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SUMMARY

Effective utilization of wood resources iIs very important
subject in Korea having 65% of mountain area compared to total area.
As forest stock of mountain area in Korea is steadily increasing,
potential producing power of domestic wood resources including thin
log are increasing. Domestic wood is utilized as low graded uses such
as temporary construction materials, so it is required to utilize
domestic wood resources such as thin logs etc. as high value added
materials. This study was conducted to develop new uses of structural
member for wood structures, prefabricated outdoor wood facilities for
rest and children‘s play, structural design and manufacturing
technology of glued laminated timber using domestic wood resources.

To develop new uses of structural member for wood structures
using domestic wood, allowable stresses were evaluated for Korean
pine, Japanese larch, and Korean red pine by conducting strength test
of small clear specimen and actual sized structural lumber. Based on
this study, establishing system of allowable stresses for softwood
structural lurber was developed. Establishing system of allowable
stresses for structural lumber was summarized as two kinds of methods
using strength resulted from strength test of small clear specimen
and actual sized structural lumber. These results will be used for
regulating Korean Standard for standardization of softwood structural

lumber.
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Two kinds of light-frame wood trusses, which can be adapted
to roof system of wood construction economically, was developed.
Structural design standard(draft) of light-frame wood trusses was
developed, by sumarizing structural design technology and analyzing
regulations related to wood trusses of foreign countries. This draft
of standard will be used for regulation of Design Standard of Wood
Construction.

Standard design of prefabricated outdoor wood facilities for
rest and children®s play were developed by adapting Do-it-yourself
type, using small-sized member from domestic wood resources. Sample
prefabricated facilities, such as outdoor bench with bulgogi cooker,
pavilion, and combined children®s play facilities, were constructed
in the campus of Forestry Research Institute. These facilities are
loved by visitors, especially by children, to the campus opened to
citizens during sunday. Manufacturing technology of member for
outdoor facilities will be transferred to industry and be expected to
be comercialized as a package products for outdoor facilities.

A computer program was developed and written with MATLAB to
estimate strength of glued laminated timber by using basic values,
which were evaluated by strength test of domestic Japanese larch
lamina. Estimated strength values by the program developed in this
study showed different values by five kinds of measuring methods for
MOE of lamina, and among these methods it was found to be fitted best
to experimental results to use MSR MOE of lamina as input data into

the program.
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To gather structural design data of glued laminated timber
construction and to make confirm safety of large scale timber
construction, reliability analysis was conducted by evaluating
reliability index by strength analysis of structural member and load
analysis of structures.

To estimate structural performance of wood connections which
are the weakest structural part in timber construction, semi-rigid
numerical analysis model of glued laminated timber connections is
more convenient for user than existing European yield model of
connections was developed. This model will be able to be adapted as
standard method for estimating performance of wood connections iIn
structural design standard of wood construction.

To develop manufacturing technology of glued laminated timber
using larch, suitability as larch lunber for glued laminated timber
was evaluated by measuring surface quality and lumber MOE. And
condition of Tfinger cutting and jointing was found, strength
properties of lamina was evaluated. Minimum curvature and spring-back
by thickness of lamina for curved glued laminated timber was
evaluated. Optimum manufacturing condition of straight and curved
glued laminated timber was found. And manufacturing facilities and
member of straight and curved glued laminated timber was manufactured
for display. By using the results of glued laminated timber, Korean
Standards, and manufacturing standards of Foreign countries,
manufacturing standards was written for adapting to industry.

Technology of structural design and manufacturing glued
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laninated timber will be easily adapted to industry. And these
technology was used for constructing glued laminated timber
structures of Forest Science Center iIn Forest Research Institute.
Such effort will contribute to expand wood construction, and to

conplete industrialization of forest in Korea by value-added

utilization of domestic wood resources.
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ASTV



(transformed section method)

Matlab
, , ¢
)1 ’
2.
D
40mrx 145mmx 3.6m
1995-27 ‘ 7 6
, MSR
10 , 35mm 6
210mr 130mm ) 3m

- ASTM D 198-94 4
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2)

. 200 48mrx 148mmx 3.6m
) 12%( 15%) ,

40mmx 145mmx 3.6m .

ASTM D 3737-95

- 1985-27 ¢

- 200 6

194 -

MSR(machine stress rating) -

@
Stress wave
long span MCE  localized MCE

. Localized NCE
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, 60cm

3.6m - ,
5
, 60cm 3
5 , 4
, 60cm
3 - MCE
MOE o = Db x C~°
g
MCEW = stress wave MCE(kg/cm2),
C: (cn/sec),
D : (kg/cm?), g : (= 980cm/secz)
&)
long span MCE ASTM D 198- 94
3 3m -

Localized MCE .

P’ - a (3L%- 4a)

MOE = 5
4. b- h3 N

, P = , a: 1/2 shear span, b : s

h: , L: , Az .
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Machine Head

il

Load Evener

™ ]

Load Bear[ng@c Load Bearing Roller
e
‘//

-
Beam Depth
/' ¥
Reaction Bearing Piate- Specimen “*+— Rollers
Rocker Type Reaction——% /Machins Base 4 —— Reaction
{ t Sherar span Load span } Sharar span 3
span
Localized MOE 60cm
'/.’ 3 // /’ /' // / - ¥
e /’ ’ - -~ -
—~ / - -~ o o P .
f/
-
3.6m

(3) MSR A8
Grading machine& ©|§-%} zlo|Lte] B A& FPstach 1570
& 0] &3t AbA sampling® AAIY F 19470] Aol cfzf w1
+& &332t Load cell®] ZtA2 1.65m, & Alole] 7+4-2 400mp
o

SR 71AlS) BAEE T3 Pk

lo
i
=

~-182 -

NEEX: 28 e e/ s8R



fﬂ K‘I Load Cell

@, O@Oﬂ()‘
<—Qﬁ© O O =

e
H#

Load Cell
)
10 ,
35mm 6 210mm
130mm , 3m - VSR
MCE 118x 103 kg/cm2 1 , 100x 103 kg/cm2

2 , 100x 1Qkg/cn2 3 -

60 -
Deerncl Base resin No. 40

Deerncl Hardner CSHIKA SHINKO CO. Ltd. -

100g 15g 30 ,
65% -
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ASTM D 198-94
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4



30

10

1*

MSR

D

2)
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@D
ASTV A 307 ,

1 2mm .

A 325 A 307

) A 307 70.31 kg/cmi(45 Ksi)

(2) Metal side plate

A 36, 9mm .
(€))
, NDS »
5d , 2d , 3d
- ¢
, (A 36) .
splitting , »
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NDS

0.8m(1/32" ), 1.6mm(1/16" ) .
. C 4-1) .
¢ 4-1)
(C))
, 203 , 65+ 3%
12% .
12% .
¢ ) -
) 15mm .
5 20 ) 1.0mm/mint

0.5mm R

ASTM D 2395 D 4442
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- , 5%

offset line -

) ( 4-2, 3) -
i A ;- i ol ‘
[ ] ' Spherical bearing block
e i Deformation gages

-
imi

~—— Stationary crosshead

.

4-2)
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4-3)

®

7=

_ letsF es

7=

7=

Sohedics beading biack

Dialed maticn gages

Suppart biccs

Stationary crosahasd

Dth em

4K ¢ MCBE Im

36K MCCE 11

kZDth em

3.2(1+ 2R, K, OB IHIm

kSDtsF em
3.2(2+ R)K g

MCCE I1ls

D, 2F onF 1o
32K, | 3(1+ R, VOEW
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V R+ 2R2(1+ R+ R)+ RIR®: R, (1+ R))

ky=

ko= -

K=

(1+ R,)

2F ,»(1+ 2R,)D’
3F emtm

1+ d2(1+ R.)+

2
1+ 2(1+ R,) N 2F jo(2+ 2F§e)D
Re 3F te

, kgf/cm2
, kgf/cm2
, kgf/cm2

, Cm

1+ (Qnax /360° )

%max =

F eq™

F ellF eT
F oy Sin’Q+ F . cos’Q
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Y

2)

©

, Z , 3
_ Dthem

R

_ KaDtF o

2= Taar RyKL VOB

2F enF yo NCCE

DZ
2= —— b
16K | 3(1+ Ry)

. D+L

FOSM (First Crder and Second Noment method)
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MCR

8FZ
aL

|
N

Stochastic random variable, X

1l
=z

x
>

MCR, F parallel redundancy

- 188 -

effective MNCR

available estimate

Ne( Ne, W)



Te  VOR+ B2V 92+ B+ 92+

)
10
)
} R _
R S In S <0
, R S
. _ R _ _ _
o Py o= PJHT§<w]— P, [H=<O0]

FCSV(First Crder and Second Mament)
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D
18wmx 13Cmm 10
9mm
2)
)
12%( 15%), 18rmx 13Cmmx 3.6m
400 . 300
100
. 300 70
. 25mm
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20
50
)
, 400
MSR(Machine stress rating) MOE - 300
100
NVCE MCR
- ASTM C198 : 21:1
1/3 .
) ( )
18mr 10
( 4-4) . 3 30
- VSR MCE
114  (118.3 kg/crz ) 1 , 115 216  (99.9
kg/cm: ) 2 , 217 3
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150mmx 13Cmnrx 3.6 .

