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SUMMARY

I. Title

Performance based design codes on steel-concrete composite structures
II. Research Project Overview

Recent development of various composite structures in construction markets requires
general design specifications to accommodate new material and details. Korean design
provisions on composite and hybrid structures (concrete structural codes, steel
structural codes, bridge design codes, railway bridge design codes, KBC) provide
different results for the same composite members. High performance materials and their
applications, which exceed scope of current design provisions, are increasingly adopted
in construction projects. Therefore, it is necessary to develop a performance based
design codes on steel-concrete composite structures to accommodate these new
requirements and to provide reasonable evaluation of structural performance of various
composite structures.
In order to develop the performance based design codes on composite structures
including high performance steel and concrete, the following contents need to be
performed.

- Investigation of design codes on composite structures and development of
structural design codes system

- Development of design, analysis and performance evaluation methods

- Development of performance based design codes on composite structures
These research activities provide required performance for composite structures
including new material and details and suggest unified and general model codes of
structural design specifications which satisfy the international requirements on

standards.

III. Research Results

This research project investigated performance based design codes of composite
structures considering current available high performance materials such as steel and
concrete and expands parameter ranges of current design codes of concrete, steel,
bridge and buildings.

For the global standard of structural design codes, design philosophy and scopes of
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ACI, AISC, AASHTO LRFD, Eurocodes and Japanese design guidelines were compared
and discussed. From the investigation, contents of the design codes of composite
structures were derived and the ranges of application for each provision are determined.
Database of experimental research on composite members was built to provide a sound
background of empirical equations and technical reports on flexural members,
compression members and connections were written based on the research results.
Generalized performance evaluation and test methods of composite members was

suggested to allow the application of new material and structures.

IV. Research Outcome and its Utilization

From the investigation on existing design codes of steel-concrete composite structures,

database, analytical and experimental research, the following results were derived.

1. Structural design codes
- Comparisons of philosophy and scope of current Korean design codes
- Investigation of international standards on structures

- Suggestions to globalize domestic structural design codes

2. Investigation on design codes on composite structures

- Comparison of design codes of composite structures based on steel structures and
concrete structures

- Limitations of current design codes

- Possibility of application of current design codes for high performance materials

3. New composite structures

Generalized design methods for composite structures using high performance steel
and high performance concrete

- Design requirements for newly developed composite structures

4. Performance based design codes of composite structures and technical reports

Contents of design codes of composite structures

- Contents of performance verification for composite structures

Draft of design codes on composite structures
Technical reports including background, database, tests and analyses and design

examples

= viii -



V. Contribution of Research Outcome

The developed design codes of composite structures can provide generalized model
codes for new material and structures to allow adjustment of design methods by
different Korean design provisions for concrete, steel, highway, raillway and buildings.
Inconsistency of structural design codes can be resolved and Korean structural design
specifications can satisfy international standard requirements. Draft design codes on
steel-concrete composite structures were developed. Technical reports including detailed
background of these provisions were published to support future works on national

design standards.

VI. Utilization of Research Outcome

The design codes can lead the design provisions of composite members and connection
in concrete-based and steel-based design specifications. Standardized performance
verification and its test methods allowed to develop new structural systems using high
performance material. The design codes can create new markets for structural
engineering industry. Design manual and education programs for design engineers can
improve capability of domestic design engineering. Accumulated database and its
technical reports can be continuously utilized as a background of future design
specifications. For the development of national design codes, this research outcome is

expected to be utilized as sound background.
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24 tdAAE fFAGeE st FERECT dEA] HAF FRES AR AGdHE]
ATk WHA vk HE FRELS 9 VT AAGA goerg FuHor <3}
H AA7IEe] AL AATES duk A E FAGEELF 5, 2008)

O MAd#AH FxE] i ZAYE F2EZ ACI 3499 14L& £t AA S,
AGAE 9o 9= “ASME Boiler and Pressure Vessel Code”& &3t} ACI 349
T oddrE AEe AA AE&¥E ACI 3187 vVIAR FRAARS VFo® st
Ao, WZhA AL, NSSS et &y 515 Fo]Z AE A 4 FE 5% 5 o
Aol A FxRES AA A&HE sdsES FESAL A HHdAE Fx2E T 4



3
Aol 71%% AISC N69OL, 2006 7}

[e)

R

t}. AISC N690

1

]
i

&

S|
A

[e)

=

-+ AISC N690

7

=, 2003

I BT RO oo W AF T o WK OT ¥ 8 i
XY ) T B~ T ol
NT GusE R SEFPSTLy L 2T
JM.L OT HT 0 T mmE 7U 1»_Al,._ = o ,;IAD ™~ <
2o _r : ) — o o e e g o
- (N T oE ooy < WM o w8
S = T e s D e » = X
Nz o ﬂ T o oo 0 uﬁ_. 7%y B < N e o <
+ P % e g T o B e
- H ~ X W AL BL = X7 o T
O# OC ﬂ B N Oﬁe file) =  RT 1” »AE N NrL 3 VC Mum _XE
w T N W) T oo < H R T N | < R
2 sfE  RzziTz DITioss oz
' Sy ) Z. L.._ — ey ! ‘m@! =
mmo ﬂwﬂﬁ ?wﬁ%%\cﬁ:ﬂ o_ﬂlo_ae_ﬂ%% mlﬂﬂﬂl
< [ T L ST Boo S oam W o do TR °
- o o- ﬂ lox} — =~ T 3 iy
s 5 o 5 o R E T e 3
o R0 LT Tz Ny B A
Ho ia . B o oo w o Ia M o —_— ;r ™ = o
- o TR - <0 X X iy ‘”mﬂ J_/ﬂc i WE 2 WT 1o_| &o _ .m_. 7o
7 53 X ; ) 0
= b oy BT o By B e R
— ) ) o] W= ~ VU = <y 700 HAr B ) X {1+
@) e 1 o Boe A X W o 2 e oge M ol
= dro O M oMo~ 5 = T o ) o < T
N Ao 2 j%@mowﬂ ﬁmgﬂ%@ww%% ML -
il ! z ooy % olo
X o0 = T fir X Moy ™ 77 o X i = oF M oo
N B moE o oM Cucﬂ%wfﬂaﬁ_ﬂ% oo T
e "N o = i o N o= o oR
oe N2 W o = "R =W AR lo oK 7o
ey mﬁmaaﬁ T | @‘Lu%%;uﬁﬂ% Wmﬁyd.
o — Oﬁo ;IJVI lrnd 1 ,;lAU — ‘Dl - dl o ,WN_ o C* T ﬁl jal \_H_OI
=y ° <0 nm 3 Noor & T %o = oo = oV oo
o ob o & WE®RER® R T oL N wE oy LW R
Nd N w » N = T R ™ mﬂ il W o =) Wi 7 < iy ™ (Y A
- ~ o)) ~ o of o) ™ o B K W ~— o m — o
= T W WP ey o == NN 0
HE S ,DFL ﬂwo _ 1__/| ;_H OE —_— EE o N T~ n_m_l ﬁw_ — ,_IZF‘_ ci EL mH ZT_
o T oy I AR P WO g I o= 0 C W nEN
) R R SR _ G oE T %ﬁmouo%mﬂE% w R
* Timy TEBIT ST ¢ T T T by
i — o an R L LR E Ry w
_ OT oT il io ™ XY =T 0 —_—
‘o) I OIS T o X o T wr o NE ol %o B o Nir S o ©
ol Nl " o) 7 do o Ao T o M oo U
N i T E o W W R do W oo T RT R %O
o Ry do T T = BT o By o
+ M = i = 3 < . - aroo
T T ok ® X w L <~ 3 % W g N
w o O™ Oa&HT T A OMgoagxxkFE® ON

_45_

2011).



O mlzel A% 944 Ay 770 §59 JFow ¥Rud At
E

- A5 7S ZAYE 7= (ACD, ATV (AISC) T2 BFHo]
- 859 J|Fe ©R27]F(AASHTO), BE7]Z(AREA), 9 1%7]F=(APD) 5oz =2

O a9 49 e A5 fA AAE A a dek

O #8UANZS 2%, 99T QAAAIS} 7371 &9 A3 (CENS] Folo] whasol
19804 (B3} ERFREC] waf F 9AE LR AANES 4HT 2
& a&

A < AAQsto
71993 TC 2502 971 A91943)(SC)E T4k, A& Amel 7vkste] 4% 9
Mol ZeAE FRLPTIH: G AR Balo] gl §ojs wge Wwe] Zeas
TAHPT) = A (L 24%=x).
O ol% #4Tzst BAshAE obehsh Lol ERIAL
EC 4. Design of composite steel and concrete structures
part 1-1: General rules and rules for building
part 1-2: General rules - structural fire design
part 2 : General rules and rules for bridges
CEM/TC 250
Stuctural Eurocodes
r--l HG Bridges Coordination Group I—I HG Ter:r-in-:-l-:aav
1 1
1 [
PR P pp— P E e —— e p———
L
I I I ]
51 sC2 2 SC4 SCE SCE SC7 SCE SCO
Basis of ; " . Drasign of Beslon of I s &
Design |{ B2cier of (| oesienvot ficomeosta | CCRUE! f Desionat | Goo- le wnquakel] Dosion o
Actions on Shee ateel Eramd as0onry echnical [t o nocl] Aluminem
Shuchires Structures || Sructures || Concrete || =" EBS || Sructures || Desian ol Struciures
- Efructures Strucires
a9 24 249 FHAAVIE AHE 2% CEN/TC250 $1¢3]e] Z24E
S 2%
2) =ul AA7IE AA EA
O %ol A% wF, Q8 npAANR And AA7ES §Ed JFor 2R
o SrHzTE EE2AAM H T, AEAA #-EVE, FARAEAA #EYE A

ot Q
e o

r



d7lEol AvH(E 22 Fx).

O FxARE dAV|+2 FAYEFE AAVE, 9% AAV S, F2E71x AA7E

S2 FiH e

O AAHANA Ad7]E g Zokoll A Az 7IFe] gle A&oly, AYidrisr+
(KEPIC, Korea Electric Power Industry Code)°e] oy Fx&E¥ #Hdg 7|&2 O
ACIL, AISC, ASME 59 39]7]F9] "o}, #H+ Uitd “KEPIC SNG ZA#ZAE
TZ7 7lFE AT -E FxEd AEEHA R Qlo] o] Ao EFAAAA = A SA

=

¥ 22 g F+xa4d V| E=dE
22 =y DI
=2321E7X &0
N2g LH01= 2ARx HHIIE
2EEIE EHIE
T2 AHIIE
CRAM
o= cEn HHIIE
== SERERTRIES
HCAL HC AN E(C )
EXE | 2p0|IE HEEADIE(ANAHE)
| SH& &A=
= ATIRAAIA =
nE | S
2= S0F 9 0lE AUDIE
i AZX HUDIE
AES —
AEFI|SH 2HIIE
ZRI|E .
A=J|H LY 2HOIE

3) el AAVIE AA Ad

o,

=]
24

(o3

O sulsh sisle] A71E AA AuAEe Qe ) AAZFE] 2A Bt L W
Fdigol susoler st Ad A Atk 5
297)o] weh AMAe FAS L ANEE el Fu AdAde 99wt Ha 9l



Hom Wﬁ =\ @ = K
B W 3 N = = o Ny ,
A = a B W E N AR ENE
i ~ BT " w oM R
) i I o e R g X0
P 1o [av] _,i ‘q E+ H_T_ o~
= N 8 = ™ e o T
R m ) - aolo e Ho
i’ wﬁwt&% £ o TH W M % o
- X K e El, | e o T ) o] o T R |
pal B =0 T N o ol i
° oA B = N =~ o
= B ook o 1 o W T oW T = T
Fm B S 3 Q o % = Ty Yo
i e = 9 Q o = g R o
ol w ™ TR £ SR oSN g L
RT o w T M S " = K M How O 8 |2
14 oo N T g M o T R o |§ |&
o ﬂa.d.__b By 14 W R %ﬂ_ouzg. ) g |=
v ﬂﬂ g . ,M of uﬁ :I Qﬁ :L mm ey mﬂ 1!L ﬁU = .ﬁ L)
L3 s ) ME R, ST aMT 2| g
ey Mg o % 4 x5 TN -~ ol |8
=" ~ — NR T o o] Ty TR N| W | ol v
i dﬁ n pa EW KA N ,Iyl (] o
- I G o B »o— W= bl :
o m P S F e No T .
bo = m T g =k xR |
2 panliv, 9 Tl Ho
) = o = F M < UE ~ o B
T oo T N 2o i ol "o NE —
~, > jut : % HI ~ —~ — © .“ il [y [RR] [EE i
w0 T = 5 Ry TR Bodo ) o oo B | [ |
A A e Bpran Nl
=2 §EiC £3E fEig P EE LN
N nm & N o ] S dﬂ H wl B! Nd ) | [™ || @ W m
WE TR g ) NG oo R T
= X T g Ty BE NV oo =/ L
r . L 8T ®E I o B =1 Bl
F ° T o  Z T DM a2 rr
) = K N .ON.W w - K X = o _Wﬁ " - ‘1;|o ﬂMO ‘mﬂ v
B w3 Tww PERET GV
wor of W= B A oH N~ T WO o &
Ny ~ T N = S o __ oo X _
BT >N E GRLETIC mdqi%d
) un Tor = oo ol T %o T R om B 1S
= o N ! o _ — o o
o] mK oO% 8 M = N W T ™ o BN o) Ny N-
O = N o N~ ~
x wﬁ O o Ay — EE NN ﬂ.ﬂ N
X K o O & &S
ooy T

o] 14d o2 18 26

5

=

[¢)

- 48 -

R E I

g 2.
5 srdle] AAIZIE AA A (AAD

’|_

o
i

_‘|

AAZIE AA A

4) = A7)



N

oF W

—_—
fils)

o

o))

7 A
o i
)

w0l

A AAE

1

T

A1

H71 s

[s

O ol A& AAE ¢4

;e

AAZIE AHAA AN

aelal =

=

=

214 3] (CEN)

a2 9tk &=3F CSI, CEN, BSI9

S

7]

=

5

Al A 9 31(CSID

7] +(BSI)

14

a

ox

™

—
o

go
o

—_
file)

0

i

o

al7

il

=

o

el

0

..J

A E

SC-6
7IEd

5C-5
LAE
EATE

- HHPERSCFED

- AFERS
- EINENY
= ESerE
= flaais|
- ERFER{ERI]
- HeFERIE=E]
- HETER

FE #f
W TE RN
ks
3C-4
BHEPE
ANE

HIE

SC-3

AFE

A T ERE SNUE

38 2.6 = HAAZIE AMA et

SC-2
232
HHNE

Dish BATIE

i
-1
L)

e

5C
HA

A A 7]

1]
=

[u
et
Np
A

5 =i

2|

)

|
i

N

22|

i

e

o)
N
22|

el
)

_49_



o} At

¢ KSe AlAelt). 1ol

hya
ar

A =
7F Hol lew, BOAD, F(Ex), D(4)9 7+4+5 »d

ke
T

O 9 27

=
T

el
olp

71=7]E 4, AA 7

o

= 9] 749 BS(British Standard)ol the

jpace]

o] AA7]s=0] ANSI 1A 3tE o] qlth.

p==
[}

ASCE

AAE

o]

==
U

up glot, =rfel A

B

o
i

o B-2|H

o A-T|E

g
Il

in
5

a S-A{H|

s R-327|

i

o h-Z

[I[=
£}

F-zH

TH = =t

1k 4

T

= A A

3
it

g 27 =

_50_



23 F(Ex)e +4

Ay A
3t

Nk
I
Jo
0

=T

2EeS0,

A==, &M,

01,

e-
=

4

t

2

X LK

2%
17XX - A2 HSHO| ALY 8X JIE

20XX - M==229

16XX — A

R0
AN

T

ok

21XX — SEHES A

3

R0
KA
wr
010
00
15)

ol

or

00
Ki

22XX - SRR Al

ok

o

=

Ul
il

Kk

3 __.Ao

o FHIE

e

AN
00
oD

Ll

.

IH

ol

23XX = Jt

ulo

0
RE

E

el
28XX — HiA&EH|S BALEE

A
A

25XX — Ot
26XX —

1l
10
__d|:

Jo
X0
<
1)

o)

[gd]

A
I

o

=<
M0
bl

H

ol
iy

— A

A3

Al

PSS
==

=T,

32XX - dx7&,

=

Al

=

42XX - Z|AEYAE ZI2E =

jgase]

EFol

O OECD RuAe] oahd A AT 80%7}

’

3

, R, A<

]

=
T

]

2012).

[SXE)

gro] ofvel ojuA, 2

HH

U

14 2
- 51 -

S
=

sl

1
T

of tH
=3}

3z
it

PN
=

3 Aok ZA

ato] Al E9] A7

Holal gluk(e] A, 2012).

S

A7
ol

[



o
N

s dEg 7

]

j =
s 2

37 ISO 19338

w23

5o 71 g ioly #H V= ES]

_g_,_

glom, Za¢

-
s

1ISO2] TC(Technical Committee)

gk TC 71, +x=9 AAS #

ki3

Tz ¢

X0

ol

x
B

™

oju}, ISO 19338

o

ISO 4= fl=

ki3

A Al

™

—_
o

jruge]

o

_1&0

7N

9

248} o] 4%olAM 8F74A 57 &, 6

o I
- 3t

P2 ISO 19338

b

O

R

6) A&

af <]

[ R==
AN -

|&o]ar

N
o
i
A
-
Qv
iy

1]

ghatH, FAZF(ISO)sHE 918

hyA
-

el AA 5=

Eiass

af oF

ALy

.
-

MR o2 Fzete] Z2rW ~drss)

B¢

—_
fite)

i
el

B

A3}y

Fol el A7

S

_or]

o

el

T

oA &

53 v}

i
i)
Njo

H

W
i)

A BAe FAge we 9 o)

l
ol AAE

F71A]

Z
1l

)

)=
RS

R 7R A

o
a

o
o

)

N
el
olo

ﬁ
b
T

gl
E

o= wopEgr).

