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< SUMMARY >

Purpose &
Contents

In this research project, an Octagonal Concrete Filled Tube column (OCFT
column) will be developed. The OCFT is composed of four-banded plates,
and the plates are welded at the conners. The OCFT column is a new
composite column system, which could enhance economic feasibility,
construction ability, and safety.

Compared with formal composite column systems, the OCFT column system
could resolve width—thickness ratio restriction, deflection by concrete pouring,
and complicate connection detail. Also, by using different thicknesses of
plates along the axis, the OCFT column system reduce steel quantity and
enhance load—carrying capacity of the octagonal section.

The OCFT column can be applied to Top—-Down construction system.
Compared with the rectangular section, the octagonal section could reduce
boring diameter for PDR. From the advantage, the construction cost and
period will be reduce.

Results

1. reduce the deflection by concrete pouring and review the width to
thichness ratio

2. review the fabrication procedure by mock-up

3. Evaluate the economic feasibility of the OCFT column system

4. research paper on the load—carrying capacity of the octagonal section
and beam-column connections

5. Evaluate the fireproofing capacity

6. research paper on the top—down construcion system with OCFT column.

Expected
Contribution

By using different thicknesses of plates along the axis, the OCFT column
system reduce steel quantity and enhance load—carrying capacity of the
octagonal section. the octagonal section could reduce boring diameter for
PDR. From the advantage, the construction cost and period will be reduce.
Because the OCFT column is pre—fabricated in factory, construction tolerance
will be reduced and installation in field become easy. Thus, the OCFT can be
applied to structures, which demand high load—carrying capacity and precise
construction, like large scale factory and high-rise building.

Keywords

concrete filled ) width to top—down
octagonal bulging , ] ,
tube column thickness ratio construction
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of o] VeHelA ZAE dH7t HFTHA Ve dulel FAES Ve Adite
2= o

OCFT column
sl +~Crushing of slab concrete = External diaphragm } A ; .
=2 4 Ted ¥ } i
plate. “ kL Slab-reinforcing bars ”I‘____Stress concentration Con{réte e il
»L1 at re-entrant corner A ey ~
1 the columniface
T, _ ! die |
= Shear studs OCFT
TSC ) column ef-/‘/

Infilled beam

concrete

- — i of beam flange y b
U™ Brittle fracture at Out-of-plane u\\K
weld joint deformation

(a) Brittle fracture of beam flange (b) Local deformation of column plate {c) Crack patterns of concrete slab

| f ":gﬁfT
i Tension force i ] deformation

9 321 TSC ¥-OCFT 71% <% HeH Adsda

~—— Concrete slab

... Conerete
",,-’ crushing |

—_—
Compressive

..........

force Bondsllp p —_—
; i Tension force
(o] f:—of-plane deformation
i J | Bond slip
Tension force L7 '_.---—5 ----- due to srlgwooth surface
of beam flange

Weld joint fractl:Jre

might be occur due to stress concentration

1% 322 TSC »-OCFT 7]% yH &35
H & g A}

4. OCFT 7]%5°] A€ H-7|% EUE H3y

® OCFT7]F°] A&H ZA-ZLAYE FARNEZZE 17 3239 vepdlth OCFT7] % 7
Bl T A Al 2HEI Ao 25H F AP o]% BE JdAsty A
GAdAA B S IS widstal EdE AFY S AAdn HFA R FAYEE
Epdsle] ERIEZZE A3ttt OCFTel HAEs+= He UddHe TSC (The Sen
Composite) 7. &2 HIHE ALE3a AAdAZAANE T FaAYEY} THAATS I=5F
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A Udwe AR Tae Jue FAE 2
J }
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AAFGE- 77 o] & (inclined end-plate beam splice)S 3t =% 3t}

@ /15 Z o wjEe sn A2 REUEREES Z744717] 98] OCFT71% el
47 AFste] FEF FRPEES WHKES W w9 /T 9o Sdn FALS
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@}