1 2 3 4 5 6 7 8 9 10
il 121112223
1|12 afa]|2]2]2]3]
(111|223 ]2]2]3]3]
1{ala]2f2]3]2]2[3]s
(1] 2[3]2|3]|3[2]3][3]3]
(1] 2[3]2|3]|3[2]3[3]3]
1{ala]2f2]3]2]2[3]s
(1| 1]1]2]2[3]2]2]3]|3]
(1122 afa]2]2]2]3]
1falalafafa]2]2]2]s

?1 The numbers mean grouping number with VSR results

C 49
)
ASTM D
198 1/3 - 3m
/ ASTM D 2915
hy ., E
1+ kl( L 1 ) ’ ( G )
Eai 2= Eai

h2 2
L+ k()" - (@)

, h: depth of bear, L: span between supports,
E: shear free MCE, G: modulus of rigidity(E/16),

Ki: values are given in ASTM
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MCE  MCR

(€)) - , 12% NC, 21, 127 (0.3m) 21:1
€) - 16%
. 16% ( 41 )
( 4-1) 16%
Type of stress wet-use factor

0.800
0.730
0.800
0.833
0.875
0.530
0.875

® - 10 .

.1 -1.5, 1 -1.05, 1 -0.9, 1 -0.81, 1 -0.72, 1
-0.68, 10 -0.63, 50 -0.6
@ - , 0.3m
. Q/d)uk, (0.3/d) 1

( 42,9
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C 42

7Loadingfconditions
far simply
supported beams

adjustment factar

1.08
1.00
1/3 0.97
( 43 /
span-to-depth ratio | adjustrent factor
7 1.06
14 1.02
21 1.00
28 0.98
35 0.97
e -
10 ,
MCE 0.833x (0.3/0.15)1.x 0.97,

(0.3/0.15)1x 0.97

- 194 -

VOE

16%

MCR

MCR

0.8x 0.63x



vh) Ao}t ZFHnE ALY AYY A=

(28 4-5)AF 25 At ZAYRE Astdcl. g BES
12.7o0, 15.9mm, 19.1om ®}e] A 3078 ARs}olom, ASTM D 5652-950) w}
gt BE 22 Zt7} 13, 5om, 17.5mm, 20.7mnE $ oo, FHT AL
T B2l A0l dovel bearing strength& AMZ35}7] $i5t 7] A=t
AEANE AHgstolen, &9 Pajg AR 723t ImFAH ) A 36
€ AHgsiolth. 2E 399 flxe a2 AE nesle PAAe
80mm, ARt 100mne] $Ix|ell L2 Falo] El&= gxjo] Folr).

s

g
- R
— T 77777 7] "T E
P
P2

9—-4/1_///////]

Smm steel side plate
12.7,15A9,19.1mnyﬂl In double shear

7
£

ol R N

L

L Glylam main member

(28 4-5) 5A-F4Y o|Fdxt AYR

A AgRe] M ¥}
ASTM D 5652-950f uwhe} ZAj}eol ol3AH S AAl3taic).

- 199 -
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@

Type Materials Size(mm) Density MC Fes*
Main member 0.45 12
Glulary 220 6 e ey T
u - -
Wood-to-Steel —c o menber 4060
9x 200x 3C0 - - ;
(Steel) (kg/cm2)
Fes =
€)
ASTM A 307 ,

ASTM D 1761-88, “Mechanical fasteners iIn wood*® ASTM D

5652-95, “Balted connections in wood, wood-base products”

- ¢ 4-6)
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=8 I = A

Porportional limit losd

4-6) -

@

o of bolt
diameter

Defarmation

N= A(10°%- 1)

©

197 -

Ultimate load

Yield load

®



P= Ncos(9), Q= Nsin(9)
Y
N= Pcos(9Q)+ Qsin(9)
> N F Q
Al A
Al A
Al A N

AB } AB Yy

Ny = Teeos (8 9, Wr= (0 9§, Ne= V (W) + V%)
P, Q A A

BNy _ Br3\r_

P=A (10 1),Q= A (10 1)

, Aj- A~- By Br

Ny = Ngeos(Q) =y (:\2""' <% )] cos ()

, &= arctan [, cos(Q)- Nysin(Q)/N;sin(Q)+ N cos(9)]

@ _
(K] {u} = {F}
. KT = W}
{uy =
GE
[KW]

- 198 -



[KW] = [K1] + [K(W]
» [KW] =
k1] =
[Ke(w] =

[Ke(w] = [C]] + [C«(WV]
. [C1] = [KI+[CT]

[Cz(] =
(KO ICIDAU} = {F3-(IKc«(w)]1 - [CIDAu}
(KT ICIDAY} = {F3-(Ke(wr] - [CIDAury
{udr (U {u}
105
)
x
2 1 E
L
2 v
6 ( wOx) . 2 v 0
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EA/L 0 0 -EA/L 0 0
0 129¥Yn/L3  6(Ye+2D)WY/L2 O 129 Win/L3 6(YAH2)W YE/L2
0 6(Ye+2)WY/L2 129 Y/L 0 -6(Ye+2D)WY/L2 6W Gn/L
-EA/L 0 0 EA/L 0 0

0 129 Wn/L3  -6(YeHH2D)WY/L2 O 129¥Yn/L3  -6(YH2)W YE/L2
0 6(Y+2)WYe/L2 6W Cn/L 0 -6(YHDWYe/L2 129 Ye/L

sin=sin(a ), cos=cas(a ), N=EA/L, V=12W W /L:,
Vm=6(y 6+ D)Wy YLz, W=6(y 3+ D)Wy /L2, M1=12¥y /L,
M2 =12Wy €/L, Mm=6WG/L, Gm=y %y €, W =E1/(4-Gn),
Ym=y 3+y 6+Yy ¥ 6,

y &Ly 6: 0] , 1.

L : , E: , A:

1:7
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Stiffness matrix for a group of connectors jointing two frare

nKX

-KZ ayi
—-nKX

K byi

nKy
Ky a>i

-nKy
Kz b

elerents.
-KZ ayi -nKX
Ky= adi 0
T Ai KT ayi
K2 ayi nKX
-KyS adi 0
-5 Bi -KZ byi

- 201 -

0
-nKy
Kys avi
0
nKy
Kys byi

K= byi
Ky i
-3 Bi
KT byi
Ky> b)i
> Ci




1.
4-4) -
C 4D
( kg/cmz) (x 103 kg/am2 )
1 738 130
2 603 125
3 531 122
482 115
Y
- 1, 2, 3
)
@ (Fp FLu Fo, Fy E )
&) -
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4-2)

4-5)

74
0.82
0.87
1.00

00

© OO o
Soes Q<
coo —

0]
1

NOMEHOIIT OO
ANTTNHOOMN~NOWO

I
OO0 O0O00O00O00OH

A A A A A A

©))

Eili)
I

E,= 0.95 X

©))

5%

Finger jaint -

65 90%

Scarf joint -

(0.53 0.88)

AITC

(Basic allonable stress) - (1)

®
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(X 4-6) etolute) 7183t 9 A4 =%

7143 44
+2| 53 |2 TEws | wmas
(kg/af) (X 10° kg/ad)
1 55 2 outer 738 130
g g% 252 4 inter 603 125
353 4 inner 531 122

W8 HBE B dF

le—— b ——»
495158 |
9% 283 N
=298 383 ©
3
- |

<

o | }.L

L

| >

(71 (th (ch)

* 2 (L) XY MEZ} THE ARE MY UHOoE BYY 4 23 U

o <A bet shd HY o] Fe 7tz b, (E,/EDb, (E3/EDb 7}

w2

Hch

—-208-




* ) fi, T2, fs

A, 1,9 ) f, E, F, E

; , Fo=f,T, E= 0.95E,T

* f, ( 4-7) -
C 4D
RI=1K/1G
(SR2) /7)) 8.7 )
0.208 0.723 534 fl=534
16-1am. 0.230 0.683 412 12 = 410( 412 0.K.)
8-lar. 0.490 0.500 266 3 =200( 266 C.K.)
1 .
Ny E N, E Ns
R= —n;—[ X, 2.2 + (—2)x222 + (—g)xgxz +
H n, El n; El 0
Zz

ah 2 E, e 2 Es 2
[hlgz + ('E—lhz) ZZ + ('E—lhg) ZZ] }

2 SR=(1+3R)(1-R):(1-R/2)

3 fi= f,(Ei/E)(di/d,)