S|
s

Al Aol

el Zh=re] 7%

9]

O

Hl 71E e
l

)

A AV F9

A AAVIFEE E

|

MEGE LS

945

A A=

s+ AA7E

o] ¥

s

Aoz

=
"

NE
N

o

_52_



AAE

o]

=
RLIN

1 KSe AA7]

o
RS

3T &
I

-

ab o, sl A= Aol AR oA =7t

O

g

3

el

zlf

3k ISO°] TC+ glow,

ks

Tz B

0

ol

x
B

N

XH

o

=

#

f 64

gk ISO 19338

oju, FAZETEZE

_53_



3 24 IS0 193389 AAI7|% Q=

dd x3

4. General Requirements

4.1 Overall structural concept

4.2 Structural intergrity

4.3 Design approach

4.4 Design service life

4.5 Workmanship, materials and quality
assurance

5. Performance Reqguirements

5.1 General

5.2 Structural safety and ultimate limit states
5.3 Serviceability limit states

5.3.1 General

5.3.2 Deflection and cracking limit states
5.3.8 Vibration limit state

5.4 Durability limit state

5.5 Fire resistance limit state

5.6 Fatigue Limit State

6. Loadings and actions
6.1 General

6.2 Load factors

6.3 Action combination
6.4 Permanent loads
6.5 Variable loads

6.6 Accidental loads
6.7 Constuction loads
6.8 Impact load

6.9 Earthquake loads
6.10 Wind forces

6.11 Environmental actions

7. Assessment

7.1 Materials

7.2 Analysis of concrete structures

7.2.1 Analysis for ultimate limit state

7.2.2 Analysis ofr serviceability limit state

7.2.3 Analytical results

7.2.4 Experimental analysis

7.3 Strength calculations

7.3.1 General

7.3.2 Flexure and combined flexure and axial
load

7.3.3 Shear and torsion

7.3.4 Bond, anchorage and splices

7.3.5 Bearing

7.4 Partial safety factors for materials

7.5 Resistance factors

7.6 Resistance criteria

7.7 Stability

7.7.1 General

7.7.2 Design for stability

7.8 Precast concrete and composite action

7.9 Prestressed concrete

7.9.1 Design of prestressed concrete structures
7.9.2 Prestress losses

7.9.3 Grouting of tendons

7.9.4 Design and detailing of the prestressing
system

7.10 Design for earthquake resistance

7.11 Detailing requirements

7.11.1 Design standards for detailing

a) Minimum diameters of hooks and bends and
the types of end anchorage

b) Minimum sizes of members

c) Minimum longitudinal and  transverse
reinforcement for columns, beams, slabs and
walls

d) Requirements for curtaiiment or bending of

longitudinal steel in beams and slabs

e) Tolerances

f) Maximum curvature of prestressing tendons and
maximum ratio of area of tendon to area of duct
g) Minimum diameters of longitudinal
columns and beams

bars in

h)  Maximum spacing of the transverse
reinforcement

1) Minimum spacing between
and

j) Maximum longitudinal reinforcement percentages
for columns, beams and slabs

7.12 Fire and durability

longitudinal  bars,

8. Construction and quality control
8.1 Construction requirementse

a) Requirement for concrete mix proportions
b) Concrete placing and curing
¢) Quality control, sampling and testing
)
)

d) Details of shoring and reshoring seguences

e) Details of critical temporary conditions
f)  Stressing sequences for post-tensioned
structures

g) Constuctibility
8.2) Quality control
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Construction Construction
Performance of Design value of] Design value of] Verification Degree of Determination of
original concrete > pcrformanc_e off performance of * external force [* 30;1:25}0“
(standard cured concrete in stachire action it
specimen) structure g
Manufacture

| Part: Structural Performance Verification |

Characteristic Desi Design Verification Desien membeil Design Characteristic
value of » tremg::] member (¢ capaf{i o < load |« value of load
I . stren, F y 5
materialsBasic . capacity action
strength for
design Material Member Structure factor Structural Laad Srctor
Extra factor ¢ factor analysis factor :
H : Seismic i
coefficient ¥ [
. " performance
Required average Part: Seismic g ’
. verification
strength (expectation) Performance
Verification Chloride ion penetration ... Part: Structural Performance Verification
Durability verification Carbonation depth, etc. ... Part: Materials and Construction
Characteristic value Design IDesign value of | Verification [Limit depth for
Ca b':'f “tl?tin\?éfocity sicarbonation wcarbonation sisteel corrosion Vi Environmental
roonato; e
lvelocity factor idepth y, o condition
C;?ct_{g % ¥ SR [Limit cardinality
oride ion 0 " :
P : Design value of ifor steel corrosio
diffusion factor D ... [Material| _ R Structure L 5
'y factor [Pesign chloride chloride ion factor Ciim
Part: ion diffusion /__\penetmllon Determination of limit value
" factor Dy ... ( Gsonis
Materials and gl
Canstruction Safety factors considering the accuracy

of design equation for durability
performance of a structure

Verification o
Safety factors considering the accuracy of

prediction equation for material characteristic
A 4

Prediction value of material characteristic A

Prediction egquation. material test.

Crack
verification 3 V‘:Ti fication
Expectation, such as characteristic of adiabatic Characteristic mfh Grick Stress Environmental
temperature rise, shrinkage characteristicand | value of |, i . generated by e C"r:dition .
strength appearance characteristic L;:;ﬂeh @ volume change) Tj;&ter;?u::u;r;?;::m
[ Temperature analysis | Brsagt of concrete pe 5

]

19 2.9 Safety factors for verification of structural performance and durability
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EN 1992 - Eurocode 2: ZA#E F% A7

EN 1993 - Eurocode 3: 7% A4
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¥
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Al
A
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s
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3] TC 250
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4

e

EN 1994 - Eurocode 4: 7FstAd % A A
O 714

EN 1995 - Eurocode 5: &% A7
EN 1996 - Eurocode 6: %% % A7
EN 1998 - Eurocode 8 Wz Gz AA

EN 1991 - Eurocode 1:
EN 1997 - Eurocode 7: A%t A7
EN 1999 - Eurocode 9:

EN 1990 - Eurocode



A= FRAAFFIAY 25 67 =71 dRs2 7led9d TC 2503 2t 29193
(SOE sttt 2 A3 e AL b= 2z =7kl % wiAsl 4 fH A
=(eH]: preENV) % 22 247 699 dertz A" Z24AE SFH P o
FHs7I2 sttt 4 Vs MY FH AL HE grHel o &AM
T2 dAsr2 skl

O 4§ AR Zwstel 79 e ZRAE FAYPT)HE @ AR Bl gl
L gojol wgre WEe] ZaAE FAUPDS TASAY. Jddd JE 4 24
o T ue ERHoR FEHT e ol

A, AFEA, WA digk 712 e
(Partial factor method)®} &7 Al-& 5

O EN 1994-2+= EN 1994-1-19] dxtx1 3y A A-ZA2E 4 FA4 2 A
AAARS £33sta Ul EN 1994-2%= A Ao ik dukatgat a5 A4, Z+
AAS 98] EN 1990, EN 1991, EN 1992, EN 1993%} &7 A}-& %t}

O & " A4 (Partial factor)$} Al#A E4(Reliability parameter)ol] thgh FX &2
85T AFAHS AT = e 77 e AMEE & Uk BT O FHES F-ES
T AP FAAETL o] FottE 7P Shell Al skt EN 1994-20] thE
4 7= LI (CEN/TCs)ell &) 7|2 A2 282 F5, 22 gho] A& ojof shry,

Part 1-1: &2 % AEALA Axt
Part 1-2: W3} A
Part 2: nl &

2) Specification for Structural Steel Buildings (ANSI/AISC 360-10)

O 5z 2 4
I &AEA (DESIGN OF COMPOSITE MEMBERS)
1. 99+ 4 (== 23, General Provisions)

2. =9 (Axial Force)

—
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mjl& A H A (Encased Composite Members)
=438 A RA (Filled Composite Members)
3. (Flexure)

AEALR) (General)

AHEQA B AP AE 2= FAE (Composite Beams With
38 A FA (Encased Composite Members)

A8 FAFA (Filled Composite Members)

4a. AlgAFE (Limitations)

4b. ¥ %= (Flexural Strength)

4. A ‘i‘r (Shear)

1. 48 2 vjls A5 A (Filled and Encased Composite Members)
2. 74 FHE daAZYolEE zt= A H (Composite Beams With Formed Steel Deck)
33

5. =9 9] %3} (Combined Flexure and Axial Force)

3}
16. 3t A< (Load Transfer)
o]

I7. st thololz A3} AHAE W (Composite Diaphragms and Collector Beams)
1]

2
I8. 70]'7

1
2. %L*éﬂoﬂ o] ZFA1ed 7] (Steel Anchors in Composite Beams)
3. g Ao FAfYA (Steel Anchors in Composite Components)

19. &4 (Special Cases)

3) JSCE, Standard Specifications for Concrete Structures-2002, Structural Performance

verification

O L&A A" A7t AA7|EAM F2HE Fxo g d=e 85 AAsta
] gelok 2t FAEE Hes oAWA ATst=A dig

O Ex 9 34

1.

2. ATzl UF it R TA

3. AN

4. A&T AHEE FAGHE 233 A FRACd dF HE
5. UES} I Fol i F24d%



7. 74 FagE AxFEFy Az g
8. SRC
9. CEFT
10. =915 H-A)

4) JSCE, Guidelines for Performance Verification of Steel-Concrete Hybrid Structures
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%26 A% a7AE 3
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s 5

ltem of target

Verification item (limit

Example of verification

Ne =3 .
SseTAE performance state) index
Member failure stress resultant
Fatigue failure stress resultant or stress
Structure or Displacement and
. Collapse of structure .
Safety member failure or deformation of structure
collapse Displacement and

Instability of solid body

deformation of structure or
base

Acceleration and vibration
Comfortable ride and | frequency
comfortable walk Displacement and
Comfortable use deformation
Crack width
Appearance )
corrosion of steel
Noise and vibration Noise and vibration
Impact to the | Local damage crack width and crack
third party Appearance density
Serviceability Coeff. of permeability of
Water tightness structure
crack width
) . Air permeability of structure
Air permeability .
Cover and crack width
penetration Amount  of leakage  of
Cover )
material
Coeff. of permeability of
Penetration structure
crack width
. Recovery of . . Damage situation of member
Restorability Difficulty of restoration
performance or structure
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Wittry= Ansourian®] A-7olA A HHEE A3t A ES 0.012mm/mm= LA}
of A4& W7 A G FRAEIE 250MPash 345MPagl ARt Aol thate] ztzte)
A EAAS Wk WY E A HIAES 0.016mm/mm3 0.02mm/mm= EA 714
ATk mh 406709 el AFAPAY G tigt RAE-2E S Faste] SR
9l E (Ultimate Moment) M, 5 AARWES} vlwatdrt. a4y AddHy) njadAdgd
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B % 250MPag] Aol A% 09, &=
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D' =0.9 s for 250MPa composite sections (2.9)

D,
=0. 77— for 345MPa composite sections (2.10)

1.32 =
ron | B4 345MPa
: T 250MPa |

[+ N
1.24 (B Ductile MNon-Ductile
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D, 01D, : M,= M, (2.14)
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D, >0.1D, @ M, = M,|1.07=0.75" (2.15)
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T 27 Aol Ae8 AAe] B4

SM400 SM490 SM520
Modulus of elasticity 205 GPa 205 GPa 205 GPa,
Strain—hardening modulus 4,800 MPa 4,500 MPa 4,500 MPa
Yield strength 240 MPa 320 MPa 360 MPa
Tensile strength 400 MPa 490 MPa 520 MPa
Yield strain (mm/mm) 0.00117 0.00156 0.00175
Strain at strain—hardening
0.016 0.02 0.015
(mm/mm)
0.85f..(a—206,600¢,)e,
.= il ) (2.16)
1+ be,
o 7] A,

a=39,000(0.85f, +7.0)" "%
b= 65,600(0.85fﬂk + 10.0)7 1085 _ g5

g F4E Ak 96 E 289 & wde] WeluelA e A
ExFE do9 odd 2,0007H’§— =Z3t9th Aoz =% AIdAdAGge vhdHe A=
AHE7Hs ol gl dde] AuEoeld 4 9ly] wiite] £ AFelA= AASHTO LRFDe]

A o Aeketa 9= A(217)7(2.22)¢8F o] wHu| = A dtale] AFEIFSE wdo] o s Ak
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E 28 d|4el ARgE wwel W

Min. Max.
Parameter Increment (mm)
(mm) (mm)
Slab width 1500 3500 250
Slab thickness 200 300 10
Top {1
op tanse 200 600 100
width
Top 1l
op tanse 15 40 5
thickness
Web thickness 10 24 2
Web height 500 2500 250
Bottom flange width 300 750 10
Bottom flange thickness 15 60 5
— <150 (2.17)
bf
— <120 (2.18)
D
by = n (2.19)
ty = 1.1t, (2.20)
I,
0.1<-%£<10 (2.21)
Ly
Y
beff < 12.0t, + 2.0 (2.22)

OIIM, D : HH = 20/(mm)

t, : SEES SH(mm)
b, + 2K Z(mm)

t, o 22X FH(mm)
[, AESAUN oo
I, QBT ol
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1.8
« Ductile

1.6 = Mon-Ductile
= 1.4
= y = 1.0404x 0104
o
= R*=0.3338
=13

1 Sillacie P8
v =-0.5947x + 1.3568
R*=0.3175
0.8
1] 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
8 2.39 SM400 Z2Mel HAABI0 HE S$=2HEH 22 2L F=AA
1.8
- Ductile

16 » Non-Ductile
> 1.4 Lot
E Loy de y = 0,9938x 0116
= . R*=0.4966
2 12

1
w=-0.711x + 1.3555
R*=0.4526
0.8
0 0.1 0.2 0.3 0.4 0.5
Dp/Dt
8 2.40 SM490 Z el AMHIN (HE E$=RUEH 22X L FAH
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1.8
- Ductile
16 + Non-Ductile |
E 14 et
U - y = 1.3263e0576x
B TP 4 R = 0.6042
212
1
y =-0.4546x + 1.2727
R?=0.5624
0.8
0 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
O 2.41 SM520 2Tl Si&HI0 2 S$=2UEH 22X Y FAM
# 210 M,/M, at D,/D =5 and D,/D, = 0.42
SM400 SM490 SM520 Average
D,/D =5 - 1.077 -
1.047
D,/D =6 1.097 - 0.967
D,/D, =0.42 1.139 1.099 1.063 1.100

E 207 #2100 e $AES Bz, 94 0,/0, 9 Witrysh Aekd e
SAbel Al BERERE A E olgstn AMBAR N HAE HAAF 0.85% 2§
MAgeEol e FHRAES A4 FFAL obd 4 Q2)FH HQWAA 2ol EH
@+ g

D,/D, <012 :  M,=M, (2.13)
0.60M,—0.12$1.097M,  $1.097M,— M, ( D, )

0.48 0.48 D,

0.12< D,/D, <0.60 : M, =

(2.14)

(b) SM490 A= #-&3 4%
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D,/D, <0.10 : M, =M, (2.25)

0.50M, — 0.1041.077M, ~ $1.077M,— M, ( D

p
0.40 0.40 —) (226)

0.10< D,/D, <0.50 : M, = D,

(c) SM520 7442 243t 239

D,/D, <012 : M, =M, (2.27)
0.60M, — 0.1240.967M,  $0.967M,— M, | D
: <0.60 1 M, = ’ y i et
0.12< D,/D, <0.60 : M, 043 048 (Dt ) (2.28)
M!
Y
,5,{?
—
fs ™ T SM490 . SM400
I e e ’
1]l x -".'_'\-_...__H__h. e — i
#1097, Sl .. WG  SM520
#l rl*.rM _____ s T S |
096741, [ | P |5 ~£/
i Not allowed
11 02
1 l! "
0.1 05 06 pin

1" 2.42 2ddl(p,/p,)2 HE Wittry2l SEFEZ T EHOLA

¥ 2420 Ak AAE FAAYY] FAALEE HEWA=, AAIAXE Wittry
7} A% D,/D =55 A&3d, AA FEATY A4 ;}741;47} ale] yEhd vhel ol
AR AR gl daAdS AdAsHA Hu, =g dd AASHTO LRFDe XME] «
A& A D,/D,=0.42, Eurocode 4¢l AA€ D,/D,=04 Bt} wis 2 Fx7F A&Hh
| AR AR D,/D7F 069 ZHTFE AA WA SFF-ZAA T AR A A7 HH

2

woll AFeM= AE57] I Gl He ZAe] dAdAn. ek FAAAYH
AQ@AA ] A S Fusy] Haie AdRFE D,/D Aol BAC Fiel g
glol D,/DE A&et= Ao] elHolet Hbdn. 19 243004 19 2.45¢] eI wke}
ol AT SRR %%%%Eﬂ Al M,/ M= FE AR ETE}Q &=

o}
T v A XS BH)S 4 T

P ehhu, A% Witrysl 303E Ashie o D,/D,7k Z7Rel e
GAAGA MR OR FAEA iz AT nelnE A & &tk
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14

27MPa-5M400
1.3
v =0.389x + 0.9518
= 2
S R?=0.867
“5- 1.2
=
1.1
1
0.12 0.22 0.32 0.42 0.52
Dp/Dt
8 2.43 SM400 ZMHE HEst HIHH ©Ho otNE
1.4 .
| . 27MPa-SM490
1.3
- v =0.4635x + 0.954
= R?=0.8924
"‘5 1.2
=
1.1
1 i
0.1 0.2 0.3 0.4 0.5

