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( SUMMARY )

Purpose &
Contents

Purpose
1. Side of Construction
» Development of low-noise slab formwork method of high—-strength reinforced
concrete structure using table type multi—-drop system
* |t is also possible to support over 3 m by supporting change.
(100mm down when primary disassembly, 1500mm or more when secondary
disassembly)
2. Side of Safety
= Derivation of accidents prevention method by falling of workbench.
» Derivation of method for preventing collide accidents with the falling deck panel
and the worker is in the formwork dismantlement.
3. Side of Economics
= Necessity of method for the expansion of exclusive use space ratio (Structure
using multi-drop support by tabularizing using joist line and yoke beam)
= Necessity of modularized simple prefabricated construction method and
development of a simple construction method
» Reduction of form rental cost and minimization of waste materials

Contents
* Establishment of evaluation methodology
— Decision of performance evaluation items, facilities and specifications
— Design of screening technique
: |dentify mechanical properties and performance causality
: Practicality review of drop support
* Secure of table—type multi-drop support technology
— Secure of the drop support manufacturing technology
— Optimization of safe disassembly
* Complement of beam system
— Completion of bracket in the beam system
(Supported by beam bracket without using beam tie)
- Completion of the safety rail in the beam system (safety review)
* Production and verification of prototype
— Production of supports capable of dismantling on high-rise slabs
— Production of low—noise multi-drop support
* Evaluation of structural performance
[Compression test — 2.8m, 3.2m, bending test of yoke girder beam]
* Verification of production
— Measurement of site noise during dismantling of slab formwork
— Field deflection measurement during placing concrete
— Measurement of ceiling flatness after placing concrete
* Field application
— Field application performance of developed commercialization technology
— Specification and maintenance of low noise slab formwork method, Guideline
of installation and demolition
* Establishment of slab formwork technology for high—height reinforced concrete
structures using table—type multi-drop system
— Push ahead with technology license contract
* Application of construction new-technology
- Application of new-technology for reinforced concrete construction




Results

Performance goals

Achievements

Patent (2)

Completion of 5 patent applications for development
technology, exceeding research achievement goal.

Academic paper (2)

- Two academic papers were presented at the conferences
of the Korea Concrete Institute and exceeded the research
achievement goals.

Prototype (1)

- Completed 5 prototypes for development
exceeding research achievement goal.

technology,

Certified Test Report (5)

- Completion of 10 test reports on development technology,
exceeding research achievement goal.

Field Application (5)
Technical License
Agreement (1)

— Achieved 15 commercial applications, 15 technology use
contracts, and 1 billion revenues in commercialization of
development technology, exceeding research achievement

goal.

- The performance of the developed
evaluated and 4 reports were achieved,
research achievement goal.

- Achieved 1 application for construction new-technology
designation by utilizing final performance of development
technology.

Sales (5 hundred million)

technology was

Research Report (2) exceeding the

Application for
Construction
new—-Technology
Designation (1)

— Completed 3 structural review documents, 1 in domestic

others papers, 3 in patent registration, and 1 in design registration.

Expected
Contribution

1. Utilization plan
complexes, civil complaints
area, and construction areas where all slab formworks such as high-rise building,

Expansion application to apartments, residential
officetel, parking slab of residential building, large villa type apartment, large mart
or outlet parking lot slab.
2. Technical expectation effect

Based on the technical feasibility, the low noise slab formwork technigue of the
high-rise reinforced concrete structure using the table—-type multi-drop system will
be carried out through the follow— It is possible to mediate the development of
functional intensive construction technology through convergence. This can be
created a blue ocean by breaking down the related market if the economy is
secured as the completion example of the reinforced concrete construction.
3. Social and Economic Impact

The policy on the longevity of the structure has been steadily promoted all over
the world. In Korea, increasing and its
long-life housing

related policies have been steadily
effectiveness has also been Most
construction certification standard has been enacted, and policies have been

increasing. recently, a
adopted to ensure that it is applied to the construction of large—scale apartments
with more than 1,000 households. Through this project, low noise slab formwork
and slab formwork system technology are expected to be the best solution to
maximize the effectiveness of this longevity improvement policy. In addition,
Korea will be able to play a leading role in solving the issue in the global issue

of longevity.

Keywords

Reinforced .
Slab formwork Reducing .
concrete . Drop system | Floor height
method noise
structures
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A3z, g+ =d U=s A g3t

Pl

1. F2RAY TEAL D AE P} e

7F. B(600x600) ¥ Fuig], Y B HAA e FRAE

a)3AtY ¢ HEESHoFOLILE FEATHZA S HU|AIY M FZAL
b)AEAIE | B RZE 600x1200(mm) ¥ SHIZ| HE
c)TE= M=z I MA J|E LR
-0l © F,= 40,000PS7  (ASTM 6061-T6)
-2 ™M F,=  235Mpa
d)7= dA 7= ¢ &1
-MERE AR ARAE 2 oSl CH stA = =t3
THATH =AU ZENSF (IR 3)
The Specification for Aluminum Structures The Alumium Association
L) A st H A
a)HIEHSFZE 2| A HE 600mm seleAd  7200mm( LA X X])
IYstE 54l (mm) LOAD
3£l 2 (RDS) 175 420
2(6) 600 1440
HEY BN 40
ZASHS (1) 250
ZASHE(2) 350
sub total 1 (G+A) 1480 kg/m?
sub total 2 (S+A) 460 kg/m?
(Mbeam load, W, = 350 + 1480= 1830 kg/m’
@slab load, W, = 460 + 250= 710 kg/m”
CH 25 2E
Ch-1. Plywood
a)Playwood Capacity(12T)
Member E(kg/cm?) [ (cmd) Z(cm®) fb(kg/cm?)
Plywood 70000 0.144 0.24 168

b)Load
W, = design load > lem =0.183kg/cm

c)Joist Space

5x W, x L 1 OX38AX EXT Y eryrrerrey
= m < 0.3cm s Ll - 5><—VV1 =1269089cm , L2 - 1269089 = 33.56¢cm
d)Bending Moment (L1=27cm & atch)=2t2
Wy x L?

M= Tl < fbx Z , M=16.68kg.cm < 40.32kg.cm

e)Deflection

7>< s 14 6=0.13 0.3
= < 0. =0. < 0.
3N EXT — 0.3cm B C = cm

TRY USE JOIST SPACING @ 27cm(net)
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ct-2. Joist

a)lnner Joist Space = 0.3m
Load = 549kg/m
Length = 0.6m
b)Material Capacity(SS490)
Fu Fb Fs E
shear elastic m.
kg/cm2 kg/cm? ka/cm? kg/cm?
3188 1930 1114 2.10E+06
c)Section Capacity
Size PL-50X30%X3.2 unit: cm
A | Z
2.31 6.39 3.80
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
2470 - 164.70 60
2 2
a = WL 54906 =924.7kg.m
s 8 8
2
Vo= W><]: 549 < 0.6 — 164.70kg
° 2 2
e)Bemding Stress
/Z = 3.8
M 2470.0 )
T =650.00kg/cm
foe  650.00
F,,  1930.00 = 0337 oK
f)Shear Stress
V1647 )
fs= A =57 71.30kg/cm
fo 7130
P TTi00 ~ 0064 0.K
g)Combined Stress
fb 2 fs 2
= Cg ) (5=
0.114+0.004=0.118 < 1 0.K
h)Deflection
5 CSXwX L 5x549x% 60"
SEAA T 384 < EX T 384 % 2100000 X 6.39
=0.07 <, =0.30.cm 0.K

allow
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Ct-3. Outer Frame
a) outer frame

space = 0.3m
load = 549kg/m

span = 0.60m
b)Material Capacity(SS540)
Fu Fb Fs E
shear elastic m.
kg/cm® kg/cm’ kg/cm® kg/cm®
3482 2710 1565 2.10E+06
c)section capacity
Size PL-63.5%x4 unit: ocm
A | Z
2.54 11.85 3.63
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
2471 - 164.70 60
X w X L2 .
M = IXwx L2 _ 19764 o o0
‘ 8 8
X w X )
Vo= 1Xw L: 3294:164.7kg
‘ 2 2
e)Bending Stress
beam?| QAUXMEE CHHAHE = 3.63
M 24705 )
foe= . 363 680.58kg/cm
Jui  680.58
T, 193000 "3 0.K
f)Shear stress
V1647 )
fo= A 25 64.84kg/cm
fs 6484 .
7= Ti1a00 058 0.K
g)Combined Stress
fb 2 f.s 2
fr(fb) f(FS) =
0.125+0.003 =0.128 < 1.00 O.K
h)Deflection
o 5Xwx L,  5x549x60*
T 384 EX T 384 2100000 < 11.85
=0.04 <, =0.60cm 0.K

allow
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Ci-4. x| &

IX[E : SS400 ) 78
S 2UZ(FY) = 1600.00 kg/cm’

MotZ = (va) = 923.76 kg/cm?

(L) = 0.40 cm %

CHEX(A) = 0.52 on’ g

QX|E 7o Mehfai(v) = 480.36 kg

X E FEEE(P) = Ws x EI 5 ehod & = 1830+0.3%0.6= 329kg < V 0.K

2h) Aliminum Side Beam
2}-1. side beam bending & shear
a)Section Shape

material property

(4 17

aluminum 6061-T6 THK : 0.010~4.0 in. , unit : Kksi
-4 - modulus of tension comp. shear
| ‘ elastici ty Flu Fty Fcy Fsu Fsy
\ . 10100 42 35 35 27 20
Section properies
A(cm’) l«(cm*) l,(cm*) Z:,1op(cm?) Zinot(cm?) ix(cm) l,(cm) E(kg/cm’)
31.66 150.30 - 16.7 20.45 2.18 - 7.03E+05
b)FEstS
space = 240 cm Le|e Ami/2
load = 17.04 kg/cm for safe load

c) Member stress check
Span = 60cm

w><]2: 17.04 < 602 wx1_ 17.04%60

M, =—3 o =T668kgem , V,=— 5 = Sllkgf
ZHE|Span = 30cm
x I? x 307 XTI 8x%
M= 830 shokgem V=2 B30 ook
s 2 2 ‘ 1 1
@ allowable compression stress check(axial stressoll thall AE) -  Not Application

® allowable bending tension stress
beam?| QIEFE THHAH = = 20.45

_ M _ 7668.0
z 205

Iy =374.96kg/cm’® | F,, =21ksi=14TTkg/em® , —== “— =024 OK

© Allowable compressive Stress for elements of beams

beame| AFHFE CHHAH S = 16.7

M 7668.0 9 b 550
== =4 —=_——=28. =6. =
Tw=" = g~ 4%g/an® , Web S=2i=8T3 , 5 =68 , 5,=10
allowable stress
F, =19.2ksi = 1350kg/cm*
therefore,
fy  459.16
134995 O34 0.K
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® shear stress check
5, =36 , s,=065
allowable shear stress

h 168 . 5 V5112 , fo 1615
T~ 65 5.85 , F,=12ksi 844kg/cm?® | f, A 317 6.15kg/cm? | 7 81372 0.019 O.K
® combined compression, bending and shear
Tovo fsiae 45916,  , 16.15 |,
(E) +(FS) (Tso ) gz 012 O.K
@ Deflection check
5 CBXwxX L 5%17.04% 60"
FEAA T 384 < EX T 384 X 703066 < 150.3
=0.03 < §,,, = 0.60.cm
2l-2. side beam torsion
a)Section Shape
A(cm?) t(cm)
5.58 0.40 <
-
972kg | 0.3m
e 0.3m
MEOkg m?
b)F&stE(1cm )
load(T) = 86.4kg.cm torsion
c)Member stress check
T 84 e L 7 3871 _
TS AT 0.4><5.58—39k‘g.cm , Fs712k52—844k:g/cm , f3= Ee_ 843,72_0'046 0O.K
2}-3. side beam plate
a)Section Shape
Section properies
Alem®)  I(em®) | 1(em*) | Zawo(em®) | Zeoor(em®) | ix(em) | 1y(cm)  E(kg/cm?)
4.00 0.13 - 0.42 0.42 0.18 - 7.03E+05
b)2EstE
load =17.04kg/cm icm Y for safe load
c)Member stress check
Span = 6.35cm
X I? .04 X 6.352 X 04X 6.
M= w2[ _ 17042 635 _ g pthgem | V. = w I_ 17041 635 _ 1 08kqf

