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A Study on the Stiffness of CBA(Corner Block with Anchor Bolt) Joint in
Knockdown Type Table Furniture*!

Woo Yang Chung®? Phil Woo Lee*3
SUMMARY

Corner block with anchor bolt(CBA) joint method used in knock-down type table furniture
manufacturing can reduce the packing and transporting cost. Unfortunately, it also has the
disastrous defect to be loosend and unstable during the service life mainly due to fatigue and
creep(repeated and prolonged loading). So 22 joint groups constructed were tested to evaluate
the effect of some design factors related to the size of side rail(apron). block attachment to side
rail, and the number of anchor bolt as well as the effect of the type of corner block(mitered

tvpe vs. rectangular type)

Usable strength from the stiffness coefficients of each joint group were analysed with SPSS
/PC+ and described as the criteria of CBA joint construction. The conclusions were as

follows:

The height of side rail(50, 75 and 100 mm) and the addition of polyvinyl acetate(PVAc)
emulsion in the corner block attactment to side rail had the effect on raising the usable
strength of CBA joint with remarkable high significance. And the effect of 2 - anchor bolts was

also superior to that of |- bolt significantly,

However. the thickness of side rail(22 mmvs.25> mm) had no effect on the strengthening the

table joint rigidity. .

Mitered type corner block joint appeared to he recommendable for CBA jointed table con-

struction rather than the rectangular type one regardless of the method of block attachment to
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side rail.

The best result identified from Duncan’s multiple comparison was in the construction with

25 mm thick and 100 mm height of side rail fastened using 2 - anchor bolts in mitered type

corner block. But it would be reasonable to use 22 mm thick & 75 mm high side rail and

mitered corner block with PVAc emulsion & 2 bolts considering the productivity and produc-

tion cost down in the MDF furniture manufacturing industries.

*Key words: MDF(medium density fiberboard), knock-down type. table, side rail. corner

block, anchor bolt, stiffness coefficient(or Z-value), semi-rigid joint, moment,

joint rotation, rubber wood, usable strength, non-destructive MOE tester.
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J-’/L/—'J"‘
(a) Mitred corner block with screws (b) Rectangular corner block on V-grooved rail
(with or without PVAc adhesive) (with or without screws)

Fig. 1. Standard types of the Corner Block with Anchor bolt (CBA) joint construction.

table leg (50mm X 50mm sq.) RAE TR FHSAY. & CBA #4544 #
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{(b) Top view of a section specimen
Side view of a table section specimen P p

Fig. 2. Design drawing of the specimen of CBA jointed table section.
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Table 1. Material and dimension of each part of table section specimen

P;l\\‘l\tg\rxj\\ Material Dimension (mm} Remarks
Table top M.D.F. 300 % 300 X 25 (wxdxt )

Table leg rubber wood 50 % 50%600{wxtxl) M. C.: below 15 %
Side rail* M.D.F. 22{t) 50, 75, 100 (h) length ! 225 mm
(Apron] 25(t) 150, 75, 100 (h)

Corner block lauan mitred' : 50, 75, 100(h} length® 130, 125 mm

(5p.Gr.: 0.5) rectang®. ! 75, 100{h) thick. : 25 mm

Anchor balt’

Metal screw

steel w/washer

I

for c/block

9¢ x 85
for apron 5¢ X L0
34 > 40 ©

with bushing nut

pan head type

Note:

1. With or without PVAc emulsion reinforcement.

2. With or without screw reinforcement,

3 One bolt for 50 mm side rail; one or two bolts for 75 mmand 100 mm rail.

1. Pre-bored to let the screw penetrate into table top 20 mm

5. 130 mm long block for 22 mmthick rail; 125 mmlong one for 25 mm rail.
3.1.2. & WHE HE € A4

# Al table section® #A3tT % pan Bl A
A3 159 2 772 (design size) @l Table 1
of vteb vheb Zuh X side raild o9 co-
mer block®} FolE ZAIES o] corner block
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ol & 9jsj gé; boring bitE fEEsIHC. & 2
A9l anchor boltE THEAIZ 25 (75m ¥ 100
mm Fol9| side rail & FASHE ool )
= corner block®] 73 F%44 9 corer blo-
ck ko zHE 9 1/4£,¢fﬂr 3aH el F&
BEE holed 2 HEoxm 73
&ttt g side railol @ comer block F-#ho
FRHY BHE 3me YAISE #FA7171 4F
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anchor bolt

%, block o ZHE
25mm HolA ol HE 3.5mme holed 45% ¥
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ol v fROUHO R FE] 3
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Ak (Fig. 30,
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Table 2, Estimation of quantity for each part of

88 table section specimens

Part Unit dimension fwxdxt } Total quantity
Table top 300 300 25 (wxdxt ) 88boards
Side ral 22X 50225 (xwxl) 16pes
25X 50%225 {txwxd) l6pcs
22X 75%225 ltxwxl) Ipes
25X 75225 (txwxd} 32pcs
22100 % 225 {txwxl) J2pes

25X 100 % 225 {sownd) 32pes

25% 100X 225 {txwxd) 16pes (V-grooved)
Corner block | mitred C. B,

B5x 0% 125(75) {towxd) 8pes

25X 50 130{80] {txwd) 8 pes

25X 73X 125(75) (txwxd) 16pes

25X 75% 130(80) txwxl) 16pes

25X 100X 125(75) {towxl)  16Pes

25X 100X 130(80) (bwxl)  16pes

: rectangular C. B, 80pes
2 X 100X 125 (txwxd) 8 pes
Anchor bolt 94 x8 LG 48ea. (for 1 bolts)
Screw 80ea. (for 2 bolts)
crew 5450 LG 528ea. (for apron)
34X 40 LG 320es. (for mitred C. B.}
16ea. {for rectang. C.B.
Table leg 5050600 (wxtxl) 88sticks
{rubber wood)