, F, =534x 0.98 =523 ( / )
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E = 0.95x 130,000x 0.98 =121,030 7/ )

(O-Fir)
D
1995-27 -
. 200
6 194
4-8)
1 26(13.4%)
2 57(29.4%)
3 85(43.8%)
26(13.4%)
( 4-9) ;
, , NSR )
( 4-10) ;
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C 49
MSR
Long span | Local MCE| Long span | Lacal MCE MCE
MOE(kg/cmz)| (kg/cmz) |NVOE(kg/cmz)| (kg/cmz) | (kg/cnz)
1 @z 110x 103 | 140x 103| 90x 103 | 110x 103| 130x 103
(23x 102) | (28x 102)| (9.9x 107) | (73x 109) | (30x 109)
99x 103 | 130x 103| 92x 103 | 120x 103 | 120x 103
2 (29.4%)
(20x 102) | (24x 10| (11x 102) | (89x 10) | (27x 10)
90x 103 | 110x 103| 89x 103 | 110x 103 | 110x 103
3 (43.8%) ) R ~ B B
(15x 10%) | (20x 1C2)| (11x 10%) | (90x 109) | (20x 10)
(13.4%) 78x 103 | 97x 103 | 81x 103 | 99x 103 | 100x 103
(11x 10%) | (13x 102)| (10x 102) | (71x 109) | (16x 109)
( ): Standard deviation
( 4-10)
A B C D E
A 1 0.94 0.80 0.91 0.76
B - 1 0.72 0.89 0.75
C - - 1 0.81 0.84
D - - - 1 0.76
E - - - - 1

Az MSR, B: Localized NCE aof bending test, C: Long span MCE of bending

test,C: Localized NCE of stress wave test,E: Long span MCE of stress

wave test.
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1.00
.:é
® 0.80
o
2 0.60
Q
2
© 0.40
3 |',I ]
£ 0.20 ’
0.00 : . : ;
5.0E+04 1.0E+05 1.5E+05 2.0E+05
MOE (kg/ cm?)
- MOE of MSR % [Localized MOE of bendng
¢ Long span MOE of bending & Localzed MOE of NDT
-0 -Long span MOE of NDT

(23 4-7) MSRol| % ©YAIo] FAYEER

olde]l ANE AIMRM long span®] ZEAY A2} localized
MOEL} MORS] Z2} alolel= 49t ato)st gldt), AlA) Bardz Zdo)
M HE 7o) g FFFEHTH= MR § 7|AY SFTEL w2 A
o] BAlAolzle AL €Y Aol FzY v} gith & AFo)ANe A
2} ¢ A] MsRoll 23t Azbe} 2z} wloll A localized methodZtol]l 0.9 o) Ate)
BRBAE Bolch giety eyl ZEE a3z QYHs
AH8-Yal long spanol &% ZA}RTH= localized MOEL} MORE A2 &le
Zol Elgd o Aot

ehojute) MORZ A2 Aol 2lmjuiz} cha] AlgE ool 317
HEol B4 FHYE &) Rt 72 AFAAE 7|22 MRS A4ts

olch. o]n] long span RCH= localized property’} ©] E}dte] 2ol

=212~

NaEX: oo M Y/ s8S



(stress wave , MCR= 8.238 + 2.594

MCE) MCR -
2)
ASTM D 198-94 4
( 4-11) .
( 4-11)
(mm)

3000

1/2 Shear span 1200

Load span 600

210

130

D

ASTM D 2915

( 4-12, 13)
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( 412)

VeE Average MOR(Kg/cmZ) Average
(x 103 Kg/cmz)
1A 73.1 313.60
1B 71.9 75.07 246.05 276.0
1C 80.2 268.24
2A 83.5 300.63
2B 82.5 79.3 326.84 316.0
2C 71.9 320.52
3A 88.4 362.76
3B 76.3 83.3 290.98 365.8
3C 85.3 443.55
4A 86.2 441.45
4B 88.3 86.8 401.47 454.8
4C 8.9 521.41
5A 83.8 339.84
5B 85.8 85.8 445.96 421.2
5C 87.9 477.72
6A 91.8 565.40
6B 98.3 93.7 525.92 481.5
6C 91.1 353.13
7A 95.9 406.45
7B 97.3 96.8 520.99 454 .0
7C 97.2 434 .56
8A 88.4 315.89
8B 86.9 92.8 43414 455.3
8C 103.0 615.82
9A 93.7 422 .55
9B 89.7 93.7 376.70 419.6
ac 97.8 459.65
10A 107.7 587.34
10B 93.5 98.6 583.99 530.3
10C 94.5 419.65
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(

4-13)

Number of Glulam

Type of Failure

1A Sinple Tension
1B Sinmple Tension
1C Cross-Crain Tension
2A Sinple Tension
2B Sinmple Tension
2C Sinple Tension
3A Cross-Crain Tension
3B Sinple Tension
3C Cross-CGrain Tension
4A Sinple Tension
4B Sinple Tension
4C Cross-Crain Tension
5A Cross-Crain Tension
5B Splintering Tension
5C Sinple Tension
6A Splintering Tension
6B Cross-Crain Tension
6C Sinple Tension
7A Sinple Tension
7B Cross-Crain Tension
7C Horizontal Shear
8A Cross-Crain Tension
8B Sinple Tension
8c Not Failure

9A Cross-Crain Tension
9B Cross-Crain Tension
ac Sinple Tension
10A Cross-Crain Tension
10B Sinple Tension
10C Cross-Crain Tension

- 211 -



. 80
10tan
(4B,10B) )
, simple tensicn crgss-grain tensicn

- MCR

- MSR
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1.00

0.90

8

I
~
o

g

0.40

Cumulative Prob
(=]
&

§

=3
3

010

0 m 1 A s A L A
5000 65000 75000 85000 95000 105000 115000 125000 135000
MOE(kg/cnf)

—e—loc. ofstr. wav, --@loc.ofsta bend - .- long of sta. bend.

% long ol sh.wav. —m—MSA o Mk

10

09

(=]
@

o
~

o
o

Cumulative Prot
=}
(4]

o
o

o
w

o
n

01

0.0

500 600 700
MOR(kg/ cnf)
—e—MSR —&—|oc. of 3. wav. - long. of sta. bend
* loc. of sta bend. —=—long of str. wav. o A@x|

=217 -

201H/08/27 1001
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- long span localized property
localized MCE  MCR
MSR
. MSR
( 4-14, 15) .
( 419 MCE
Stress
MSR
wave
MSR 1 0.85 0.87 0.95
- 1 0.90 0.91
Stress wave - - 1 0.92
- - - 1
( 4-15) MCR
Stress
MSR
wave
MSR 1 0.81 0.82 0.87
- 1 0.79 0.85
Stress wave - - 1 0.90
- - - 1

214 -



4)

a=10Ccm, L=360cm,

- 215 -

( 4-16)
Dowel bearing strength
Diaretor | ~ Fr (kg/ond) FIl (kg/cno)
1.27cm 1.58cm 1.91cm
a2 ) (5/8" ) (3/4" )
Glulam
(Sp.Gr.= 0.53) | 300G 22) | 255(+ 18) | 220(+ 20) 400(+ 25)
3.
1)
8 Npk F N, Z
Vg T B VTR VO i U
( 4-17, 18) . F MR
Ne= 1.10, N,= 1.05,
F = MORx —196—= 502. 7x —196—= 282.8kg/cm? Z= 487.5cm*