@ allowable bending tension stress
beam?| QAUXEE THHAHE = 0.42

M 3435 ) , o S 81797
= —=—=2g8]17. = gy = < —_— =(.
fou 2 04 817.97kg/cm® , F,, =21ksi=147Tkg/cm” | B, 147651 0.554
® shear stress check
s,=36 , s,=65

allowable shear stress

O.K

108.2 s .
F, =12ksi =844kg/cm® , f, :IV:Z—SOZQTOE)kg/ch , i;: 824730752

5

=0.032 O.K

© combined compression, bending and shear

o fovoe  817.97 ., 2705 \,
(E 7)) G PG =08 NG

S

)2+
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oh) 2 =243
a)Section Shape

) [¢) ==
=l ;f;w Material property S$S400
i S22t ti |
, B—50x50x3.2 Section propemeT(mﬁ o -
e s 170815 Aar)  La) | T Zelal) | Zw(a) | ’
[5 @ ' ) ‘“’ o ) ) (gad)
5 i 5.73 20.40 20.40 8.16 8.16 - - 210606
b)FEstE
Space(s) = 1.2 m
& =o0| (H) = 0.6 m
L=WXHXs = 1728  kg/m for safe load
ZefElo|7t SYEHES 90% FESID 22tzo] 10% FEez Ity E 0. 3w
c)Eet Member stress check 7K/
Span = 0.24cm
M, =187 0.24+0.5 X 576 X 0.24> + 1152 < 0.44°2/6 = 7253kg.cm 0.6m
V, =187 +576 X 0.24+ 1152 X 0.24/2 = 463kgf 1728kg/m

@allowable bending tension stress

beame| QAUXMEE CHHAHE = 8.16

M 72528 ) s Jfur  888.82
== = .82 = LA =0. .
fos 2 816 888.82kg/cm” , F,, =1600kg/cm’ | 7, 160000 0.556 O.K
®allowable shear stress
_ ) _ V4635 ., Jfo 8089
F,=924kg/cm? | f, 1 57 80.89kg/cm? | 7 924.00—0.088 0O.K
d)C|H|E 2 E Member stress check
=2E 7214 (s) = 1.2 m
225t5(w) = LXs = 2073.6 kg
M6, THHZE(A) = 2.01 cm?
222 (s) = WA 1031.64  kg/cm?
CIHEEE o 16 mm
SHEZHE (Fy) = 4000 kg/cm’ > o
oM g = Fy/o = 3.9 0.K
Hh) Hollx HE(ZIST 2 HEZRO| 2hts £2)
aAlS 2L oH Ms
£y E(kg/cm®) [(cm®) Z(cm3) fb(kg/cm’) fv(kg/cm?)
= of 70000 376 91 105 7.8
b)Holl 7} g= st&

— 1 = o
5X Wx L* 4 OX38AX EXT 4 .
=— """~ <0.3¢ = = = m = =9(.
0 SIS B T 0.3em , L AT 66274623cm” , L= 1/66274623 =90.2cm
d)Holle| & EHE HE (L = 60cm=Z &t}
< L?
=L p 7 M= 4118kg.om < 9555kg.cm

e)dollo] Mt AE
1.414 X WX L
V=

5 <fuxA  A=70.56

, V=388kg.cm < 550kg.cm

flgolel M& d&

5% Wx L*
oo oo =0. =0. < 0.
384><E><[—030m , 6=0.06cm < 0.3cm

SMEE Z4A 0 60cm (2€X|X])
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Ah SHIEZ HE

Z71 = 3600mm
2

= 3600-763.5 = 2836.5 = 2.837m
2)8l 8zt23515(Pa)
SUPPORT(STK490) o 48.6x2.3t Fy=3188kg/cm?
L= 283.65 cm
L1 = 170 cm Jt2o] 2 MZof MX|
A= 3.48 cm?
E = 2100000 kg/cm?
| = 8.99 cm’
r= 1.64
Ap = 120
A = L1/r = 172.96
A Ap ol2Z,
fe=0.277x Fy/ (A \p)?* = 425.15kg/cm?
Pa=fcxA = 1479.3 kg

3)EE X|Xx|5ts SHIE| (2¥) HAXEE
Eulg| 74 =60.0cm , Pg=H3t5 x Tula] A x BE /B =1830< 0.6 X 0.6/3 = 329kg/ &
M- AgAH=2E X[X[sts SHIE| AZSHE
Pyg=ta3& BT xS E Sal/4x FrFE|IEE =710%x2.4 X 0.6 = 1022kg/ K
5)sttzlsgstE ¢ =EstEt|n

Pa=1479.3kg , P=Pg+ Ps=1351.8kg > Pa , S.F=P/Pa=1.09 O.K

ohHEZT

A8 FH g 4 2t A(mm)
EURO-FORM 600%1200 -
SIDE BEAM - @600
CREEE] = @1200
2ol Zef= X7 Sofe 29 — 486 23T @600
A HHHEM S

] AUtoCAD Text Window - C

600 x1200 (||)
— N\ L-50430x3.2
 TLTO0.IA
OUTER FRANE JOsT
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. ®.(1000x900) 2 sukg] 7HAA Fx2 HE
7H = L
a)3ANY © Bt SOt E FEHIH A S H ALY MFIAL
b)JAEAIE | & RZF 500%X1200(mm) & SHiz| A4 E
oTE ME ¥ HA J|E EE
-YF0lE : F,= 40,000 PST (ASTM 6061-T6)
-4 M F= 235Mpa
7= AA JlE L&D
~HEBRE L YTZAMAE L S ol 24 % &t 3]
FARH E A 2R TENSFOHEAAS)
The Specification for Aluminum Structures The Alumium Association

a)dt=tstE A A H= 1000mm Sl Al 7200mm( L & x| X])
IHsE S (mm) LOAD
Hl3&el2 (RDS) 275 660
2(6) 900 2160
AEE &(A) 40
A SHE (1) 250
2ASHE(2) 350
sub total 1 (G+A) 2200  kg/m?
sub total 2 (S+A) 700  kg/m’
(Mbeam load, W, = 350 + 2200= 2550 kg/m’
@slab load, W, = 700 + 250= 950 kg/m’
CH 25 H2E
CH-1. Plywood
a)Playwood Capacity(12T)
Member E(kg/cm?) [ (cmd) Z(cm®) fb(kg/cm?)
Plywood 70000 0.144 0.24 168
b)Load
W, =design load < lem = 0.2555kg/cm
c)Joist Space
CBX WXL
B8 B ] - 03em
OX 384X ExX T
4:7:
L, 5 T, 910757.6cm
= 1/910757.6 = 30.89¢m
d)Bending Moment (L1=27cm & stch=2+A
Wy < L}
M=—""< <z

M=23.24kg.cm < 40.32kg.cm
e)Deflection
5% W, x L}
= W < 0.3ecm
6=0.18cm < 0.3cm

TRY USE JOIST SPACING @ 27cm(net)
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Ch-2. Joist

a)lnner Joist Space = 0.3m
Load = 765kg/m
Length = 0.5m
b)Material Capacity(SS490)
Fu Fb Fs E
shear elastic m.
kg/cm2 kg/cm? kg/cm’® kg/cm®
3188 1930 1114 2.10E+06
c)Section Capacity
Size PL-50X30%X3.2 unit: cm
A [ Z
2.31 6.39 3.80
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
2390 - 191.25 50
2 2
M= WX I~ _ 765%0.5 —23.9kg.m
s 8 8
2
yoo WX TX05 g o
2 2
e)Bemding Stress
Z = 3.8
M 23900 )
Y =628.95kg/cm
fb,(: 628.95
= To3000 ~ 0326 0.K
f)Shear Stress
V1913 )
fo= A5772.3 =92.79kg/cm
fs 8279
7= Triao0 =00 0.K
g)Combined Stress
flz 2 fs 92
0.106 +0.005=0.111 < 1 O.K
h)Deflection
5 CBxXwxX L 5%7.65x%50°
FEAA T 384 B T 384 < 2100000 X 6.39
=0.05<§ =0.30.cm O.K

allow
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ct-3. Outer Frame
a) outer frame

b)Material Capacity(SS540)

space = 0.25m
load = 638kg/m
span = 0.60m

Fu Fb Fs E
shear elastic m.
ka/cm? kg/cm? kg/cm? kg/cm?
3482 2710 1565 2.10E+06
c)section capacity
Size PL-63.5x4 unit: cm
A | Z
2.54 11.85 3.63
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
2869 - 191.25 60
2
o = LxwxZ? 229.5:28.7kg.m
s 8 8
1xXwxL 382.5
y, =2 = 191.3kg
¢ 2 2
e)Bending Stress
beam?| QAUXMEE THHAHL = 3.63
_ M _ 28688 _ )
fre= o 363 =1790.29kg/cm
Joe  790.29
e 53000 = 0409 0.K
f)Shear stress
V1913 )
fs—AS— 25 =175.30kg/cm
fs 7530
o TiTa00 = 0-068 0.K
g)Combined Stress
fb 2 fs P
fs—(fb) _(Fs) =
0.167+0.005=0.172 < 1.00 O.K
h)Deflection
s 5XwX Ly 5x6.375% 60"
384 EXX T 384 < 2100000 X 11.85
=0.04 < ,,, =0.60cm O.K
Ct-4. x| =
YX|E : SS400 78
F2LZ(FY) = 1600.00 kg/cm?
Mot = (va) = 923.76  kg/cn?
FA1) = 0.40 cm
CHHE(A) = 0.52 cm’ =
YXE 170e] Mot (V) = 480.36 kg
YxE FetSE(P) = Wsx IRt &= 2550%0.3+0.6=  45%g < V 0.K
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2}) Aliminum Side Beam
2l-1. side beam bending & shear
a)Section Shape

material property

aluminum 6061-T6 THK : 0.010~4.0 in. wunit : ksi

modulus of tension comp. shear

elasticity Ftu Fiy Fey Fsu Fsy
10100 42 35 35 27 20

Section properies

Alcm?) I(cm?) [,(cm") Z ool cm’) Zevot(cm’®) ix(cm) [,(cm) E(kg/cm®)
31.66 150.30 - 16.7 20.45 2.18 - 7.03E+05
b)FEs5tE
space = 360 cm &2l AM/2
load = 34.2 kg/cm for safe load
c) Member stress check
Span = 60cm
M= wx I’ 34.2x602:15390kg_cm oy _wxX T 342X60 o
8 8 2 2
ZHE|Span = 30cm
M, = w§]2= 8><2302=3600kg.cm . V.= “’f[: 8><130:24Ok:gf

@ allowable compression stress check(axial stressoll CHall & &)
® allowable bending tension stress

-  Not Application

beame| QAUFEE THHAL = 20.45

M 15390.0

== 505

© Allowable compressive Stress for elements of beams

=752.57kg/em?® | F,, =2lksi=147Tkg/cm® |

Jue 75257
F,, 147651

beame| A=FF

0.51 O.K

=]

CHHA S = 16.7

Hr

M 15390.0 ) b_ 55.0 _ B
for = 2 167 =922kg/cm® , Web t_76.30_8'73 , $1 , S5 =10
allowable stress
F,=19.2ksi = 1350kg/cm?
therefore,
v 921.56
b 131995 08 0K
® shear stress check
5,=36 , s,=065
allowable shear stress
h 168 ) ) V10260 ., fo 3241
—=——"=95. = = =—=—"""=3241 == =0. _
T on 2085, B =12ksi 844kg/em® | f, A 317 32.41kg/em” | PRREIERE 0038 0.K
(® combined compression, bending and shear
Jove ool 92156, 3241 .,
(E) HE) ( 1350 ) +(843.72) =047 O.K
@ Deflection check
5Xwx L, 5% 34.2 % 60°
Chom %] — = == V. < ': . .
DA T BRI B T 384X 03066 % 1503 000 Oaty = 0-60-cm
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2}-2. side beam torsion
a)Section Shape

A(cm?) t(cm)
5.58 0.40
T
972kg | 0.9m
e 0.3m
21E0ka/ m2 |
b)FEsHE(1cm &)
load(T) = 291.6kg.cm torsion
c)Member stress check
_ T 2916 _ o > _ T 13065 _
T= <A 04558 131kg.cm F9—12ksz—844kg/cm . 7 843.12 0.155 0.K
2}-3. side beam plate
a)Section Shape
Section properies
Alem’)  Ix(om') | I(em') | Zowolem®) | Ziwor(om') | ix(cm) | I,(cm)  E(kg/cm’)
4.00 0.13 - 0.42 0.42 0.18 - 7.03E+05
b)2EstE
load = 34.2kg/cm 1icm & for safe load
c)Member stress check
Span = 6.35cm
X I? 2% 6.352 x 2% 6.
]l[:w ]:342 6.35 = 690kg.cm | V:w ]:342 635:217k'gf

’ 2 2 1 1
@ allowable bending tension stress

EtHA = 0.42

Elis

beame| °I&F

M 689.5 .
fo, = —=-—=1641.70kg/cm’ , F,, =21ksi=147Tkg/cm*
2, 042 -
Ju 160070 NG
F,, 147651 '
® shear stress check
5, =36 , s,=65
allowable shear stress
217.2
F, =12ksi =844kg/em® | f,= V:—7:54.29kg/cm2
8 A, 4.0
fs  54.29
7 s =0.064 0.K
© combined compression, bending and shear
fovo fo o 164170, 5429 |,
— — )= + =1.24 N.
(Fb) +(FS) T ) G G
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oh) 2 =z
a)Section Shape

.