3.2. e A&
1. &M ot wE

3.2.2.1. MDF¢ %t &

table section AEEE A top ¥ side rail & {#HH
€ 22mm 7 4 25mn 5719 MDF thal A &
B, BE RE, B R, R RE %2 KS
F 3104—1983 el & B o =9 & fikol #
st} REEsl A w v, HE S 100mm X 100mm
o) REEH S 149 MDF Eio 25y 17 &
Hi, #@ol, v “;l FA R &t BES reta
2AE dol BEE P o o] AS FA=
0.05mm, Zo] & vulE 0. lmm, F-A& lgr”}
2 msEsklch BOE g 2 OEE REE
317) 913 B EmE 8 A 2E 3, 7}3. 8

gk 3 el REeh & AAsAs v, vhelE 50mm
Zoliz FAFAL SHHO] span 4 °)ol 50mmE
= = 2] MDFE ¥+ 380mm, 25mm
AL 425mm B2 01’&1 BT 10mn/mine) fE
& 7heted sbw, M wbere) 67) AlH
HRE 9 EE REE e enl, wreE gw
Ag Bitste 42 ¢ %o g EAZ §
Ak S FBE BE S 50mm X S50mm 27
of Bk & 270 MHsted EFvulg EFol hot
melt FEEHE o] &, FEES T Hwo F2o"
g%k FIES 7hebed whe] gEEel Ao (jE
(P7)& BIEST 28 Ao HaXS 4 58
EER stgem o] w 5[5k & $£5% 2an/min
5.2 &%k (Table 4).

3.2.1.2. Table legf rubber wood<} #7914
i8S
60mm X 60mm ﬁ?ﬁ% 4-side planerié 50mm X 50

leg.ﬁﬂ rubber wood ﬁiﬂoi s Bl oj U o] 7 g 5
2 A48 BESHT digital balance® FAE #
5, WS Tt o FRES GBI &Kk
ol & #EStATH =
CBA #6492 stiffnessE BIESH?) o1& o

Y {canti-lever beam}2. 2412 leg®] & 34

{model ¥ ' protimeter) &

Table 3. List of tests for the physical properties

of each part®*® 7

Part Test item Remarks

Table top.apron 1. Moisture content (%} Destructive test

(MDF) 2. Specific gravity {sample panel;
3, MOE, MOR {kgf/em* )
4, 1B (kgf/em?}
Table leg 1. Moisture content (%)  Non-destructive test
(rubber wood) {actual leg)

2, Specific gravity
3, MOE (kef/em®)

Corner black 1. Moisture content (%}

(iuan sold) 2. Specific gravity
Anchor bolt 1. Dimensional check with caliper and
and screw Screw pitch gage
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Table 4. Physical properties of MDF used in the experiments

Thick (mm) Sp. Gr. MOR (kgf/em?) MOE (kgf/cm?) IB (kgf/cm?}
22mm 0.75 293. 5(28. 8 Mpa) 23, 000 (2254Mpa) 8.1
25mm 0,72 280.2(27.5 Mpa) 21.000 (2058Mpa) 7.1

19l Tableol vehd & MHEME S HEAE obdl 233 ¢dh

_3P-L
MOR =

. PpL e
MOE.~ 4ybh®

B RS
IR = SRR

....................................................................... {1)

....................................................................... (2}

....................................................................... (3)

Where, MOR = modulus of rupture (kgf/cm?)
MOE = modulus of elasticty (kgf/cm?)

IB = internal bond (kgf/cm?)

P = maximum load (kgf)

Pp = load at proportional limit (kgf)
= span{cm)

= specimen height (cm)

= specimen width (cm)

y = deflection at proportional limit {¢cm)
P’ = maximum tensile load (kgf)
A = specimen section area{cm?)

&F71 8l (LHREE th3E HFERE FrEE el sound #
245 A E o] 8% MOE ME 7171 stress
wave timber & test assembly{model % @ Metr-
iguard) & ol &3 JEPHRE HAFE A A EHRE
& Ttk (obeh A{4) #FHz).

where, MOE= modulus of elasticity(kgl/enf)

V = stress wave velocity(cm/sec)

D = density of rubber wood leg
(kgt/cnd)

G =acceleration of gravity{980cm/
sec)

3.2.2. 3 AR WF E%

3.2.2.1. & ##re A W 9 oAy
+E

Table top, leg, side rail{apron) % corner bl-
ock% 2270 EEGEF Bl #2 8870 2 F5eRE BT
TSl & SIME &t Emol ol 383
Av2 BET & Al 4L flatd ga
%¥& screw hole, anchor hole. mitering(corner
block), V-grooving(side rail), inserting bushing
nut(leg)¥2 o¥] 7}3& P F &E holed
#BIE 92 2 A7), miter U 2 V-&7HE F
of ¥ HEEE SetHoz zAsATH

3.2.2.2 FEEEE(table section)2] HEAK
L4 A= BHE 5. 5mm 2 A BE 97t =
£ 2% boring bitE FHSA & Fol Fl side

rail®l A gel 2% screw hode® 7153 & &
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rail % 3fHSl 5¢ X50LG A E(wood screw)