9-= 0.163, W= 0.045, 9,= 0.04, <,= 0.024

, W R=0.0983kg/cmz, QR = 0.1754

2)
) 10 )
P_= 1319.2x 10" *kg/cm? O, = 0.24
"Pp= 342x 10" °kg/cm?, Sp = 0.10
, B = P, + P, = 1661.2x 10" °kg/cm?
1 — —
Bs= w—V P2 O+ P5 5 =0.196
SQ
K))
R
Q= &z —‘“5
H \/ '6§+ ﬁé
( 41D 3.6m
spacing(cm) 10 30 50 70 90 100
Beta 6.76 2.58 0.64 -0.64 - -
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( 4-18) 2.0m
spacing(cm) 10 30 50 70 90 100
Beta 11.2 7.05 5.11 3.83 2.88 2.47
’ 3.6m
50cm
- (
4-18) 2m 1m
D
400 -
2)
( 419 MCE
MSR
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( 4-19)
| MOE_MSR |MOE static| MOR | MOE MSR |NCE_static| MCR
(10%kg/cmz)| (10kg/cnz)| (kg/cmz) | (10%kg/cmz) | (10kg/cnz)| (kg/cmz)
112.4 121.1 | 577.5 | 110.7 119.5 | 750.9
(19.5) (26.6) | (112.4)| (21.7) (16.5) | (138.5)
) NCR
. NOR  95%
NCR
75% )
(577.5/750.9)x 100 = 77% ) ,
NCR
NCE
NCR MCE  MCR
NCR



D

( 4-20) MOE  MOR
MOE MOR ]
AN Average Average Failure mode
(x 10%Kg/cm2) (Kg/cm2)
1> | 2007 | | 553.5 | Cc
2~ |  190.3 | 187.9 | 572.0 | 543.9 S
3* 172.7 506.2 S
4 | 1905 | | 590.5 | S
5+ | 199.3 | 194.1 | 626.2 | 572.8 S
e* 192.5 501.8 S
7 | 190.6 | | 597.1 | C
_&* | 190.0 | 182.1 | 5149 | 559.4 C
gr* 165.8 566.3 S
- 10 | 1993.0 | | 629.0 | S
11| 182.4 | 185.8 | 419.4 | 480.5 C
109* 176.0 393.0 C
13 | 187.8 | | 4425 C
14> | 183.7 | 183.8 | 591.0 | 525.9 S
157 180.0 544.1 S
16 | 166.7 | | 490.4 | S
17| 180.7 | 176.0 | 567.3 | 545.2 S
18" 180.5 577.9 SL
19 | 156.2 | | 501.3 | S
20 | 162.1 | 158.5 | 524.1 | 447.1 S
o1 157.2 316.0 C
22| 1491 | 423.7 C
23> | 162.7 | 186.7 | 485.2 | 465.7 C
247 158.3 488.1 S
25 | 1842 | | 522 ] S
26~ | 157.1 | 150.8 | 449.9 | 473.1 S
o 158.2 4472 C
~ 28* 140.5 327.7 S
207 - | 1427 | - | 3639 -
< oic 144.8 400.0 S

9.

-

S: Sinple tension, C: Cross grain tension, SL: Splintering tension H: Horizontal shear
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MCE

kg/cnz, 502.7kg/cm:

(

4-21)

MCE

- (

, MCR

MCE  MCR

4-20)

29

173.7x 103

(

4-21)

Basic value

(kg/cm2)

Load
duration

Size

factar| condition

Loading

span-to-
depth

Tempe
rature

Allowable
Stress

MCE

173.7x 103

.97

1

140.4x 103
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( 422

Z (ko) ZI (kg)

12.7mm | 15.9mm | 19.1mm | 12.7mm | 15.9mm | 19.1mm

589.5 699.0 929.5 | 720.5 | 1097.5 | 1508.0

554.3 660.7 901.7 | 698.7 | 1064.9 | 1480.3

570.2 681.3 920.1 710.9 | 1088.6 | 1494.2

600.4 710.6 943.8 731.9 | 1106.2 | 1520.1

A 36

A 307
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MCE
MCE
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3.
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long span MCE
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1.
. 25mm,
110mm, 3.6m - 250 ,
C 1995-27 ) 1, 2
- , C
)1
(Instron, NModel; 4206-006), E- (METRIGUARD E-403; )]
C 90M, KAWASAKI C ) -
350cm( ), 240cn(
240cm ),
240cm( 240cm
E- 350cm( ),
100cm 50 , 2cm
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11cm) 2 1 (
2.5cm)
- 1 ( 7.5am)
16mm 18mm 2 )
( / ) lémm (
5-4) 3 (96%, 138%, 148%), 18mm 4 (120%, 127,

137%, 155%) -

( 5-1) ;

, 100 15 -

40, 60, 80 100kg/

1

, KS F 3118
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5-1)

16mm 18mm
4.93 4.08
1.11 0.89
1
1.06 1.07
16.01 17.75
4.96 4.14
1.08 0.87
2
1.49 1.19
14.20 16.77
4.90 4.13
1.11 0.83
3
1.64 1.29
13.23 15.95
- 4.12
- 0.85
4
- 1.08
- 18.15
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30 . 20mm s

Y

« ) , ; KANON 2000 QLK)

Straightpoint LCAD BLCCK(Serial # 4222(10tx 0.01))
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fD+k) WD (T fD+k)

FL =WR —————————— = ——— X
(@t D-Tk) 2 (tD-fk )
, F= (ka)
= (cm)
W= ko)
R = (cm)
= (cm)
f= .2
k = (cm)
m = 3.1416
2)
40 45cr
- 10kg/ 12kg/
D

- 240 -

2

100

25mm

25, 30, 35,

3009/

15



. 30cm ,

250, 3009/ 2 -

8, 10kg/ 12kg/ 3 2
(C 5
60 18 60
5 70 18
70 ) )
4
3009/
12kg/ , 30cm -
KS F 3118 1
24cr, 30cm , 11cm,
6.3m - 48 , 7
10cm -
3 2 .
2.
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5-2) ]

2 30 50%
1 12 36%
1
1, 2 80% |
1 , 2 3
| 2 53% ,
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5-2)

(

2%

1 2 3

13.7 50.8 35.5
21.4 31.4 47.2
11.7 29.4 58.9
35.9 49.2 14.9
50.8 26.2 23.0
64.1 20.6 15.3
39.5 52.8 7.7
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120ton
126ton
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70
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¢ 53

70ton )
5-13)
. 20%
, 3 1%, 2 10%, 1 3%
4
55%
16mr
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. 96%, 138%, 148% . 18mm
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180ton,
110ton - C
100 120taon
110ton
3%
18mm
. ( 59

13.2mm, 14.2wm, 16.0mm

16mm



5-3)

( =0
(ton/ )
E-
(350cm) (350cm)
(240cm) (240cm)

L 200 0 0 0 0 0

L 180 0 0.5 0 0.5 G.5
L 1601 ) 3.7 2.9 3.1 2.8 0
L 1402 ) 11.2 8.0 8.0 9.4 11.4
L 1253 ) 18.7 13.2 15.4 19.7 18.9
L 1104 ) 23.0 20.2 22.2 23.0 29.2

L 100 16.4 15.1 20.4 17.4 18.9

L 90 12.1 20.7 17.3 16.9 15.7

L 80 11.7 13.2 10.5 9.4 54

L 70 3.2 6.2 3.1 0.9

L 60

L 50
18mm , 120%, 127%, 138%, 155% -

16mm ( 5-9), ( 5-11)
96% 2%
450kg ,
18mr ( 54 ( 5-12)
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120%  137%

70%

450kg/

155% 50 60%
18mm 16mm
- 18mm
120 135% , 80 100kg/ -
16mm  18mm
’ 5%
20mm
C 59
)
(ka/ )
)
(mm) (mm) 40 60 80 100
16-1 | 95.50 -0.05 16.01 | 71.76 | 68.85 | 69.64 -
16-2 | 137.96 0.41 14.20 | 63.23 | 54.42 | 62.51 -
16-3 | 147.75 0.53 13.23 - 51.96 | 55.90 | 50.64
18-1 | 120.22 0.18 17.75 - 67.96 | 68.43 | 76.19
18-2 | 136.78 | 0.32 |16.77 - 71.40 | 72.32 | 75.60
18-3 | 155.42 0.46 15.95 - 52.08 | 61.48 | 51.57
18-4 | 127.06 0.23 18.15 - 63.69 | 75.16 | 69.70
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Load Black C 5-13) -
( 5-13)
y = 0.0026x - 0.4258, R2 = 0.9995 -
100Ckg- cnr
3.0258ton -
(
5-14) y =1.024x - 0.0862, R2 = 0.9995 -
Ston 5.0338
ton .
( 5-15)
, ( 5-16)
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(cm) 25 30 35 40 45

118.5/110.0/105.5/109.8|119.3/106.3| 105.5|104.1|103.3| 105.1

ko/ )
96.3 91.3| 96.3| 92.5|98.8 | 92.5|98.8| 96.3 | 95.0 | 83.8
Q)
- 10 11.89|11.44|11.62|11.74|11.68|11.88|11.91| 12.07| 11.85|11.85
0
o/ )
€0 0| 0 0| O | O 081/0.9]| 0 |0.80 0.97
70(1.71/2.59| 0 |1.40|1.45/0.42/3.09| 0 |0.73)2.13
0
125.0|107.4|113.8|118.0| 107.7| 105.0| 108.4| 101.4| 104.9| 101.5
o/ )
88.890.0 | 91.3| 77.5| 96.3 | 95.0| 96.3| 98.3 | 91.3 | 90.0
0
D 12 11.37|10.95|11.17|10.91/ 10.94|11.18|11.21  11.28| 11.12| 11.00
0
o/ )