S8
=] g
B—50x50x3.2
) 1700858}

Material property SS400

Section properies

Alcm?) l«(cm®) l,(cm®) Z..1op(cm’) Z por(cm’) ix(cm) l,(cm) E(kg/cm’)
5.73 20.40 20.40 8.16 8.16 - - 2.10E+06
b)FEstE
Space(s) = 1.2 m
2 =o| (H) 0.9 m
[=WXHXs = 2592 kg/m for safe load
=Zsjglo|Z2+A -
- = Er0] 72 (18X 3T) ] 1.2 m 30.5k | [ aem
EHEO|7I ESIES 90% F ot E21710] 10% oz 7 &
C)EHEOHE e 122,48 ka/m
Fy = 2400 kg/cm’ — —
A= 0.54 cnm’
0.9m
Elo|Lf2d(Pa) = 1296.0 kg/ea
AO| R ESHE = 0.9X2592X0.9/2 105.0kg<Pa 0.K 259.2 kas/m

d)E22! Member stress check
Span = 0.44cm

M, =30.5%0.44+0.5 X 132.5 X 0.44% +126.7 < 0.44*2/6 = 3033kg.cm
V, =30.5+132.5 X 0.44 4+ 126.7 X 0.44/2 = 145kgf

@allowable bending tension

stress

beam®| QAUHEE CHHAHE = 8.16
fos _M_ ?’033'3:371.73kg/cm2 ., F,, =1600kg/cm’
T2, 816
for 37173
— = =0.232 .
F,,  1600.00 0-23 O.K
®allowable shear stress
F,=924kg/cm?
V1445 I
fs= A5775.7 =25.23kg/cm
fs 2523
7 ooio0 0027 0.K
d)ClH|E 2 E Member stress check
Z2E 7H(s) 1.2 m
22355 (w) = LXs = 3110.4 kg
M16, SHHE(A) = 2.01 cm’
288 (o) = WA 1547.46  kg/cm’
CIHIEEE o 16 mm
=AU (Fy) = 4000 kg/cm® > o
oM E = Fy/o = 2.6 0.K
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Hh) Hollxf AE(Z|Sz
a)At2EA e

fv(kg/cm®)
7.8

fb(kg/cm®)
105

Z(cm3)
91

55X W><L4<03
TRRA< Ex T P

ddolel & 2HE HE

OX 384X EX T

_ 4
AT =47561788.2cm

L=

= \/47561788.2 = 83cm

(L = 50cmZ stc})

Wx L?

M= < fbx Z , M=3984kg.cm < 9555kg.cm

e)Holle| HMet HE

—— A

144X WXL

3 A=70.56

< fuxA4 V=451kg.cm < 550kg.cm

figolel M& A&

5X Wx L1 03
A< Ex 1

SMEE ZHA 0 50em (3EX|X])

0= , 0=0.04dcm < 0.3cm

=

SL-(2FH+FRE+At0| =R =0])

= 3600-1063.5 = 2536.5=2.537m
% (Pa)

SUPPORT(STK490) © 48.6 < 2.3t Fy=3188kg/cm?

253.65 cm
170 cm
3.48 cm?
2100000 kg/cm?
8.99 om?’
1.64
120

720 3 MEZof MR

“—m>

y

L1/r
Ap
+(2/3) x

103.66
EES
(Ax /\p)2) X Fy=

>/>/

1120
3896.4

kg/cm?
kg

A

fe=((1—04x(AxAp)?)/((3/2)
Pa=fcXA =
3)EE X|X|st= SHI2| (3g) A&
1] 34 =60.0cm
=H3lE X EHE I x B3/
=2550 % 0.6 X 1/3 = 765kg/ A&
HHAEHEE X[X|5t= SHIE| A SHE
Pg=dA&YBeFx SRR Sl /4xE
=950< 1.8 X 0.6 = 1026kg/ A
5)&tlzls 8stE & zgstEd|n
Pa=3896.4kg

P=Pg+ Ps=1791.0kg > Pa

S.F=P/Pa=2.18

t

olI
01>4

JhL

O.K
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ALE & H = g T STer

EURO-FORM 500%1200 -

SIDE BEAM - S
e _ @1200
bk 18 x 31 @1200

& gl saje XX SHiZ| 3Y p48.6x2.37— KA A @600

T | AUteCAD Teet Window - C¥UtenwSONGHDetkinpw 2004WSM-0751( 2 2HEHE B1-1 .11
Edit

600 x1200 ([
PL-63.5x4 A\ _L-50x30x3.2
=00.J
OUTER FRAME JOIST
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t}. K-Table €d B 7144 +% AE

PUFARSEIPN eI
al

00x1200(mm) %

(ASTM 6061-T6)

L) MA stS AL
a)ut=stE A L

K
0z

F3SA

|:| |7‘|E

stE

U (mm)
2|

LOAD

=

>

=(8)
& ZE(A)

sub total

150

—Itl

360

40

XM stE

b)Design Load
for safe load, W, =400+ 250 =650kg/m

ChH REE BE
Ch-1. Plywood

a)Playwood Capacity(12T)

Member E(kg/cm?)

400 kg/m?
250 kg/m?

Plywood

70000

| (cmd) Z(cm®)

0.144

fb(kg/cm?)

b)Load

0.24

168

W, = design load < lem =0.065kg/cm
c)Joist Space

5% W, X L}
- 384xEx1*03cm
[ 8X384X EXT
-

5 W =3572972cm

= {/3572972.3 = 43.48cm
d)Bending Moment

2

WXLy
M= < fbx Z

M=5.92kg.cm < 40.32kg.cm
e)Deflection
5% W, X Ll
= m < 0.3cm
6=10.04cm < 0.3cm

TRY USE JOIST SPACING @ 27cm(net)

(L1=27cm & gch=

7+

()
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Ct-2. Joist
a)lnner Joist

b)Material Capacity(SS490)

Space = 0.3m
Load = 195kg/m
Length = 0.6m

Fu Fb Fs E
shear elastic m.
kg/cm2 kg/cm? kg/cm® kg/cm?
3188 1930 1114 2.10E+06
c)Section Capacity
Size PL-50%X30X%3.2 unit: cm
A [ Z
2.31 6.39 3.80
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
880 - 58.50 60
2 2
M= WX 195%0.6 _ 88kgm
i 8 8
< T x 0.6
v, = 2L I9X0C _ 55 sokgs
2 2
e)Bemding Stress
Z = 3.8
M_ 8800 . )
b= - =38 231.08kg/cm
fhe 23158
F,,  1930.00 - 012 oK
f)Shear Stress
_ V_585_ )
fi= 1 23 25.32kg/cm
fs 2532
7= Tirioo ~ 2023 0.K
g)Combined Stress
_ ) 2 fs 2 _
0.014+0.001 =0.115< 1 O0.K
h)Deflection
5 CBXwXL!  5x549x% 60"
AT 384 < B T 384 % 2100000 X 6.39
=0.07 < =0.30.cm O.K

allow
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C-3. Quter Frame

a) outer frame

b)Material Capacity(SS540)

space = 0.3m
load = 195kg/m
span = 1.2m

Fu Fb Fs E
shear elastic m.
ka/cm? kg/cn? kg/cm? ka/cm?
3482 2710 1565 2.10E+06
c)section capacity
Size PL-63.5%4 unit: cm
A | Z
2.54 11.85 3.63
d)Results of Structural Analysis
M(kg.cm) P(kg) V(kg) KL(cm)
3510 - 117.00 120
X w X L2 )
g LXwxL® 2808
8 8
y, = LXwXE 2701
s 2 2
e)Bending Stress
beame| QIZFE CHHAH L = 3.63
M 35100 _ )
foe= . 363 =966.9kg/cm
foe  966.9
F,, 1930.00 =~ 0-501 oK
f)Shear stress
V1170 _ )
fo= q Y =46.06kg/cm
fs  46.06
7= Triaoo =0 0.K
g)Combined Stress
fb 2 fs 2
fs—(?b) _(Fs) =
0.125+0.002 =0.253 < 1.00 0O.K
h)Deflection
s 3XwxX Ly  5x195x120"
E T 384 XX T 384 < 2100000 X 11.85
=0.21 <, =0.60cm O.K

allow
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2h) MM HE

aAtE2EAe oM M5 (B-50%x50%2.3)

=2 Xy E(kg/cm?) Alcm?) [(cm®) Z(cm3)

fb(kg/cm?)

fv(kg/cm?)

g o 2100000 4.25 15.9 6.34

1600

923

_5X WxL4<O3
T38Ax Ex 1 5x W

L= 1/131505230.8 =107.1cm

0X 384X EXT

L= T —131505230.8cm!

d)ZMel 2 ZmHE ZHE (L = 90cm=Z st}

Wx L*

M= < fbx Z , M=5923kg.cm < 10144kg.cm

e
0
rx
1o
=

CtAHE
. x X
V:1414 WXL
2

fiatdel ME HE

5X Wx L*
=22 "2 . =0. <0.

384><E><],O3cm, 0=0.15cm < 0.3cm
SMEE ZH4 D 90cm

)

o st 4 &

£ = 3600mm

1)POSTY o|xl= Z[CHZ|5HE
P= (&Y B35 x FA704 <

650 < 0.9} 0.9 = 527kg/ A

HEIZ1E z=dol

FTA—(LHEFA+FEZ +ZAE])

600 —263.5 = 3336.5 = 3.337m

t=235ts(Pa)

Fuheli7)

=
ne

2)%
L

Il
M W o

L

[ell
0o

3)
SUPPORT(STK490) o 48.6x2.3t

L= 333.65 cm

A= 3.48 cm?

E= 2100000 kg/cm?

| = 8.99 cm’

r = 1.64

Ap = 120

= L1/r = 203.45
AP olz=z,

fe=127"E/23)\* = 261kg/cm®

Pa=fcXA =  909.2 kg/A

P=1526.5 < Pa=909.2kg/ A&

S.F=1.73

ohdEZDt

< fuxA , V=372kg.cm < 3923kg.cm

Fy=3188kg/cm?