Dp/Dt

18 2.44 SM490 Z2MHE HEset Hlad HES HAE

AR
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14

1.3

- 27MPa-5M520

y=0.4933x + 0.9401
R*=0.9303

0.12 0.22 0.32 0.42 0.52
Dp/Dt
08 2.45 SM520 2 HE HZ6h HIHL HEHO oM E
AQSAXNE D,/D,=042% 7t el A Wittry7b A bst W fARSHA E 2
of Uetdl Xk AGFAR Y] FAl kAT 0.855 A -&sto] v AT H 1«1
TARAGEE A FHEE A e R ok A(229)FF A (2.34)7hA o] o
e = itk
(a) SM400, FAE 483 74
D,/D, <012 : M, =M, (2.29)
. 0420, —0.12¢1.139M,  ¢1.130M,— M, [ D,
012<D,/D, <042 @ M, = 030 030 D, (2.30)
(b) SM490 ZA& &5 45
D,/D, <0.10 : M, =M, (2.31)
. 0420, 0.10¢1.0990,  $1.099M, — M, [ D,
0.10<D,/D, <042 @ M, = 033 032 D, (2.22)
(c) SM520 A& #&3 45
D,/D, <012 : M, =M, (2.33)
. _ 0.42M,—0.12¢1.063M, = $1.063M,— M, (D,
012<D,/D, <042 @ M, = 030 030 D, (2.34)
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1.3 y=0.6674x + 0.9199

R*=0.893

0.12 0.22 0.32 0.42

18 2.48 SM520 ZMHE HEe Hlgd HHO s IHE It

3* 211 M,/M, at D,/D, = 0.42

SM400 SM490 SM520 Average
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1.4

27MPa-5MA00

27MPa-5M430

1.3 . 27MPa-SM520 | y=0.5646x+0.9435
R?=0.8737

T —— AASHTO LRFD{2007)
S —— Proposed Egs. 29 and 30
1 .
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8 2.50 MetE "OtAE AASHTO LRFD's EIHAIS| HlW

D,/D, < 0.1 : M, =M, (2.35)

D
01<D,/D, <042 : M, _%(1.047—0.473P) (2.36)
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A= B SdRAES Hlwstd 19 2519

)
W ES FAFYE vE 1< M,/M, <1.1302 A

°] 0.1 =D,/D, =042
FAL ddeE de 7 v

14
. 27MPa - SM400
13 « 27MPa - SM490
g 27MPa-5M520
51 2
= o

a9 251 AgtE HrkAe A8 vdd el tE ks

O HSB ZMHE AtSet 28EHEe SEEZ
HSB Aol A5 ditdAets v2A S8 543 bdaid3kol gle] Bl

t}. welA], HSBA A S AF&3F 734
3 2123 o] 7HAZ & A

¥ 212 A AFgE HSBE A &4

HSB600 HSB800
Modulus of elasticity 205 GPa 205 GPa
Strain—hardening modulus 4,455 MPa 3,222 MPa
Yield strength 450 MPa 690 MPa
Tensile strength 600 M Pa 800 MPa
Yield strain 0.002195 0.003366
Strain at strain—hardening 0.002195 0.003366

_99_



Aol AgsRd W LA AAH /Do WE T
2

A= ¥ M,/MmE Ao (d. 2529 2. 253 Fx),

D,/

p

1.8
« Ductile
1.6 * Non-Ductile
= 1.4 & .*
H :
5 y=14111e07%
=13 R2=0.7534
1
'F-0.3603x+ 1.2197
Re=0,4731
0.8
0 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
g 2.52 HSB600O 2 el HAAHIN e s=ZHEH 2L 2«
1.6
« Ductile
1.4 » Non-Ductile
) 53, 0.4746x2- 0.76x + 1.2916
§ E R?=0.8842
—
=
Z
0.8
0.6
0 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
8 2.583 HSBBOO Z el A-H|N [HE S=2RUEH 22 L =4

- 100 -

EdlEd o

D,=0.42

| &

e J

2



#* 213 M,/M, at D,/D, = 0.42

M,/ M, HSB600 HSB800
D,/D, =0.42 1.028 0.889
3E 21300 YEkd FAE o] &8k, WittryZb AlRbeE WRel wel AAIAX D,/D,
=042 4 FdE& 0855 el AL EE EhH of 2(2.37)7(2.340) % o] e
9 g Ak
(a) HSB600 A& #A-&3F 4+
D,/D, <0.10 : M, =M, (2.37)
. 0.42M,-0.10¢1.028M,  $1.028M,— M, [ D,
0.10<D,/D, =042 @ M, = 032 032 D, (2.38)
(b) HSB800 A A& #-8&3 4%
D,/D, <01 : M, =M, (2.39)
0.42M,—0.1¢0.889M,  $0.889M, — M, [ D
01<D,/D, <042 @ M, = p— 019 vy 2 - ”(—p) (2.40)
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. « 27MPa - 5MA4A00 — AASHTO LRFD(2007)
1.2 5 + 27MPa - SMAS0 —Proposed Eq.
- 27MPa - SM520

1.1
.E- 1
3
< 09

0.8

0.7

0.6

0 0.1 0.2 0.3 0.4 0.5
Dp/Dt
I 259 ERHTEE AAE AR AT FARTE B
H) 7

« 27MPa - H5B&OOD
12 | — AASHTO LRFD{2007)
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DVv*w = ¢ (Katman, 1924; Timoshenko and Goodier, 1970; Allen and Severn, 1961)
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Total Stress Losses ((¢),(d)) at the Middle of
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Steel Surface for Different Span Length
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Rate of Stress Loss (%)
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(b) Rate of Stress Loss Before Casting
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19 298 Rate of Stress Loss with respect to Slab Length and Relative

Stiffness Ratio According to Various Construction Sequences
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(b) Stress Loss due to Shrinkage (Target
Bridge)
19 2.99 Stress Loss due to Creep and Shrinkage for the Target Bridge

StressLoss due to Shrinkage (MPa)
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Creep Coefficient for Yassumi Method (¢,)
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(b) Stress Loss due to Shrinkage (35m
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StressLoss due to Shrinkage (MPa)

Standard Bridge)

45 r
-4.0
=35
3.0
25
20
-5
-1.0
-05
0.0 - >

1 2 3 4 5 6 7 8

Creep Cocfficient for Yassumi Method (¢,)
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3E 240 Bep SeEe] FAAAEoA SHjE ] %
Sign of .
bending Rolk of the slab in the comsposite sétion with beam Figure showing
TN EI:IITIrJIJﬂEtE Al ion
Comerete slab
Positive The concrete of the floor slab is sssumed to be a part of beam. E:T;;d
beam
Concrete slab
- The Door sleb concrebe can be
The tensile stress can be taken by the floor ;
slzb of concrete. :nmﬂcmiu Kot ET?;
A,
beam
i
The loogitudinal Concrete slab
The floor slab concrete is not capable to take | reinforcement of the slab can ol
the lensile stress developed in the slab, be considered as a part of o
g
beam. bar

AASHTO= WiSAH A e BHEA RS F-=BA o7 glov 55, S84 &
o 8k 2AL AA ST o] =3 Ao

- A gBA
M, = |21 -, (2:64)
o] 7] 4]
0< M, <02|M]|
M, DR AAE 9 E (negative flexure effective plastic moment)
M, © Service II stFoll olste] WSowle] wAst= A SARUE 97

(critical elastic moment envelop value)

1 T 1
Md_|]lle|+§flszci¢f%e EEE %d:|]%|+§flszti¢f%e %‘ % %}]\_ (2'65)

f EdAe] PP

6 97 A5

S, FHEAA ] wrie] Faol td B EHAS
] AFFAA ] wrle] Fiol UF BT AS

AISC4]

% el 2SS AASHEIH(plastic stress  distribution
method) =¥ W &4

(strain compatibility method)2.2 443 S 3Fa Qlth

ae FASHE FA9 Aot 4t g
0

859 =gttty bR s
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(Round Hollow Structural Section)2]
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ol
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(irregular section)°]tt

@ (encased member) ol
AISC Design Guide 6 o]t ACI 3189l #l|A] = o]
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(guideliine)
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KeX
=

°] £ (rigid-plastic theory)
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sk why

g0l 7b5
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sHol st
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il

el
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Aell whet A A =

Aol A g gt

WRE ()0 ARA e e

#] 8k
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dwel
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ol

Eiass

£-(full interaction)
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& 4 0,85 fea Y
LN
N;)Ia MplF!d

fd

e

$420(7,,=420MPa) 2 S460(7,,=460MPa) A ¢ A4S 24ZFPZ ZAYE GEE A
o Atole] Al () ok FA F3ol(n) Aol #AZE 015< o,/h< Ll
E My, = ARrstelol dnh o714 g ofd TR} 22 %
- Aol gol AMRE A IS e H22 55106)(AFE L g

LIl

AISCol A= Fuke]7F AR A &2 7
st A7 BE stes ©EoE AA
A 2HE= 58 74 channel Y #AE AF&3F A H
stud or steel channel anchors: A E FH e} A AYR o] Fojzl dEHA A
Hol iAol A = FAZES AAVE & ARl os &d3s] syAolA F
A9-Z ondit}); ZAWME A HE-Al(encased composite members); ZAHUEZH A
A (filled composite member) 2 T3l 7]& & o] At}

- AEWE P AS w/t, =376 /EF,, 5 FEZE o|dd wFIpzo] TAsHA] &

e 2ol AAE T 3l

S A= Zag e AARE It 5% =
@ 4 glofor @k FARA W NFES 2
A

(composite beams with steel headed

-z ro

rr

il _I[

A F-FARE VEoR FAIAYE M,

oo
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a) h/t, <376 /E/F, Y
A G A M,

o
ﬁo

b) h/t,>376,\/E/F, 4
A G A

o
e

Nlo
o

olo
o

o

—_
fie)

ﬂ
ol

100

‘._A.uﬂo

Folelel

KeR
LN

ol

A

- AA Zaded vy o

5|
pul

b},

% ¥ o] of

—_
fite)

B!

o
AL

M_.O

a) 1] 9

ol
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AYA7 A gl ojof we}.
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o
T

N
an
o

N

il

oy
il
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(2.66)

oM AgE =

[e] YA
= it

AZIM A, A, A A O

Avgeol fz A

0777 7]
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F 241 FA 276 wE A

Width-to- o i
Description of Thickness Compact/ Hancompact/ Maximum
Element Ratio Nencompact Slendor Parmitted
Flanges of Rectangular E E E
HSS and Boxes of bt 296 | 3,00 | 5.00 |
Uniform Thickness VFy VFy VFr
Webs of Rectangular HSS E E E
and Boxes of Uniform vt 3.00 |— 570 |[— 570 |—
Thickness VFy VFy NFy
Aound HSS ot 0098 0.31E 0.31E
[ F, F,

F, = (b‘)2 (2.67)
t
AGFAvw
P L (2.68)

JSCEE A3 FATE R gon dAF o A compact ¢ noncompact
section® & ®-#3lo] AL AASL Jrt FRWE Y3 AEE AARWUE 1,8 &
AE e F% a,7F Eq621S TE3EE =333}

A o] ZFA 8o wel compact ¢F noncompact sectionS RUEQL = 3 AE
v wdste] Feste Aol Frh Yo o] A& Ay, S EWESY o] AujHd
AeE =9o] e v AAIRUER T AARWENRT 2715 HES

I ZAYE Yol X

[} R
Masa theol A4S Febel FadT Fnw Ao 449 SE-NEE BARE of
o el 2
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- MYEE2 THFo2RE A v
- 2agEY 9FgPe A ;}u}
- Hzo & 3}

T & e (= gy
0.93f,,
Syt . 0847 0.8/

| |

i ' [
E, | E 1 £yl

F 0.015 e P

(a) Reinforcing bar {0) Prasiressing wire, prestressing (c) Ho.2 PC bar

strand and No.1 PC bar

a8 275 A 2 Zg2edA AAY $E-HEE 9

[ e
fu S
E, E,
' = > >
(a) Under tensile stress action (b) Under mmﬁrassive stress aclion

(combined with concreie)

a9 276 TR AAe] 2Y-dEE 0

T dACNAM e AR A AlEA]l A
ES 7, Aedn] 5o stee Avok I olH e &
22700 olgste] AT AFFol W HEE H269), d5Fel i HES
A(270)= 483

Mdl
LT =1 (2.69)
Mdl
Yi M'ud,c =1 (270)
o171 A
My AR AAne AARENE
M, 2 185 o] g éﬁ]%%ﬁ’f‘q

Compact section®] A F FHEo|A Compact section?]

s
td
=
[m
=2
=
ot
)
i
rlr
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oo

i

21(2.71)

(2.71)

W

Yi
ML d

o] 7] A,

My + My + M,

AARERE, M,

s

A g0 iy

T/ HE ST

9

BK

</

X

olo

NI

zel

ToR

Mily Mi?

M,

(2.72)

Af dea/ T

Mud =

(2.73)

(2.74)

o171 4

O

A
Ry
N
™

Hr
;OL
o
o)
1|

Ay

el
o] o

A A

: 52 Al 4=(member factor)

*

(b) Bending moment and sfress distribution

{a) Composite beam section
a9 2107 A (positive)

B
il
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FRUAESZS] S AARENER == 22758 483t
;o fyd 5 nyda‘fu fJ(IA
T =h, tt+ 2 i (2.75)
M= {f A (d=d) = f A, (2h,—2d +t,) = f i, (2" —h,~t;) (@ +h,+t,—2d )}/, (2.76)
IRz PAR
A27kA1 e A
e
- HNAIH

3]
Hyu

o ot (- ht)
—

:

B RRRRE

S

S

T

Strass distribution Equivalent stress distribution
(b} Bending moment and stress distribution

2% 2108 F(negative) R E 7bo| A FAlvhH o] SR

{a) Cross section of composite beam

Noncompact section®] & —?— AENA WME3FTS HE noncompact sectiong 7FF
dAATEH] HES ’“(277)# (278)= A &3t Fagth o] A5 FA olF FFsltT
o= Qs APz P Foumg FAgTh AR G AP (edge)d] A5

My  Mp+2M, M, )
: <1 (2.77)
7 Mud,t Mui,t A{uds,t
AR FEHE BA 2 (edge)
My Mp+M, M,
Mud( M/,d,(: MA,ds,c =1 (278)
o] 7] A

M, D XS (shrinkage)®] @3Fo= Qg HAAREME

Mqy DAAGAE JAGEAA Y FASEA AAIENESE

M,,, FAATEHAE JAFZ WA A SHA AAIAENET] =

M, TAYES AxFFY 4TS 1y FAGHE AFFAA Y A SHA] A
AREUEZE

e ZAgH dEFAA Y A SEHA AAZENETGE
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242 (edge) e ¢

o
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ol
;.OO
d.o

H]

(2.79)

AR Q=4 5P (edge) ] 45

(2.80)

g

M,
]u;zd c

Mtdcs c

o] 7] A,

ol

gl

B

Ml,dﬁt

L [u des,t

H
70
|

o
frul

Mu d,c

ol

o

ol

‘]‘/[ud(;syc

A4

SECIRERREE

A

o},

o] g3ko] 4

X
=

o] AE= 2(281)

(2.81)

o] 71 M

M

Al AARRAETS
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Mui c

HA|
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© ARAAVIEY E2uAA7IEY AS gl sk Exe] i §lo] F-FAule
5k Agkgke A A 9l o}, EuroCodeot AISCY A% ol A 2 JEmdE =
ot sES Vo2 dHs st AlAE AL vk EuroCode®t AISCO] @i &5
Apol= the EoF Atk
¥ 242 Eurocode®t ANSI/AISC 360-109] ¥ 5+ H]L
Eurocode ANSI/AISC 360-10
Class | Description Class | Description
A section can form a plastic hinge with A section capable of developing a fully
1 the rotation capacity required from plastic | | Comp | plastic stress distribution and possessing
analysis act a rotation capacity of approximately three
i . before the onset of local buckling
A section can develop the plastic moment - -
2 ) L ) . A section that can develop the vyield
resistance with limited rotation capacity Nonc o )
stress in its compression elements before
- - ompa .
A section can reach the yield strength at t local buckling occurs but cannot develop
3 the extreme fibre of the steel assuming an ¢ a rotation capacity of three
elastic stress distribution A |
. section possessin ate components
A section buckles locally before the || Slend B g g P
. . . of sufficient slenderness such that local
4 attainment of yield stress in one or more | | er o ) )
arts buckling in the elastic range will occur

AASHTO®9 7% AISC® #AFEHA compact®t noncompact, slender section® & -3
st 212, slender element section®] 9= AISC® sty dEHA= =3kstar 9l

U t52 AASHTOO) =53¢ 2F @il gt =3afof

FLB resistance; LTB |
resistance in uniform bending |

Fre OF Mne | Anchor Point 1 LTB resistance under

] moment gradient

Frmax or Mpax

Anchor Point 2

R,F, or
Rtherc ~ i P
compact | noncompact | 5
L - ) ) ] c
(inelastic buckling) = 23
- @ =
£S g8
o 8 o3
nonslender slender e? |Eo
| P |58 | 2%
(elastic buckling) | €@ | x
= ]
Lp or At Lr or Aq L, or bs/2ts
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219 2100 AASHTO| 55 72 wilo] ost w3
AN Ee GEYe v B

H37 )
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3 243 Ao EF:A ] F-FAM 1A ¥ (1)
cEas EURO CODE Heq £ER AASHTO TIE,
AlSC™
Class 1 IREFT  2ciBI)
EQ
Compact'™ YHT|T|T 3 (328)
i TR ETH 108 (29)
Class 2 T 1049
YAT|TE 38: (375) TRERL
IRESS 1250 | MAEET 1259 | @O ET sS4 AR RS 165
Clags 3 GUT|T|S 40z | WEEET 193 | =HTEooe| s | QEn T 413
Hj = TREET 140138 jfl'hlrfi CER
- LD
Mencompact QR | 425 (915
Class 4
2 iy
Slender-element
section
i l 205 e HSETE)
4  Elbe Moduliz | o s w AL N NETS P 200(AISC)
= Vi e @Ts 12l gfiangauz '_E,}'E' BEME | zreimun zw | ezl mEs A
2
JSCES] % wo] s 272 Aot B E-Fou So dd SA4H 5
AAletaL A o @A Eurocoded] @HEFoF 2 W HxUTEH] ZE-F7H|
N&ta Q.