60| 2.69|2.041.43| O 0 |1.32/0.84| O 0 |0.57

70|3.1312.39|1.94|0.50|3.04 | 0.89| 2.82 | 2.34| 0.58 | 5.10

D)
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©)

( 57) 110kg/
70%
KS
8kg/ , 250g/
5-7)
ko ) (@ D) ka/ > D @
(D) (D)

1 8 250 | 118.4 | 87.6 | 3.6 5.2 | 13.6
2 8 300 | 123.6 | 92.6 0 6.9 | 14.1
3 10 250 | 138.3 | 70.4 0 4.8 | 12.9
4 10 300 | 121.4 | 92.3 | 2.1 3.4 | 13.8
5 12 250 | 108.7 | 97.4 | 4.8 6.4 | 14.5
6 12 300 | 133.6 | 78.7 | 2.3 4.1 | 14.1
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4

24cm 30cm
5-8) 450kg/
130ton . 02
Eili/Zl)
C 598
s Eili/Zl
/
(kg/ )
(tor/ ) (tor/ )
(tor/ )
T- 24 492.9 138.08 155.32 112.49
T- 30 455.7 153.01 161.78 105.73
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13%
15, 20, 25 35mn

3.6m

10

10

3009/ , 350g/

- 266 -

2

10,

115mm,

20mr



12kg/
. 30cm - 4000mm

- KS F 3118

25cm, 30cm, 35cm, 40cm
45cm

] 3000/ 12kg/

5cm - 5

, KS F 3118
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30 - 30 1

KS F 3118

- > Eili/Zl

( 59 ]
158tor/ 6storn/ 111ton/
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¢ 59

(ka/ )
(mm)

10 158,561 63,191 109,641
15 151,849 67,156 111,535
20 166,932 67,944 112,343
25 163,036 80,964 112,943
35 151,001 61,726 105,499

158,299 68,196 110,719

10mm
(C 5-19) . 800mm, 1000mm
1400mr 30mm .
1600mr 20mm - 1200mm
140Cmm
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( 5-10)
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()
(mm) (mm) (m)
10 1600 1540 1400
15 2800 2670 3000(16mm)
20 3600 4000 3800(19mm)
25 4800 5625 6200
35 8000 9450 9500
( 5-11)
- 3509/
300g/ -
( 5-11)
@ ) o/ ) @ @
300 118.6 76 1.35
350 108.8 87 1.52
* 20, 4000mm, :12(kg/ ), - 30cm



( 5-12, 13) ( 5-20) ( 5-24)

10mm 1600mr
- 1600mm
35cm -
2800mm
100kg/
90% , 40cm
5cm
5%
, 60 70
KS -
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( 5-12)
(cm) 25 30 35 40 45
G ) 124.2| 92.6 | 123.3|122.6|121.0| 91.9 | 107.2| 105.6| 135.3| 90.2
® 95 90 | 97.5|88|91.3| 90 |97.5|888| 95 | 77.5
(mm) 12.44|12.53|13.02|12.91|13.14|12.79| 12.20| 12.92| 11.70| 11.94
@
1600
60| O |221|1.94|1.76| 0O |2.45| 0O |3.90| 0 |o0.81
CD| 70| 0.66| 2.73| 2.87 | 3.28| 2.09 | 1.65 | 4.45 |13.37| 2.48 | 7.45
G ) 97.4 | 125.6|109.9| 114.7| 110.5|110.3| 117.5| 117.5| 97.74| 115.6
® 90 | 86.3|86.3|96.3|91.3|925(81.3|97.5|76.3| 90
(mm) 12.08|12.16|11.59|12.22|11.65|11.82| 11.67|11.68| 11.58| 11.74
@
2800
60| 0.47| O 0 0 0 0O |0.68| 0 |5.27| O
| 70| 0.98|2.22|064| O 0 |1.27|1.12| 0 | 1.55| 0.9
G ) 118.7| 88.9 |102.5/102.1| 94.2 | 115.9|116.4| 100.8| 107.4| 113.3
o 95 | 87.5|91.3| 90 80 |87.5|87.5|87.5|87.5|83.8
(mm) 11.86|11.43|11.45|11.54|11.53|11.58|11.32|11.62| 12.9 | 11.31
@
3600
60| O 0 0 |1.69| O 0 |[3.90| O 0 0
| 7| 1.55| 7.09| 1.06|1.73| 0 |0.83|055|067|042| O
) ; 300g/ ; 12kg/
60 60 , 70 60
70
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( 5-13)
(cm) 25 30 35 40 45
ao ) 119.6|111.5| 99.3 | 108.0| 85.7 |112.1|112.6|111.6|127.7|101.9
@ 75 | 78.8| 9 9 | 92.5|92.5|86.3| 85 8 | 87.5
QD) . 12.33|11.60|11.36|10.85|11.18|10.38| 10.96| 10.79| 10.93| 11.30
(
4800
60| O 0O | 0.50|264|3.29|3.40| 0 0 |4.15| O
)] 70]0.80|2.499/ 0.86| 0O |2.14|3.31|3.71| 0 |5.98|4.03
@ 116.3|103.0| 114.6| 104.4| 115.6 | 107.5| 116.2| 110.2| 96.0 | 106.0
@ 77.5| 86.3| 77.5| 86.3 | 81.3 | 82.5| 82.5| 83.8 | 87.5 | 91.3
() @ 11.82(11.90|12.06|12.04|11.90|10.96| 11.24| 10.71| 10.97| 11.04
(
8000
60| O |1.24|1.69|0.75|0.36|2.06| 3.41| 1.04 | 0.60 | 1.58
CD|70|3.99| 2.71| 5.52 | 4.09 | 2.81|2.65|0.94| 2.82| 1.23 | 0.65
) ; 300g/ ; 12kg/
60 60 , 70 €0
70
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( 5149 ( 5-25)
1%
2
R , 8000mm
1%
( 5-14)
)
() 1 2 4 8 16 30
@ 0.083
1600
) |1.023/1.028/1.028/1.029/1.031|1.032| 1.032
@ 0.031
2800
() |1.041|1.050|1.053|1.054|1.056|1.058| 1.058
@ 0.092
3600
() |1.043|1.055|/1.055|1.059|1.059|1.059| 1.059
@ 0.075
4800
) |1.025|/1.027/1.029/1.030/1.030|1.030| 1.030
@ 0.067
8000
() |1.038|1.039|1.040|1.040|1.040|1.040| 1.040
) /
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<2 YS5-25> R YYH 2EY WY BN WY

of, =hE Qa0 FEWHRE A= L HIAS

Az A48 2t ZENFY HAE W HIATE FITC 2

IE (X 5-15), (27 5-26)0) L iepdlch FAZzRe) B ¥ 0.55%

th YA 540kg/af ~670kg/afd] el Lehion], HAA4E 113~

131 ton/oi® o9 S5 HAE 4% Lehlch TENRY YREE
I

1600mm2} 2800mm FEZF S FAdxW7} 600kg/od o] Ate] wlaY w2 7

k1

& UEtlen, 35173 3600m o4 FEAY HZ =L 500keg/af o] 4
o2 thi uolry,

Axbol o8 HAATE A& HEATRT} 3~18% £ 3t& U
tWeo, BF o 1335 w2 S uekdch A4 HAEE Al
% Y@ARct thh W AL oty FAY Fol A Ao Ay
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(E 5-15) 9= MY THUAY YA 2 YA+

TEili/Iof] &3}
ZENH 3z | "H94s
H| 3 Al HgA S
(mm) (kg/af) | (ton/a)
(ton/cnt)
1600 619.6 119.9 137.1
2800 675,1 113.3 128.9
3600 0.55 539.7 131.1 153.4
4800 553.1 119.7 123.6
8000 568. 6 116.3 137.7
180 BOO
160 | 700
140 | 600
'E 120 | 500 E
§ 100 | g
= 4 I
£ s0 | e
& agp ™
@ 60 |
s L 200
20 | 100
0 : - 0
2800 3600 4800 8000
289 A (am)
<] y5-26> 93 AW T EFBAY
AT T FYHNA

—~ 285~
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N

7.5¢cm ) 15cm

&)