& A ek & raile] wolo #AQle] &% 2208
o) B& LB A table topoll 20mm7}b 48]
5% 3t railg table topoll #&IU. 1t}

€, mitred type corner block-& joint F23tel 2

A, 3¢ X40LG VA (screw )2 o] §3he] 107)
o FATES BEEL VI BilE BEBE s
1070 g2 & Bl fﬂﬁ}?’ﬁ v BilEE #HsHA w
A side railol ¥ Eadn A @87 5
) g Wt rectangular typel corner
blocks ¥#&tsdch Ut table top™ side rail
28] 32 corner block& 4 8 th&, table leg®
A2l BE 15mm, el 30mm® preboring &

g & U 22 97 15me bushing nutE
et} o] hushing nutZb AU E legel co-

rner blockZE %3 anchor bolt® A4, 4%
Aoz 49 ‘comer pocket’ & B4, TA

table sectionZEE S #HASA v

3.2.3. FE A BERE
A4 2 gai FEA AoME joint FL7H
g Elol A e AR BEH =EHMA
"‘1 22A He BAS7E delt WM K
FoAl A 500 kef &% load transducer®
7‘3‘4& HE Instronfitell A BUIES whgaRE
B4 (universal testing machine)9] basedll 5
1Al 1¢HE table section specimen holding de-
vice® ¥#A715L ABES] legot base7t 7
o] B & table top*—a' 2R A7 kg, CBA #
& FAel B4l 29 4l & (semi-rigid jo-
int) &l stiffness % ’14’3}7] sl A7) rE A
fes ol &, WESAAY @ W] 40mmol
ol2u) 77 YA Bz &5 rail ®olol w
2} 50mm 2 75mm Eolel railol a2 ket
A 100mm Fo) 9 rail °‘1 &l M 3 ket S0t
s oBEE 5 digital load indicator®
2R s gyl FERKEN A legd de-

flectiond BlESHA Y. (Fig. 4 #3E).

® Fig. 4ol ALE nbel gol, 4R Hifre] &#
i (deflection)illZZ2 YR 0.0lnn dial gau-
ge® o] &3 H o olE dial gauget: magnetic
base®l steel rod standoll 232t A% hold-
ing device] F-2#stod 4 AlshqdTh

32,40 F@) mEel Witk REL Skt
3870 el 54 SEBEECl U EEER HRE
FE FE-ET 548 ddrstetr] 9ty
# table sectiond{BBRB S side rail EolHE
wabod @] A A&de VHlEimo
ment) &, 18]3 11 uf @A B |
& el 3 A (rotation in semi-rigid joint) 22
& HEA7l &, 7 FEAM Eckelman(19
6810l ek vk Ae HEe E‘i‘?ﬁiﬁfﬁ)oﬂ 9
A, Bl BE(stiffness coefficient)® itE
ghoh,
4

Z:N’T ““““““““““““““““““““““““““““““““ (51

where, Z = stiffness coefficient(rad/kg{-cm)

$ = joint rotation(rad)

M= moment(kgf-cm)

ool (62 oA AgE RAEE T
&t7] g ol

where, M = moment(kgf-cm)
P = load(kgf)

1 = moment arm(cm)

T OEHERE RE EaEe 8 Hirotation of
joint. # 1% sty falM e EEHE Bl
31 E table leg® £FEFIE(6n)& 3ok

ahvzub 1 e okl HIT)
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(Unit:mm)

Fig. 4. Position of dial gauge.

where, & n=net deflection of leg(cm)
8 1=deflection of leg at point
#1{cm)
& b=bending deflection of leg(cm)
2 BgANE # o 047]*1 table legv= YFe

cantilever beam S 2 7+3 8 & leng 11 ¥

BWME(Sb) & e R 8)01] os& TE +
sl
P.1’
Sb =S E.y T (8)

where, P=load within proportional limit{kgf)
1 = moment arm(cm)
= modulus of elasticity(kgf/cf)
‘1 = moment of inertia(cm')
[or bXh/12]
o}g A stol table lege] ®F #HE(In)S
ol 93 Hl EaMY BH(4)S Fig. 58 %
zato] g K(9)) AFd FE F Ak

¢ =arctan( & n/1) ~oommmmmm (9)
wabd gEEEY Btk RE, § Z3%e oA

g K10 o2 Yerd 5 Ut
7=4¢/M

= RO e (10)
3.2.5. Side rail o] Bl BH%) (G FHE L
H

aurr oz 4R EHFY £59 lege vhe
o) FiEMS 8 +Hw wES B4 dAevh
B g A E 60m Zolo leg B AY v £F
Zzwro w9l 3em ¥, F =
o] FRA #2585 (Limit deflection po int) &
snmrslm o] el Aeste EAE A

dn=3m% A=

($u'e % side rail ®olFz &I 10l o

Mu) & &% EHEXAM 8

3t o ék" A EP& ool A) EFEt, BUES % 8871
P

] t 1 ’
F._.....:;::;g:::—-ﬁ:-J

— ol

¢

Fig. 5. Diagram of load and rotation.

g Algael “HE R (usable strength)”

meEsigch olgldl sl T 228 T4 {ST
pro) B BEEMEE & CBA @] B&H Bt
o) st @ uxt stgon K WEA Rl
o =9 it BF2A A9 side ral