A e 3¢ 2rh Fa=E Euro Coded Filler Beamo] & AISC o &
= "l H A (encased member)l &l



F 244 Hd ZWA ] F-FAH G+ W 0L(2)

EURO CODE :
CHEE S FER FRR AASHTO | ZH3x, AISC
Steel Filler Beam : '
Class 1 NRHFT % IeEFS 122:
e o HEEE %
Compat 1{? Txm SHHT|EIT 1116
THEEFT 10 A
Class 2 HEEE 14 GARRD 103
AT EF BIe 04 5] 8|5 oI TS
e RR U T S EALTIE Sde NTR—
SMENTY 0 M | SMpAT 0 150 ;
i SHzan L0k | 2Eean L e | HEEUES Y oo g
Class 3 iLakad 18 S 7 135 | 2HaTW 2 e g:w lrfii_la
HEH eI THESET 20 F i
MNoncompact 124s
Class 4 b EIRE
Ji{_rt} ath £ 15 386
Slender- afh =15 366e
element li Fhean =
section =l
ol AAlE Foll A HAEAdAV|FE AAE A= U dE5H3 ITdES e
Ao se iz vy ZE AR St Jdow, ¢g5¥o] glow #Ha A S SEH]
v=f/f,2 12 743G ¢ Foll AAE Aol el B AUE HEV 2o
Ao dAohet
3245 AEAA7|FE AAE S90E d5H IRWMES e #eh T
1k ) T2l o B Frpu] y
PR VSRR (B0, 94
e 710 — 1y “
—-1.0=9=<0.25 b Ty i 1 : 4?
sk e ; Tzl .
i B9 - ) =8
0.95¢0<1.0 e % : 5
Ve | =
=
— e‘ T :
W %ol 7 1.0=m=0 9-15}’_{28.@ \i .| 7
ol Horef VI o B i A
178 w3 J__:'
A7t el A0 — 285 = f =
a8 Dew<l.0 "]ﬂ:ll'.?.‘l.__—.ﬂ-“g % . g )
e i = —'l
=
@7 D':*g-ﬂ
sz al| 7} ki e 2 =
B ghel L0<0<] 0 S20m+ (1 .? (M5~ 1l ﬁ i
@ ik ) ) X :
o g a8
L
AASHTOE WEdH S we ZdA] =& FE A gk Fio] glo] 543 7[&&
A AlskaL 9l
312 Eurocoded] AAIE filler beamS W HE-AES on)sy vy #& AdzAS
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NN
(@)
Ay
=)
oX,
ofr
)
El

= RC 2N SRC CFT
Reinforced bar Steel Steel Fire protection
SIE
Fire protection
Steel tube
D] 2 =8 2 4=
WESPEES St SRS £ £
Listes P Lis P =
ABH 2t 4 2t R4
H-
Ha = = = = =
HE THK=85 THK=25 THK=25 600x600x70 THK=95 THK=24
3212 800kg/an’ 800kg/an’ 800kg/a’ 800kg/an’
FE (fck) 9 9 9 9
SM 490 SM 490 SM 490 SM 490 SM 490

EZE(Fy) (Fy=3300kg/ (Fy=3300kg/ (Fy=3300kg/ (Fy=3300kg/ (Fy=3300kg/
a’) ') ) a’) an’)

H= 38,500 24,500 22,000 15,000 47,500
23zgE 1,000 2,500 2,000 8,000 -

A 39,500/m’ 27,000/m* 24,000/m* 23,000/ m* 47,500/m’

H| & 84% 57% 51% 49% 100%

a2 2112 gHdof M2 EHHol ZH= H|w (S-project 7|S HA)

(1) 71 A 71+

O ACI 318-11, ANSI/AISC 360-10, Eurocode 4 & &3 AA7|=9 4715 o
T8 x£%s vlalste] ® 2479 e AT
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247 ATl HT Ay AAVE ¥n (SRC7IES FAHOR)
2RZE ACI 318-11 ANSI/AISC 360-10 Eurocode 4
SIS 2AHE SR 2400 WE2E ZAH+
¢ =065 ¢ =075 (v, =15, 7,, =1.10,

LA

(O 2 23 IE222 SRC)

v =1.15)

% BHAILHE, =JIERE U2
&S AI=si, =) 2—’83*‘:2

1.00149] 42 LI SHIEE
A
EPlie 0.85 c,Ac+fys ss +fylAsl
EEEEEE HSENSY  ANSHESTY PEEET )
¢
d ¥ HIRSEH T= AT
El EMANES B0 2=
T go= A= HICA| HEE Moty
IH
[=} Mg
ot * HigE T8
ofZale f. =17MPa (2500psi) 21<f,’ <70MPa 20<f, <50MPa
([RE] % 25 CFTOF 124 x 2154 CFTOF 124
(0.95f, ARILS) (1.0f. AIBIES)
SIEAHA, ATHAIEI
XJ} 58 X6k &1
HAS Ie/D < 0.101%,
CISD 20| 23RIE9| ATEI}
k- (77(, > 1.0)
A t fys
= 1+
3| gy ( ed g )
2l =10} Ol n, (< 1.0)E AE5101
E 2Ol ATE W0 2
¥ Eurocode 20iM=
2570t DojE 22|EQ)|
SU-pIEE HAIS HEZ HIA
e SEEEE] SS[EEEL] S[EEEE]
< <
s £ <345MPa(50000psi) fﬁ <525MPa £ s <460MPa
&= ZH2T f,,<525MPa)
EEESEE o 21% 2TIHE
27| P 20<5<90%
a32E FEESEE (ACI 31801l [I2) 40mm E= ZHAGHIO 1/6
e (CHAl 20/ CHGH01 KIS 0l
2 SRCE RIBIZE2A giS SRCE Doist LeYls - SEIIYE: Z2AZ A
T - 220E:
¥ CFT= ZIHT=ZSHY| Hist % CFT(=XIHH)
~ 25243y - 2Ktk %S 44 —335
2952 Lozl D996,/ 2
t fus t fys % OFT
- A - A - 2EA:
b 235
—< 52,/ 2=
t fys
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ST
b Ess b Ess —ec—
b —<0.15 b 2
t fys
PN Igi I- HOI 3210 iaalE
TSN I@ Nl
JIE <I5t04
[E SO2 A2 o
LEE2 2 [E22 2THE M= BIEAl RS FE20) (Eurocode 201l [HS)
2AHS| ScMOF & g3zoz 2%
£ (Olet #2821 23aik= AC
g==d 31801 112)
214 (=zEx) (33 2 2522 &%)
E2H|
’gtﬂﬂ 0.028 014, D1001& D130I5t d,, = max[0.2d,,,6]
D100]& D160]5H (SIH=ES DRl 28 (CHOIOZM, =10 4mmg!
e (SIS IR sNEY AEIIS) SHEUS AT =)
AEILS)
g _
= min[16d,;, 48d,;, 0.50] 0109 2% 305mmolat min[20d;,400]
=1 D139 &< 406mmOlct
I =k FABXI4=0] 0581 013}
HAE pgy
AR
Lig 0 45( )
e 1<p,,<8% P> 0.4% 0.3<p, 6%,
AL QS (ACI 31801l [HS) BREAA0| X0S=0110 S
20! A0l A=K 2=
X 22,
Z|2 8mm
_ SACIDICH BHXI, (ACI 31801l [HS) S A2I0HC BHXI,
B% mE2 24 404, AT F|A 4)
F ESE) B LiE2 £l 604
&
2 EAHAT20| 1/20(5 (ACI 31801 () EHT2A0| X0S=20111 B4
22 0| SH| DA =
St 2 Y
ESE 250mm
E 4 50mm(2in) (ACI 31801l [HS) (Eurocode 201l [IHS)
ZICELSE
2ATetel 1.5d,; 014} 38mmOlat 00l S+ AS
o1Hel
=it SEEAE JeHol0 2= 1ot SNEt A= =128 Jedot;d
==Hs [ 7, =g
P, N=
- P, =P, 10.658 Ed
. 8 maz " v . =10
sac 0.8x¢P,, [E) (P, < 2.25P,) X Nk
Al = 0.877P,
S| (P, >225P,)
=3
! EXIXl, HIZIXIA #1200 B2 EXXH+HIEXIX My 4
_ e M. =B M, + B,P, = ay
oxE _ ) - _ ) r 1+ nt 2410t M
Sae | ¥R M =6M, WEUN: | p = p 1B, Ha H51.Rd
S0 My = My, +0.M,, 5 oy 2 2ol Few
AELEE MIIRIE H2ZM.
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23591 S35 AOIS 22 0
42031 SA460 AOIS] ZS0fl= 08
0.2E.1 E.L.+05E,1 TEEEN
o= 1+ Bd + ESS]SS + CIE(:](: 0. g(Eaa]ss + Esl‘[sl
2 -
) (=22 JI0/E A +0.5E,1,)
EL sy ¥ DUESTIAl ZATZI
0.9%0} NE
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long-term effect
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member and connection design requirements), L] 31 Eurocode 82 T+Z A4 E 5+ DCH
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(a) Taipei 101 (b) International (c) Shanghai world
commerce centre financial center
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high-strength steel (800MPa)

s

600MPa

mild steel (400MPa)
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(a) ACI 318-11

(b) Eurocode 4

(c) ANSI/AISC 360-10
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F 050 =
000 -+
+] 1aa 200
Test numbar
[ 202 bests. Awg: 1215, S1.0.:0.195
EC—4 Stud Strength
Concrote Fallure in Test
300
260
} 2,00
Boam . o
% 1.00 yﬂ.fw_ﬂ*‘-"‘*ﬁ‘ﬁhﬁf:. ;ﬁ.ﬂ
= 050 o o
0.0
1] S0 100 150
Tasd number

g 114 tasis. Awg - D956, 510, 0.245%

29 2148 A7 Ad A3l vl (Pallares®} Hajjar, 2010)
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3% 267 Push-out 23 ALH} 2§ (Pallares¢t Hajjar, 2010)

TYPES OF CONFIGURATION

Type 1

Type 2

Trpa-?

Type 4

Type 5

"1

"

an g

B
| p
I
A
FITTTTITTTTIr T T

1 row of sluds 2 rows of studs 3 rows of studs
Reférence b jd 1’_ Type  Type ofresa Type ol concree Rarge of ks (MPaj
[ 151
Viest (1958317} AT, 255, 125, 122, 453, = : 4 studs (2 per side] Normal: 12 teats 1104
46T 477, 550, 700 8 wuds {4 per side] Lighaweigho 0 resi [E20-30.2)

St and Singleton [ 1963} [40] g-gg,am. 520,667,032, s 2 850 4 per side] m&::r;m E:ﬁ'ﬂ
e ¢ tmaon fomse  dmen
Butery {19657 | 22] gﬁ: 450,457,538, n [ 4 studs [2 per side] mtﬂf% _— ?}gzj'fgg]
Chinn {1965) (8] ﬁii#“"m 457, i i il studs (2 per side] t‘j’m“:;‘l:glm ﬁ?z:
[u:.;rmm and Merries [ 1967 ) LT " i  styids [ perside) mmﬁfmu lEET:B_»—s:‘Eﬁl
o 4a T
Sresle {19671 |10} 150 1k i 4 sruds |2 per side | m;‘z% i ﬁ:ﬂn
Dallan [ 1963) [24) 400, 457, 5.90,7.38 " | 4 s1uds [2 pee side) m;‘:ﬂ = ml“
Bigwin (1970 [25] 150, 400, 467,590,7.38 % | 4 studs [2 per side] :E":JEL‘:'L M fi‘éﬂl
Merzies (1971) [42] T B I 4 svuds (2 per side] m"’:ﬂ::lm B e
i QRISBORIEL 5 meneas ememes e
Offhgaard et &l [1871)|15] 150,421 4 ] gmlixxl' m:ﬂ:ﬁmu ﬁgfa?m
ﬁshrmn and Mendonca {1082 1 g 5 “1n the fisld” mm‘i;t::m [‘;‘3
I’;"‘H“““" e 333 g5 “in the fisld™ mlzzﬁﬁlm :ﬂ?ﬁjﬁl
fayas and Hosain (1088 [26] 430 13 mdSpesey  fomerhee o A
Than [ 1993}{45] 237,26, 409 w5 “tn the field™ mf&'_’:‘mu I’iﬁ;'_’;“
Anand Cederwall (19961 {47] 351 B3 8 suds {2 per side) m:;:-:m ;l;:;u:s'.
Gattescn et 2L [ 1966 [35] ESE T “In the field" m:]éﬂm oS
Saari e al, (2004 [39] BET 1 4 4 studs [2 per side) mfgﬁgm iyl
Shim et al [2004] j43] 568,520 470 {7 1 & sturls [§ per side] "L:L'“:L:nn“m faéﬁj
r‘:‘:]ldm amd Meinheit (2005) :.ﬁ.-i]l. A8, 532 583, 108 £ 1 the fleld” mmlzlzm 5}15?5_54;153,

O 1965 CPLI7AA = A Err FAHES} fH1] Ao oj&Egntal urs|a

S5t A (21509 o] ANFFAT o) AolAl AREL v, e FOARL G

Aol Hax#Fe pf,) > 05pf, 02 AT

V= 02330 +pf, (2.154)
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O 19694 Davies: @A HolM A LAss 28 FI2REH 4 (21559 384
& AN
Vo = 0.354f0, +1.2pf (2.155)

el

O 197239 Mattocke} Hawkinst= 2 (3.4.9)9] 3&}3hzke 2] (2.156)3F o] #|ets
70

Ak o Ao AU AUPEE g, =025f,01 Ha  AFe

pf, = 1.38 N/mm?e]t}.

V., = 1.3840.8pf, (2.156)
O ditd oz AMgHE ~HE Adaddiola 7hxe W w9 g2y gz
& TE P AMEHE Aged e v A7 S dvk Ze s ~E up
chato] g 28-S Ry 9 2~EE duddfe gig A7F Shim Foll ¢
& FAEAt Agdde] Aart AgAR AHEEHE Frs REEY] witd 7
o AAANA ZAUE FeAg v AAleA dagh WdFe] AR A
Ae e ndsdh 4 (21570 Aetae] A A=A
P, =0.220,,8,d°\/f.. E., (2.157)

o714 WG Go= ofe et 2
o) for bedding thickness effect, o, =1 —0.086 (Bh —20)

By the studs spacing effect.
B, =0.093(s/d,)+0.516; for3 < s/d, <5
B,=1.0 ;fors/d, =5

S: pitch of stud connectors, mm.

fem: compressive strength of mortar (MPa).

elastic modulus of mortar, £, = 3.26 X 10% 4/ fen » MPa.

O 2H= Addzxe AW 14L& 600mmE PA olof st olE 1967
Slutter®} Fisher7} At A qF 7&4Q0 HAFL FdstA ¥ 2 2 & WA
7] 93 Aoz AL 19668 AASHTO 7|sols ®He Z9d 9 guigow
A7 6ul = HA HAS A

_1

i

O AASHTO LRFD(2007)ol A AA 3= AA FH(S-N) & S 2 (2.158)7
7o o]:= Slutter®} Fisher(1966)2] Ao A3t Y. 1 o] Lo A

st S ERmAAEe EAow o e wEAw, wEs)
2,000,000 Z¥#et= A-Foll dair = SHHEES 484 MPa= 117838ko] AR§staL

(e}
A
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O F23=-4(2005)¢ 4
Aol I 23A = AA S
E-3(2000) 14 Mg e AA(EHES sldstA] ) st 2o

AE 666 MPaz oA A3kl Qv =72 BS-5400: Part 10(1980)o1 A+ ¥

o
L-N
al

=l
fru
rol

=
S-N ZAL 4 (21619 #o] 2v-A12] 71e7] 2 AAsL 9o 23S AuaA
Aol A S Zre gk vj&=2 FAkste] Abgsta vk whEbA] A wd A A <]

=
NBGETd oA AAEHA A= FEE FopA A "t

LRFD(ZMWIz:ﬁﬁ&ﬂgm@Mf;a%Qf (2.158)
FEIE=-4 (2005) : logN=21.935—8logs (2.159)
AEZF 2383 (1995) : logN=15.816—"5logS (2.160)
BS5400 : part 10 : logN=22.318—mlogSye (2.161)
o] 7] A,

Spe=425[MPa] X AP/ Py, ;
N<100 d o, m=8;
N=10 & u, m=10

O 9o A7 452 FAld uus)
ANl T AAHERT de &
uks

23 2ol E3| &%

of w4 A ¢l
LRFD(2007)°l ZA3NA A 45 Adgst 0] 2w
3] FFo HHEIIF A tE AAV|FERTY BHFE S

o,
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£ 100
=
]
B
& !
= ' B
% '+_l:r'_f:"|‘|fr1-ll:"l|]| \H‘:-__‘ =
g == A ASHTO LRED (2007) _ \‘x\ H“‘..'
of = = Eurocode 4 (2003) A i a9
:L.r{{ane 3 (20035) M~
— 5400 (1980): 425 MPa
= ‘Jd._a{. .'.LrJ'
= = Slutter and Fisher 4% 7}
10 :
1E+4 1E+5 1E+6 1E+7 1E+8
Number of Cycles

O 2149 dEAZA el 32 S-N 34 Hjal

2) Perfobond A&+ 2

2

O 1990t =y o] % 5B 925 Algdol 5% perfobond 2lH AT
o] &= F7lekal At (Oguejiofor 1994, Sara 2002). Perfobond X #th<l 2 A
AxHAol AYe] BAAY AFF 55 AlTske WA fFAFsHH, o] W&
72 A v dse AleHHolnh dddAA HAF HAFRA
HE AdgddZdAdA a5 s f Al Ago] 7besta, A 2x4
Aol FF Z A7) SAHoE 2HE AddZ ZH7P AXE Adees gy &