_34_



e e AT b | | beir ‘
R\ Beam to be spliced Lf] 1L + ‘ Thick planar
\y [ 1l plate
. — Weak axis b 2 |(thickness ;)
. bracket welded to column ——" | ,
i ~ g S
@ Erection of column steel tube with bracket A A Strong axis < i ps @—T
@ Setting beam splice and bolt tensioning L N O_:Lagonal ﬁe?lf‘:rbe Thin C-shaped plate
with concrete infi ;
,~Additional slab re-bars anchored to the column thickiess 1)

A - A section OCFT column

5 !
fé K | Concrete slab v Shear connectors -V i
Exterior ., Beam splice . n . . == S5 8 — B=—= T —
bsém;f'coluan (Inclined end plates + Interior beam HUI nn connection T‘ T T T T‘L { bl T
connettion High-strength bolts ) caiﬂn Steel U-sectior ;‘ ol R Concrete slab
@ Placing studs and slab re-bars with concrete infi — mERcnon -
! ® B : [ s il -
@ Pouring floors, OCFT columns and TSC beams Concrete ?Iab Thicugh're-bars| i NL" R | |
welded to the beam: soali ! 3 [ b
Beam (H-sectionor T ] ] o plate Il e L
%!‘ (! 5Q) ﬂé a\i ﬂange—/\/ﬂiﬁ -~ (top flange A
L | 500~1000 mm -t - B Bottom flange (thickness fs; width by) and web)
Construction process for composite moment frame B - B section

a9 3.2.3 OCFT7]|5°] 484 H-7]s RHE HgH

ot

(al) (a2)
/ \,\,_ K Headed
g - stud
f ?:forz | anchors
e are placed
bg,[!s!_({lh) " at the thick
nchored

: ﬁ\\ plate.

“_. Thick planar plate
of OCFT column ()

(a) Conventional welded moment connection

Contact without
Slab reinforcing bars (A welding between

/7 (anchored within column concrete) | the bottom flange

A \ 21 Thick plate’ and thick plate
L /5. of OCFT column (#)
....... frosssssnsssnsnannne,

\ B P/ A section “pisgiic regicnviittiait Welding (f,)

Thick planar—* Bottom flange af 7. A— .
plates ofOCET  Tor bt g Bottom joint-reinforcing bars (A4g)

calumn
(b) Hybrid moment connection of welding and bar reinforcement

1% 324 YFAHRE TSC H-OCFT 7l HEH
A
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_ Slab-reinforcing bars (A,;)

>

,’/ -\,\\‘ (anchored to column concrete) Shear diud
Y. ~| N ig,;"""': .............. feeensens .
~_ | U-section of | =
® = TSC beam Y m :
External i i s | \"_Mﬂ
dlaphragms ] NA Top flange of TSC
o | beam i
A-Asection
LA - Column plate
\
‘- OCFT Column

(a) Moment connection with external diaphragms

. . Contact without
Slab-reinforcing bars (A..) welding between
(anchored to column concrete) { the bottom flange

|
~=Column plate | and calumn plate

U-section of
TSC beam

-

_ ’5\ K '5="1=4=-—-->’a Z
OCFT Colurmn | ecrogon
‘\ A-A section

Bot‘tam flange of TSC beam

(b) Moment connection with joint-reinforcing bars
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&A (A)

5. Rl ER A
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e e

“ o = SRR
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7. 9%

e Xﬂ 719]

FATE A 0% Add Bk 488 FRau & 48
e 19 3273 3280 UEdth BE SRAER @A OCFT/1%
o] A Aol 3360 mmol L, Bl M Zo] 3880 mmelth. OCFT71 5S¢ T-type &

.