Af 8 5 A =) =

EURO-FORM 600x1200

PSR | B-50%x50x2.3

@600

Zuiz| ©—48.6x2.3T

@900x900
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- 2 ) 210mmoflA £-25(600x1200), FAAH 2 JoAE 1.2m (FAo=

AR
1.7+Z 748
a) SAE @ B SERAT
b) AEAIZ: FE& 600X 1200(mm) & SEE| HE
ol TEAE R HAZIFEEE
T HME i EhH A = CHH2RIZHE s 2YES
FEE WEEZA | 55490 L-50x30x32 | 3.8cm® 6.398 cm” 193 MPa
SE2E SmEZM | SS540 | 63.5x4 (ZE2HE) | 363 cm’ 11.85 cm* 271 MPa
d) 7= 44 7| & &1
~-HEAE dEEL 7= 7|F Sof 2t 7E
HESZ LA S AT=HAYE
FHEZAEZTAEA (2016, HEDEF)
2. dA stE Aldt
a) B}E 81F A&
IFE F il (mm) LOAD
sa=(3) 210 504
HEE &lA) 40
TR 250
total 794 kgfm:
design load, W, = 794 kg/m*®
3 TEF HE
3-1. Plywood
a) Plywood Capacity (12T)
Member | E (kg/em®) | 1{em®) | Z {em?) | b (kg/em®)
Plywood | 110000 0.08 0.13 168
b) Load
W, = design load x 1cm = 0.0794 ka/em
c) Joist Space
& iz ExW, x L 2 4 =5
384 xEx|
k) = bt = 28727456 cm
5x W,
L, = 4 2872746 = nav cm
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d) Bending Moment (L= 2v
W, x L,
M = =
8
M = 724 kag.cm =
e] Deflection
5xW, xL*
& = =
384 xExl
) = 0.06 cm =
TRY USE JOIST SPACING @ 27
3-2. HEERELH
a) HE&sE Space = 0.3
Load = 238
Length = 0.6
b) Material Capacity {S3490)
F, Fy E E
shear elastic m.
kglem® kaglcm® kalcm® kalem®
3250 1830 1114 2_10E+06
c) Section Capacity
Size L-50x30x3.2 unit - cm
A | Fid
2.3 g.39 3.80
d) Results of Structural Analysis
M(kg.cm) Plkg) Vikg) KL{cm)
1070 - 71.46 &0
Wx 2 238.2x0.6"2
M, = =
g8 8
W | 2382x06
W, = &
2 2
2] Bending Stress
M 1070.0
f:_:= = =
Z. ia

kg.cm

0.3 cm

0.3 cm

cm (net)

kgfm

= 10.7kg.m

- 71 46kgf

281.6 kgfcm
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f] Shear Stress

g) Combined Stress

0.021

h) Deflection

UetgexE =
3-3. SHEYH
al HE5E

k) Material Capacity (S8540)

c] section capacity

Size

d) Results of Structural Analysis

e 281.8
= = 0.146
Fus 1930.0

v 1.5

A, B 2.3 )

£; 30.84

= = 0.028

EL 1114.00

fi i i. )

R ==

FD F!

+ 0.001 = 0.022 < 1
Bxwxl, 5 x 2.382 x 6074
3B4xExl 384 « 2100000 x 6.39

0.03 < Ballow = 0.30cm
space = 0.3
load = 238
span = 120
B Fy E; E
shear elastic m.
kg/cm ? l-<g,-"c:rr1'T kgfcm ¥ kgl/em >
3482 2710 1565 2. 10E+08
PL-63. 5x4 unit 2 cm
A | Z
2.54 11.85 3.63
Mikg.cm) Plkg) Vikg) KL{cm)
42RB8 = 142 92 120

30.94

kg/m

ng.-'cmc
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[ wwx ™2
M, =
8
Txwxl
v, =
5

el Bending Stress

M
f::=
I::1-.'|
Fr
fl  Shear stress
v
f,=
Ay
f
F.
g) Combined Stress
b
.= | P+
Fe
0.375 + 0.003
hl Deflection
Boxwx Lﬂ4
Gae =
3BdxExl
= 0.26

4. Yol M

al HEstE

343.008

286.84

3

4287 6
= 1181.16
3.83
1181.2
= 0.612
1830.0
142.9
= b6.27
2.54
56.27
= 0.051
1114.0
f, )
==
F.
= 0.378 < 1.00
Hx 2.382 x 12074
384 x 2100000 x 11.85
5&"0« = 0.60cm
space= {2 m
load = 253 ka/m
suppart = 0.20 m

42 Bkg.m

142 9kg

kafem®

I-‘g.-'cm:
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b) Material Capacity

c)] section capacity

d) Results of Structural Analysis

e) Bending Stress

[
n

fl  Shear stress

g) Combined Stress

Fs F. E
shear elastic m.
kg/em® ka/em® kg/om®
1600 924 2 _10E+06
Size 2B — 50x50x2.3 unit - cm
A I Z
8.5 318 12 68
Mikg.cm) Plkgl Vikg) KLicm)
G647 - 42876 80
| xowx L2 T71.77
8
T xwxl B57.52
= ; =
beam2| SIZ2F A =
M 9647 .1
= = 760.8
Fit 12 68
i, 5 760.81
= = 0.476
Fut 1600._00
v 428 8
- = 33 .63
T x A, 12.8
f. 33.63
= = 0.036
F. 924 .00
fy - )
I % Ji=
i F.
+ 0.001 = 0.228 < 1.00

96 .5kg.m

428.8kg

12.68

kafcm 2

kgfem™
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h) Deflection

Exwxl, 5 x 9.528 x 90™4
L 384xExI i 384 x x31.8
= 0.12 < Gl = 0.B0cm O.K
. SHE| 35
En= 3400 mm
1) POSTE olA|= = HE SIS
P = (SeH=otE » Yol b x EiE(2HE)
= 74 X1.2X0.9 = 858 Kg/#=
2) BRLET|IE B2
L = D (g2 FrA+7EE+HolT)
= 3400 - 281.9 = 31181 = 3.118m
3) 5 EXZ5tE(Pa)
SUPPORT (STK490) $ 48.6 x 2.3t Fy= 3250 kg/em2
L= 311.81 cm
A= 3.48 cm2
E= 2100000 kg/cm?2
1= 8.99 cm4
r= 1.64
Ap= 120
A = Lir= 190.13
A < Ap 0|22,
fc=(127"2E)/ (23 A"2)= 2891 kag/cm?2
Pa=fc= A= 1041.0 Ko/=
P = 857.5 < Pa = 1041.0 Kg/=
5.F = 1.21
6. A=ED}
A B R OHA -+ A 2t ZA{mm)
EURO-FORM 600x1200 =
H oo X 2B-560x50x23 @1200
£ o g 48 6x2.3T @300
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- g3sE ske2 AlAIshs E(800x800mm)of| A £-25(400x1200),

F2E 400 X 1200{mm)

=2y

THE M EFEA A

2 Sz HE

[=]

40,000

235

Psl

Mpa

The Specification for Aluminum Structures

2. 4 st5 A4t

(ASTM 6061-T6)

ZENESIENES)

The Aluminum Associatic

a) BIE oF& At E= 800 mm = =228 3200 mm
1H5E A (mm) LOAD
Ha&ef=2 (9) 250 600
2(G) 800 1920
HEH E(A) 40
=HstE (1) 250
EH3HE (2) 350
sub total 1 (G+A) 1960 kg/m*
sub total 2 (S+A) 640 kg/m?
@ beam load, W, = 350 + 1960 = 2310 kg/m*®
@ slab load, W, = 640 + 250 = 890 kg/m*
3. REZ HE
3-1. Plywood
a) Plywood Capacity (12T)
Member E (ka/em?) | 1 (cm®) | Z (em?) |fb (kg/cm?)
Plywood 110000 0.09 0.13 168
b) Load
W, = design load x 1lem = 0.231 kg/cm
c) Joist Space
s _ 5xW, xL* - 0.3 om
384 x E x|
P = LbiaiiZ L = 987429 cm
5x W,
Ly = 4 987428.6 = 31.52 cm

54




d) Bending Moment (L= 27
W| X ]_52 A
M i <
8
M = 21.05 kg.cm =
e) Deflection
5x W, xLy* 3
) . <
384 x E x|
e} = 0.16 cm =
TRY USE JOIST SPACING @ 27
3-2. HEEZH
a) HEE 2R Space = 0.3
Load = 693
Length = 0.6
b) Material Capacity (35400)
e Fy Fs E
shear elastic m.
ka/cm? ka/cm® ka/cm? kg/cm®
3188 1930 1114 2.10E+06
c) Section Capacity
Size L-50x30x3.2 unit - cm
A | z
2.31 6.39 3.80
d) Results of Structural Analysis
M(kg.cm) Plka) Vika) KL(cm)
3120 = 207.80 60
WxIi™2 693 x 0.672
M, = =
8 8
Waxl 693 x 0.6
V, = =
2 2
e) Bending Stress
2120.0
foe= = =
Z: 3.8

0.3

cm

ka/m

m

821.05

kg.cm

cm

cm

31.2kg.m

207.90kaf

3.8

ka/cm?
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for 5821.05
—_— = = 0.425
Fait 193000
fl Shear Strese
v 207.9
Ay 2.3
A 90.00
= = G081
Fs 14.00
g} Combined Siress
fa fa
fa= ! ”®o+ =
FD ':5
0181 + 0L0GT = 0:188 < 1
h} Daflection
Eaxwxl, 53 693 % 80™4
Ueramm = =
384 xEx 384 « 2700000 x 6.32
= 0.09 < 551:.L= 0:30cm
-3 HTETA
al SREZE EpACE = 0.4
load = g24
span = 0.80
b} Materal Capacity (58540)
Fy Fa Fs E
shear slastic m.
ko/cm” kgfcm® kgicm® kgfcm®
3482 2710 15685 2. 10E+HDE
¢} section capacity
Siza PL—83.0xd unit cm
A | Z
2.54 11.85 3.63
d) Results of Struciural Anafveis
Mikg.cm) Plhkg) Wikg) ElL{cm)
665 - 383,80 BO
1 %wx ™2 h322.24

QK
3000 kglocm

oK
oK
QK

i

lkgim

-

= 985.3kg.r
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b |
(¥
=
I

lwwxl f ]
W= - - 362 Bkg

=] Bending 3tress

beam®| RIHFE SHHAS - 3.83

. M 666.3 r i
foe™ = = 183.27  kglem®
- 1 3.63
fui 184.27
- N T T - 0.0%6 2K
Fes 1 83000
fl Shear stress
v 36R.6 i
f,= e F _ - 146,61  kg/ocm®
A, 2.6
LA {46.51
- — - 213 QK
F, 1114.00
gl Combined Stress
:-.'D fl
fpmr [————)F + e L
F: FI
0.coe + 0.7 - 0.02s < 1.00 2K
h) Deflection
Bxwyl, 6 x 0.74 x 804
G = =
L xEx| 384 » 2100000 % 11.86
- 0.20 < B ™ . 60cm oK

4 2 g fi 4
1 pe
a) Section Shaoe ‘ Ll
5 L/
p &
£ E
o =
| !
!
G TE
o ]
[
I BEC
SEFL

mabenal proparty

gluminumn 808 1-Té THE .010-4.0 i wnit’ksi
modulus tension compg. shazar
of
slasticity Fae T Py Fae Fuy
o100 £Z 35 35 riiry 2o
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Section properies

Alem?) I,(cm*) I,(em*) Z, oolem?®) | Z, ,lem®) i,{em) i,{em) E(ka/cm’)
31.66 150.30 - 16.7 20.45 218 = 7.03E+05
b) EHSHE
space= 160 cm £iiE Am/2
load = 14.24 kg/cm for safe load
c) Member stress check
Span= 80 cm
wx P 14.24 x 802
M, = = = 11392 kg.cm
8 8
w x| 14.24 x 80
Vs = = = 570kaf
2 2

@ allowable compression stress check (axial stressoi| thsl Z —

® allowable bending tension stress

beam®| 2IES

BHEA| 4 =

I

Not Application

20.45

M 11392.0 i
fp1= = EE— = 557.07 kgfcm”
Z 20.5
Fo.= 21 ksi = 1477 kg/cm®
fy 557.07
= — = 0.377 0.K
Fo.t 1476.51
@ Allowable compressive Stress for elements of beams
beam?| YFF& HHAST = 16.7
M 11392.0 i
f.= = —_ = 682  kg/cm®
Zt 16.7
Web b 55.0
= = 8.73
t 6.30
8§ = 6.8
8o = 10
allowable stress
Fo= 19.2 ksi = 1350  kg/cm?
therefore,
fi, 682.16
= —_— = 0.51 0.K
Fy 1349.95
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® shear stress check

5= 36
8o = 65
allowable shear stress
h 168
= = 25.85
t 6.5
Fe= 12 ksi = 844 kg/cm?®
569.6 =
fo= = = 17.99  kg/em®
A 31.7
fe 17.99
= = 0.021 0.K
Fa 843.72
(® combined compression, bending and shear
ft) A fs
( P+ 7=
Fo Fs
682.16 17.99 R
=+ )= 0.26 0.K
1350 843.72
@ Deflection check
5xwxLly 5 x 14.24 x B0™4
Oorexin = =
384 xE x| 384 x 703066 x 150.3
= 0.07cm < BOalow = 0.60cm 0.K
5. Stz &
=1 = 4500 mm
1) POSTHE o|#x|= == 5lE
P = (2ot5 x SHIRIZHE x E= [/ 2 #) + (E2l BotE x £2l 2 =AH/2 x SH22H)
= 2310 X 0.8X0.8/3 + 890 X 1.6 X 0.8 = 1632 Kg/==
2) ZytekEl7| s =22
L = ED-(2FH+RRE+A0| = O]
= 4500 = 963.5 = 3536.5 = 3.637m
= 1.80m