46 EALH ATR2E 1939 6 ¥

o} 77 & o}, anchor bolt?] {(#F %, miter-
ed corner block# side rail®o] ZEBF < P-
VAc Bl BE%] #58 MR 22l corner blo-
ck ehF e ol g FEsl7] A& SPS-
S/PC+package® M, — 7T o ﬁ‘*ﬁftwo
way ANOVA) & sistgdow & a8 9 9

B s8] thste] Duncan® %8 fz’?z‘fﬁ(Dunc—
an's multiple range test)® 1%-%2 skiEo] A

drrstdct
4. BR ¥ ER

4.1. CBA EEE82 Bt (Re

4.1.1. Moment-rotation [BIfF FHEX
& 887 AEpEB o TrdEol ol B BiE B
& & A4¢ 2wl E (moment, kgf-cm) &
#EHH 34 (otation, rad) o2 WSt K
BEERY Bt R8stiffness coefficient) & &
Hataz &t add K BelA dAg
15 2270wl vsle Mgy na=g g
& & 2 d (moment-joint rotation)7te] ¥HH o}
tHe A (functional 15# 542 FF AR
I EmE Yebdi Jdgg & 4= itk
Eckelman(1968)"' 2 4[| &S] 2ol
o oot e wAlE A AN kMK
HJ(non-linear)?l WAE b2 Zo] Aot
ub Ao}

]

i

M=a$D v T (11)
where, M=moment(or bending force)
¢ =1internal(or semi-rigid) rotation of
joint
a, b=coefficient
T, a2y FEE U frame type EEHEE ol
nt structure)®] Bt REE Z-valuedt A 23}
o I1 g Z=¢/MOR FATY F Jrkil @
#e v Aok webM FEE M S ngid o
nt)) A5 &, #EH A" sde] Ay gle

(=00 Btk F& Z ol 0ol 811, K
& (pmned Jomt ol B¢E ddder »

& HdlEr) - (M=0)"2 24 Zgto] &
FR o] T&;fFOHV He ¢ & don K Frro A
atatd HFel CBA & HEy d%9 2
& (semi-rigid joint) 224 o] B & 2th3)
T HES AdAe® A gso] 1 Zgkol s
HE3og d4s 5 ok

B BB # B moment-joint rotationZhe]
A7 3R R eIA e B £ ghol thal 2ol
a8 st B EEEAL Talach
“, moment{M)®} joint rotation! ¢ )7+e] 3
7 A E

N

M=a" {1000 ¢ )V —--mmommee (12)
g shef K(12)9] ool A W42 sy,
In(M)=lnta}+b-In{1000¢ ) -~ ----- (131

2 HI FKOI3)NAM n(Mi=Y, In(1000 ¢ 1=X
2} &h@

Y=lnla)+h-X----mmmmmmo . {14)
2 OEAE 9ol 1k EEgke e H3o]
7 skl o

£ Eckelman(1968)"o] #omdlel #{11) =
M=a - ¢ "9 E-A17]71 98y

M==2"-(1000 ¢ 1"& Ae]sd

M=a"-1000"- ¢ "7} = o]

M=a-¢$" &, a=a-1000" & EAE 4+ do
282 X, Yo gg g8 &, o] B gow 2y
AH R 45 aa bE 7€ 4 Atk Table 5%
A Bl A e 2270 BETE B coefficient a.
bs UER L gtk Z1eja olF 227 A
Gl g A dee) 1k [BisE O FERe
Table 6o JehlSlc}.

2. EEER B aE ¥ Rk fﬁzﬁi’
3 4] table section H5E#E] 013 EHERE
sty 98l & A5l 2ol 60em o] 94

legE 2+ tableo] i}/ 2 2 3Jem #F:8 = Fo
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Table 5. Coefficients of 22 joint groups

No. Joint group Coefficient, a’ Coefficient,a Coefficient, b
1 M22/50-1B 53, 12 T gz 00 0. 4580
2 M22/55-1B 85.24 3350. 76 0.5315
3 M22/75-2B 113. 32 6714. 39 0. 5909
4 M22/100-1B 128. 02 3913, 61 0. 4951
5 M22/100-2B 168. 48 9374. 51 0. 5818
6  M25/50-1B 53. 88 1961. 68 0. 5204
7 M25/75-1B 90. 62 3391.75 0. 5244
8  M25/75-2B 79,58 9598. 51 0. 6938
9 M25/100-1B 123, 59 5274.52 0. 5434
10 M25/100-2B 135. 61 11063. 48 0. 6372
11 Mp22/50-1B 53. 96 2955. 10 0.5795
12 Mp22/75-1B 91. 28 5239, 33 0. 5863
13 Mp22/75-2B 104. 60 9393. 59 0.6511
14 Mp22/100-1B 102. 14 9889. 99 0. 6620
15 Mp22/100-2B 134. 35 20185, 41 0. 7256
16 Mp25/50-1B 57.94 3468.79 0. 5924
17 Mp25/75-1B 110, 44 8707. 39 0.6316
18 Mp25/75-2B 106. 12 14808. 03 0. 7149
19 Mp25/100-1B 127,91 10839. 38 0. 6427
20 Mp25/100-2B 151, 24 25273. 57 0. 7410
21 R25/100-2B 156. 99 14166. 81 0. 6518
22 Rs25/100-2B 121. 20 25351. 44 0.7735

DEEAE
G, 22 BEE
e PR & rail EolBE
R AT AW(u)S
g 2270 EaREel e AE -
F9) Bt Table C.ol ol3tw
W e K%
Ao B 63)E
S =0

