIS B (B I3 26 kg/cm?,

Cld 24 kglem®HPZHOTK (6) »S5RO /R KEATHE Po O Prax/Py O (T30 EER

Ferk Ute e RIB T & FAIENE & O I L) 1, 2.3~-8.3 O#ilicd - 72 (Table 9,

RIOMFIEHDOLE LM UELFTCOEAERNE, CNRHABIEHEZBELTED, »odsANT
KRERBETEROESICENTELD, THDLE, ANOFEIKICNERZNRMEEZA LD,

Yo THOE LARTIE, SOOI, 1.8~2.3 0#iHICH D, 20 TF0E0BBLN TN, T738
b, BEARCT SO, FRBHELAGELUEVEVIEAITHRBLTLE DY T, 77 v IHKE,
AF 7 FREGEEAZZT, BREHCHEERILESHL2DITH 5,

7.5 T 70U x JHEOHERIEN

77 v V= TR, BWIR AT A0, U 2 T EROBG L, 05 B D T —
A 5 a - WD RR AN
AHORBDO LI, ¥ TORMOLNRT 7 v DIKETLEH18, 2200y = 72O LD, &

R IBOEGOr - vy TR, KSR ST Y,

T, wpime Y VYT

d: 75 vIrY 2 7T DOEHH
Qg tharEcdd 27 5 v I DWili—KE—# VI
L, Vil (6) Tk
BicssE Uil ka — Y vy TIsh (bbb, BREROR) 4 Table 9 TR,
u—Y VY TIENTHR LT, ZOiE 8 1~12.5kg/em? OEIHICH - 7o
Bioa—Y vy TICHT 2RISR, S A, B, C &b 8kglem? () pEEShTH

59,

AT, RMAEDHEEZ N LVRF « ZF Y2 0DE I, GRO—H45icae =Y v 7y 7IEhH 5

T2 K5 &L, ISHEROEED Yy, FAe -~ v Iy TIRAES 50% B L THN

LT EDIERENT S,

LT, GNOFERa—) v /Y TIRIEA 4kglem? L L, COEEHANTK (7) poRDIEKR
TATTE Pg &, FEKME Prax EOW Pmax/Pg 13, o—) Y7y TTHRBLALETIE, 2.0~3.10
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Strength Properties of Plywood Box Beams (I)
Yoshihiko Hirasuima®

Summary

Plywood box beams are the units which have superior structural performances and, there-
fore, in many countries, especially in the United States of America, have been used suc-
cessfully up to today.

However, their application is not widespread in Japan.

It can be pointed out éS one of the causes that the design method of plywood box beam
has not been accomplished because the plywood allowable stress, which was needed through
design procedures, has not been proposed in Japan.

Recently, however, as the recommended allowable stress for structural plywood is publish-
ed, the design method will be able to accomplish by using such a stress.

In this study, the design methods of the box beams which structural plywood webs and
lumber flanges (Western Hemlock) are joined by gluing are discussed.

Thirty test models, with a length of 400 cm, having different dimensions in cross sections,
were fabricated. The kinds of plywood thickness used for webs were 5mm, 7.5 mm, 9 mm
and 12mm, and the depth of beams ranged from 16.7 cm to 40 cm.

After fabricating the test models, bending tests were carried out under the condition of
third point loadings in a span of 360 cm. In these tests, the maximum load at the beam
failure, the gross beam deflection at midspan, the deflection within the range where the ex-
ternal shear force was absent, the web lateral deflection relative to flanges and web and flange
strains were measured.

Comparing the actual strength of the plywood box beam, considering the safety factor,
with the strength obtained by the designs using the current recommended allowable stress
for plywood and the allowable stress for lumber, the most reasonable design method was
selected.

And then, from the results of tests, the allowable stress for structural plywood used in
these designs was regarded as appropriate.

The test results in this study demonstrated that more profound investigations were required
for the buckling stability of webs, the web joint methods and the location of web joints,

The discussions about the ultimate strength of webs which have possibilities of occurring
the buckling and the form factors of deep beams will be reported in the next paper by using
the results which are obtained from the minor tests such as panel shear tests using small

specimens cut from beam webs and flange strength tests.

Received December 1, 1976
(1) Wood Technology Division
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Photo. 1. i W L B %% &

Apparatus of bending test.

Photo. 2. # & + ZE H &
Instruments for measuring deflection and strain.
(Mg ARER, o€y PENCGRY DU B —~ VB XCHAIEN 2 ~7)
(Instrument for measuring lateral deflection, rosette strain gage

sticked on a web and yoke of deflectometer).
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Photo. 3. #& 2N bl e
Measuring instruments for deflection.

(3~ BEMHFBITEDEL)
(Yoke deflectometer and scale for measuring
deflection through telescope).

Photo. 4. # 4 I & B (RE)
Measuring instruments for deflection (Back side of beam).

(a2 — 7 BEREB LU E =4 —HEMED
(Yoke deflectometer and monitor defletometer).
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Photo. 5. AEEIMC L 2V = 7O

Web failure by horizontal shear.

Photo. 6. w— ) Y7o TicL by = 7DOWIER
Web failure by rolling shear,
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® Photo. 7. JEREIIC KAV = T OWHR
' Web failure by buckling.

(BHRAZEEROABR BT LNTNS)
(Peeling in glue line of plywood were
accompanied).

i e

Photo. 8. @ 7 u~1 vy T EBIUESEHR

Web failure by rolling shear and compression,
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Photo. 9. JEIRIC X 3 v = 7 DONR
Web failure by buckling.

Photo. 10. v = 7Duo—AnsNy 7 ) vy

Local buckling in web.
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Photo, 11. 7 5 ¥ YD jliEH L CBIHTIE
Flange failure by tension and shear.

(r= Y vy TBIORF 7 FOBREREDNLTNS)
(Rolling shear and stiffener tension failure were accompanied).

Photo, 12. 7 5 v ¥ B 1§ Bt 4B

Flange failure by tension.

(RABMWSBIREEER LT 3)
(Splices were also broken down by tension).
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v o= 7 o0 E R
Web buckling.

Photo, 15,