1.8m =00l =Ho (720, M =C] 2X])
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3) 51 B &=35t=(Pa)

SUPPORT (STK490) 0] 48.6 x 2.3t Ey= 3188 kg/cm2
= 180 cm
= 3.48 cm?2
= 2100000 kg/em?2
J+= 8.99 cm4
F= 1.64
Ap = 120
A = Lir= 109.76
A € AD o|l2g,
fc = (1-0.4(A/Ap)"2) Fy /(1.5+2(A/Ap)"2/3)= 1030.9  kg/em?2
Pa=fc*A= 3587.4 Ka/#=
P = 1632.0 < Pa = 3587.4 Kg/==
S.F = 2.20
5. dEZx
A E F M E‘ e 2t H(mm)
EURO-FORM 400x1200 =
SIDE BEAM = @800
S H £ 3% - ¢48.6x2.3T (7I=0f, M=o &) @800

;_] AutoCAD Text Window - C:#UsersWSONGWDesktop#2004WSM-0751(= ZHHHEFQ1-1.11
Edit

D ke B e ke MK D B
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Hh B AHMEERMEIE) 2R

D00ASEZA B 28 HEZEE F9d 1€ 22X Ad s 29 A S HESIRA

o
i=}
2) 7% A4 FZEE B 800mm x 900mm(600x900, 500x600, 400x600)o distd 3}51

AZAA AR 9g A% AAR SuIE AEARCok A8, 13 AR BS A

]
A (o]
2 2459 2A Fuel(BHMEE)E A A st} grt

1) B ¢tAA HEE ZIHETZEA71F(KBC2016)S A4
5) Bel 237E 7€ ¥4 #7 Hadq dEE T
6) =M LY E =L H7 gl AcE 7Eed BE7F AF 2 A FeEd Ade
T 7o=E AEE T
2. AExZH

1) 23E A5 (ZA7F 2E fck = 24MPa)
SHA AL FA A A oF ZIYE GFAE f. = 14MPa(EHEE 3¢ #A) /MRS £
Z3AE FHURRE £, =cxfy, (c=045)
f,, = ¢ X f,=045X /14 =168 MPa
Z3YE FABHASF E = vlt) x47 x10° X 7,0 (v[4) =0.865

E = 0.865x47 x10% x v14 =15211.7 MPa

2) 3&5+%

z5 = (mm) 335 kN/md)
H 900 21.60
AZH 0.40
2¥5E DL - 2200
EAFE (LL) - 3.50
2 (DL+LL) = 2550
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ER =2 (mm) A= (KNm?)
e =] 250 6.00
AF 0.40

2dsE DU = 6.40

A sE (LL) - 250

23 (DL+L.L) - 880

3. 2 800mm x 900mm ¥uj 34 Z 7}

g g L g g L T O g L O g g8 g B 8 4 8 8 g 444 48 4 848 4 e 48 F 4 E R4 ba s e
!
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IIE-N

0. €7
0.53
0.40
0.2&
0.13
o.oo
-0.15
=-0.28
-0.42
-0_5&
-0.69
=0.83

[CBC: eaz®z |

Avg Nodal

X : 1sse

MIN : 205

FILE: beam(800aG~

THIT: N/mm?

DATE: 03/28/201€

" VIEW-DIRECTION

€9

F
N

<B $8%& HAJU3Fds=d 0.67MPa>

1. 28
1) 2 800mm x 900mmol thsle] L] MZEE B Fhe] 1€ AARGE F& AF5H)
0.67MPa°]1l, E°] Wl&gHo] 1.68MPa =AM ZHEAFAFHED IBE FZIT|E] 7Ll
G857 g ACE [|OHY AFEZFT d&) AT ALE AEHCH
2) B9 Z23E A7 AAZIE AR =2 AL, Adld AAHT sFo] AAA
AAstE olWal A At B¢ B AXZEE AAE F I
3) AWe AAsE Ex FHFFLE Ud AN AARFTE 29 4 AHMEZE EH7)

1 a3ir},
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A}, ¥ ElH FEM &l 4]

() B g8 AFA A=

-

LVDT1 LVOT2 LVDT3

@ @A @ ks B =a

60
50
e — --—r‘f-—__’-——_.. .
=40
e
8 30
=}
- |
20
10
—LVDT1
—LVDJ]2
0 LVDT 3
0 20 40 60 80 100 120
Displacement(mm)

<ot W9l SA>
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1445

(3) 2 g P

b &FvE A9

- AF 6061-6T

- F37% Fu = 260MPa
240MPa
741# E = 70300MPa

[
ogt
oX, _II-E
lﬂ
o)

<

I

L 635 - 5]
T | - A 7]
[ [
‘ b 63.5
65 = T = a4 = 1 .
2 A ;63 0.08

- Aluminum Structures (A Guide to Their Specifications

— L and Design, p244)

: Allowable  Compressive Stress for Elements of Beams

i T (Flat ~ Plate Elements Supported Along One Edge

75.2

e.g. Flange of an I-beam Bent about Its Major Axis)

| % L D b/t < Si Fe = 21ksi
| IR ]\ @ Sl < b/tf < SZ FC = 273 - 093(b/tf)k81
- ® Sy < blts Fe = 182/(b/t)ksi

- 3 F5AAN 200 o8 Gl 58 whAE A
= 182/10.08 = 16.85ksi = 168.5MPa

(t}) FEM&j A
- BkN 7}& A]

65



DISFIACEMENT

RESULTZNT
1.183162-003
1.05742e-003
5.51677e-004
§.45935=-004
7.40153=-004
£.34451=-004
5.28705%=-004
4,22967e-004
3.17226=-004

Z.11434e-004
1.0574Ze-004
0.000002+000
SCRIEFACTCOR=
5.4570E+001
ST: D
MUY : 13472
MIN : B080

FILE: E =] sy
TNIT: m

+ 12/03/2017
—DIRECIION

i pn R,

i pn R,

i pn R,

<ARE

i pn R,

i pn R,

i pn R,

A A A A R AR R

P

S0LID S5TEESS
SIG-EFT

3.759450=+001
3.45Z210e+001
3.10971=+001
2.76732e+001
Z.42492e+001
2.08253e+001
1.740142+001
1.39775e+001
1.05535=+001
T7.12960e+000
3.705672+000
2.817442-001

SCRIEFACTOR=
5.4570E+001

ST: D

AV WODRL

MEX 9262

MIN 10387
FILE: & = 5wy
TNIT: N./mm®
DATE: 1Z/03/2017

VIEW-DIRECTICH

fols
oo
L)
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10kN 7}2 4]

DISPIACEMENT
RESTULTANT

2.30552e-003
2.0955932-003

.28633e-003
1.67674e-003
1.467152-003
1.25756e-003
1.047596e-003
8.38371=-004
£.28778=-004
4.159185=-004
2,09593e-004
0.00000=+000

SCRIEFACTOR=
4. T71ZE+001

5T: D

WX 13372
MIN : B020

FILE: H = 1w
THIT: m

DATE: 12/03/2017

<AHAE>

S0LID STERESS
SIG-EFF
7.519591e+001
6.8413%9e+001
6.16286e+001
5.48433=+001
4.80581e+001
4,12738e+001
3.448762+001
2.77023e+001
2.09170e+001
1.41318=+001
T.34649e+000
5.61224=-001

SCALEFACTCOR=
4. 7712E+001

ST: D

EVG NODRL

X : 9262

MIN :

FILE: B EH 10w

UNIT: N/mm*

DATE: 12/04/2017
VIEW-DIRECIICH
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- 15kN 7}#A]

S S e a2t

DISPLACEMENT
RESTULTZNT
3.44765e-003
3.13426e-003
2.82083e-003
2.50741=-003
2.19393e-003
-58056e-003
1.56713e-003
1,25370e-003
9.40273e-004
€.26852e-004
3.13426e-004
0.00000e+000

SCRIEFACTCR=
3.1505E+001

5I: D

MAX : 13472

: BOBO

FILE: B EIH| 15w

m
DRTE: 12/04/2017
IRECTION

D D R B D BRSSP S, P P P 0 AR 10 2P 20 0

SOLID STRESS
SIG-EFF
1.12447e+002
1.02301=+002
5.21550e+001
3.20050e+001
T.18625e+001
€.171692+001
5.1570%e+001
4,142432+001
3.127882+001
2.11327e+001
1.09367e+001
3.40657e-001

SCAIEFACTCR=
3.1505E+001

ST:= D

AVG NODAL

\X : 9262

MIN : 10357

FILE: H EH 150

UNIT: N/mm*

DRTE: 12/04/2017
VIEW-DIRECTICH

4 I 1l
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20kN 7} A

DISPIACEMENT

RESTULTANT
4.558017e-003
4.1728%e-003
3.75560=-003
3.33831=-003
2.92102e-003
2.50373e-003
2.086442-003
1.66915e-003
1.251872-003
5.34577=-004
4,1728%=-004
0.00000=+000

SCRIEFACTIOR=
Z2.3964E+001

SI: D

MY : 13472

MIN : 8080

FILE: H EIH z0n
THIT: m

DRTE: 12/04/2017

<AHAE>

S0LID STRESS
SIG-EFF
1.453705e+002
1.361598e+002
1.22690=+002
1.08158Ze+002
5.56744e+001
8.21667=+001
6.58585%e+001
5.51512e+001
4.16434=+001
2.81357e+001
1.48279e+001
1.12017=+000

SCAIEFACTCOR=
2. 3964E+001

5I: D

LVE NODAL

X : 9262

MIN : 103%7

FILE: E EIH zoxu

THIT: H/mm*

DATE: 12/04/2017
WIEW-DIRECTICH

Z: 0.500
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—- 25kN 7}# A

o o o, o corier, porier, corresigee e er, correr, correr, porier,

DISPIACEMENT

RESTULTZNT
5.73266e-003
5.21151=-003
4.69036e-003
4.16%21e-003
3.64306e-003
3.126%1=-003

2,08460e-003
1.583452-003
1.04230e-003
5.21151e-004
0.000002+000

SCRIEFACTCR=
1.51838E+001

ST: b

MY @ 13472

MIN : BO20

FILE: H EH z5xn

THNIT: m

DATE: 12/04/2017
VIEW-DIRECTION

<AHAE>

i s, s, i s, s, i s, s,

30LID STRESS
SIG-EFF
1.889642+002
1.70084e+002
1.53225e+002
1.36355e+002
1.19486e+002
1.02816=+002
5.57470=+001
.38776e+001
5.20081=+001
3.51386e+001
1.826591e+001
1.39963e+000

SCRIEFACTCOR=
1.5188E+001

ST D

EVG NODAL

MBX : 9zez

MIN : 10357

FIIE: E EH zs:n
TNIT: N/mm*®

DRTE: 12/04/2017

A\
Jo
fols
oo
L)
k1
\Y
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- 30kN 7}= 4]

DISPIACEMENT

RESULTZNT
£.87483=-003
6.24985e-003
5.62486e-003
4.859983e-003
4.3748%e-003
3.7495812-003
3.12492=-003
2.4955%4e-003
1.87455e-003
1.24957e-003
6.24985e-004
0.00000=+000

SCRIEFRCTIOR=
1.6000E+001

ST: D

WX @ 13472

MIN : 8080

FILE: HE EIH 3080

THIT: m

DATE: 12/04/2017
VIEW-DIRECTICH

<AHAE>

SQLID STRESS
SIG-EFF
2.24212e+002
Z.03%8Ze+002
1.83751e+002
1.63521=+002
1.43281=+002
1.2306le+002
1.02830e+002
8.28001=+001
6.23698e+001
4.21396e+001
2.159084=+001
1.67911=+000

SCRIEFACTOR=
1.5000E+001

ST: D

IVG NODRL

WX : 9262

MIN : 10387

FILE: H = 30w

THIT: N/mm*®

DATE: 12/04/2017
VIEW-DIRECIIOH
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- 35kN 7} 4]