=7 0le .8 o
-;J-A)I'ﬁ“ag

4+ Qe

Note: M=a.$¢" Where, M =moment

Aole “IRA
& 3E2fE 9 side rail Eoloff
ZLof) g8l
T3tz stk

*%Lj&.n o

B BIERS
Fig. 49] fi — &
%3] A4 side rail heel

> Hayashi % (1986)*
oAb As) A vl
olg} @ HFEREE side

#ifrel

o] &Y

rail® HES MDF7F A (solid wood)oll Hl &}
o legoll fHEO] 7t A A EAE](Heel) &

¢ =rotation of joint

a,b=coefficient (a==a-1000”]

frefl A st @ ol zel R Higol wAstA H
= el 7]° f\‘} RO Z Arg¥ & vholth

ek A table leg®l A &4 B8 ?ﬁ”/‘“ﬂ
X EAEAY F A table section leg®] &4 4t
2 én)eg ¥E MDF side rail?]
{collapse) & BAHME goz 15 &+ UE
Aot} W MDF (side raill RAE] the-
elyoll A w3k o] 28 -2 Hitkol & rubber
wooditable leg) & ¢1%te] W& aAEddA A
o HEE( S0 dn'o e 3 olF)o R v}
el 2 ez A% 4 9l& et (Fig.
6). wekAl table P

SEEE

leg®] 4
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Table 6. Linear regression of each group from natural logarithm of moment and rotation (x 1000) data

No. Joint group R? Regressive equation

1 M22/50-1B 0. 94997 Y ==3.9726+0. 4586X -
2 M22/75-1B 0.87612 Y =4. 4455+0. 5315X
3 M22/75-2B 0. 96451 Y =4. 7302-+0. 5909X
4 M22/100-1B 0.91271 Y =4.8522+0. 4951X
5 M22/100-2B 0. 95839 Y =5, 1268-+0. 5818X
6 M25/50-1B 0. 96059 Y =3. 9868+0. 5204X
7 M25/75-1B 0. 94084 Y =4, 5067 +0. 5244X
8 M25/75-2B 0.94170 Y =4. 3767+0. 6938X
9 M25/100-1B 0. 97401 Y =4.8170+0. 5434X
10 M25/100-2B 0. 95608 Y =4. 90980, 6372X
11 Mp22/50-1B 0. 89475 Y =3. 9883-+0. 5795X
12 Mp22/75-1B 0. 95005 Y =4, 5139+0. 5863X
13 Mp22/75-2B 0. 89739 Y =4.6501+0. 6511X
14 Mp22/100-1B 0. 92607 Y =4.6263+0. 6620X
15 Mp22/100-2B 0. 98532 Y ==4.900540. 72536X
16 Mp25/50-1B 0. 83635 Y =4. 059440, 5924X
18 Mp25/75-1B 0. 94834 Y =4.7090+0. 6316X
17 Mp25/75-2B 0. 98202 Y =4.6646-+0. 7149X
19 Mp25/100-1B 0.93431 Y =4, 8513-+0. 6427X
20 Mp25/100-2B 0. 95426 Y==5.0189-+0. 7410X
21 R25/100-2B 0.96104 Y =5, 0562-0. 6518X
22 Rs25/100-2B 0. 96299 Y=4.7974+0. 7735X

Note;Let, X=In (10004} (M) and Y=In
for these linear regression:Y=A+EBE-X

oo K (15)9 #o] FHEET + UTh tan $ =0n/1 =3/55
arctan(3/55) =0. 05449 (rad )
SN =81 Gb— 83 - rrerrrrrceerrereennans (15) rail 20| 7.5em W T A=
=8n—243 tan $ =0n /1=3/52.5
. arctan{3/52.5)=0.05708(rad)
where, & n=apparent net deflection of 183 rail ol 10em AT AL
leg(cm) tha $ =dn/1=3/50
& n’=actual net deflection of leg arctan(3/50) =0.05993(rad ) o1 A t}.
{cm)
e & R A side raill 0] of I RS A HT HEAA FEE

1
AKHEESQ) Sem, 7.5cm 2 10cmol & RFE EEH S g BRE gy el & rail
B pu)e BE, Folol g RFA FEH 31 27 0.05449 ra-
d

:
rail 20 5em A FEY BT
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& &

) N\a—.035 2 A Noem. 127 @ a I\ 10 & a1
1.0F for 81=3.60 for 01=3,31

p=8.0 kgf p=16. 1kgf

db={), 059 &b=0, 108
2.0f

for d1=3 38
p=25.9 kegf

3.0+ db=0. 145

{a)M22/50-1B group
a1

AN A
0 \\&z 168 82 \\\

a1

(b)M22/75-1B group

3=184 & o1

LOf
2.01
for 81=2.98
P=210 kef
&b=0. 098
3.0F

(d) M22/100-1B group

]

{c)M22/2B group

=

Do

for 01=3.33
P=36.1 kgf
db=0.210

{e)M22/100-2B group

(Unit:em)

Fig. 6. Apparent and actual net deflection of leg for 22 thick and without PVAc joint groups.

olfl IRF & ﬁ] ($u)jo2 sta olof of
¢ RAEMIE & %’“‘ﬁ"ﬂ g HE &
B (usable strength) & & 4= 91§ Zlolt}. T
% HE, § 2% Z=¢/MEFEH FHAE
FEOlI M=a-¢ll A bgko] 10] ol m 2 @ gt
o] Wghol uwle} Mghe] W3tafo] 74“53*0] B S
3 ok RE T AT & A Y
didel mele g gEaH sl os) Fogh Z