=
E X o
o] WA 5= 9l Ak Wz E

ol
O Z o _>|1

N
—_

M g e
U off ofN my [N rtorr 2

o:
it

P
T
ks

(e}
A% ar
s, AEE AR aTHE Hge gl oirﬂ ol At ATt AAg e

O 9o A= perfobond FE AFAZAAe AAAT AF o (Leonhardt 1987)7}
2E R e, 199219 Veldanda(1992) 5ol €3l perfobond @] E.¢F ~HE= HAGdAZA
AN AAEH s 93 push-out AFo] FH T}

O 19921l Oguejiofor(1992)s°ll 93l A& =719 FAE Ao
Perfobond 2lH. AedZAALE= 17 21500149 o] Zo] MAH % =
S o AAGl FAF dHor eHS T ADH =
O ZagES A Abolel A= ddHed g S Fxd ZAYETE 24
Aol osf Addste] FAYES AAY Atele] el RS oAlst= Vo=
&t} Perfobond 2B AddAAA= 1992l 94 &

o A& A&=Ant.
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(a) &7
18 2150 Perfobond A &+<d

O =rol A= perforbond 2B #
6L dE+= 19 215139 22 é"&iﬂ *lgé perfobond 2|2 AgtAZA Aol t)st 2
A4 AT HE T, 20007 FHEHo] AWAE iAol AAEHJAT. 1F
perfobond 2|2 HAA A A= perfobond # B #
7}etar, 18 perfobond 2lB AwdA Aol AdadrE=

2 =9 FH Al e s 3w g glHo o] wy RE

r&

, = ] H H 3 0 =T ST
olefj A Faks W= o] FRAHATHAHEA =, 2005)

19 2151 18 perfobond #lX. Al 2 A

O Leonhardt 5(1987)2 =< °] Third Caroni Bridgeol perfobond ]2 A+
& A& on, of AddAddAY HrEA F AAstT AetA] AdehE R WP A
e Al 9 AT A=A AHdE 2HE AdAdAAg e} vuskl=

perfobond B AddAAgE 20093 HHEAslo = dI]o] =dslA] gk Ao

]

o

4 ) 03

At MzARFel S AA9F A FAGE = F Abo] o] =
o}

*iﬂEﬂ S, & Abo] tAel Fod Al ddtutIzh B EdY. AY
Fpoll A A ofxl ﬁfﬂé TORNE 2(2162) B A2163)% #e dodE 7pA o
A = At
Dy =2+ (nd’/4) + 098, (2.162)
Dy, =144 A0, (2.163)

A7NM, D= ZANEZ 28 AdRAHE A9 £F FRARHHN), d= A
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A(mm), g5 2= A FENmnd), D, = E3} E Alel FA A
SR HE 49 FRABNAN), A E & Abol AR SRA(und), §E AT
o FEAE(N/mm)elth &, 9 Ao AgrAoR & U ZALEI G50
7} HA RS B FAE A4, duded FA W 7

of of g},

-

O Oguejiofor 5(1994)& 18 7FAtl o perfobond 2] BE HF-2F3k o1ubA] & Ao o
AgAE ntgo R IFARAS Fste] 2(2164)92F #Zo] perfobond #H AT
A et FEHF LA S AlQts

ks
pud

Q=0.590A,,\/f +1.2334, f, +2.871nd \/f/ (2.164)

O Oguejiofor 5(1997) 2(3.4.18)e] A WA &S Ho|wgk FA¢
of o Adew wA G, YH zolst FH FAE sl g =
B9 AdAgoz AH7lste] perfobond ZH HAeAAA el F=HrpAs 4
(2.165))} o] thA] A orslsd ).

Q=45ht f,’+0.91A”, f,+3.31nd” \Jf (2.165)
O dENAH = HI(2000)5 2 perfobond 2l H o] F7, wﬂ‘ﬂoﬂ AAE =y #E5H
2o f, EAA W] WA H = perfobond 2B A5 Feol AL BAeI 913
o] gAY S AAGAT A Ay Dy Fae] FAVF Hu Ak nx =
GG AAu spAuAUZe] DA TRk AN, @uHEAT U= AP
Aoy Avyel F4Hm, A A9 olF AFAN Arks AL 52 79
sttt R so] AAIF APFAFet 7E A7 AT AHRE 26t BEeHS
e mE FARAES AAste] e Ade gl B 22166)S, HE
o] = AFole 2(2167)8 AtstA ).
Q, =3.38d>(t/d)"* £, —39.0 < 10° (2.166)
(22.0<10° < d?(t/d)"? < f, < 194.0X10%)
Q, =145{(d =) f. + &' f,, }—26.1 < 10° (2.167)

(51.0 X 10° < (d* — ¢*)f.) + ¢*f,, <488.0x10°)

O Sara 5(2002)2 perfobond & B A2
o] AeratAtt. 21(2.168)04 A WA 3 i’—iﬂ A 2l
A 23 7 HA 32 At FagES] AAWM R a3 Al wiA g2 A
AA4A ZAA FAAHEE FAYES tday g v HA 3

B o]t
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(2.168)
21(2.169) ¢t

(2.169)

1 & perfobond X

]

T
fins

[e]

itk 18 perfobond &
A el A

°

R

PN
T

AT &

8 AYel H2&

Aol o

[}
Eis

4

i
2

o

9

o

|

T8 perfobond &

KN
7

]

S
vl

gl

e

&

J
H

S
)

eclNolNolNe) —
Blo|lg2|S|] 8]
0]
EIEIE e
¢ E|E[E|~|~|E
FEIZIZI=ElElS
SRR a | ENE S LR
o Jw_l.wmmw o
10f1 ol 1ol ol Uk | AN | A
ol (ol ol | ™|
T o 3l
=
a1
3
o ﬂ_u
z) 1| _
o o %0
c 4 20
2 w0
©
5
Q

5 (2005a)
ST}

Q=9bh \/f,+60b,L,+20nm/f, (g)2 +0.9A4,.f,

o

]

©
il

J =

=1

QUKN) = 4.5h tf , + 1.1nd>[ 4+ 1.1 A ,f ,+1.6 mtBf

OR:!
2ol At
o714, Q(kN)
Bel Eol tlmm)E Hre T, f,(MP)E FaE
O perfobond &
ER AT

ul

O Z+ d+#9] perfobond &
2152 - 18 2.1539}

A

el

w) %o},

o 71993}7]

A

iz
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E 269 ARG F g AAVIE 9
- = 0= 2= == gt=
Eurocoded: AR EHIE
) o JSCE 1997:
Design of steel Specification . GB50017-2003 2009 :
2HTH Design Code _ =
structures — for structural : Code for SIS MEH =S
e o for steel .
Part 1-8: steel buildings, . design of steel HE
INE ) structures in
Design of 2010 structures
. 1997
joints
ACI 318-11:
. GB
=23 Eurocode?2: Building code
. . 50010-2002 : KBC2007:
2l E Design of requirements )
Design code ZA2IEAAHD|
e concrete for structural
for concrete &=
= Structures concrete and
structure
commentary
JSCE2007
Standard
. L JGJ138-2001:
Steel design Specifications .
Eurocode4 : . ) Technical
. guide series for steel and o
_ Design of . . specification
gt ) 8:Partially composite
composite . for steel
&2e restrained structures : . -
steel and ] reinforced
JNE composite Volume of
concrete ) ) concrete
connection,199 Design )
structures o composite
6 282232
structures
ERZTHAARE,
1987
Eurocode8 :
Design of
structures for ANSI_AISC
earthquake 341-05 : GB50011-2001
. - KBC 2009
resistance Seismic : Code for _
JIEF . L . A2 XL H DI
1ISO2394: provision for seismic design ~
General structural steel of buildings -
principles on buildings, 2005
reliability for
structures
O A@re FAst 2a Atolg Adste 2y 728 AJes AorA
g A 2azew FAE JAREE T FFREE TANE
Saoe= BE YU, & T3 Zo] AAY AAE ddstr] Ag A ddd
AABE T3 Zo] FA9t ZAYEZS AAs 7] A3 AA7F Ak A A
Hel B oHel wiA nel 7§ P Hel 7o HgHE Fol vt
O ZE, 24, &4 59 7I2HFan] A Aade & 249 o] iz
ARA7 ZAA ol gon AdAAAe PARE BHAE Yttt 2




¥ 270 Hgel B3k 7=

el 28 0= = == B2
£E, a4,
- TEAINE | STHEIINE | STHEAINE | SHEHINE | SHEHIE
o
WEGEN | BUSNIIE | ZWMEAIE | SHEHOIE | 2HEAINE | SHEAIIE

ZOcIEEN | SdCUEEA | SdcIELAN | 2AcELN
JIE JE JIE JIE

02
3

i

m
]
0x
M
=
S
HH

O f8 71+ 2A 9 Z3AZE AA7Fol9dd g7z #3 549
Aletar Qo Ayt #3s 57 ¥ chapterg Al ¥shal vt BH-7]F
Hog FAH don TE-7lE2 FEH #aM= dEAQ
Rom H-HA Fol| #fA= 5T o] ok B-7]s HEFHE rigid, semi
rigid, hinge partial strength, full strength 522 &3] EFFoZHN A A7} H
w2 W3kaltl. component based methodol] 78] HH o Fw i
At AAE = e WS AAEL Aok 2y JAEF AT kel #

= AE 5 BERE BRel gt HATRFE d5E AS &8s 94849

u =z 715 FAAATIEANA B-7F, Ve -71x HEHol #EA YdEZ
o 5 Husla dom R-"iA Fo #sA= EFE Fgo] glrh B~
= simple connection, fully restrained moment connection@® T¥3}o] W

o] dEHo =z ZHFEar v} partially restrained moment connection®l] 3
)

2 oot 2 AN O
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s

rlr
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= 7‘3501"/}. @%”‘%94 345 Hobd deM = FxE STFEUE
Q

O QB 713 24 2 2aE AAVZelle] FYT 2o #F W /2L

fratar 9k 71€e A FE7]IFS CES(Concrete embedded Steel structures)E
SAHoR FAE glom LR He B 742 v 3 2o FH2o
A7 AR F2AATIES AN A AAZE = eI AANYEY] &
< AAstL AUk 7N rHe FEASAT RYs Fagh dF 2l
Feolt, ey AT e 5 AL il Ve FATFRAAVE
of 2% AANHE F&5t UE L AAAES BT F AEF Hodo

O = 7] Z4A 2 ZA8E AA7IEol el FAd7Ze #3 HE9 V&S B
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ARowm HAHZ, 1 Afo] F3re 9%k H3JHH-+= Partial strength connection® @
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S, is therefore dependent on M, g,

Moment
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O Component Based Approachol] ¢J3F st HeH &4 2L AA!: FH7|=dA =
FAATH-o 27134, AL E 2 Jde8HS B4357] 98 Component Based

’

o

Column web in tension Connection
Column flange and
End plate in bending
Msd Components of connection
Qsd F Rdi> ki
Column web in shear .
Connection
Column web in compression ]\/[] , S]

19 2.158 Component Base Approach?] 7§+

- 231 -

Approach®l] 2]3gF WS AF835F31 Atk Component Based Approach™ 1¥ 2.158
= Q% W= 72 QA4 RBeste] 7|2 a4 A

o AxPAFE Fotal 2al] A= FAHS HEF Tl skl FA st



Sroup
1 panel in tension
2 panel in shear
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1 6 cycles at © = 0.00375 rad 3 cycles at © = 0.005 rad
2 6 cycles at © = 0.005 rad 3 cycles at © = 0.0075 rad
3 6 cycles at © = 0.0075 rad 3 cycles at © = 0.01 rad
4 4 cycles at © = 0.01 rad 3 cycles at © = 0.014 rad
5 2 cycles at ® = 0.015 rad 3 cycles at ® = 0.0175 rad
6 2 cycles at ® = 0.02 rad 3 cycles at © = 0.022 rad
7 2 cycles at ® = 0.03 rad 3 cycles at ® = 0.0275 rad
8 2 cycles at 6 = 0.04 rad 3 cycles at © = 0.03.5 rad
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O FAR (VeruAd AA Az #5313 B s resiA AAsAS)
Properties of Steel
Researcher Specimen EﬁAkPa) Cross— fy fu ¢ esh Es Esh
section | (umpa) (MPa) y (MPa) (MPa)
T o
LateP | 214 364 0.0010 | 0.013 | 205000 | 2365
i 46.3 Web 290 421 0.0014 | 0.013 | 205000 | 2365
Biom | 214 364 0.0010 | 0.013 | 205000 | 2365
FlaryeP | 366 540 0.0018 | 0.016 | 205000 | 6800
2 20.1 Web 374 531 0.0018 | 0.016 | 205000 | 6800
Bottom
. Bosom | 366 540 0.0018 | 0.016 | 205000 | 6800
Ansourian, P T o p
Lare? | 277 420 0.0014 | 0.012 | 205000 | 6400
3 30.1 Web 340 458 0.0017 | 0.012 | 205000 | 6400
Bottom
Bttom | 277 420 0.0014 | 0.012 | 205000 | 6400
T o
Hate? | 277 420 0.0014 | 0.013 | 205000 | 2400
4 50.3 Web 340 458 0.0017 | 0.013 | 205000 | 2400
Bottom
Boiom | 277 420 0.0014 | 0.013 | 205000 | 2400
T o .
LartyeP | 292.68 0.0014 | 0.018 | 205000 | 5588
SSt 51.02 Web 322.47 | - 0.0016 | 0.023 | 205000 | 3521
Bottom .
Biom | 292,68 0.0014 | 0.018 | 205000 | 5588
T o .
HareP | 292.68 0.0014 | 0.018 | 205000 | 5588
SS2 53.16 Web 322.47 | - 0.0016 | 0.023 | 205000 | 3521
Bottom .
Boiom | 292,68 0.0014 | 0.018 | 205000 | 5588
T o .
LartyeP | 292.68 0.0014 | 0.018 | 205000 | 5588
553 38.82 Web 322.47 | 0.0016 | 0.023 | 205000 | 3521
Boitom | 292,68 | - 0.0014 | 0.018 | 205000 | 5588
Barnard, P. R. T o o
HartyeP | 29268 | - 0.0014 | 0.018 | 205000 | 5588
sS4 32.41 Web 322.47 |- 0.0016 | 0.023 | 205000 | 3521
Bottom .
Boom | 292,68 0.0014 | 0.018 | 205000 | 5588
HayeP | 292.68 | - 0.0014 | 0.018 | 205000 | 5588
SS5 49.23 Web 322.47 | - 0.0016 | 0.023 | 205000 | 3521
Bottom .
BSilom | 292 68 0.0014 | 0.018 | 205000 | 5588
-
LatyeP | 29268 | - 0.0014 | 0.018 | 205000 | 5588
SS6 39.71 Web 322.47 |+ 0.0016 | 0.023 | 205000 | 3521
Boltom | 29268 | - 0.0014 | 0.018 | 205000 | 5588
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. . structural

configuration concrete

Researcher steel
ype B D L e(mm) fe steel

P (mm) (mm) (mm) oraxialratio (MPa) shape

full-encasement 406 406 2489 0.276 32.7 W8x40
full-encasement 406 406 2489 0.261 34.5 W8x40
full-encasement 406 406 1930 0.292 30.9 W8x40