DISPLACEMENT

RESULTAZNT
8.01700e-003
T7.28818e-003
£.559362-003
5.83054e-003
5.10173=-003
4.37281=-003
3.64409e-003
2.51527=-003
2.15645e-003
1.457642-003
T7.28818=-004
0.00000=+000

SCAIEFACTOR=
1.3721E+001

¥EX : 13472

MIN : 8080

FILE: H EIH 350

TIT: m

TRTE: 12/04/2017
VIEW-DIRECTICN

it

<AHAE>

R e e

50LID STRESS

SIG-EEF
2.61460e+002
2.37869e+002
2.14278=4002
1.90657e+002
1.67096e+002
1.435052+002
1.158514=4002
§.63226e+4001
T.273168+001
4.91406=+001
2.5545%62+4001
1.95854e4000

SCRIEFACTOR=
1.3721E+001

5T: b

LVG NODAL

MEX @ 9282

MIN : 10387

FILE: E EH 3560

TMIT: N/mm*

DRTE: 12/04/2017
VIEW-DIRECTION
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- 40kN 7} 4]

S S e a2t

DISPLACEMENT

RESULTZNT
9.15917e-003
8.32651=-003
7.49386e-003
&.66121e-003
5.82856e-003
4.995581=-003
4.18326=-003
3.33061e-003
2.497952-003
1.66530e-003
8.32651e-004
0.00000e+000

SCRIEFACTCR=
1.2010E+001

13472

BOE0

FILE: H EIH s0:m

UNIT: m

DRTE: 12/04/2017
VIEW-DIRECTICN

Z: 0258
2. o oz oz oz o o ARSI 202102 oz oz o 8445848 S

50LID STRESS
5IG-EFF
2.53708e+002
2.71756e+002
2.448044002
2.17852e+002
1.50901=+002
1.6394%e+002
1.36957e+002
1.10045=+002
8.30933e+001
S.61416e+001
2.91898e+001
2.237%98e+000

SCRIEFACTCR=
1.2010E+001

5T: D

VG NODAL

MY : 9262

MIN : 10397

FILE: E BB 400

IT: N/mm®

CRTE: 12/04/2017
VIEW-DIRECTICH
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- % AN 2o o5 Al & wiFE A=
Fc = 182/10.08 = 16.85ksi = 1685MPa ol 2]&fl, 7} stz o] 40kN & o 7}= oA
o] g o eo] 1636MPac] B2 71#E 3 E S 40kNO 2 A 3]

SIG-EFF
2.58708=+002
2.71756e+002
Z2.44804e+002
2.17852e+002
1.80801e+002
1.63949=+002

= 1.36997e+002

= 1.100452+002

- £.30933=+001

 S.€l4l6e+001

B C-9l89e+001

2.237%8e+000

SCAIEFACTOR=
1.2010E+001

X T 5262
MIN : 10357
FILE: = /B 40KW
DNIT: N/mm®

DATE: 12/04/2017

<heE A0NY W AH A Y] g

(2h) 2@ 842 vl
60
50 [

I
o

Load(kN)
=
o

20 —LVvDT1 | |
—LVDT2
LVDT 3
10 —o—gH)E‘l """"
0

0 10 20 30 40 50 60 70 80

Displacement{(mm)

(wh A&
@ Aliminum Side Beam(8ellA]) @doll A kFFE FWA| 9] FH-2=2 dste] Hou
28 JOKNO 2 A 83},
@ FEM &4 Zg2a#o] iz go] uesA ooz Qi i
o] 1685MPa o w 38§ o] =% 3o 3L
@ wekAl Aliminum Side Beam(WolAl) AF&Al &dFu5 A= 57 E7F 240MPa ©]
u, ol HRF=FRE Qste] 3 EE 1685MPaz slof 3

i

Aol A5
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T ] ActoCAD Tew: Window - TarLISersmSONGRDeskioo b B TF S v Ff =~ 2= Ry

-8355

T

(nX or nXP
w/Object]

<

=is to a file? Yes/No <B> I
<8 32> & g M

<X 3.2> Material property
Aluminum 6061-T6

thk : 0.010~4.0in. unit : ksi
modulus of tension comp. shear
elasticity Ftu Fty Fcy Fsu Fsy
10100 38 35 35 24 20
<H 3.3> Section properies
Alcm®)  Ix(cm®) ly(cm®)  Zx,top(cm®)  Zx,bot(cm® ix(cm) iy(cm) E(kg/cm?)
19.18 285.32 38.74 54 .55 49.45 3.86 1.42 7.03E+05
P EdB F7 210mm ¢ o] uleelE
D= S M (mm) LOAD
=chiE 210 504
o= 4 40
sub total 544 kg/m®
RIS 250 kg/m?
p dA s A
for safe load, Ws = 544 + 250= 794 kg/m2
b RusE A
=== 120 cm
MA S 9.528  kg/cm for safe load

P Member stress check
A" AE = 165 cm

76




o wx P’ _ 9.528 X 165"
s 8 8
wXl  9.528 X165
Vo= = 2
— allowable bending tension stress (Q1ZFE whH A4 = 49.45)
M 32425

== 208 655 05kg/em?
Fos T 655.05kg/cm

= 32425kg.cm

= T86kgf

- allowable stress

F,, = 21ksi = 1476.51kg/cm’

for  655.05
- therefore, ﬁ_ 147651 =0.444 — OK
— Allowable compressive Stress (@35 w@AAlS = 54.55)
_ M 32425 p
i = 2 546 593.86 kg/cm
b 78 ) )

- allowable stress
F, =21ksi = 1476.51kg/cm”
- therefore,

fy  593.86

F, 147651

=0.402 — OK

P shear stress check

h 7.8
106 7.36 (S1 =36, S2 = 65)

— allowable shear stress
Fy = 12ksi = 843.72kg/cm’

_V_ 18 _ 2
f3_A3_ 19.2—40.94kg/cm

- therefore,

J3 _ 40.94
Fy  843.72

=0.049 — OK

P combined compression, bending and shear

fb 2 f3 2
Fb) +(73) -

(

655.05
1476.51

40.94
843.72

( Y+ ( 2=020 — OK
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Pp Deflection check

4
) _SXwXL 59528 <1651
FEAA T 384 EX T 384 X 703066 X 285.32
=0.46cm < 5allow 0.60cm - 0K
L = 176.49¢cm

n allow

i ,_JJ———3

/,:"f —-*: _

LJ

oy
N
@
w
Vv
Q
o
e
ot
n<
1]
L
0z
10

1]
=
ol
01I>|
e
4o
Y
x

a) Azgkel o3 s &3ts HE

L 2X[yXZ 2% 1476.51 X 49.45
- T, o 80

— 1825.3kg

“é°ﬂ A 5835 (Pa) = 19.09kN = 1909 kg

c) Ao 93 AlgA HE
W) 3 8- A = Min(6mm, 2200/270) = 6mm
R 6mm A R A 2t (Ps) =6.55kN = 655kg

G MAYES SeE gAe 7]-/\‘] ZHi AP&E 7o SRS EH S 7HA
o

Qs A

o g
i
o
ol
_H
O
2
_>i
rlr
>~
>
ko
o
mlo
E
k1
2 30

@ 3o W@@E@W Oé—% 31
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Lo wgn A A 13

<JE 3.4> dropd EEH Yo & Itilad 84
2400
OG_|, 800 600 800 100
[ ] ' ] [ \ ' | ] ' | ] [ \ ' [H|
I i
o o o o h ﬁ ﬁ o o o o
o 0 o o o o 0o ©
o 0 o o 0 o o ©
o o] o O o o Q (e
o o o o o o o o
<8 3.5> dropd Z2E8H Yo & mMiAEM AMEE
30
o e
: .
=0 /-,.i-'
20 f /
15 I /
10 l /
5 —=Es-1 |
0 I
1] 20 a0 G0 g0 100 120 140 160 180

Displacement{mm)
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<E 3.4> 3 Hdgol °lsto &M oustE A A E5HE
(EH21:kN)
NEHS 2 g
mtlsots 28.28 27.07 27.68
ol Eots 13.26 12.70 12.98
———————————————— REG IS ————————————
Area: 2320.5793
([Perim=ter: E72. 0866
:Bouni;ng box: X¥: -6035.99983 -- -55972.45930
T: =-5127,.9027 -E097 . 8929

enteoid:

Aomwents of inertia;

|
Command: *CancelT™

i —a005.5066

¥: =6150.6097

g1

BTB0S435620, 1805

T: 1087366.9123
il"‘1.'i.'-l.'l'|'."|2- ol 1nercia: 4 G292 . 2774
Fadii of gyration: Kt
Frincipal moments and X-Y directions about

ZB01635. 1807

Write spaly=iszs o & file? [Yes/Ho] <N>: ¥

centroid:

t 1213936.7037 along [0.0720 0.9
mlong [=0.9974 DO.

H# 3.5> Material property

Aluminum 6061-T6 thk : 0.010~4.0in. unit : ksi
modulus of tension comp. shear
elasticity Ftu Fty Fcy Fsu Fsy
10100 38 35 35 24 20
<F 3.6> Section properies
Alem?®) | Ixtcm®) | ly(em®) | Zx,top(cm®) | Zx,bot(cm®) | ix(cm) | iy(cm) | E(ka/cm?)
23.21 121.39 - 25.66 37.12 2.29 - 7.03E+05
P = 7] 500 x 700mm ¥ w wvlehEks
DHGE S M (mm) LOAD
] 700 1680
HEE 2 4 40
sub total 1720 kg/m?
XAGHES 350 kg/m®
» HA st ALt
for safe load, Ws = 1720 + 350= 2070 kg/m2
P ZEsts ALt
9% 25 cm
A A % 5175  kg/cm for safe load
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P Member stress check
A = 80 cm

x 2 175 % 80°
Moo= wxl_5 758 80— 4140kg.cm

s 8

x[  5.175x80
V.= w2 = T = 20Tkyf

— allowable bending tension stress

M 414
fo, =—= a0 111.53kg/cm”

z, 3712

- allowable stress
F,, =21ksi = 1476.51kg/cm’

- therefore, F, - 1476.51 B

M 4140 )
for = P Y 161.34kg/cm
b 55.0

- allowable stress
F, =19ksi = 1349.95kg/cm”

- therefore,

[y 161.34
S —0.12 OK
£ 1349.95 -~

P shear stress check

%: 168 _ 9585 (S1 - 36, S2 - 65)

— allowable shear stress
F, = 12ksi = 843.72kg/cm’

fo=—F=737 = 8.92kg/cm?

81



- therefore,

fo 892

F, 843.72

=0.011 — OK

P combined compression, bending and shear

Doy (I

161.34 \, , 892 ,
(Boe) tamn) =001 — OK

P Deflection check

4
SHXwXL, 5% 5.175 % 80"

384 % Fx 1 384 703066 = 121.39

Ocrn ) =

=0.03cm < 6,,,, = 0.60cm — OK

L, wiow = 166.03¢m

7h Amgrel 9@ HEsF AR

2Xf, XZ 2 % 1476.51 X< 37.12
P = =1370.2
; 0 5 370.2kg

e 38315 (Pa) = 12.98kN = 1298 kg

1050 58312 = Min(Gmm, 2200/270) = 6mm

BEIW 6mm A FJ A 2H8-3t% (Ps) =3.51kN = 351 kg

a) LEHE B BAE 7PHZHE AREaE71oll R WY
b) e s &2qs dAsts FaUAe= AHAES
e T &2 We 166cm Aow T WESs

c) HEm o WHHENN AL &8s 1370kgeol™, A3

55%9) Aol7k qlo] FE g mejstel AR wAAFI T AASHAL.
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oo wge "ty A @A)

B AATIE] o] Jhed HdEgw H-SfE AXES olFE F24¢1 Aliminum Side
Beam(Wl el 4% AFH 5L shetatr] Askel QAR ) EATA FRAGE(FH A o
Eebe] 4g79)1A Aliminum Side Beam(3ll et AL FASATLCEE, A4
F2) APEAe FRAAL ARALS FAE 1650mm7t §A45 S8 5900 Aliminum

>
T
[o
o

Side Beam(*gellA) Al @A o] M F2 spFo] Hxd 33ko WAAAR FAsA o, S =
AFA sk T A FFOE 300mm 1A AAsA. AAYE 3%%}3}04 2

mo

2
Aol HES £45152 st 4EA AL <19 36>9% Lo
ol g3tel HAlel }F2 shelstglon], Ralol A8 LVDTAA 544
459

AFA FFe Skl wek woguel qgel MAstgor], AUsHFEA F Alminum
Side Beam(FollA) S5 H A9l sheko] oske] HF bl k.