L
it
b
L
to
U=

o] 7} 450 mm©ol AAFZFE wrdo A ¥l e S 73 mmutE Zebd 2zt
{Sé E—Udo]ﬂ— ( ff 304 mm) E.7]' 'Q_X—]QL‘ XJEqJ/]‘ ‘—‘?;Ud"] 0'1‘7:1' 7]1] 1: 14 mmO]
a1, FWel CY Ao FAE  t,= 6 mmolth

.|_4

A HEH J19 BAAlEwEs 19 327(@°l YEHth B UGS A5 Fdax 9 A8
WA E st LE A &7 FdA Adew A (b= 90 mm, t,= 6
mm. h,= 450 mm, tuf 6 mm, bbf 280 mm, tbf 6 mm) Udd ZA o= F7 150
mm i

7 19 mm2] iEiE% 2%*4 200 mm ﬂﬁsi éin“S} = eﬂL_ ZT ol = SD600+
D253 370(4,,= 1520 mm® 2 = 673 MPa)7} €88 B Ao 2 AL Sg B
HAATLE OCFT7]6 Z43e #este]l Uy ZagEd 90° g2 FAAZeh S5
H A& ol(= 320 mm)= KCI 20129 AAlE &+ A24ol(l,= 490 mm)E.t} 2kt
9ok, Fere] & -9 FHoE SD500w D25F 2 (f,,= 550 MPa)S 747t 3714 2
olfgFo 2 WixstAal, H: wiee v AFg A&kt Azl A
DI0Z << 300 mm A o= x| sttt oriolol = S 3 JFFRAS Atk o
E fste] FRA FAL e FAC] Qrfolo]zl S FWA| Eolof FAA AAS
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@ 2= ZEEE /% WRel ugstel /1% Fwel WeMF AFYL = A@A ol
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3880

6-D25 @138 (SD400, Headed bar anchorage) | |

A clear
| ] | ] | "% |7 cover33
LAy | | —Couplersplice | :
2, 4 | | \e-v “— Slab reinforcement
L = i = 450 ™ bars: 3-D25
L% I I S OO s 250 |=—TSC Beam steal
| . |Headed studs | i
I T B — 2015 @20—0 e /9“'1 (thickness 6)
| [ | " Transverse bars: DlO @300 [ ST
— Slab reinforcement bars: )
3-D25 @70 (5D600, 90° hook anchorage) Ag= 1520 mm? A-A section
S Shear span /= 3000
450 Exterior shear span £-130= 2870 External diaphragms
B Exterior diaphragms - (thickness: 6)
" | 320 " (thickness 6) f130 * /,4 g Thin C<haped
| o — ES % plate 2= 6
L= eo L T T T T T 7 ¥ T V7] I - =
25011 Fiadiag _ B OCFT TSC ¥
g \°T r EE TSC Beam Lateral bracing — 710) 430 Column = i 250l2510
/aA +le =R
¥ .l
SoEg S — —Thick column
*. ¥ |.——.
ocrT JA“'L__ Thin bottom flange ™. Thick bottom flange 9 304 73 plare t=14
v e tor= 6, byr= 280 to= 14 By 280 -
v
B-B section
(a) Specimen J1
41150
T 7T T L
450 430 Ld u/ Ll kd
1 A A
L, L3200 ™ 320 ‘m
— i T T faea ¥
-1 =1 Telel [ 3 s L |
—r 2‘BOI o ‘ISOH el Tsc - 2901 [ 150 / [E[E]TSC ==
— = “ |‘ 450 i;) Beam —= 1]310 H H Beam‘
b | e SRIgE |
T, ‘\HA Coriach without w‘;'_.| B Co?dtact without
~ Headed stud welding i e oy
A e anchors (12@19) = L 3501 =150
Moment connection details Moment connection details Moment connection details
, 1200 | , 1200 | , 1200 ,
I I I |
o " o e . . —— —
b . s i A N, ] g w ' N, 5 i
—— Slab-reinforcing Top joint- d " Slab-reinforcing Top joint= === d “— Slab-reinforcing
250 bars (3-D25) reinforcing bars bars (3-D25) reinforcing bars bars (3-D25)
12077 (4D22) . (4D22)
g = a5 . Bottom joint- Leaal s
——— ) reinforcingbars T [T
(Clear spacing (4D22) 9 %‘
45-22/2-6=28) A.= 1548 mm? i
A-A section A-A section o A-A section
(b) Specimen J2 (c) SpecimenJ3 (d) Specimen J4