Ricles, J. M.,

N full-encasement 406 406 1930 0.29 31.1 W8x40
and Paboojian,

s. D. (1994) full-encasement 406 406 1930 0.262 34.5 W8x40
full-encasement 406 406 1930 0.252 35.8 W8x40
full-encasement 406 406 1930 0.143 62.9 W8x40
full-encasement 406 406 1930 0.14 64.5 W8x40

configuration concrete structural steel
Researcher e
bype B D L (mm) e Eec steel s bs tw t steel fys fus
(mm) (mm) (mm) oraxialf(MPa) (MPa) shape (mm) (mm) (mm) (mm) type (MPa) (MPa)
atio
tial 350 350 444 0.3 35.1 278 H 350 350 7 7 SM4 451 596
artia . .
Oh, M. H, | P 0 21 90
Ju, Y. K, . 444 278 SM4 596
. partial 350 350 0.4 35.1 H 350 350 7 7 451
Kim, M. H., 0 21 90
i 444 278 SM4 596
and  Kim, | i 350 350 0.3 | 35.1 H 350 350 7 7 451
S. D. 0 21 90
(2006) : 444 278 SM4 596
partial 350 350 0.4 35.1 H 350 350 7 7 451
0 21 90
. . concret . .
configuration structural steel longitudinal rebar
Research €
er fyl
type D L ifc steel D t fys cover  bar (MP2)
a
(mm) (mm) [(MPa) shape (mm) (mm) (MPa) [((mm) size
PSRC6-S 210 101.
600 0 35 Tube 6 240 | 30 D13 8 300
210 101.
PSRC6-L 600 0 35 Tube 5 4 240 | 30 D13 8 300
Shim, C. 210 101.
PSRC6-N 600 35 Tube 240 | 30 D13 8 300
S., Chung 0 6
PSRC8-L-P 255 101.
Y. 5., and 800 35 Tube 240 | 40 D13 8 300
Yoon C.|O 0 6
PSRC8-L-P 255 101.
J. (201D ) 800 35 Tube 240 | 40 D13 8 300
PSRC8-L-P 255 240
35 101. 4 D13 300
4 800 O Tube 6 40 8
O FHQ2R Clenudel A4 A= FSskan urds A AN HS)
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Stud Reinforcement Concrete Slab Strength Notice
Research d ] b d t
or Ds hs fy ft (mm Pitch | fy fck Ec (mm | @ | (mm Qu(kN)/
(mm) | (mm) | (MPa) | (MPa) ) (mm) | (MPa) (MPa) | (MPa) ) ) ) (astud)
25 150 | 300 426 16 | 130 | 300 precast | 355 | 23077 750 | 540 | 200 | 139 Mortar
25 150 | 300 426 16 | 130 | 300 precast | 355 | 23077 750 | 540 | 200 | 172 Mortar
25 150 | 300 426 16 | 130 | 300 precast | 355 | 23077 750 | 540 | 200 | 157 Mortar
25 150 | 300 426 16 | 130 | 300 precast | 49.4 | 23077 750 | 540 | 200 | 176 Mortar
Chang-S 25 150 | 300 426 16 | 130 | 300 precast | 49.4 | 23077 750 | 540 | 200 | 177 Mortar
u shim, |22 150 | 300 426 16 | 130 | 300 precast | 49.4 | 23077 750 | 540 | 200 | 187 Mortar
Dong-W |2 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 220 Mortar
ook Kim |25 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 228 Mortar
(2010) | 25 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 233 Mortar
25 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 206 Mortar
25 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 203 Mortar
25 | 150 | 300 426 16 | 130 | 300 precast | 57.6 | 23077 750 | 540 | 200 | 242 gﬂrort
22 | 100 | 350 450 10 | 130 | 460 precast | 35 37900 650 | 600 | 150 | 229
22 | 100 | 350 450 10 | 130 | 460 precast | 35 37900 650 | 600 | 150 | 198
22 | 100 | 350 450 10 | 130 | 460 precast | 35 37900 650 | 600 | 150 | 210
Jun 22 | 150 | 350 450 14 | 130 | 460 precast | 35 37900 1000 | 920 | 250 | 202
Tz‘mio 22 150 | 350 450 14 | 130 | 460 precast | 35 37900 1000 | 920 | 250 | 196
Yoda, 22 | 150 | 350 450 14 | 130 | 460 precast | 35 37900 1000 | 920 | 250 | 207
Jean- | 92 | 150 | 350 450 14 | 130 | 460 precast | 495 | 37900 1000 | 920 | 250 | 208
gﬂ 22 | 150 | 350 450 14 | 130 | 460 precast | 443 | 34400 1000 | 920 | 250 | 192
(2006) | 22 | 150 | 350 450 10 | 130 | 460 precast | 495 | 37900 1000 | 920 | 250 | 201
22 | 150 | 350 450 10 | 130 | 460 precast | 495 | 37900 1000 | 920 | 250 | 205
22 | 150 | 350 450 10 | 130 | 460 precast | 44.3 | 34400 1000 | 920 | 250 | 190
22 | 150 | 350 450 10 | 130 | 460 precast | 495 | 37900 1000 | 920 | 250 | 208
22 4283 | 536 16 | 130 | 4283 | precast | 456 | 22014 750 | 500 | 185 | 1155 Mortar
22 4283 | 536 16 | 130 | 4283 | precast | 456 | 22014 750 | 500 | 185 | 124.3 Mortar
Kert 22 4283 | 536 16 | 130 | 4283 | precast | 599 | 25231 750 | 500 | 185 | 1265 Mortar
Larose, | 22 4283 | 536 16 | 130 | 4283 | precast | 631 | 25896 | 750 | 500 | 185 | 122.6 Mortar
Kenneth | 22 4283 | 536 16 | 130 | 428.3 | precast | 63.1 25896 750 | 500 | 185 | 135.9 Mortar
Hv;’(’)o d 22 4283 | 536 16 | 130 | 4283 | precast | 53.7 | 23889 750 | 500 | 185 | 115.1 Mortar
(2008) | 22 4283 | 536 16 | 130 | 4283 | precast | 53.7 | 23889 750 | 500 | 185 | 116.0 Mortar
22 4283 | 536 16 | 130 | 4283 | precast | 60.9 | 25441 750 | 500 | 185 | 128.1 Mortar
o0 483 | 536 | 16 | 130 | 4283 | precast | 60.9 | 25441 | 750 | 500 | 185 | 1258 tc;”cre
25 322 415 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 139.4
25 325 441 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 171.6
25 336 423 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 157.1
25 322 415 16 | 180 | 300 precast | 45.3 | 21942 650 | 600 | 200 | 176.4
25 325 441 16 | 180 | 300 precast | 453 | 21942 650 | 600 | 200 | 1767
25 336 423 16 | 180 | 300 precast | 45.3 | 21942 650 | 600 | 200 | 187.3
Chang-S | 27 322 415 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 1735
;Im 27 325 441 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 190.2
Les, 27 336 423 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 195.1
Tae- 27 322 415 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 208.2
izgﬂ 27 325 441 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 2385
(2004) | 27 336 423 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 186.9
30 322 415 16 | 180 300 precast | 33.2 18784 650 | 600 | 200 | 142.2
30 325 441 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 1868
30 336 423 16 | 180 | 300 precast | 33.2 18784 650 | 600 | 200 | 197.1
30 322 415 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 2228
30 325 441 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 240.0
30 336 423 16 | 180 | 300 precast | 53.0 | 23733 650 | 600 | 200 | 234.0
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-V EEE AFA e A9
T Type of perfobond rib shear .
Reinforcement Concrete Slab
connectors
Researcher | Specimen | | | hs | (;;P d | Pich | fy (:;'; 282 b d t
(mm) | (mm) | (MPa) a) (mm) | (mm) | (MPa) 4 = (mm) (mm) (mm)
S-40L 400 150 235 400 13 130
S-1HN 400 150 235 400 13 130
S-2HN 400 150 235 400 13 130
S-3HN 400 150 235 400 13 130
S-45ND 400 150 235 400 13 130
S-55HD 400 150 235 400 13 130 40 36 220
S-1R 400 150 235 400 13 130
S-2R 400 150 235 400 13 130
S-SD-1 400 150 235 400 13 130
S-SD-2 400 150 235 400 13 130
S-3F-1 400 150 13 130 25
S-3F-2 400 150 235 400 13 130 400 30 30 900 600 220
S-3F-3 400 150 13 130
S-16L 160 150 13 130
S-16LH 160 150 13 130
S-16LR 160 150 13 130
S-28L 280 150 13 130 290
S-28LH 280 150 13 130 40 36
S-28LR 280 150 13 130
S-52L 520 150 13 130
S-6RT 400 150 13 130
S-12RT 400 150 235 400 13 130
Crack
= mMelorgny | STeNON | g
HEUAS _ ox | 2 N C i CIEIEE]
A Specimen . hs —i—. =l 2o =20 =l EEZ £ =02 QuikNy(@ | QerkNy(
(mm) | (mm) (mom) (n;m N (mm x mm) stud) a stud)
S-40L 400 0 0 641.9 350
S-1HN 400 50 1 652 300
S-2HN 400 50 2 676 500
S-3HN 400 50 0 711 510
S-45ND 400 45 723 520
S-55HD 400 55 800 450
S-1R 400 50 755.5 480
S-2R 400 50 3 2 923 500
S-SD-1 400 50 3 1020 500
S-SD-2 400 50 9 3 1004.5 500
S-3F-1 400 50 3 675 400
S-3F-2 400 150 50 3 108 x 8 816 600
S-3F-3 400 50 3
S-16L 160 0 0 0 514.8
S-16LH 160 50 1 0 492
S-16LR 160 50 1 1 499.1
S-28L 280 0 0 0 625.2
S-28LH 280 50 2 0 713.5
S-28LR 280 50 2 2 716.5
S-52L 520 0 0 0 605.8
S-6RT 400 50 6 3 3 762 480
S-12RT 400 50 12 3 3 1000
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configuration Column Beam
Titlo Resear Spe Shear
—cher c. type section section connecto
r
Composi
E1 Internal Node Steel o 8EA
Composi
E2 Internal Node Steel ;
e
) Composi
Experiment . E3 External Node Steel
. L.Simoesda te
behavior of ) -
Silva Composi
end-plate . E4 External Node Steel
RuiD.Simoe te
beam-to-column — HEA220 — IPE270
. - S Composi Composi
composite joints E5 External Node
. Paulod.S.Cr te te
under monotonical - -
uz Composi Composi
loading E6 External Node
te te
Composi Composi
E7 Internal Node
te te
Composi Composi
E8 Internal Node
te te
. reinforce
Slab Joint concrete d
, ) Logitu | Transv EndPlat
Width Thick ) Cover ) Connec | fc Ec fc
dianl [ ersal e Section
(mm) (mm) (mm) tor (MPa) (GPa) (MPa)
Bar Bar (mm)
900 27.6 31.8
30.0 31.9
39.0 34.3
10-0 34.5 33.2
2 - 2 2 E2 -M2
120 12 10-08 0 1 IPE270 6-M20 28.9 316 508
27.8 31.3
29.6 31.8
32.3 32.6
structural steel
steel hs bs tw tf steel fys fus Ess
shape (mm) (mm) (mm) (mm) type (MPa) (MPa) (MPa)
S235
Results
Initialstiffne | Initialstiffne
Max.M FinalM Rotat.With Rotat.With Ss Ss
left max.M-L max.M-R left right Failure mode
(kN.m)
(kN.m) (mrad) (mrad) (kN.m/mra | (kN.m/mra
d) d)
-153.6 -7.6 62.5 column web instability
62.8 -70.5 45.3 -46.5 14.3 17.2 Column web panel in shear
-111.3 -43.9 27.0 Column web panel in shear
111.3 49.0 28.7 Column web panel in shear
Slab reinforcement in tension, beam
-217.6 -22.2 43.1 bottom flange and web in
compression
End plate and column flange in
168.2 46.2 44.4 .
bending
Slab reinforcement in tension, beam
-219.8 -16.5 81.3 ) )
bottom flange in compression
126.1 -160.2 31.2 -32.4 22.2 27.2 Column web panel in shear
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= Flsta, 24 AAY EAS nHd AAddAVE destt
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D, <0.1D, : M, =M, (3.8)

. DP
D, > 01D, @ M, = M,1.07=0.75= (3.9)
t
M,
M,,
1.0 —E"":{_:_"'"'"""'""in“
TSR S.F.=1.28
0.78 =
_Ductile | Non-Ductile
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0.1 0.42 s
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Ductile
1.7
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1.6 i
Tk 1
A O '-Tj
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= Ny (=g i 5| - 0 3 R*=0.2668
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1.0 Ri=|10.1629
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F 31 sl AbgE Ao B4

SM400 SM490 SM520
Modulus of elasticity 205 GPa 205 GPa 205 GPa
Strain—hardening modulus 4,800 MPa 4,500 MPa 4,500 MPa
Yield strength 240 MPa 320 MPa 360 MPa
Tensile strength 400 MPa 490 MPa 520 MPa
Yield strain (mm/mm) 0.00117 0.00156 0.00175
Strain at strain—hardening
0.016 0.02 0.015
(mm/mm)
0.85f..(a—206,600¢,)e,
.= il ) (3.10)
1+ be,
o 7] A,

a=39,000(0.85f,, +7.0)" "%
b= 65,600(0.85fck + 10.0)7 1085 _ g5

C A AY Y gord A% B2 9s ¥ 329 2o wdel Wl A
o Aezgtd sdeofel &d 200070E FEskdith de® FEE AddAn
< AAR ARSIl §le 3
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E 32 a|4el ARgE wwel W

Min. Max.
Parameter Increment (mm)
(mm) (mm)
Slab width 1500 3500 250
Slab thickness 200 300 10
Top 1l
op tanse 200 600 100
width
Top 1l
op tanse 15 40 5
thickness
Web thickness 10 24 2
Web height 500 2500 250
Bottom flange width 300 750 10
Bottom flange thickness 15 60 5
D
o= 150 (3.11)
bf
—-<12.0 (3.12)
D
by = 5 (3.13)
t, > 1.1t, (3.14)
I,
01<-2£<10 (3.15)
Ly
Y
be
ey = 120, + 575 (3.16)
1714, D AY F Zel(mm)
t, & -] FA (mm)
by 1 EWAE] F(mm)
t; - =AY FA(mm)
L o FEE A9 TR R W E(
I, FEF WA ] 2R E (mmd)
by @ AT E Ao &% (mm)
t, - ZAYE vtede] =4 (mm)
by, t FEFZWA Y] Z(mm)
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0.8

1.8

16

Mu/My

0.8

AdE F 240 FEstdnt

« Ductile

= Mon-Ductile

y = 10404y 0104
R*=0.3338

y=-0.5947x + 1.3568
R*=0.3175

0.1 0.2 0.3

Dp/Dt

0.4 0.5 0.6

1% 3.10 SM400 Aol A/dulel] wE

« Ductile
» Non-Ductile
.l_‘ :f .f I.
MR- y = 0,9938¢ 0116
o R*=0.4966
o N i T
yw=-0.711x + 1.3555
R*=10.4526
0 0.1 0.2 0.3 0.4 0.5
Dp/Dt
29 311 SM490 ZA1e] d/dnle] mE FEEUEN F3x gl FA4
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1.8
- Ductile
1.6 + Non-Ductile |
E«. 14 et
e e il y = 1.3263 0526
Ei SO s 4 R? = 0.6042
= 12
1
y=-0.4546x+ 1.2727
R?=0.5624
0.8
0 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
% 312 SM520 F Aol AAdu]e mpE gERAER] By 9 FAA

3% 34 M,/M, at D,/D =5 and D,/D, = 0.42

SM400 SM490 SM520 Average
D,/D =5 - 1.077 -
1.047
D,/D = 1.097 - 0.967
D,/D, =0.42 1.139 1.099 1.063 1.100

et FAsS Edlz, dAH D,/D, ok Wittry 7} AR
ME ol&stal A dA AN o] AAFEel HH A 0.85

g vAgdele FARFES A FRER ofd 4 GIDFH 4
il

D,/D, 012 © M, =M, (3.17)
0.60M,—0.12$1.097M,  $1.097M,— M, ( D,

0.48 0.48 E) (3.18)

0.12< D,/D, <0.60 : M, =
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(3.19)
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0.5004, — 0.1041.077M,

DM, =M,
- M, =
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14

27MPa-5M400
1.3
y=0.389x + 0.9518
= R?=0.867
E a
“":-l- 1.2
=
1.1
1
0.12 0.22 0.32 0.42 0.52
Dp/Dt
9 313 SM400 ZAE 283 v dHel obd s
1.4 .
. 27MPa-SM490
1.3
- v =0.4635x + 0.954
s R? = 0.8924
"‘5 1.2
=
1.1
1 i
0.1 0.2 0.3 0.4 0.5

Dp/Dt

19 314 SM490 FAE A8 HdA dHe] HdE
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- 27MPa-5M520

1.3

y=0.4933x + 0.9401
R*=0.9303

0.12 0.22 0.32 0.42 0.52
Dp/Dt
7% 315 SM520 Z4A1E H43 md ane ohdg

€ D,/D=042% 7Fg% el M Wittry7b AIQbgE W 3b AL
F 340 HERd R A A AN ] fAFme kA 0855 A&kl B
s A FREE S JEriE ofef 4(3.23)5-H

D,/D, <012 : M, =M, (3.23)

012< /D, <042 ¢ M, — 0.42M, —8:;§¢1.139My ¢1.13§T/‘§87Mp (%) (3.24)
(b) SM490 A& A& 45

D,/D, <0.10 : M, =M, (3.25)

0.10< D,/D, <0.42 @ M, = 0'42%78:;2@'099% ¢1'093_]?57% (%’:) (3.26)
(c) SM520 A& #&3 45

D,/D, =012 : M, =M, (3.27)

0.12< D,/D, <042 @ M, = 0421, _8 ;jd)l 065 M, ¢1'063%_Mp (gf) (3.28)
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14 ,
27MPa-5M490
1.3
c y=0.5872x+ 0.9413
2
S R?=0.8774
Fi
=
1.4
« 27MPa-5M520
14 y=0.6674x+ 0.9199
R?=0.893
: w
N
=
=
0.12 0.22 0.32 0.42
Dp/Dt
2% 318 SM520 AAE A& HAdd dHo <kdE ABTt
¥* 35 M,/M, at D,/D, = 0.42
SM400 SM490 SM520 Average
D,/D, =0.42 1.181 1.188 1.200 1.180%
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1.4

27MPa-5MA00
27MPa-5M450

13 . 27MPa-SM520| v =0.5646x%+0.9435
R’ =0.8737
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0.1 < D,/D, <0.42
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37591 o

X
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M,/M, <1.13°2.=%
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1

« 27MPa - SMA00

« 27MPa - SM490

27MPa - SM520
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1% 321 Aerd
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HSBZ A& AHE

o] Ut} uwhehA,
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3 36 dfAlel AHEE HSBAAS &4

HSB600 HSB800
Modulus of elasticity 205 GPa 205 GPa
Strain—hardening modulus 4,455 MPa 3,222 MPa
Yield strength 450 MPa 690 MPa
Tensile strength 600 MPa 800 MPa
Yield strain 0.002195 0.003366
Strain at strain—hardening 0.002195 0.003366

1.8
« Ductile
. = Mon-Ductile
- 1.4 1“‘;'*'
g ;
> : ' * W= 1_.:11119-1:-..-'54>
S TR R*=0.7534
1
rE-0.3603x+ 1.2197
R =0.4781
0.8
0 01 0.2 0.3 0.4 0.5 0.6

Dp/Dt

19 322 HSB600 A e AAnlel] mE qEmuEH &3 31 FA4
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16
« Ductile
1.4 } Mon-Ductile
:-{: R y=-0.4746x"- 0.76x + 1.2916
gl'z ¥ R?=0.8842
.
=
2
0.8
0.6
0 0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
19 3.23 HSBR00 FA1e] dAAdu]d mE dEruEeEd ¥ 9@ FA4
3 37 M,/M, at D,/D, = 0.42
M,/ M, HSB600 HSB800
D,/D, =0.42 1.028 0.889

F 370 dErdl FAE o] &sha Wlttryﬂ ARk yRjel wel AA A A

D,/D,=0.42614 A& 08
2ol e & 9tk

ft
=
A
‘?L
of
o&

(a) HSB600 ZA1S 283t AL

D,/D, <0.10 : M, =M, (3.31)