AlE Z D
A B g = : T
| TN (kN) Z HBHE Al #1921 (mm)
Aliminum  Side
46.91 91.61
Beam(Z Ol XH) #1
Aliminum  Side Sl 67mmOil A
49.86 64.36 oeusoz
Beam(SOlIH) #2 HZ0| BMFI0 ABER
B 48.38
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Lasa{kh)

LWDT 9 LVDT2 LWDT3

241X

<& 3.7> Aliminum Side Beam(ZHOIlM) X &

<X 3.8> Material property

Lonsek{ily

aluminum 6061-T6 THK : 0.010~4.0 in. unitksi
modulus of tension comp. shear
elasticity Ftu Fty Fcy Fsu Fsy
10100 38 35 35 24 20
Section properies
Alen) Ix(crm) ly(crm) 7x,toplam) Zx,botlcm) | ix(cm) | iv(cm) E(kg/cr)
19.18 285.32 38.74 54.55 49.45 3.86 1.42 7.03E+05
)8 | & [
Dits pla e men| Daplacemeniimm)

(a) 3t=-8< el = (Actuator)

(b) St=-H<S JeH=Z(HAMA)

<28 3.8> Aliminum Side Beam (O ) #1 Al&Z 1 JOcHE

Dispiacementimen

(a) 3t=-8< el = (Actuator)

84

Displacement{mm]

(b) ot=-H2 JeHZ(HLIAH)

<3OE 3.9> Aliminum Side Beam(H0WIXH) #2 Al&Z 0 Odel=




AR AR Y e FERAR AAEEHE dFvE 2] Ad fes A
% | #lske] o =HA7E AA Ald el wep s, KS F 8006
¥ KS D 3530 %%ﬂ»ﬂ% g ZFEAA2 AgA] @il A 100 mm o] A X A o],
A Rl 30 mm o] AR ol A A5k

ox
off
o
o
N
N
ol
ol
AN

T+ 2 Al A& 2 o
Z|CH3HE (kN) 2.8 2.6 2.7
Z S Al B9 (mm) 13.7 22.0 17.8
3l
3.0 e

25 oY
Wl T
i
’ / / ECLAL:

0 10 20 30 40 50 60 70 g0

Load(kN)

i

0.0

Dis placem ent{mm)

<JE 3.11> AIgH 22 ots 8e =4
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3 (24})

A
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il
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ol

R =S

194

FATH(P %,

9

oA wB Bepdd i3 dES 3

—
1o

X
_Zri

oF
gl

K
(@]

<ad 312>

3

=2 300mm ¢

o

N ¥

]

A
i

I+ =

2o Actuator

]

A
h=

LVDTe] A

1
T

FAow, Al 28

5]

==
=

7}

N
=

==
K2

gl

SEEEREE

o
=

—_
o

A%g NE

7}
BetAe FFF FAC srke] o

=
w

rvze)

Nr

Faew,

9|

Zhol weh w HelAde] Wz A

=
)

<9

3

tel #HF s3] = ATt

J|

o0

ct

<48 312> 2

3.9>¢] e AT

<3t

to 2 4.14kNo| LT

SR

o

35

3

agke W oA el

ok
il

ok
K0
1)
=
=

ol
=
1|
H

<H 3.9>

(EH2kN)

~

a

=
fall

Al &

FE Al 8121(mm)

CHo

=

50.42

47.42

(kN)

K0

P

ZItHo

4.14

4.14

4.14

0

00

Al &

=

il
H

MH
i30
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100 400

<dg 3.13> Eetal EXx

LD _'_,_.-'.-'_._ _—\-..\_\___
_— e s -\-“\
LE .__.-"'j_- i '_‘
7
70 pii
5 =g
d 1 £ i =0 Bl ¥
D ol vy 1 |
(a) ot=-¥< i = (Actuator) (b) St=-HS e Z(HLAHAH)

<AE 3.14> B3l #1 AIgZ210 =

Dispdacemeniimm)
(a) 3t=-8< el = (Actuator) (b) t=-H JeHZ(HAH)
<JE 3.15> B3l #2 AlgZ0 Jdefj=
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ah Bk 4E8F AE

7hH AdAa

O AW O A% FHLsE ASHE GFUE vhelL AXEE A9l
Y e Mg

<Od 3.16> sHiZ| gF5ts e g

|
- A &9F : The Specification for Aluminum Structures(The Aluminum Association),
A FE= A A (S EXLEHR 2006), Guide to Formwork for Concrete(ACI 347-04)

b A7 & At
b e shE A

DAL S M (mm) LOAD
=chE 150 360
25 4 40

sub total 400 kg/m?

XAGHE 250 kg/m?

(2

p A st A
for safe load, Ws = 400 + 250= 650 kg/m2

W) NEAAA AE

aluminum 6061-T6 thk. : 0.010~4.0 in. unit:ksi
modulus of tension comp. shear
elasticity Ftu Fty Fey Fel Foy
10100 38 35 35 o4 20
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P 7ls S A

Section properies ¢60.5 x 2.3T

Alcm®) l(cm®) Zxon(cm®) i(cm) E(kg/cm’)

4.20 17.80 5.89 2.06 7.03E+05

P s Ay A

Section properies

7 T
Zx,too(Cm Zx,bot(Cm

A(cm?) lk(cm™) ly(cm®) ix(cm) iyv(cm) E(kg/cmz)

1804.06 | 1566848 | 1560197 | 339880 325072 29.47 29.41 7.03E+05

Select objeccs: 1 found

Select cbiecta:

Ferimeter:
Bounding box:

[0.7794 —0.6265]

0.6265 0.7794]

Aol : 3810/ ®==4 o] : 2000
a4 sld a5 /A 50/ £ A=53F @ 34
g 9]Hd 605 ) FH 0 20

P Sute] A Ze] = 381 m (24 2~23F 1lem)
Ad ©HA AL = 1804.06cm’, Aol =734 K1
Z1o] L1 = 200.0cm?

o ©AEA A2 = 4.20em’ 2ol =744 K2 = A2/12 = 0.025
Z o] [2 = 170.0cm

g GHOARHE = 17.80em!, HAUiSEY BB K= (K1/K2) = 361

Al/L1 = 9.02

4

4

Sl wjs) Aol Fde] 4 Anz Sjol o wHo] A4 H.
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Fuke] o] KL = 170.0cm
S o] e ol 2R r = 2.06em
KL/r=18252, S1 =95 S2 =66 <KL/r °oP=&

F, = 51000/ (KL/r)* = 7.489 kips
= 51.63MPa

43815 (F) = 21.68kN  (F, < A)
Atz (F,) = F, X v = 35.7TTkN v=1.65

p &35 (P) = AASS x Sulel+E = 1404 kN < Fa
¥4 1.

A(A) =
P AL (SF= Fa/P) = 154

eh) HEAY

0 x 1.80 = 2.16 m2)

0K

45000
LOAD [H]

40500

31500

27000

13500

0.00 180 260 5.40 120 9,00 1080 1260 1440 520 1800
1! e ‘T =i — = e usp[m}
<a# 3.17> Hig| eFstE AsHZ 3 (L=3810mm)
*» SHig| =[cf LFs5tE
(=H2L:kN)
ANESHS 1 2 3 HE
3810mm 41.94 42 .34 42 .60 42 .29
a) 51F2](3810mm) A FZ 7 HdiuleEo] 4229kN ©] &
b) WEAE Ay Hlgo] 3577 kN o, AdAx} ol 1822% =tol& e U,
¢) 92 F7 150mmeolA EutEE 12m x 1.8m 2 AT F9 X2 ¢hEaAdS gr

o
= .
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Fals: B
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(1)
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(T2l :dB(A))

EE AL siAA

F

C
—

P
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o

Bol=d
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=

7H 2o &k

=
[

3.10>
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SNel e | 22 W a < m 3 i
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2285% XH(dB) AtES BtE
1 eIXJts
3 =90l 2 XJts
6 AESE XH0IDF SIOHE
10 S B XHOIDOF &

P ASE Azl St (SPL)el digte] 1/3 SEMH EAS Fagh A AE AlV])E
ul le]

7NE Y FE ET 5SS leq ¥ HUASE(Lmax)e] Fol7l £ Aoz eyt
ol M E7IE A" A Ago] F HAAd oS gnEh

P A= MRAsE A2E A 2 A= A2 Sty W(SPL)Y tEte] 1/3 <
EtH FA S g Ao K= npel ol Al 7] -9+ 316Hz Ftell A vl
gdg Fag Aol EActE ALE FrtHA . FHoASE(Lmax)e 49+ 3150HzH-
o] g ME i F Aol EAStE ALE YEEH

fr

2SE FHAAME 38 o] Aol BHAsHE
= 20 o)l &g AVF YEhEE EH%P%E}
s EAL 747 <oy 321> YER AT

- O
25U oZRE 26m "ol A dAe AuAeEE /AU 7lE Al2=¥lo] 71.4dB=E
B AL %7 YEY
ASPomRE 25m B A o)A
HTASEE 71.4dB(A) <.

N 7 A28 APl 2om "ozl AgelAe Hid A%+ 71.4dB(A).
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it

<> I s AAR oA 2 AIS AR

Lp(as]

i

<2> LAY |5 AIAR SHAM2HE A S AR-2

LpldB]

iz

<3 et &7 AAE st ASAE-3

Lp(as]
=

s [ 125 i) 50 ] * & & 16k by LT L
i

<4> WL AlAE SHAZHY AISAR-4

<O 3.21> eI |ls A2H oMY 1/3 SEE 2324
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P 50m "o A FHAA ] ASE

T
SPL; - SPL; = QOlog(r—)
2

SHULERH ri(m) Ho{ZX|He 22 E  SPLy
soREH 1y(ry >1)) AR H 42 : SPL,

off) 50m HO{&l XMoo &~ZE ALk Zxf

S}
SPL1 - SPL2 = 2010g(r—)
2

20

71.4 - SPL, = 2010g(5)
20
SPL, = 71 .4+201og(ﬁ) = 63.4 dB(A)
olz#dAzl (m)
&
30 40 50 100 150 200
A2 (dB(A)) 67.9 65.4 63.4 57 .4 53.9 51.4
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= |7C47| SHAR
<3 3.23> oAM=t A

<E 312> 2 AMAI|& Clot EE 2 A|AE A A] LHMSH A2

. 2 A% ARA A wa
oo W AA &Y W gt &Y °
ALz ED 78.6 ~90.5 72.7~86.0 75.6 ~88.3
AgASE
(Lmax) 90.5 86.0 88.25
<E 3.13> 7|& Mefa] HEE AAH SHAMAl LS AFE
(T+9]:dB(A))
= ) o X ]
o T1E A AFA A .
° o A A o Jot A
ALz 8n 84.9~103.2 88~114.4 86.2~108.8
Aarer
= 103.2 114.5 108.8
(Lmax)

P Aot V&2 B AHIE HolEY g EF A|AUS ASE YL 9ol 756~88.3
_ELO

dBZ JElyon Ho A9 % (Lmax) ¥
WEAE A ASEIEE 86.2~108.8dB UENYon HPALS % (Lmax)sE

& A A]

dB= UERSLTE
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=]
2 88.25dBE A= HAu 71E A Al~HE

108.8



P T A=l A g Tt HAg & Zbolg 2 o3 o] =z e
At ASS vlo]laREF o2 HE YHPE dHolHE PDA analyzerdl AdH Zo=z
A~ 15 €l 7Ed

‘I_i,:__
= Hd 4 (Pazle)el 71E Al

LA AA 24

(1) Time History

 AA 9 ARHEA A (Time History)

—_— e ———— LeFmex  LAFmn No ctata]

]

- AN~

U AA D AXNGEA &Y (Fup 2H)