79 327 RHTE B

(@< (Aol JepAG. B2
= A4 1F SR ZHR = 7T el
A EHEA Fga, 2 A AEHTOoORA 900 ZuE S 2= 47H4 D22 H (A=
3 i

I
o
w
N}
=
e
2,
v
o
Y
jud
I
5SS
s
S
r o)
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‘ 3880 |

— 6-D25 @138 (SD400, Headed bar anchorage) ’ 1200 |
= _ ] 'i Clear
} ! ! 150I | I-f 2 B | T cover33
= Coupler.spli = =1 )
orerspice External |/ "\ Slab reinforcing
2 . s 2t At 2 < diaphragms 250 i bars: 3-D25
& = ] (thickness: &) " v U-section steal
I = - Headed-studs—-— i T (thickness 6)
| F Transverl;e-barkl:-mD-I@SOO 2@l lg-@ZOID—— r
L Slab reinforcing bars: AA secti
3-D25 @70 (SD60D, 90° hook anchorage) A= 1520 mm? CEYEECHOR
o _ Shear span /= 3000 Cshaped
450 Exterior shear span £-130= 2870 | plate =6 *’l,‘
' —_— |45
B (Exr‘]tei:al dig)phragms 1 ~130] /’9, e
— 320 thickness B <_’> {
oL 7 oL 11 U T T T T OCFT
290| \9-& A s Ll 7101450 Column |
A o4 Eﬂ TSC Beam <
4 |
£ = I = ‘ { 120™" planar plate #= 14
QCFT A My Bolted splice o 364
Column |, 700 | P 73 73
dla 1 B-B section
(a) C1 specimen details
A
450 Shear span /= 3000 | y
' | 1200 |
A 1 -— | ] 11 Clear
- 150I [ i Il 1 cover33
T T 222 T T 7 T ¥ 7V T ¥ VIS == gl =" .
e f ¥ “| "= Slab-reinforcing
oo
150 ‘ pills TSC Beam Top U-bars —— 75 bars (3-D25)
1450 ) [3f
» VY % (Clearspacing 4 laoraa]l Bottom U-bars
£ JJl\ “— Bolted splice 45-22/2-6=28)—F Sk (4D22) ;
N - Contact without welding L4 Ay 1548 mm

(b) C2 specimen details

s FAAel 2717t 41 2709 CF ABoR ALH BE A5 ARPFE 49
AE 19 3280 vheblTh Cle) Z% J13h 2ol fttolo{ZAe Bal w-JF PEY
o $HAFS SHAAL C26 BEADS AST AFAZ B YRS JF Uy BF
dnel AFAZ ol UY HEALS AL Qi 2AUES R Fo) T E
WA Qe Adstag Folvh BEAL YAt sk FUs}