010 < D,/D, =042 © M, = 0.42Mp—(0):;2¢1.028My ¢1.02§%—Mp (%) (332)
(b) HSB80O #A& #&3 45

D,/D, 0.1 : M,= M, (3.33)

01<D/D, =042\ M, = 0.42M, —00.312¢0.889My ¢0.883%—Mp(gj) (3.34)
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1.4

2?MFa—H5|35m|

13 | | |  y=0.6393x+0.9362
R?=-1.323
s
S 1.2
=
1.1 o
£
1
0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
19 3.24 HSB600 ZA1E A48 Hdd v hdg
1.4 -
27MPa-HSBE00|
i | y=0.4423x+ 0.9558

RZ‘ -0.806

Mu/Mn

Dp/Dt
% 3.25 HSBR00 JAE 483t v

oX,
e
'
lo
r o
2
o

QA DD, 7k 01Kt 2 vl waEel dig AZwe /0,
3.24¢F 19 3259 YERA=dH, HSB ZAE A& 45 ddt AAs &
=7k WAl REsel 9v] Wid A@Aow PPEt wsHths 714

3 Wittryel @92 #ga7] ojdn dae,
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1.2

Slab
Top flange
1.1 | = Web
—FHH
o ——05% Lower M| M
2 1 | ~——95% Upper A
S
=
0.9 :
0.8
0.05 0.15 0.25 0.35 0.45 0.55

Dp/Dt
19 3.26 HSB600 A AlE AH&3s FdAG] A% o tig 95% stk FAM

1.2
Slab
Top flange
1.1 Web
—F MM
g— 1 —g5% Lower 2= M| A
~ —95% Upper 3= M|
= 09
0.8
0.7
0.1 0.2 0.3 0.4 0.5 0.6
Dp/Dt
19 3.27 HSBROO A& AF&3k S AH e F4% 3o sk 95% 3sFgk FAA

HSB A& 483 AT FdFol= Adnlel e 2ARMES g3t 53
E]

AEe W M/ RE A4 FARAE AL mEeE He Aeald o=
datel 19 3269 2% 32761 UEd wpeh 2ol Q4w p/pol wE Himw
M/ E SO, AN p/p 0429 W HANS wmeld BAEuES o
7] glekel HAE LTS 95% s FAMG ol LA oI e WHS o] &
sho] A sHA A D,/ D, =0.42401 A1 A7) M,/ M,= HSB600°] 749 0.917, HSB80O
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=

o] A% 07915 At HSBAAE AH&g 4 il

&% Aok vAdEH oA e P S 1138 FdskAl A&3ud, a9 3.
3 #Zol Dp,/D, = 042004 M, /M= HSBE004 74-% 0.81(0.917/1.13), HSB800<]
G 07(0.791/1.13) =2 FddAH e e 424 =S A + 3

M — T
T . II“}HL oo
— . = HSBB00

o,

0 0.1 0.42 D,

9 328 HSB A& AF&g A AH Y AlbA

(3.35)

D, < 0.1D, : M,

D, > 01D, : ( 1.056 —0.56—- ) ; HSB600 (3.36)

D,> 01D, : M (1091 091—) ; HSBR00 (3.37)

AASHTO LRFD(2007)e1 4 #lQtstal = ARWE] A= A4 AH
70

AR F7pA I o] Aol A At o}ﬂ 91% FAAY Y 3ARAE B4

19, 32973307 #o] HlaE st dAl 5 HSBAAE AH&3 43470 9
AA e Exe 01 Aol A xﬂ?}o}c %%%%E F7EA el ds) B whEghs
selstdth. D/, = 0429 W SM400, SM490, SM520% Al o] FA A== 71E 3
7} Bk oF 1.13H) zuﬂ 7 E A3 HSB6007 A1 o] 79 oF 1.05W &= vt st

N

1€ THFAE B/ Y oF 0919 ZHAas A

AR HSB800Z A o] 74 -5-
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. « 27MPa- SMA00 —AASHTO LRFDI2007)
1.2 5 « 27MPa - SMAS0 —Proposed Eq.
- 27MPa- SM520

11
.E- 1
3
< 09

0.8

0.7

0.6

0 0.1 0.2 0.3 0.4 0.5

Dp/Dt

1) 31

« 27MPa - H5B&OOD
12 | — AASHTO LRFD{2007)
——Proposed Eq.{HSB600)

0.5

Dp/Dt

29 3.30 HSB600 ZAES AHga FAAT ] $ARGE Brh4 vl

- 269 -



1.3

Iﬂ:._ — —
W oo) o o o o B ] ﬂ.
TTe HHT PEUE s F BT
0
R 2 X e I
<. B e E oo = 0 Y e L mo
. = 5 o J ool g i we o AR o B WX
m = —_— i . o O AT ﬂL _,A_l ﬁo
= T N o B ol ro = N -
= o o BRoAr o T o
= & — o ~ —_ :.L — ‘DV ﬂﬁl ‘m.l —
o o 2 3 ol = o < — o _ —_— X o
g 3= N NSRRI o H I %M%ﬁﬂ
A W._ g Be o1 ™ ) il e = W — ~ " 0 NZo 0% E
= i g = = o -— = o= D B —
= 5 X 0 N L oo M oy | g o
s 2 3 = W T P e N ™
3 g o puTE22E A ITET Lo Tdg
” M _.vl. ‘_ﬂoﬁu 1CrM WT ﬂwﬂo ﬁE 1_#0 ﬁs._ _ ;oo ,_|xw0 meo ﬂo C7.._ DI N w jE ZT_
X0 N + TN ) g ETN
1 Mo %%%@%T&Wﬂr u%ﬂwioﬂo YR E W
. - B L o w2 opw N SRR
= o o oy ome N = B 5w NN T N = — X = R
g n = N W gy B i S ook T TG Mp
Q < 5 oor Mo L B R o R B E %0 mamq%
3 o B o a~g L wmoo= e
Q ot T = N5 5 No ol A I T = 7o
o =) ST - B~ S 3 ol = X
rd v N o T — or 750 N -~ X &o o o iy B oy B
] ;O.._ © D M_UL.O %O . N ‘mw Ivmﬂ OH#O > q AE o)
do WER 2w XM - Edo o F &
< ™ & B NS oﬁe ojn sk N il W DU i !
<r ST S SR g o T W — 5 T o B
il _~ il NO  —y A B v L = — X oo NO
= 2 N © Mmoo R SN T xR W
L 3 — o -~ —_— 0 T - —
3 TR om»HE Rode - By oW 2N OB R A
o M B R ® g O E T T - N o 5
S N o N & o ~ n N =
S o T TR m R W I N A
2 B QZgREF T oy g T 4w L
H .61_ ﬂ_l \.J_Mlc m umo 1u_u.o ,—.IJN_ ‘.lwﬂ ﬂ./l O_ 1__/l ﬂL ,_Wmm ,_lﬁ_ﬂ ﬂ J_/l ﬂwﬂ
= nr a @ pn ~ do T Nr w N -~ %oaﬂﬂoiqo
N = Tooa ST R b g S
N o1 o @ o~ @ R o w2 2 - R
= =] o o -~ o} oy an N e o) ®o o ~o ™N =0
d i ol iy - T o m D — oo r N o T W o — —
s < FLoTwwly ZRZEA T L
N N B o M- A S SR ooen W T
X0 W K Lo o B N o© - — oF X
< S ok N 7o o ol N LIS
rR < w o Jo — R Aoy s X ~ J)
0 M 0 = B ~ ‘l.ﬂ
B gy B o %o m P TE S wES TR
O w0 s ~ ~ . = X LIL ‘yl ;OH X 1jo
W o MB AT ~ = I
— W X < i~ — 0
x7 ST RS

- 270 -



Ael A 1.139Mm,, SM490 A ¢ 1.09M,, “Le]al SM520 “AH 2

A

SM400

FIEEE:

S

3

I EQ
] %)
[

¥
BAG Y F

ks

7} Wittry 2]

1]

S

4]

P
T

°l-&

7 A ol

E

hyE

A9 1.063M, FFEOE

A=

%1—

Al 79 1181, SM490 ZA) <]

701-

AA D,/D,7F 0429w SM400

7% 1188, 18l

el
NR
i
To!
K

o
3|
o

D,/D,7F 01Kt &

FYA )

= A

&)

2= X

|

H

2ol

0.1 < D,/D, < 0.42°] A

5 1145 ZA HSB600¥ HSB800E 2183 FEAH 4% Wittry 9

o WM,/ M,

A Ago] oot whebA, HSBA A&

o

do

d

7] wiEell Sk

o4 o

3|
o 1

Y

Bx7F A

]
S|
4711 9

u}
'Eg‘

d
A A

=
=

A 1.13&

5|

B
_::__‘L_

gt

g 7lFo 2 95%
o]

Ho

-
X

M,/ M, &
v

= nr

skl

olo

X

]

o

s}

WA 2 HSB7:

e}
=

s

s

6) o ATellA AR

D, < 01D,;

M, =M,

0.1<D,/D, <0.42;

(3.38)

(3.39)

(3.40)

- 271 -



gl
o)

il

%0

ol

o
ﬁo

o}

-
|

YrEY A

B

=K

e

o

A S RS B BY

S

g0l b

]
S|

shol

of o

EEYE

3

3

i

—_
fie)

Ll

]
I
i

o

Aol AADel uwep AA

p

B

™

X/

O

6.6 (

B

rvze)

Cl

o

3
T

b}

af oF

59 9FE 19

gt

&4 A5 28 (full interaction)

e

E

iy

ol

M

R

g A7NA f,e 229

73

o

bet

N ¢

085 fcd

) lllFﬂ:,»l Rd

Moya

Fa

i

I T

Defr

o
A
i
B
oo
o

4

ol

|
N

v
i

™

4%

S

e

o
Chy

460MPa) 77 ¢

=420MPa) 3 S460(f,,=

S420(f,,

- 272 -



3 A Alole] AP ()9 A EF=ol(h) Atolel AT 015< 2,/h<04Y S
AAAGEAES g, 2 Abstolof @k o714 s ofdl 1Y 2L ARAS

- adolEo] AEE A% A% Wi AL 551G)(QAFATH g@ FA)d o

2t Al s o] oF Fhet

|l Bt

2% 374 My, & ARkl AFE-E]

AISColl A= Futg7t AH&HA] & B¢ AAe ZAHEY AAXE rot
5% =dstr] A7kA| E% stea TEoR XA G glojop drh. FAFAl
et 7|+ A ~H= JA channel §AE AF&3 T4 HA (composite
beams with steel headed stud or steel channel anchors: S E & E 9} A
AR o] Fofx HEAQl FAddwe] el AAl e FAZES AAV ¢
2 Az o8 ] E#MolA e ASE uidt); AAuE FAFA
(encased composite members); ZAZEF A A H-A(filled composite member) =
Taete] 7l o] St
- ARWME P AS w/t,=376/EF, & FEFE oMo IFFao] WAEA

T ME UsH 2ol AAStIL Ut

oY

(r
ot
rlo

a) h/t, <3.76,/EF, L 7%
SFESA G A M,

o
b) h/t,>376\/E[F, 4 75 :
FESHAGE AN M, T
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Nencompact
0.08E

Thickness
Ratio
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Fo = ngz (3.61)
)
dFdFTHddA
LR (3.62)

NA - BE A S AFel

o

JSCEE A Ady FAFES FEs don, A5 HS compact 9
noncompact section® 2 ®g e FALS AAFL Yr}. FRAWES U AEE
j

AARAE Aok RHES] WF Z%E a7t Ee6218 HEFES Fgt

Aol ZFA Mol ugl compact ¢+ noncompact sections RWIES}L =2 o tf
g HEE Fgste] st Aol Foh S99 dFo] & Ag, 5 EHES o
Fol AuiAd 5= FHo] A= UH AARERMEA L7 AARMERY 27}
s HES
A THS] el wet FAYESHES AAAH(E)E s Ak g F
Aady ZAYE i) ZAA7E vigEs AAEIdEE RSk glew, AA
"} H & B = steel reinforced concrete® %‘E’éé}ﬂ ATh AAHE R A A
5 S/t es wEtsta vugo 7tAS Fele] Fadst. FuE Hw A9
SH-HEE BALE ofdff 1™ FEATh
HEYES THSFOEFEY Ao vl gt
- ZAYEY &Y E FAET
- Ao $Y-¥EE A=Y 2759 2
- ZAe $Y-UYFE WA= 29 2767 2o
T A oA TA
0,931,
S 084f f—1— | 0.8/
| B
i I |
E, | E : E, |
| = 0015 P Sl
(a) Reinforcing bar {0) Prestressing wire, prestressing (c) Ho.2 PC bar

strand and No.1 PC bar

a9 375 A % Zsedd A Y- E W
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f,wf S

Es
1 .‘ E"

(b) Under wmp;r&sswe stress aclion

(&) Under tensile stress action :
{combined with concrete)

a9 376 TEE AAe SU-AuE B

Mdl
; =1 (3.63)
i Mud,t
M,
Vi Mo, <1 (3.64)
o] 7] A
My, DA AR AAFENE
M. Ad5S o dis AR EH
Compact section®] &A% HEA Compact section® -5 FEHE thst A
= 2(265)E A 83
M,
’)/i, M”[ S 1 (3.65)
o 7] A,
M, D /REslE Y AEow wAet e AAREWNE M, =M, +M,+ M,
My, My A2 G o] W o]Feo] AT oR Q3 AAHEANE
M, WHEstzol o3 AAFHEHNE
M, gAdHe] AAFRAHET} T
ARAETIL] A9 AAIARHELR == 2(366)S A &3},
< h, OE]' WH
M, = A a2, (3.66)
_ Asfyd
TT0.85f 0, (3.67)
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(3.68)

o171 4

N

-
o

0

o)
|

Ay

<)

N

OH
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: 521 Al 4= (member factor)

(b) Bending moment and stress distribution

19 277 A(positive) EHIE F-7Fof A

(a) Composite beam section

23!

(3.69)

’

fydAs - 2fydafu 7fydAr
2f ydtu

h+t,+

T =

(3.70)

(f A, (d—=d) = fLeAp, (2h,—2d +t,) = foit, (@' —h,—t) (@ +h +t,—2d )}/,

Mud

o] 7] A

EA oA FEL7A o] A e

- 277 -



Strass distribution
(b) Bending moment and stress distribution

{a) Cross section of composite beam

1% 278 F(negative) W E Fxlo| A A chHe &

Sl
P _.. HNA.IJ
"_:' > zfn-r. (x=het)
T
-
=
#
EE S

Equivalent stress distiibution

H 3r
2R

Noncompact section®] AT AEA WHE 3}%3 Hk= poncompact section
7 AT el AEE 2A(3.71).% *—1(3.72):;’— &3t G o] A FA o
T dFetzes QA% Agxe g Formzg FAST AR AFFE BAE
(edge) o] 745

| )= @

AR =5 2 (edge)d 7H$-

F e ]i[ii;) ! 372
o] 7] A

M, © Z1Z 55 (shrinkage)®] @Fo= Qg AAAEAIE

M, - 7ZAGH AFZAAY] SASHA AAZEUNEH =

M, CFAEE AGEAA Y FASEA AAFENESE

M,,, ZAYES HAxF=9 ¢S 18 AAdd AFEFAA Y SAS

Al AARARHERS S

M, - 7Z3AGH FS5ZAA] SASHA AAFEUHES =

M, FATH AFZAA] SAGHA AAFENES]E

M, . ZAYES AxFHe s nd AAGH dEFdA ] dAS

A AAREAERE

A5t WEsE 5 E ¥ noncompact sectiong 7 A WHO HE=
21(3.73) A @BT74)E AEste] FATL o] A5 FA ol B o]F FgToE
Agh A ze] s st AR OJXO—‘TL A2 (edge)®l 8%
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# 3.36 Eurocode®} ANSI/AISC 360-10¢] ©¥ 5+ H]AL
Eurocode ANSI/AISC 360-10
Class | Description Class | Description
A section can form a plastic hinge with A section capable of developing a fully
1 the rotation capacity required from plastic | | Comp | plastic stress distribution and possessing
analysis act a rotation capacity of approximately three

before the onset of local buckling

A section can develop the plastic moment

2 . . . ) A section that can develop the vyield
resistance with limited rotation capacity Nonc o )
stress in its compression elements before
- - ompa .
A section can reach the yield strength at t local buckling occurs but cannot develop
3 the extreme fibre of the steel assuming an ¢ a rotation capacity of three

elastic stress distribution

A section possessing plate components

A section buckles locally before the || Slend o
of sufficient slenderness such that local

4 attainment of yield stress in one or more er

buckling in the elastic range will occur
parts

AASHTO?9] 4% AISC® #AFsHAl compact®} noncompact, slender section® %=
T8l 1o slender element section®] A9+ AISCS} wd3 ) dE5FA=E =
ghstal Aot th52> AASHTOO +5% 7 did gk Zsfo]t),

FLB resistance; LTH
resistance in uniform bending |

Fre 0F Mne | Anchor Paint 1 LTB resistance under

J moment gradient

Frax or Mmax

\ Anchor Point 2

R,F, or 4
RyF Sy N .
compact | noncompact | =
- : : - =
(inelastic buckling) g =9
- @ c
5e EZ2
o E 0 =
nonslender slender o |5 a
L - lﬁ 3 3 v
(elastic buckling) s | %
ari 8]