&

{limit deflection point]
AR

e |

of 1o @
Zudt g

7o HERH AT
Table 7ol A

T3ted 2274

¥z Mee

AuA " Fojrh

aBa K el doje] HE EA S
oMo BE&H A, fu
Muelly &3 BltE R, &
T FEakEel i Bt
e A2 pEstded L FHFRE Table

1. 9087 X107
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rad/kgf-cm(for Mp25/100-2B  groupiel A 1.
6396 X 10" rad/kgf-cm{{or M22/50 - 1B group)
of &A1 AFE & F Urh
Eckelman(1968)1"& “Efifo] &4 487
A3 Higd TR EE Aol A3 BES §
3] double pin dowel joint®] A= Zgkol 4.78
X10°~4.35X10" rad/kgf-cmo]® AR F&H
A9 8.69%X107~4.35X10" rad/kgf-cmol 2}
7S vh loh A, CBA joint®] 7%+ Ha
vashiZ(1986)% 0] side rail# corner block &
2 E ## 7} sugar mapleft 2 HEE table sectio-
noll g EEeAA Zgkel 6.00X10°~2.52X
0° rad/kgf -emeha #EF vk Yrk E Ecke.

)

Iman(1978)® & Zgkol 10°~10° AL Aol
s

vl ZrAde] Aa oAAHQ EHow R
4 QLA 71 ghol 107 K#E o) ol vl A £

et MDFE 8 #E2 3t CBA joint
AL A K Pgeol Ao 2@ HEH
[H{:+’—r‘-9] group®] 10 Kol T O 24 W
4 dlifEo]l & fEEE &7t heEge ¥4 F
AT @A Hayashi%(1986)2°9] %ol v)
Zgkol oF7h A 33te Ao eyt o

Btd

r &

Havashi %ol @S sugar maple o} & &
ol A {FH3F MDF % rubber wood%¢] #&
o] Zolg AR ¥+ ulojt}

Table 7. Limit joint rotation with usable strength and stiffness coefficient of each joint group

| . . . »
) ¢ limit joint rotation,
Joint group

Usable strength, Stiffness coefficient,

| $u (radian) Mu (kgf-cm) Zu(rad/kgf-cm)
M22/50-1B 0. 05449 332, 35 16396107
M22/75-1B 0. 05708 731. 48 7.8034%10°°
M22/75-2B 0. 05708 1236. 30 4.6170x107°
M22/100-1B (0. 05993 971. 44 6.1692x10°°
M22/100-2B 0. 05993 1822. 95 3.2875x10°°
M25/50-1B 0. 05449 431.55 1.2627>x10"*
M25/75-1B 0. 05708 755. 40 7.5563X107°
M25/75-2B 0. 05708 1315. 89 4.3377x10°°
M25/100-1B 0. 05993 1142. 65 5.2448x107°
M25/100-2B 0. 05993 1840. 38 3.2564x10°°
Mp22/50-1B 0. 05449 547. 36 9.9551%10"°
Mp22/75-1B 0. 05708 977.26 5. 8408 10°°
Mp22/75-2B 0. 05708 1455, 39 3.9220x10°°
Mp22/100-1B 0.05993 1534. 28 3.9061x107°
Mp22/100-2B 0. 05993 2618, Y4 2.2883x10°°
Mp25/50-1B 0. 05449 618,76 8.8063x107°
Mp25/75-1B 0. 05708 1427. 02 3,9999x107°
Mp25/75-2B 0. 05708 1911. 29 2.9865%107°
Mp25/100-1B 0. 05993 1775.27 3.3758x10°°
Mp25/100-2B 0. 05993 313477 1.9087x10°°
R25/100-2B 0. 05993 2262. 10 2.6493%107°
Rs25/100-2B 0. 05993 2874. 20 2.0851x10°°

Note : Mu=a2a-8u (See Table 5.)
Zu=$u/Mu
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rail EBE N = raile) 2% 24l Atojef of=
HAl X FElzero)ol H¥ B3 EHFELH
{non-uniform linear) BFES1o] 283544 €}
1% oldst e fhiE = vy
el Al A5 3 zero-stress point® ¥ A max. st-
rail9] heel®o 2 L772A Hi
o] 5% table leg7t A2l sJyo] ols) 3 Hat
A BohE rail® heel® AX P2 3 Fig
171481 & F27} raile] heelol A 2§38k o]
£l AHEE (point load) ol Hrhar Hol # &

ol A%

ress point%l

PHE(Me)y 8oz tg X3 24 2
Zoltt,
Me = Pro---mmmmmmmmmmmmm oo PR (16)

where. P=load(kgf)

c=distance between leg end and rail
heel

o} EE o] #71(Me)& thA] CBA 4 po-
cket 3159 AE 3 =W E(internal bending
ol8] AgA k. # anchor bolt
of g oz AAHE FFY FHEFL/V2)%
anchor blot®] #1x2 2z M FHAE mo-
ment arm(Fig 1749l dgb) o2 A grEsss

moment )l

i B ZAEMI 1)
Mil = Fled/a/Z =mmmmmmmmmmm s (a7
o] Mo 9xdom wA Bt X AHRA

|

EE W raild EAYFA A8 4E rail

o BT leg® MR Abolol &3h& BEE
F(F4)--AHd o] & corner pocketS HdF
o, thA] @) A Aol sle AElel A anchor bo-
117} leg Folwdo] wat table topoll L7 ¥ ol
9l side railBifo 2R Ee] KIFHN(F3)
B ORERCE BEFE REU(n) B FE gtolth -l 2
g I A el A7iA He vk ole