7.5¢cm ) 15cm

9

10)

1716 -

11)

1716 1/8

12)

1/4 -

13)

14) 1

19%
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15) 2

16)

17) NSR

18)

Y
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(

5-16)
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2)

)
( 5-17)
1 2 3 4
D 20% 30% 40% 50%
> 17% 25% 33% 50%
D 1:16 1:14 1:12 1:8
)
)
9)
D)
C 6mm 6mm
DO
19cm 50mm 50mm 50mm
1/4
)
( 1/3 1/3 1/3
19cm
)
1/4
50mm 50mm 50mm
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( 5-18)

(

5-19)

(VSR

( 5-19)

1/2

L200

L180

L160

L140

L125

L110

L100

LSO

L8O

L70

L6O

LSO

(10kg/ )

200

180

160

140

125

110

100

90

80

70

€0

50

D

5cm
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( 5-20)

()
( 5-16)
5 6
(mm)
5 500(100) 525(105) 600(120) 625(125)
10 1,080(108) 1,300(130) 1,280(128) 1,540(154)
15 1,770(118) 2,280(152) 2,070(138) 2,670(178)
20 2,480(124) 3,400(170) 3,000(150) 4,000(200)
25 3,500(140) 4,750(1S0) 4,125(165) 5,625(225)
30 4,650(155) 6,300(210) 5,490(183) 7,440(248)
35 5,950(170) 8,050(230) 7,140(204) 9,450(270)
40 7,480(187) 9,920(248) 9,000(225) 11,600(290)
45 9,360(208) 11,925(265) 11,115(247) 13,950(310)
50 11,750(235) 14,000(280) 13,500(270) 16,500(330)
)
- O)
@ .
%))
0.5mm ,
3n  10mm ) 3n  0.5mm .
( 5-21) .
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( 5-21)

(mm)
10Cmm 150mm 200mm
10 1.50 3.00 5.00
20 0.75 1.50 3.00
30 0.50 1.00 2.00
40 0.25 0.75 1.50
50 0.00 0.50 1.00
5)
8 15% , 1
1
» + 3% .
6)
1
. ¢ , )
7
1
4 ’
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8)

(
)) -8 D)) ( ))
-8 ), - 8

) ) - ¢ =22 C 5239
( 522)

E170-F495 E160-F480 L200

E150-F435 E140-F420 L180

E135-F375 E125-F360 L160

E120-F330 E110-F315 L140

E105-F300 E100-F285 L125

E 95-F270 E 90-F255 L110

E 85-F255 E 80-F240 L100

E 75-F240 E 70-F225 L 90

E 65-F225 E 60-F210 L 80
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( 5-23)

4
3 2
B
F190- | E190- | E190- L9500
F615 | F555 | F510
E170- | E170- | E170- 1180
F540 | F495 | F450
E150- | E150- | E150- L160
F465 | F435 | F390
F135- | E135- | E135- 1 L1140
FA05 | F375 | F345
E120- | E120- | E120- . L1195
F375 | F330 | F300
F105- | E105- | E105- 3 1110
F345 | F300 | F285
E95- | EQ5- | E 95- L1100
F315 | F285 | F270
E8- | E85- | E 85 L%
F300 | F270 | F255
E75- | E75- | E 75- L 80
F270 | F255 | F240
E65- | E65- | E 65- L0
F255 | F240 | F225
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€))
( 522
( 5-16)

( 5-24) 1 4

( 5-24)

L200 1

L180 2 1

L160 3 2 1

L140 4 3 2 1

L125 4 3 2 1

L110 4 3 2 1

L100 4 3 2

L S0 4 3

L 80 4

L 70

L 60

L 50

&) C D
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( 5-25 )]
1 3
1 G 16 26 4G
MSR MSR MSR
17%
17% 25% 33%
3 4
G 1G 26 4G
2 MSR MSR MSR
17%
25% 33% 50%
2 3 4
G 1G 26 4G
3 MSR MSR MSR
17%
25% 33% 50%
3 3 4
G 16 26 4G
4 MSR MSR MSR
25Y%
33% 33% 50%
)MG C 529
@ 16, 26, 36 & G 1 , 3
5-24)
(€)) ( 5-24) 1
(4) VSR ( 5-24)
®
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(

(

@
(

5-26)

5-26)

5-22)

(
1

5-16)

L200

L180

L160

L140

L125

L110

Nl w N

L100

L S0

L 80

Nl w N

L 70

L 60

L 50

- 297 -



&)

( 5-27)
2 2 3 3 3
26 26 KIS 46 46 26 16 G
1 MSR NMSR MSR NSR MSR MSR MSR
17%
25Y 25% 3|33 33% 25% 17%
3 3 4 4 4 3
26 26 K 46 46 26 16 G
2 MSR SR MSR SR MSR MSR MSR
17%
3|33 50% 50% 50% 33% 25Y%
3 3 4 4 4 3 2
26 26 KIS 46 46 26 16 G
3 MSR SR MSR NSR MSR MSR MSR
17%
3|33 50% 50% 50% 33% 25Y%
3 3 4 4 4 3 3
26 26 6 46 46 26 16 G
4 MSR SR MSR SR MSR MSR MSR
25%
3|33 50% 50% 50% 33% 25Y%
DG C 5-26)
@ 16, 2¢, 36 4G G ,2 .3 4
( 5-26)
o) ( 5-26)
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%) NSR ( 5-26)
®
)
(€))
)
( 5-23)
5-16) ( 5-26) 1
( 5-28)
A B c
1 1 1 1
2 2 2 2
3 3 3 3
)
( 5-23)
5-16) ( 5-29) 1
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(

5-29)

MSR

L200

L180

L160

L140

L125

WIN|FR|R |

L110

WI(N|R|R |,

L100

WIN R R|k

L S0

WIN|[R|F|PF

L 80

WIN|[R | R |,

L 70

WIN | R |R|PF
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&)

( 5-30)
1
1
G
MSR 17%
2
2
G
MSR 25%
3
3
G
MSR 33%
d>C ( 5-29
9D
1/8
C 5-30) .
» 15cm
. 15cm 2
1 , 2

- 301 -



Y vE YUY YaF euiv, A3URe ¢ HEozvy
A 1/8 ol ¢ Fold ehulu @ ¢ag we A4 RE elolury 3
U s AW iUy o g ¥t FHHA YES Yol

©, ZolAUY et MFFAUIN (R BY ehulue] 2E
s32Ahel oste 3RY BEE D Ak WY A9 FPre
WX & eistx] gob= W,

2Tt Ao

- ~
., N
;\"-»‘::- \\
heS ~,
P Ve W Pl Y
e N 4t R
ON T
e Sl % w1 B
A LI : S s O
B S ".\ = —IT
. "-\\ p v <= ]— .. %
LSS
Sl = = :
SOON A E =
\\\\\ '\_:‘ = B
e . 1 i3
SO - T :
RN . Vi
. ‘:“K\' A -
~ -\_\\'\_ o > - i = b
\\_\».;\_\.\_ = = = EA
S = P =
o — -
" - P = = .
N = 14 = )‘ 3
—
D il e i - —— -
E—— o)
I |

of\

-307 -

MNEEX: &S AL W/ =88



- 303 -



(B3 W=7 QM2 L Wi By
A5

e |:\..'T‘

2&?34%0] Zas

594
} Faz
-/ - (‘\‘ )
i AR
e ke Baks

(2% 5-31) $2 AYFE FPA de %3

F) (1) F2 JH¥FE P8R e FAFoIR o (29 531

(2) F8LEA olaroho|E X7t iE -5 (203t i3 Aol

APsitin YUY FaA. K4 Yokl FAY 42 Pehe) u]go]

60% ol4re] 2

-309-

NESEX: SN M N/ SEBR



-10, 11 |

-12, 13, 14, 15, |

16, 17, 18

-19, 20 |

-2, 3,4

- 305 -



kY

) ¢ )
( 5-18) ( 5-19)

¢ )

2) ¢ )
8 15U
1
+
3
4)
S))
1,2 ,3

(L200 L50)

6)

- 306 -



)
5mm
3
s 75mm
1.8m C
)

» 30cm
7
8)

- 307 -



4)

9

10)

11)

12)

24

(

2rm

- ). (

. 9)

- 308 -

)



13)

14)

15)

- 309 -

200 3009/

(

5-32).



i i/
) ./ o V7

DI TITTINTOT

_;,_Z_,///, 111;7/‘:/::;‘, z E/ gz - :’,] B L E/f;'%:l 1

w< 2B SL2«(B+C+D)