19 379 AASHTOO 5% 2z drdo] i3k =3
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3% 337 Adl WA Z-FAY 4 v a(1)
CEAE | EUROCODE | HEE@ =2a msito | BTEL
Class 1 ItRESS  9e(E9)
FEt
Compact™ YHTET 3 (326]
i IFREETH 1029
Class 2 o 10.9
YFEKIKIE I8¢ (37.5) AR
Ifﬁi-ﬁ:ﬂ 125k THEEFY 129z 'EfEEFlIIE‘ S4c Il‘ﬁii-? 165
Class 3 9 T T3 405 WOET|RT 393 | ®UTECOO S | emmTs 413
Hj = AFEFT Lde (138 g_rmi*f' @ o
Moncompact b T| XIS 42¢ (115)
Class 4
M =
Slender-element
section
i 05 HE 0EHTE)
Elastic Madubis | ., 205 20 sy il e
2 G |2 e guw & |Se (sumz |@AS A8 i g
= et wHE @R A | ;E SHEB TR T | eHe EEE A
| 20
JSCE#] 23 dde] o £7E Foena %Fl Z ) Soll o@ 5249l
TAL AAsta QA gorm wA Eurocoded wHEFol W 9 plxduhd o]
E-2ANE LAfsa gt
AR A v %9 2o #Fa= Euro Coded Filler Beame] & AISC &
o 7= G A (encased member)ol 3 %},
3 338 FHul Z;A Y F-FAR] A v 1L(2)
- EURO CODE :
CEse —— =2 CE ] AASHTO | ZI3%, AISC
Steel Filler Beam ' '
Class 1 UEEFT % IR 122
e a HEEEH %
Compact ?{? AR SEHT|TISE | 11¢
NREFT 10 >
Class 2 HRSET 14 RARRY 109
YUNI|TIT Bl o 2] %| 5 W T
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high-strength steel (800MPa)

s

600MPa
mild steel (400MPa)

UHSC (200MPa)

HSC (100MPa)
ordinary concrete (40MPa)

19 383 A B ZAgES] SH-UIE

oA
O =le] a3 ZAAZIEAM= olefdt o] #o HEo], 7I& AddT4A%e] 5o
2 skl Aol FEZEC FIAe T vk webd aZd=AdA e 47w
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2l A=y o] FAg sttt
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FEAE | g - - _ _
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(a) ACI 318-11

(b) Eurocode 4

(c) ANSI/AISC 360-10
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I gh-strength steel

1% 3.88 1% a9y

AFAA = AEA = AISC-200500 A g2
BES SRUESRL 9 ES 3 2 @ BEZ 445
gom, HAA Ha Ao GHELE AGFES FEAN FEUAE AdsL 9
o AANEES AAE wulth H8u97 Ao $a Hn gAN 1 w9
of Woltk WAlo] thalAt A et obd wuld Agolr. AnpHom AF
g ARA AT FARLNN CFTE AEs7174AE AA7Fe ®717F v Feha
gt dRsA G ol fR AAsts BEAs REG

O o3 22 ZAF olglol= o2 7Hx ZAHES s = ul obF7HA o]
g g AwbEQ A= SyEol A wa dddAe o & 5 Sl
ZAYE FHABRAE Ve HAR STz AAC A=Hom HEsr] s
Mz @ mE FE2AE, FFAN G, 5 Ee ARG E] ol WEA
oF akaL oo #3 A&go] B AA KR o] Fojqofd Aot

7Eel FERAAVIE RladE
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2010 AISC-LRFD vs. 2005 AISC-LRFD Spec. (KBC 2009)

@ 2010 AISC-LRFD+ HIAdAek ZAagEAAL] FE°] HASEHEE 2005

AISC-LRFDE W% 7/MA&tqitt. d& 5o 549 A=Al ACI318(2008)¢ A
THIY AEsteE dHAHMAPEARE)E =Yk

@ ohdzr MAEA && ACI 318 A 7FS FE&7] 9l

Leon 2007, Ziemian 2010 5)& wdsto] T A F- Al =5

= 2 ¥

g =mae 5 g AeAde] 494

AR ool gold 7 AEH e vwHs} B
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q, AT AR oE Avel say Bol FPAon wed WA PAZEY
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=5 g ATE 483t % 342+ ACI
AISC-LRFD®} EC4e A o] g4 7% 9 3] % = (squash load) AF42] e A3l
Zlo] o},

3 342 ACIL, AISC-LRFD$} EC49 Z=ztaAdATdE 283 24

e B A 6P, = 6, 0.854,f o+ AF,+ A, F,)
ZH E7OLE71:}_§—741_}I: 0'85fckAc fysAs fyaA
EC4 (Partial Safety Factor;PSF) Not.n, = Ve * Vs * Ve
Note: A7} EE ¢=1.0, PSF=1.00 % 3&}o] 24

@ 7t 71 A AN FEAA Y Fotd e dest AAEA FAGEY |
L Qo= Holx FOSM (First Order and Second Moment) Reliability Analysis©l
o]t MAA e AFE vluwrt B3 Ao Z Hrh o] = HAT stF, A,

d, FaYEe] W B 5583 AR Zasi o= CFT7gol =gd A
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o 2gsts Bl(z/p)el dE 74 7o AAe] FEEHoR HHIE MEHE
(reliability= probability of being safe)E H7}d ZQ7F At} o] AAS 3 &5
AEN U A A task force’} LT F% Jtial A5 E

EERESE

O s374= A FAEGHEY FAAEE AAFee e WIEATH
(general method)™} 24 SHEIH(ZIHY, k=0 old £& d8)9 F 714 &
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¥ 345 BT s 2 A
ZI9E F= ‘ A A ‘ 7 A 1)
ACI HEE Sl
AISC f, = 525MPa
“LRFD 21 < f.,. < 70MPa (KBC2009: ps = 1%
f, = 440MPa)
0.2<68<0.9
EC4 fo < 60MPa f, < 460MPa 5= Nafyd, P
p’erl
@ #-Z FAH Agk FHAFHe] FHEJ(=ZE Astr] sk Ao HE
AISC-LRFD& ©]¢] A&EstE Alxste] 7Hg e FJeje] s B gl
(3% 346 #31). ACIZ EC4+= oA gt A48t Qe ACIE U HFZF o1
EC4+= YHF gG#HoItt (F#7]se AS F 7o A7 8 3w Ao
Zfol & H T},
¥ 346 HA-FFA8] A 3k
7 7 A
ACT by - 3E, hy |88,
t fl/ t fU
A o A o
A Ar 382k A & 383
AISC-LRFD
2.26 £, 3.0 2 5.0 £, 015E“’ 019ES 031ES
h 235 d 235
EC4 — <52 <90
® F-ZFAHo] & CFTHH @F4%: 3§ 3478 ACIL AISC-LRFD, EC40l A
TSk d-FFAEel wE CFTYHe] @3S yerd Zejth. AISC-LRFD
7} 7H Ausk FElE wa vd 29 3902 #HEFA Mo wE AISC-LRFD9
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@ Holma¥: HAz=s ysh T/ )] FHE AN o=
AISC-LRFDON A = ZA7]52 #F=d == (steel column curve)&

EC4+= Rondal-Maqua A2 EdiE F11

o ZF 1A Y AR U] AEEe =5 du W HEES g3kt

WR FA-ZFA 8] 37FA vla7]E 7Fgdl AISC-LRFD who] 73759 Wiz
-2 FAM] g3t FAHol AS B OEF 7oA ZolE 4 Qlth. ¥ 349+

AISC-LRFD Wiz17]&3 KBC 20099041 7 s Wzl #-% FAHE gk o]
t} 7)o 1A (highly) 9 £7FAA (moderately) A= 243 AS5H 2% rad
2 7]Fo s RS Ak

3 349 AISC-LRFD¢} KBC® Wzl #-2% F7]H]

Highly ductile Moderately ductile
2010 AISC-LRED members Ay, members A, 4
Seismic. i:i %g 1.4 5 %g 2.26 %
(FAF AF 7P o y y
9 £< 0.076 £ £< 0.15£
AU t F, t F,
2 b 2E;
KBC 2009 7 =\
(2005 AISC Seismic) | <13 el .
70]_3,1:]_ pul x_:ﬂ' e %iT:‘
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O APFE=W (FATH/5 AAW)

AISColA Afgstar = SATAE7Ie Aot sidel i &3 Py
Varma$} Zhang (2009)¢] el 27 ske] 2010 A = Aok AISC(2010) 90 4 =
FgAFAel AHgshE Ags FRYUEAEE 21 MPa - 70 MPa, ZAle] F54 %=
525 MPa o]a}l Aol gato] sl&dtt AAGELS ahH=S 1y setr] fske]
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Table 3.58 Limitation of width-to-thickness ratio for RCFT

A A
r " Maximum
Compact/|Noncompact/ .
ANSI/AISC Permitted
Noncompact Slender
360-10
| E, s | E,
2.26 Fy 3.00 Fy 5.00 Fy
£,
KBC 2009 2.26 4] —
Fll
DAY W\
Table 2¢} Fig. 12 772t A3 wige AFAY dH GAE HoFrh 2 A9
T8 ide AZE wdE s J8% 249 CFT 7l5olth 4= A= <l
A= 800 MPa Holi, KSol SA4¥ HSAS00 At #Ae As AES 713
ATOSR0 A& Atgstd o A dEFE= 750 MPa A2 o33ttt} o] o
A= 496°]BE oF J|ZoR RERAUIL A S Zustel 530] HEE AFaw
< AAsth 712 AP Al ER00 = t, = 5 mm<el ATOS80 A& 483t 7
e AAZE dE (0] - 300 mm x 300 mm, b,/t, = 58)°. 2 AAEAY. FATE
o) Awt steEvle] £48 weete] 70 MPa #& A5
Table 3.59 Test parameters of specimens
Concre| .
Steel tube Stiffener
.o @ te
Specimele @ G
e/D 4) ) Fys
ns (mm) (mm) |B D t, e F, \ £ b, ., (MP 2oy @
t . aw/t
(mm) (mm) (mm) |~ " |(MPa)| ” ’ (MPa) (mm) (mm)) e
E800 40 1[0.133[1,720[300 300 |5 58.0 [746 37.5 49.7 [70.5 |- - - -
E400 40 1[0.133[1,720[300 300 5 58.0 301 9.0 [78.3 [70.5 |- - -
E800s M40 1[0.133[1,720[300 300 |5 58.0 [746 37.5 49.7 [70.5 60 301 30.0
M Eccentricity of axial load

@ Eccentricity ratio

(3)

@ Width of tube flange

( Depth of tube sectio

5)

(6)

(7)

n

Effective length of column or length between hinges

Width-to-thickness ratio of the subpanel, where w=B/2

393 -

Width-to—thickness ratio of the slender component, where b, =B—-2,



300

300

(a) E800, E400

150 150

120
w

60

120

(b) E800s
Fig. 3.214 Sectional dimensions of

specimens

o

APA E00= 2745 AAE A& El17e] HaE $ste] SS400 AAIE AES
Ak =FshAl AAe] FHRAER Qg xo|vhg B 9siA A ElY wdsh
A R @ =27 R AASEA T SS4009] AA FEAEE 300 MPa 8= o4l
S wl, A\, = 59124 p/t,= 580 < °lBZ FUuWHoR B 4 Qrf FAEE
ES003} 543 70MPaz A A &kt

283 EQ00sE ES00°] 4 AE|ZUE w73 Aoty ~E|ZUE A9 F
ol HAAsA = A5 A (subpane)® FEFAH|= of w/t,=297} 5 o
w/t, <\, =37424 D a7} @t o] w e Ao FRFFS FHI] WA

p

o3k 2E|xUe] o WH2GEWE [ = Tao et al[10]e] o84 theah 2

35 f
I, =31x 104(%) ) (3.134)
t

21(3.134)ell A we Z2EEZYol osiA] 5% Al (subpanel)d FHOZ=A AE]ZY

7F 3 ) BAE A w=D2olW (D=3 g Wl o)) ¢, = e FA,

F,,= A9 dEArolt 7|4 oA t= FHS vtk

2 XY= E4009] 7y A SS400(¢, = 5 mm) FAE A& o, 4

(3.134)& #=xsle] £ b, = 60 mm= AASA Y. ER00st AT gk ~

ZUel B gaket 9, A= Ay 3 ARt DA e AE e diste] 24(3.134)
o] HAolty, ~E XY HAMI FA-SA = 5 o

_l

E
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Fig. 3.215 Stress-strain relationships of

tensile coupons

Table 3.59¢] WEelY & ZAYUE Frs AE 36€A FAIA FEZA, AA
Ao A 3473BAA BF FPHQTE Z2AYUE FAAY AT HI e
705 MPa 4t} SS400 ZA1¢] dE7 %= 301 MPa, S1 32 %E 466 MPa, g41&2
33.8%= u}EM st ATOS80 A9l SEAZ=E= 746 MPa, AZAE=E
835MPa, AAl&2 21.6%= WElRT Ao duF e 02% 7THIE] HEe
2 A} Flg. 3215 ATOS80¢F SS4009] <l

A YeEld Aoz ATOS80 FAE Bt gd&Eod glo
2RA=

Ay Wy

Fig. 3.216& AdAe 7 718 7]719F ASHAAES BTt 2Adol= 1,000
ton &% UTMS AH&&S o
Aol 1A xHo] HEE AT <
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[e}
APE WAl ZA UTMY 7HE & %5 0.005 mm/sec® 274 3H3

- 395 -



Knife-edge
370mm

file)

ATt
=
s
&
;q-
A
o
=

}
A

UTM load

LVDT

NS " W OB W N o
W oo N
E w w
PRlay=8%, TF
W 5 oo We M o
TR_D KM ED B
W) © EL o o ogn N T e
NI I S
mﬁlﬂ%%#&nﬁm o) ¥
W me Hpop) o}J o B
Twi e e T
T T g = = W Mo N
Se c € S € B e T — o " o K s
5 £ EE S E b E B o o = ° =
5g = 52 £ o 75w B o o
=S SR ® N < = U] ok o o)
, , 5 ooy WOE T g o
7 . N RO il N KO o o M
5 o~ o . n =) ol o ~ o
S Lo T QU
n < X T < = = BL i
c . BRT N m X T =
E 2 oW wAT_ RTE BT
= % I % _ B n B F oW OB X 00
S =0 ~ . H ﬂor T HE mwo
E < = nooap q o (| =0 e
: e S owmi AT Vme ey
2 5 T . S G
¥ ToE T gy _w My T
s - T - B < ok O ol R
I £ TR NET T g Y
£ 1] — — . - 1o°
o f RIS P ]
iz | W gy BB N T
AN il | — Ho
&5 T _wwx T XA
i ﬂ k) 1__/l T = N_.o By HT
Jl —_ XK 2 Lt O#
) %éd%%@dﬂﬂ%ﬂ
oL X T F de B
No oW F o A oy E omo B
oo < T il
TP mh o oe
) <X No ‘le = A s N
o T W . 7 o o) >
Newm B Re N R s

l

12 &5}
.

[<]

- 396 -

Eaites

S

ol A=l 70% ©]

k
2

==
[o)Ke)

-

Table 3.609]
4), ES00(

e

-

4 3}
Fig. 3.217°1 A,
E]

3

&
Eal

=)

3

=

A
+

(e}
a
s

Fig. 3.217

==
T

A



o WA FREI 275 o5 ES03 E800sol Hlste] Aol Al A et
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Fig. 3.217 Axial load to mid-height

deflection relationship of specimens

Table 3.60 Summary of test results

Stiffness Strength Ductility
Specime K

5,1/ (kN/mm(Sc Pmax 5max (1)
ns

(mm) (mm) (kN) (mm) |

)
E800 [2.12 3,062 [3.63 6,491 8.17 [3.85
E400 [3.44 1,324 @4.42 4,553 6.92 [2.01
E800s [2.67 2,671 @4.64 7,131 13.27 4.97

Y Ductility p=4,,./3,

AA =7t By = AEE 2 E ZFRs 483 B8N0 4§ 5,.= 363 mm
oy, uRZE o] AE|ZUYE B3I E800se] A9 §,= 464 mmz TE Ao
AAHAT ol Ao FRAE Ndow FAES I FHart s

AWk ZFBS A 83 F4002 6, = 442 mmolA HAA=S e

o}

AgAe FEWY 5= AdsFe B% AFY 9HE = AMOIL7] K)o
AatFd =2 weo] Wz Aojatort. 18]y HoWY 5, = HAusE =
o s Aet s ol HHstE 85% FFEOE AAEAS W It AXNEES

= RARCES
2HXZYE HA% E800s7t p= 4972 7FE ekt &~
2

B 7t gle E800 p= 385313, 4% AAS 483 E4002 u

>,
o
o
ofN

23§ AEAe] gy dde WERAT ES007 ES800s9]

= =
B 7 TdE Ao wRFEo] WS, EA000 M= Ve el i EE
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Table 3.61 Comparisons of stiffener rigidities of specimens

Properties of specimens Prediction

Specimens |B w t, b, ‘. F, F, L Performance of leq.(1) eq.(8)?
o)

(mm) |(mm) (mm) [(mm) |(mm) (MPa) (MPa) (mm*) stiffeners (mm")  |(mm®)

) Sufficiently
SCET25-1"1250 |125 2.5 35 2.5 234 234 8,932 . 8,960 8,432
strong

SCFT25-2%250 1125 R.0 B5 2 234 [311 [7,146 Not strong 3,960 [8,432

@) Sufficiently
SCET19-1"190 95 2.5 25 2,5 234 234 3,255 . 3,429 3,702
strong

SCFT19-2%190 95 R0 P55 2 234 1311 2,604 Not strong 3,429 13,702

Sufficiently

SCFT13-3%130 65 2.5 15 2.5 234 234 703 909 1,186
strong
E800s 90,00S5ufficiently|
300 150 p 60 5 746 301 76,339 92,905
0 strong

D Whether strains at the stiffener—-plate juncture and the corner of the tube were the same
when the specimen reached the ultimate strength, that is, the stiffener was sufficiently strong
@ £=0.134Eassumed

® Tao et al.
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o o
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& APATE SRt nFE Fuate] Mas AN A FAE A§H A
A BUYE AT Gl on, AF wwue FRFITS WA fste] ~
HEUE ngd AgAe TRYFE R ¥ ATE i dojn dEL

D A dde uds Zas 243 B0 B TR ao]l 7)ol A E A wk
= AdAsE glel atgel Frkskalt

2) Wrdel =9 vz Ank FAE AL E400S FERE § Aol AA Ashy
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= A s E9A stES on it
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