Mi 2 = F4rd ~mmmmmmmmmmsmommmmees (18)

where, F4=F3-n(n:friction coefficient)
F3=reaction force of side rail again-

st leg

o2 vehd 4 Aoh(Fig 18%2). o71A Mi2
2l A7y HAA CBA BE& #:59 2%, 5
o 28 Wkl dis) EA AR U side
raile] Bl & @ (torsion) E FE E({laiwise be-
nding or bowing JFEZ) dtell FolAl HE 2 Mil
of vlajAde &g Zolch (Hayashi. Y. %. 19

86)2 webA ol & A3t (REL A E el A
Me = M1 1+Mi1 2 -—--=--=r-mmmmmmmme (19

Me—Mi 1—Mi 2=07} H1L,

o7t K(16), (17), (18)
(2008 &4 {E}

g sk K

P-c—F1-d/o/2—F4:d = 0
Fl1 = 4/2(P-c d=F4) -~ s (20)

wheba ¢ K (20)0] 23 anchor boltol
o QA FEOLRE 5}%5}-‘ 3 F1& rail® =
o, & 2-dol KEMAES & F7F Ak oA
A, rail®] F¥ol7 5—‘2‘% = EAd SN HE
Al anchor boltell #H&-8l dol FAEA HE
o 4 gk webAd K e FR s e
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Table 69} [EfF HERAE SAR & &t S
ABIE 2218 #EERES
A% v @slr] sl Fig. 738 Fig 1674 o
elf Rtk & Table 59} coefficient a, b % Tab-
le 79 limit joint rotation{ ¢ u) i]g'“ ol &, &

BB B K B A BfFE & 8879 %14
g8ol g &S HE BE
(Mu)* & X M=a- ¢toll A HES F, 5l
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t}% #:5E(Duncan’s multiple comparisen)& 3
832k stk (Table 8%%)

4 Fig. 7% mitered corner block®l side
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of FA G, Eolfl ZRE e AUt
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ion for 1 bolt and without PVAc emulsion jo-

int groups.
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kgf-cm). = 25mm FAI2] 7o Lol & F A
o B o U‘V?M 458kl o h(432.1

kgf-ecm™ 770. 4 kgl-cm), F#e] 49, RE 4
FE2 9 50% 7Kg

B+ ojo o 2=
HeEd USEE B 4

Table 8. Mean usable strength of 88 specimen at

limit joint rotation in each joint group

Usable strength Usable strength
Joint group . Joint group

{kef-cm) {kgf-em)
MZAHIB 30% Mp2/S0IB 574,77
M22/75-1B B4 Mp2/Ts-1B .59
M22/75-2B 12489 Mp2/75-2B 1497.%
MRAXG-IB 989.06 Mp2/00-1B 1LY
M2AW-2B 18845 Mp2/00-2B 26183
MBA-1B 4201 Mp2s/0-1B 846,59
M25,/75-1B M Ms-1B 160629
M25/75-2B BLTL Mp5/75-2B 1907, 42
MS/00-1B 15873 MpSA00-1B 180879
MB5AW-2B I8BLT2 MpSAM0-2B SIL
REAW-2B 25368 RZ/100-28 2819

A} (770, 4 kgf-cmth 1158. 4 kgf-cm ).

$EE = anchor bolt?d corner blockd 39k 5-of
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& 7o) o) whek #hy} vhkdl #w FH later
legel #Hg, ol & thAl legst

A Qe

al force)ol

ol railzhe] a‘%}ﬁ%r‘ﬁmwi FodstA weB A
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GRP.11:Mp22/50-1B group, GRP.16: . Mp 25/50- 1 Bgroup
GRP.12:Mp22/75-1B group, GRP.17:Mp25/75-1B group
_GRP.14:Mp22/106-1B group, GRP. 19:Mp25/100-1B group

-3
3

6.0

In M [kgf-cm]

Sj\
<

4.0

0 1.0 2.0 3.0 4.0 X
n(#x10° ) [rad]

Fig. 8. Relationship between the moment and rotation for
1 bolt and with PVAc emulsion joint groups.
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ig. 9. Relationship between the moment and rotatio
n for 2 bolts and without PVAc emulsion jo-
int groups.
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GRP.13:Mp22/75-2B group s
GRP.15:Mp22/100-2B group H

GRP.18:Mp25/75-2B group

GRP.20:Mp 25/100-28 group }
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Fig. 10. Relationship between the moment and ro-
tion for 2 bolts and with PVAc emulsion
joint groups.

R F bolt &l BAIglol rail Hol7} =
ofzlol wmul H BES 44 MEE
Ao AFHA. ol & Fig. 7%¥ Fig. 107
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§lsl PVAc ol 83 M BT bolt Bro) &P
= fix A7) AL raile) FA 9 Eolv} CBA JEEY
| B B v X %EE
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(two way ANOVAISHd =8 21 58 de
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ool = side raill & ol 2 FAGZ HES
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P52 viwgerstr] o8 Fig 11%8 Fig. 157
E I oz I~ o B Fig 112 ¥9°] 50mm rail f§

M FARE PVAC FH %3g Jeu o 2

£ vk, (joint group No. 1,6,11,16) PVAc #}
I #H S8R ral $A4 22mB 67%0340.9

kgf-cm W 574.8 kgf-cm) Z18] 2 25mm 57 A
o 50%(432.1 kgf-cm o) 646. 7 kgf-cm) 2 E&