31.5H=z] 63Hz [ 125 Hz [250Hz [500H=z | 1kHz | 2kHz | 4kHz | BkHz [16 kH= | LA = LC
LT | 744 | 750 | 780 | 799 | o086 | 670 | 902 | 911 | 861 | 77.9 L 9ag l 955 | 948
2¢5 | 127.8 | 1269 |Peak
L B61.0 | B840 940 | 955 | 955 | 1010 | 1035 | 1065 | 1020 | 925 10.0
L5 FBO | 775 815 | @40 | 875 915 | 975 | a7.0 940 | 855 02.0

L10 | 765 76.5 77.0 75.0 82.0 83.0 520 945 79.0 98.5 125ms=
L50 | 730 | 735 700 | B9.0 | BB.5 675 | B55 | B1.5

40.5 725

88.5
50.0
L3S0 70.5 70.0 E7.0 GE.0O E5.0 E63.5 60.0 54.0 44.5 29.5 68.5
LS5 E39.0 69.5 E6.0 65.5 E4.5 63.0 59.5 53.5 43.0 Z8.0 68.0
L99 68.5 E8.5 63.0 64.5 E4.0 2.5 59.0 53.0 42.5 26.5 67.0 [dE]
g
% 7w
A su
s
: =
A7t — ®
9a | = . e S P e
fikz]
H =
= 3 @
3z | C
o
-
£ -
fiHz]
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%

(1) Time History
a AA L Y95t (Time History)
(2) T =
WAAA L GHAY (S 2A)
[31.5Hz] B3Hz [125 Hz [ 250 Hz [500Hz | 1kHz | 2kHz | 4kHz | BkHz [1EkHz| LA = [ LC |
[T [ 76.8 [ 781 | 83.2 | 87.7 | 941 [ 971 [ 955 | 927 | 856 | 76.2 0101.2 | 101.4 [101.2
T00 | 133.4 | 133.2 |Peak
L1 [ 905 [ 92.0 | 98.0 [ 1025 [ 1075 | 1105 | 190.0 [ 107.0 | 1005 | 9.0 | 1155
L5 | 805 | 830 | 875 | 935 | 1020 | 104.0 | 103.0 | 1005 | 93.0 | 825 | 108.0
L0 780 | 78.0 | 825 | 895 | 935 | 955 | 955 | 90.5 | 825 | 71.5 | 100.0 125ms
L50 | 74.0 | 735 | 705 | 695 | 705 | 6B.O | E55 | 1.0 | 545 | 460 | 730
L90 | 705 | 700 | 660 | BE.O | B6S | 650 | 615 | 570 | 48.0 | 38.0 | 695
[95 | E95 | F85 | B55 | E55 | B6O | 645 | G1.0 | 560 | 47.0 | 355 | 690
(99| 675 | 67.0 | 640 | B50 | 645 | 635 | E0.0 | 545 | 455 | 335 | 680 [dB]
A
=3
%
B
3= -
C
=3
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(1) Time History

@ U3t A (Time History)

LarF LaFmax ————— LaFmin = 1 nogatal

o]

so
2o
7o

™ el AY (R £4)

|31.5Hz| B3Hz [125Hz |250Hz2 [500Hz | 1kHz | 2kHz | 4kHz | BkHz [16kHz[ LA 2 | LC |

[LT [ 769|742 | 748 | 77.8 | 795 | 78.8 | 746 | 70.0 | 60.0 | 495 J 823 ] 858 | 85.1
168 | 116.4 | 1164 | Peak
L1 | 820 | 795 | 890 | 940 | 945 | 930 | 880 | 835 | 730 | 630 | 960
L5 | 00 | 7a0 | 775 | 805 | B45 | 840 | 785 | 760 | RZ0 | 560 | 870
Li0| 730 | 765 | 735 | 745 | 785 | 78.0 | 750 | 71.0 | G0.0 | 500 | 825 125ms
L50| 76.0 | 730 | 705 | 685 | 690 | 680 | €55 | 615 | 520 | 395 | 725
L90| 725 | 705 | 680 | 665 | G5 | F55 | 625 | 5A.0 | 485 | 350 | 700
L95 | 715 | 695 | 670 | 660 | E6O | F50 | B25 | &75 | 485 | 340 | 35
199 | 695 | 6A5 | B60 | 650 | E50 | F45 | B0 | 565 | 475 | 335 | R3O [dB]
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(1) Time History

A B U

At (Time History)

1zo4

1104

100

=0

=0

7o

AN o~ N~

&0

20

=0

(2) 35 A
T Gk BY (R #4)
[31.5Hz] B3Hz [125Hz 250 Hz [G00 Hz | 1 kHz | 2kHz | #kHz | BkHz |16 kHz | LA Z | LC
[LT [ 779 | 752 | 763 | 79.2 | 778 | 767 | 748 | 709 | 64.3 | 525 | 81.4 | 859 | 850
TG | 114.5 | 114.1 |Peak
L1 | B40 | 860 | 905 | 935 | 920 | 900 | 885 | 850 | B20 | 700 | 95.0
L5 | @15 | 775 | 775 | 55 | B30 | A3.0 | 805 | 760 | BA.0 | 555 | B7&
Li0| 805 | 770 | 745 | 795 | #75 | 790 | 775 | 725 | 630 | 515 | 830 125ms
L50| 765 | 735 | 695 | 69.0 | 69.0 | GBS | BBE | B1.5 | 54.0 | 425 | 730
L90| 730 | 71.0 | 670 | E65 | 67.0 | GEO | 625 | 58.0 | 495 | 385 | 70.0
L95| 720 | 705 | 665 | EB.0 | B65 | BA5 | 620 | 575 | 485 | 355 | B9&
L[99 70.0 | 690 | 655 | E5.0 | B55 | G45 | 610 | 57.0 | 475 | 345 | BB.5 [dB]
A
= 3
© s
kc_}?E]l_ iz}
L=k
3= e
C
=3
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Z1ETH 2 AFHe A SHL o F A olAAGANA SAHE
[31.5Hz] 63Hz [125Hz 250 Hz [G00Hz | 1kHz | 2kH= | #kHz | BkHz [16kHz| LA | L= | LC |
[T [365 483 | 568 | 689 | 76.4 | 76.5 | 76.2 | 70.7 | 59.2 | 40.9 [ B1.5 | 851 | 845
TOv.8 | 1095 | 1095 |Peak
L1 | 825 | 795 [ 845 | 91.0 | 935 | 895 | 895 | 825 | 73.0 | 600 | 945
L5 | 80.0 | 780 | 79.0 | 650 | 675 | 835 | 820 | 770 | 69.0 | 560 | 89.0
L10| 79.0 | 765 | 760 | B80.0 | B0.0 | 785 | 766 | 720 | B35 | 505 | 830 125ms
L50 | 745 | 735 | 680 | 675 | 670 | B60 | G635 | 585 | 48.0 | 350 | 705
(90| 71.0 | 705 | 650 | 645 | 645 | B35 | 600 | 545 | 435 | 290 | 675
7= L95 | 70.0 | 700 | B45 | 640 | 4.0 | 630 | 595 | 53.0 | 42.0 | 280 | 67.0
L[99 | EB.0 | 685 | B35 | 635 | 640 | 620 | 585 | 51.5 | 40.0 | 255 | B65 [dB]
A |
o= e
fiHz]
[315Hz] 63Hz 125 Hz [250Hz [500Hz] 1 kHz | 2kHz | 4kHz | BkHz [16kHz | L& = | [C |
LT [ 338 [ 439 [ 497 [ 516 [ 598 | 66.0 [ 60.3 [ 53.0 | 40.1 | 20.7 77.8 [ 75.0
847 | 915 | 591 |Peak
L1 | 815 | 750 | 700 | 695 | 690 | 715 | G20 | G50 | 440 | 335 | 720
[5 | 780 | 730 | 690 | 625 | 675 | B9.0 | 1.5 | 545 | 430 | 225 | 705
L10| 765 | 725 | G680 | E20 | 660 | 675 | 606 | 545 | 425 | 305 | 695 125"181
L50 | 71.0 | 695 | G50 | 590 | B15 | B55 | 585 | 51.0 | 41.0 | 250 | 675
L90 | 67.0 | 665 | G625 | 565 | 580 | B35 | 7.0 | 495 | 385 | 230 | 650
L35 | 660 | 655 | G20 | B6R | 7R | B2F | FBO | 485 | 380 | 230 | G465
Al (99| G40 | G40 | 1.0 | 545 | BRF | GO0 | F55 | 480 | 370 | 225 | B35 [dB]
>
wH
1=}
fHz

2gdogHE bm BojA AZoJAY 7|EF
81.5dB(A), Al559] F-% 67.8dB(A)Y.

W o
H o
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- =

SPL; - SPL; =

20log(

o

Ty

WoBE 7 (m) Bo{FIAHO] £8% ¢ SPL,

Q] o 2 HE] 7“2(7"2 > 7"1) QolXA]™9] AL% : SPL,

o) 10m EolZl X|-HoAe] ASE A4 At
SPL; - SPL; = 2010g(r—1)
2
) 5
65.2 - SPL, = 2010g(10)
SPL; = 65.2+20log( - 59.2 dB(A)
2 olA2A2] (m), A25%=(dB(A))
- 5 10 15 20 25 30
P ESAC 815 75.5 72.0 69.5 67.5 65.9
Al 2 67.8 61.8 58.3 55.8 53.8 52.2
ML SHAI7IES AP 2371837, AKX )2 65dB(A)o]stS THEsH=
H S st 2, 71E 39 4% oF 32mo]A Eojof 5, Ho|=F DPEFE
5 AAEIS] 4 nldIEFo 2 E oF 7m o]A & ojof
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o B F SdE2 A3 AlE AAb

Holg & nel SHE AFFe] B F ZAES AT 3 fAdstsel s A5
AYE st7] Aste] oy <o 324> Zo] EHjE AFY otd W] Fite] LVDT(H
AANE AX sl B Fol EelB9F Mock-up TEST2 gl thale] 23S A5
o SA e B Fgol A&W Alwbxe] AMAR 9 A= s drrde $19]
3 (A EgE Y QAAF Tl 9AE Mock-up TEST @4S viae=w sgoen, =4
AA= 3o 7p 2 Fs Adeste] st A A g Pl (R)el LVDT(HSA) o
23 ol SFAste] HEgo R B st % Agsteel g HolE & B SHE AF
el 8 T AR AR S Frketao

/4 M; N

104



gl

&}

17 A

Hol SefH S ol

Hin

,r‘\.

v vww ,,wl

—LVDT1

—LVvDT 2

i

o —

(ww)uswaoe|dsig

0

600 650 700 750 800 850 200 950 1,000

550

500

| M& "ot

ol

i

—LVDT 1

—LVDT 2

iy A

(a\] —

(ww)uawaoe|dsig

600

500

400

200

100

<% 3.25> EfM = E}

105



gt B T SdE A AE @2Ah)

1. Al A
a) Mock-up TESTH A[H | EZ]: A7 = A Zetd A HE 677
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e
i
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- AIEE JNEE HolEEY] A3 Aee ksl fste] =A@
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LVDT-13 LVOT-6
| Ttz o 1Y .
= T v ———= e S Al
D2 SEEN ) LV A LvoT-18
LvoT-21 ] T | — -
-
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(28 17) LVDT-6~7 MA &Y (32 18] LVDT-13~14 X8

<O8 3.26> Etd & EtdstE I AstSo E ME A ¥
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19] LVDT—16~17 A x|& &

(18,

21] LVDT-15 A&

=R

Rl

A

] LVDT—22~23

24

(218,

I

Ao E

23] LVDT—20~21 A

(218,

2l 3.26> EfA

<4
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LVDT-1

LVDT-2

3.92

LVDT-3

3.37

LVDT—-4

3.21

LVDT—-5

13.06

LVDT-6

2.21

LVDT—-7

0.50

LVDT-8

5.82
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(8. 1] 7I5-1 =88 A1 =
\ —LWDT-4
\ —L\VDT-5
l"—_"‘--—~—..4\-—-——..—_-_...-----._r-F"‘ =
50 100 160 200 250 300 350

Time{min)

[28. 3] HA +8H? 22 dej=

oA LDT-8

—ollT VDT 12

60 100

(18,

180 200

Time(min)

260 200 360

5] Holl +AHe A1 =

Dispglacement(mm)

Displacement(mm}

Disgtacem ent(mm)

|
ES

I
=3

I
@

v

50 10

i} 200
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