(1% 5-32) YA ESH

th) Z1EF el A%t A
A&ZeL = et ol sty dAlste Ffe FEY
Aol 7l&xste] gAY L FALEEE Ystejo} gich,
e FAA 29 F77 AHE
etojute] FHole X, BE §& AHE3tY Faste A2 Fch
16) A2Ale] Aot
etojuE ME WAAA AT FAY AHFE Y4191 918t
of HZIY UALYPE 7isledol gl qAAY L Ao %% 5~
10kgf/crl, P8 FFE 10~15kgf/o & EF 02 1o, elo|ute] 3
Ee AHA L F7 Tl st dAUYE FHANE + ek Y Y

Z A F AAUY Aol 23 S0l WASA UEF slejo} Frh

-315-

NEEXM: RIS e Y/ sER



17) ,

18)

( 5-20)

19)

1/10, 1715

- 311 -



Y

( 5-31)
( 5-31)
+ 1.5mm
+ 1.5%C , £ 5mm )]
+ 5.0mm
2)
17100
3
¢ )
%))
¢ )
C 5-33)
1/12 1/16 C C

- 312 -



NEEX DL &= N

Z M) g Tl Yyttt ER olFE9 Az, M W AL g
e el 2Ysteiof Yt
JAF A4t
1:12 ~1:16
Smme] ¥ | H_.#L::_m
N ]
! ~
600mm 20mme] 4
(2% 5-33) Hl&8 Ay 2 3wy
5) ¥4 AP FF
44 otiestg o B FF2 (F 5-32)9 et
(¥ 5-32) QA opRelztd Fol AW 57
2 B 7l &
° 1% 2% 3%
d& R =EE
&ol(ahgol AM), 79, #/mEE, I+
AFoY, Ju, e, 92 FHA §& Fug A
= 48 9 AL 5 A A 2R3
B4 2
HA g oo 3] Znld A Aojg R | Fujy A
AL B, A 2,
AN R B AW ge n 9g 2 | 2w 2
O =
-318-

F/gal

ne
0
I



3.ar
m -
> 15cr,
( 10 ). ; 3000/ |,
; 10kg/ 20 ,
30cm, 15cm, 7m C
. (C 3)
6) .
14cm em -
A-Frame
C 5-34) Circular Arch C
5-35) Segrmental Arch C
5-36) Parabolic Arch C
5-37) Tudor Arch C > 1200mm)

- 314 -

10, 15, 20, 30mm 40mm

15cm, 3.6m .

5 30cm,
48

3m)

> 12000mm), (

; 3800, 9100mm), (

3600, 7300mm), (

1 @)



e i e,
f'// _—:-—::’:‘:i “&h‘ﬂ-nag-‘w‘z ;;;-...__H_““ -----
- = wg&%;&’ ;

g
Sy
\

=
% SCALE:1 /40

(23 5-34) Circular Arch =@

SCALE;1/40

(2% 5-35) Segmental Arch =9

- 320~

201B/06/27 | (21— A KUE /&0

MNZEX: &S M@ HE /s8R



BagD

SCALE1 /4G

(218 5-36) Parabolic Arch =&

SCALE:1/40

(1% 5-37) Tudor Arch &R

-321-

2OIB/08/27 11018 K B/ &0
NEEX . D& M+ e/ s8R



- 317 -



- 318 -



120ton/
1
96% 70%
137% 70 75%
5%
50mm 4C0cm

3%

- 319 -

20mm

0%

110ton/

, 16mm

, 18mm

110

50%

12%



100kg/

70% , 10%
110ton/
450 670kg/
106 153% s
C 30 70cm, 13cm, 3 16.5m)

- 320 -

150ton/



Canadian Woad Councial. 1995. Wood Reference Handbook. 133-142.

Canadian Wood Council. 1995. Wood Reference Handbook. 133 142.
Canadian Wood Councill. 1995. Woad Design Manual. 349 376.

Forest Products Laboratory. 1987. Wood Handbock: Wood as an
Engineering Material. USDA For. Service. Agri. Hdb. 72. 10-1.
German Curfinkel. 1981.Wood Engineering(Second Edition). Kendall/

Hunt Publishing Company .

John J. Zahn and Couglas R. Rammer. 1995. Design of Glued Laminated
Timber Columns. Journal of Structural Engineering /Decerber:
1789-1794.

Robert H. Falk and Francois Coling. 1995. Laminating Effects in
Glued-Laminated Timber Beam. Journal of Structural Engineering
/Cecember: 1857-1863.

Roland Hernandez, Julio F. Cavalos, Samnath S. Sonti, Youngchan Kim,
Russell C. Noody. 1997. Strength and Stiffness of Reinforced
Yellow-Popular CGlued-Laminated Beems. USCA Forest Service.
FPL-RP-554: 1-28.

- 1973. -
» » » - 199%6.
C )- --
246 - 135.

- 321 -



.(40)11:1172-1179.

. 1991. )
. 1997. )
, , , . 199.
1)
- . 42(2): 122-129.
. 1965. )
, . 1998. @
- -. .48 :
118
— . 1988. )
, 1996. - )
. 1994.
, , . 1992. C 2 )-

— LVL
-. . 38(3): 247-255.

—. 1992.

- 322 -



A6 FAE

VIE AL 65x0]4 3] A felvietolA] Atizide) &3
ol-go] vl¢ FL83 At ¥ 4 gk feuvely dEFHFS A4
L8 F71%t EAE BRY FARY YA o] Frixin oy,
FARRY =59 F53 3493 Tl A% Al Ay HA 512
TAE T dULE Aste FakaNY i) F o] 2okt 4ol
EZ, A o]gHE FAMNE oFE AR §EE AMREI 3
o]-8Ex Yo}, Fitzlel it MEE §E& Ut FAAY o] &EF
Sk 2ol a4 HHHE Y MY FY HAE ciFEHI At
atetd, 2 Aode FAAN NF2E 2 5 Ue FHY M2
= Aol g2} FAtANe] ZYA 913 - FolAld Y, F2E YA F

ZAA 2 Az 7S sz} sialch

A 1A FAe AHELR Az o] &

=12 #F3& F28 AR ¥&s] AR AAzALS 52
W A FRAA LrAER ¥EY F AUARF thFF vietdq A
= AAsE] de 3 588Y AR E YHst= dojth. welM, F
A F2E Az S Aol HAE AlE 72 2288 FEA
¥ 2N ZURENEH F2E AMY HEIAL A@sta, 728 AAY
35838 ARZAAE MUste, FAANE 72 A2 aAH o7 1§

3t7) ¢1%t e zxAs FHA72 stlch

e

—329-



i BEe 728 A S Ao A=l oy
e FACEY tF3 122 SN 243 FAEE R¥eg FY3t=
Zol ye|Ho® nctHAD, Yg4 728 A2l o 3 83H2 nIH
FZAAZIE(NDS) ol AHAIH u]F4t Hgs F2E AR A ety
on, 3R AUF F2E AzRe sy gE vehdsdch e
T2 A I Aozl a7 Aol FERY Y F¥igo] o)
TAME oo, Ao U= AlGAel o3t Hoh FHY 8-S
& A2 gsiMe, Ao AR4E F7AE et olg Aew
tach E3, 72§ Aol iyt Z= FHE Aol MY ARE ¥
&sto] Hrl FHA 3 &EYES H&E3L, ol tEo] F2E& Ay 3
&8l ot AxAdxtet BrIskE 5 BIME B EUT Azl
7IEbe] AAE FYH L2 FHrista EEHsHE A7t Hulglolr ¥ Ao
& A4zdct

i AEs F2E ANEZLE AY BEA LW gAY
of o3te] At2d Z=E FHE HETYL Arhaly FIU BEAI” o
g HBEH Rt tha A2 & Uehidou), NDSofl AHAJE ojZ4t A
T TZ2E& AN ZE FFE dEgYte viny S viehideh o
ZhA, A4t Y F2E MY HESYL uFat Y+ T2 & A
b 2 Aolst glol, YA 2A “HEF F2E AN FF"Y £3EL
ol =4t £E3 7 72 A8 AL eI Aoz mkuic

Aoial 2 AEZAME B8sle S 2ok 3 LY X
= 7Y 5 US YULE o] YL AUt BELR ALt et 37}
Sta glout, Achah A8 +5 48] FIMAFk 517] df ol W v
€2 Alte] £8FE HHE FAlOl AU gty FAA 4A¥EHE ZE