Table 9. Analysis of variance for usable strength by rail thickness and height
Sources S. S. D.F. M. S. F Signif.of F
Main effects 21792990 3 7264330 26. 260 000
R/thick. {A) 1037064 1 1037064 3.749 057
B/height (B) 20755926 2 10377963 37.5186 0.0
2-way interaction
(A)x (B) 117737 2 58868 .213 809
Explained 21910728 3 4382145 15. 841 00
Residual 20470324 74 276626
Total 42381053 79 536469
2.8 Fo] 100mme 45 238 fEolyn} HiE B 46S BoFa gou, 9a 54
#ad s gk E Fig 109 Yojsds o F7boll W W e PVAc JE(FHEE 27% (340,

Al railel Folvb F7hatwA 22mn el ’é ¥ 75
%11499.3 kgf-cm ™ 2619.0 kgf-cm), 25mm¢]
= 66% (1907, 4 kgf-em ©) 3171.1 kef-cm)
H A etel A vl {JRS Jehd @ 53
joint group No. ‘7()(\'1p~ /100-2B19) B4 %
228 &M mER 5 L ERL] 2 e
Fig. 704 Fig.10 ¢ 288 2 u PVAc o3 A

ke

9 kgi-em tH 432.1 kgf-cm ;o)1 31 PV Ac{# HRE
i 13% (574.8 kgf-cm o] 646. 7 kgf-cmiel] 13
LE BT vk S 4 <l
FA e 4 (Fig.
12,131, PVAc #il5
SR HIEFOl = blot® 270 #BTAN wel 65%
(756.4 kgf-cm W 1497.3 kgi-cm 19 2718 ®

3, 75

mm Fol2l rail®l A 22mm

12 0 joint group No. 2,3,
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- GRP.1 : M22/50-1B group
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GRP.16: Mp25/50-1B group
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Fig.11. Relationship between the moment and rotation
for 50mm high MDF side rail joint groups.
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GRP. 2: M22/75-1B group
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GRP.12: Mp22/75-1B group
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Fig. 12. Relationship between the moment and rota -
tion for 22mm  thick and 75mm high MDF
side rail joint groups.
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Fig. 13. Relationship between the moment and rota-
tion for 25mm thick and 75mm high MDF

side rail joint groups,.
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GRP. 4: M 22/100-1B group
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Fig. 14. Relationship between the moment and rota
tion for 22 m thick and 100mm high MDF

side rail joint groups.
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Fig.15. Relationship between the moment and rotal
tion for 25mm thick and 100mm high MDF

side rail joint groups.
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bolt 171 {# FiEF,
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2 K (20b)9] W& HlEE
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i) AR log AR 5 Qv
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Table 10. Analysis of variance for usable strength by PVAc emulsion and anchor bolt

Source S.S. D.F. M, S. F. Signif.of F

Main effects 24347956 2 12173978 52.261 0.0

PVAc(A) 6325684 1 5325683 27.155 . 000

A/bolt (B) 18022272 1 18022272 77. 366 . 000
2-way interaction

(A)x (B) 329120 1 329120 1. 413 238
Explained 24677077 3 8225679 35.311 . B0oo
Residual 17703975 76 232947
Total 42381053 74 536469

Table 11. Analysis of variance for usable strength by rail height and anchor bolt

Source S.S. D.F M. S. F. Signif. of F

Main effects 29355065 3 9785()2;’1 61. 441 000

Rail heignt (A) 11332792 2 5666396 35. 580 008

A/bolt (B) 8599138 1 8599138 53. 994 . 000
2-way interaction

A)x (B) 1081483 1 1081483 6.791 011
Explained 30436584 4 7609137 47.778 . 000
Residual 11944505 4 7609137 47.778 . D00
Total 42381053 79 536409

Table 12. Analysis of variance for usable strength by rail height and PVAc emulsion

Source S.S. D.F. M. S F. Signif.of F
Main Effcets 27081610 3 9027203 47,034 000
Rail height (A) 20755926 2 6325683 32.9539 . 000
PVAc(B) 6325684 1 10377963 54,072 0.0
2-way interaction
(A)x (B) 1096721 2 548360 2,857 0. 064
Explained 28178332 5 5635666 28,363 000
Residual 14202720 74 191928
Total 42381053 79 536469
Fo19 anchor bolt FAE 231 rail Eo]9 holt Zhell A5 AH G BHE Aol BEEo] g
PVAc BT (HH &Rl didt 5T 5 5 & %+ Urh
#ERZA Table 1290 213}9 rail ¥ol$ anchor npR o 2 Fig 16(joint group No. 10,20,
bolt 7+e] A& #8o] 471X 9] ¥ 5 & & 21.22)2 K E%E S8 b ugAEed e

detA fode ez e ¢ 5 U
olol Ze @iw ufo] B o doME oF
gk kol 2ol raile) Eolt olu) FHE anchor

2 szl 4 25mm, Eo] 100mme side railoll
boltE #HY LR # corer block?]
2 side railoll 2} #oR HRE v BR

L

el

271 ¢
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In M [kgf-cm]

GRP.10: M 25/100-2B group
GRP.20: Mp25/100-2B group
GRP.21: R25/100-2B group

GRP.22: Rs25/100-2B group
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Fig.16. Relationship between the moment and rota-
tion for 25mm thick and 100mm high MD
stde rail and 2 anchor bolts joint groups.
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Fig. 17. Diagram for the distribution of internal for-
ce under floor reaction force (P).
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Fig. 18. Forces acting between rails and leg forming
a corner pocket.
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