Arddor 3 ZAYES A= f, = 21.3 MPaclth. OCFT7]s 3} Holl Akg

A%, 77 6 mm % 14 mm F# dE5AE= 77 F= 411 MPa, 391
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ZAYER wds = 5717 A E = Aol SHolth vbH, TEFY S 45 CPo= d=
| 2o Fan Az 2he) Fhor AR, ol A B FAg 2
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A AFHe] o g He|WEF wygo] Fo]E=T
® Cl ¥ C2AFAE QEFY e OCFT A= A4 FA0mE 242 45 mm 2 6 mme|th
(19 343(a) #x). AHEHS 7Foz H7te 45 C1 2 C2e 47 A 2 Hx
B ole] AT FEBLZEANG,/0)E F8T 4 Y ¥ zdddor P}
Hol FAWLEE =4 A 5 Q)
¥ 342 A3
Steel Concrete
Section properties properties properties
ber |t | p ot
(mm) | (mm) | == A F, A r
k
Case 1 Case 2 (mrrs12) (MFJ’/a) (mr7512) (MTDa)
C1 230 45 51.1 MIEEHH HIZZEHH | 7,920 489 | 137,630 33
Cc2 | 230 6 383 | H|Z=RGHH | =YUCHH 10,656 | 407 | 134,894 33
C3 | 315 | 45 | 70 | MIZEHH M&CHH | 7398 | 489 | 149,074 | 32
C4 | 315 6 525 | H|ZRUEHH | =YUEHH | 9912 | 407 | 146,608 | 32
C5 | 315 6 | 525 | MZECH MZCHH | 7,398 | 489 | 149,074 | 33
C6 | 315 6 525 | HI=RGH | =YUCHH 9,912 407 | 146,608 33
C7 | 168 | 45 | 373 | MHCHH ZUCHH | 7398 | 489 | 149,074 | 33
C8 | 168 6 280 | H|ZQRECHH | ZZCHH 9,912 407 | 146,608 33
C-shaped Planar
plate plate
C-shaped plate .L
(@ ocrr Q-Type (b) OCFT T -Type 1 s
eff
-
Qch | |‘3/Ch
7
Planar Planar
plate = plate
. Spiral C-shaped
reinforcement plate
(c) OCFT T-Type 2 (d) OCFT T-Type 3
19 34.3 OCFT 7% YA
@ C3 2 C4ddA= TEFY Y OCFT AdA= A F7A0r)+= 22 45 mm 2 6 mmeo]t
(13 343(c) #x). Qe oiv] 2wy do|7p #fo} C39] A-¢ AFgdHo=z 7313
=3
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® (5 3 Co AdA= Tes] &
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ZAYES JEHadd wE d54E 7S Fdsty] Adteld. Chol= D109 wAd
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Eg 7% 39
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® C7 % (8 HYAE TEHY woe] 43 Qolg 4 sho] FBAPOR GS FAD
Aol o] A% wHe] BE Welq HRATol WA + AAW AAHOR FHFo]
= Wil Hsd A% By Zow sy

@ THo ANHLE IdiPRTY a5AE A" W (KS B 0802 : 2003 1A% AlY
el wet JAFAFE TSI A Ay 74 45TY FEZF == 489 MPa, 6T9
FEAFE= 407 MPa °lth. C5 2 C6 AgA ol 229 Y& g5 == 355 MPa
ojt}, (¥ 3.4.4¢F 17 345 #x)
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Axial load(kN)

Axial load(kN)

10000

8000

6000

4000

2000

.
(=]
8

- 8

Ry 8212 kN P.= 8654 kN
= 7197 kN

P~ 6576 kN
A Local buckling
A Longitudinal yield
= (1 ( Tube thickness: 4.5 mm)
‘ | | €2 (Tubel thickness:‘ 6 mm)

5 10 15 20 25
Axial displacement (mm)

30

P~ 8,064 kN
P~ 7,038 kN 8

o A

£ 266 kN = 6707 kN
24 Local buckling
A Longitudinal yield
= (5 ( Tube thickness: 4.5 mm)
C6 ( Tube thickness: 6 mm)
. . ’ | i , | , ; | )

o=

5 10 15 20 25

Axial displacement (mm)

30

10000

8000

6000 —+

4000

2000

10000

8000

6000

4000

2000

~P=T7613 kN
R“l'-" = 6443 kN
u— Y
A Local buckling

‘ ¥ oPu TR0 KN
A D
A Longitudinal yield

— (3 ( Tube thickness: 4.5 mm)

C4 ( Tube thickness: 6 mm)
L | . | | |
f f }
5 10 15 20

Axial displacement (mm)

25 30

A= 8213 kN
P=7.281 kN

£ " P 7962 kN
LB~ 7.243 kN
2 Local buckling
A |ongitudinal yield
C7 ( Tube thickness: 6 mm, , s = 75 mm)
= (8 (Tube thickness: 5 mm, 5 = 150 mm)

(]

5 10 15 20 25
Axial displacement (mm)