ABANE BEte WYL Aol FAAHLR HESHS A2E +

X2

2h

(r

AR
o

N

-330-



e Bl Aot Arial Z=AEE T WHETis AUl Do
T DAEE 73 ook mebd, feuvety] 388 EE A& KS+
Ag LS s E, B7IHCR HES oo & Acia) B AlEAY
£ ¥&ste YU e vz AHRY 4 e FAY LAy F
EAHol A3t Y S Al A3t Aol uhet AU wbHE HE3}
€ Ro] vy Zleg nichdry

£, BzFue] AT £43 ZARoT AEW £ Ax
159 xUols AMEA BB BZEH2LES sl S} Bz

ZEd2LE DY AUy FREAZ A BFA
MBS 20-3%FE ALHL B VAY 4 e APH £ A2%
ZYRAoITh WY Jel% 259 AT BREHNAS AU Yo,

2 BzEeac) FRAUANE(DE HAstl, BzAX Aol B3
3, AMIERN ARFQ BIE AATZ| o] AE(HE EPAZ
AYg 22Z0lt},

A 2 d FAAAY 2y flE - molAAd A

SANE o] & ZyA el - molAld Y NS T JE U
= HAE W molAAde EERDS JNUsty] fiste, AR} - zylo] 2t
Mgt 2p7hA 2 (Do-it-yourself) Al o2 HAS=S sttt

olge] 71E WS MBI Ay 9 FHE ZAbEA, Y B

W Elgdel At fAd U wolade RS agsilch o 250

-331-



E2REH 2 ATl /ALY AEE dRstHen, ¥ALdEE 30l
2] op9]-g o)z}, Azt o wiaetE AP EolAHEE HYEolAA
1(Z2 Bld W BAeE), Esolxd 2(71a W EStlE) 2
Eitisolald 3(Alksel, nndE, ZALE LR A¥siach

2 A AT F A Adel THEE £ olE 71%S FHohd
3, o8 ¥AHY £ UEE gAxdes z4gsidct. AYH HdAEH
& 71228 3o F4 RS AFetL, 42 AzE Il HES
A2 o 23U £ s FAPE =23t HAS sk -4
A2 ol g oate} BAE, HoAdEE SYUEAAES R Fol
A FELR 2YAAS]GIC

o] FRHoltt. FRAVAYL ¥EII] 93t HA F
7} AAEojol gt FRAEAME AR Az 3N W FREY &xol
T E 3t BAFol TUEY, HIE oS FUE F3 Ue tiIT ¢
o] BRFo] XY F¥el Ui
FZE& AR F2AANEE MNP 3, F2& 4
3 g 4 gle T2 MTLABS ARt st =
A Gdg A B ARE Bl glulube] ¥ S Zeie A
Sto] ol UYRFE st F2E PP BEF H5g oSstaden,
o] AolAM elule] MOE F3Hel whel 728§ PPN A= AF5Es
of ztolz} alof, ehulute] Zz o WS CAZIRE tigdts]

>

2
o)
L)

- 332~



YHPTE Rz} stelch HAEYEA S} AU 37 MOE} long
span MOES m}2 £33, 7IASETE H¥ 243E u=E 3t F ol
74212l e couie] MOEE £33t olF U E A4 A=
3 A5 AF3idch o] AFelM ZATE FE A} Y gYyEs
E U ez syt 32§ FA4AY ZEF e AF3tER
g mole JASE F2 2AE AHEste o] Yoy ez ¥4H
tl.

o
<>
L
[o]
-
s
g
N
N
oX
2]
rlo
ghid
b
tlu
L
o
3%
lo
S
ub
HlJ
S
o
lo
L)
E.
Ir
0
L
[
N

24 G FAPgol astach B3 2FE elolivie 12%7}
dasht 155 o4 ehmlve of 2 ¢ 32 EX& el 15
gloluie) BEE 93 ciyo] Hastdch BAFY elojuy U ES
& & 705 on, 16mm BAE 71QE 96%7t 1R B oF 70%2] YRS
S VERAD, 18m WAL 7YE 137%7 GAYgBo] whep 70~75%2] FE
A&E uiehdlch e YAAY AEE "ol 2R 3 ¢jEide 2
o] 20mme]*te] WAE AHg3te Zo] WAy Zog Azt

UE o] 3 AN UHE ALk

.4

o2 I IAUYE EL

fijo

~-333-



ANRE 7t 23Y A 23 UFE A FHMA st + Adrh
upetd YES AR wE al2E Tt F71H0R EeaAY &
23 AU S Ay FE ALY L 25t U¥E
A& Zolrh B3 o I JAdxY A <A FF FYPE HL T
7| 50mm GRS AMZY F 40cm o]F}7} HPsigon, o] Fe Ay
glob AN Foeele] APy xhe gldich
GdEAE Az 124 A8AY 4 FSUHES &, Ay

$l oluidich whebd APl AP E A4
32 12 Ty FEAU FUFEY U dJYdF oYY +FY Fee
2] FAE 2ciE AgstE Fy Ao A7)

Az 4 9 wrd AP 4 P2 100kg/of o]y, Hubg
70% o)A, A= wag ¥ AL =& 10% o)FE 43 AL v}
Woul, ol e HAAE AREY AolRE ZAb A2 ol
At B3 W o A HGASE 110ton/af ~150ton/af S
o, HAEL 450~670kg/af 2N 4T HAeS Uehl Fab dgEe
FZ2& F4AMgo2 AYstadrh. Ty A& HIEASFETH Ao o
gt HAEAFTL o 106~153% = Eol, Fo] 5o AU, LAYYY
ol £ Qz & 2T AN shuol Wastalch

2 A7A3 JAFNE olgslel TG WY M2IELE I
derdeny, o] 71&o wel FZ2E FAAME AN2Y B¢ Edo] ¢4
AP Mz7 stsg R Az dFAAE 2R sl P
TR dES A W wF F2RE PRAE AR, dgdTY 4
gatetae ANE 728 P4 AFER ATt FUAA FRYLZ
W F2E LA AFE +271 $AY Roz st

rlo

i
=Y
M
lo
2
o
J
o
r m
o
nE

]

-334-



	국산재의 신수요 개발

	요약문

	목차
 
	제1장 서론

	제1절 연구의 배경
	제2절 연구의 필요성
	1. 기술적 측면
	2. 경제·산업적 측면
	3. 사회·문화적 측면

	제3절 연구의 내용과 범위
	1. 국산재의 새로운 제재이용
	2. 국산재의 조립식 위탁·놀이시설 개발
	3. 구조용 집성재의 구조설계 기술개발
	4. 구조용 집성재의 제조기술 개발


	제2장 국산재의 새로운 제재이용

	제1절 서론
	제2절 재료 및 방법
	1. 시험방법
	2. 구조용 제제의 구조성능 평가
	3. 국산 조립부재 개발 및 표준화

	제3절 결과 및 고찰
	1. 실대재 강도시험에 의한 허용응력 결정
	2. 무결점 시험편에 의한 허용응력 결정체계
	3. 구조용 제재의 허용응력 결정체계 표준화
	(침엽수 구조용재의 허용 성질 결정 방법(안))
	부속서

	제4절 결론
	제5절 참고문헌

	제3장 국산재의 조립식 위탁 및 놀이시설 개발

	제1절 서론

	제2절 연구 수행 내용 및 결과

	1. 국산재의 조립식 위탁시설 개발
	가. 연구 내용

	나. 연구 결과


	2. 국산재의 조립식 놀이시설 개발
	가. 연구 내용

	나. 연구 결과

	다. 시작품 제작




	제4장 구조용 집성재의 구조설계 기술개발

	제1절 서론

	제2절 재료 및 방법

	1. 구조용 집성재의 구조설계 기술개발
	2. 구조용 집성재의 강도성능 평가
	3. 구조용 집성재의 표준화 기술 개발

	제3절 결과 및 고찰

	1. 구조용 집성재의 구조설계 기술개발
	2. 구조용 집성재의 강도성능 평가
	3. 구조용 집성재의 표준화 기술 개발

	제4절 결론

	제5절 참고문헌


	제5장 구조용 집성재 제조기술 개발

	제1절 서론

	제2절 통직 집성재 제조기술 개발

	1. 재료 및 방법

	2. 결과 및 고찰


	제3절 만곡 집성재 제조기술 개발

	1. 재료 및 방법

	2. 결과 및 고찰


	제4절 구조용 집성재 제조기준 작성 및 집성재 제조 실연

	1. 재료 및 방법

	2. 집성재 제조기준

	3. 구조용 집성재 실연제품 제조


	제5절 결론

	제6절 참고문헌


	제6장 결론

	제1절 국산재의 새로운 제재이용
	제2절 국산재의 조립식 위탁·놀이시설 개발
	제3절 구조용 집성재의 구조설계 기술개발
	제4절 구조용 집성재의 제조기술 개발