30

19 349 sts-de] wA

TN
d

|Local

buckling

Loeal buckling“at
corner

{e) C5 (¢ =6 mm)

f)Co (=6 mm)

19 34.10

(g) T3 (2=4.5 mm;] (h) T4 (=6 mm)

-l
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0

3% 343 A8 Hdslsd 3T v
AISC Measured
Test data Strength versus
estimate computed
berf t Case 1 | Case 2 | Case 1 | Case 2
P (kN) | Ps (kN) | Po/P
Pro(kN) | PaokN) | PufPro | PufPro
C1 | 511 6,576 7,197 1.25 5,004 7,641 1.64 1.07
C2 | 383 8,212 8,654 1.06 7,462 8,028 117 1.09
c3 70 6,255 6,443 1.03 5174 6,229 1.25 1.03
C4 | 525 7,613 7,820 1.03 7,489 8,103 1.04 0.97
C5 | 373 7,243 6,707 1.10 7,513 8,127 1.06 0.98
c6 28 7,281 8,064 1.13 7,513 8,127 1.09 1.01
C7 | 525 6,266 8,213 1.07 4,549 6,904 1.47 0.97
C8 | 525 7,038 7,969 1.15 6,670 7,202 1.21 112
HE 5 A=23
@ 75 TYFAA AFT FAY HPESAHAAE 19 3411 YEHT dAH o=
7V Aol i g9 gRIa AHES vszskdnh 27 Aol AA UEYeE RS g
At ol FEE BEE U SHES B UPRYS SgSdE By 2a
dE sEow A BIow 27| GFeFol Auel FFHAY] WEo|th A Az
AFANME CFTY F24 54 4 HFH SolA ZAYE FFo] 24T 4+ 9on
Aol x7] 2 dFol 48 4 9lomw /% U ~HE ug, 22eE @] A7)
5 #7h4el webiyol Bash,
c2
4.5T 6.0T O
10000
o WOy B | o e
[ r e c5 < S ~[-h:“] -
5 L B T S B000 4 .k ? O @
8 L A g B L
s am | /) CasR sawt g G 6
L) Ty
- 2000+
o : : i
0 0002 0004 0006 0008 001 0 0002 0004 0006 0008 001
Axial strain (mm/mm) Axial strain (mm/mm)
Oy 3411 71 A3 AgE AS A
FRerANe B3 523 L @A) W
® U7 Ard
A 2] FEolsn] V= 0.30] 31 A A= £ = 205000 MPaolt}. B35k 732 uniaxial A5
2> 4 g-aAd BdS F3 24 5 v e von Mises 54 = A 009 2
g 1A oy, 0, 0= 4 FHFORE] FEHol



1
F=— Vioy = o+ (o =03+ (03—, (3.4.7)
Bl GE o WA BE $HE OCFTEAE dAFolA 78 249 S
9 uEE FAE 2o At

400

300 ~

Stress (MPa)

200 4

100

0 0.1 0.2 0.3 04
Strain (mm/mm)

a9 3412 ZA AsE4d (6T)

2(ASCE)elaL &t Al E= 30,168 MPac]tt. OCFT W+ &

)

S 7k P& A4S
Abgstt. 2adE A% (f .= 33 MPa)&= %ﬁ% YHAPoRZRY e A5

40 R D

o b :ﬁ”"—ﬂrﬂ ] a=K,

30 - Confined concrete ﬁ\ 08

a7
= 06
Z 20 -
§ 6 e N7 04
“g - 03 ;
i 04 06 08 1
£ 111ef, D, /D
O T T T T
0 001 0.02 0.03 0.04 0.05

Strain (mm,/mm)

19 3413 FAYE AEEL (f = 33 MPa)

o] 7] A, uniaxial compressive strength f',.=f/+kf, ©°la olo dFs= WHE

’

6[:’

J1+E, ff ) o]t} (Mander, Priestley, and Park 1988) A& gto g AHaiA = k= 4.1,

N P P E A
Stk (4 00 #2) o714, ot 2AYE AAWAC] BF FETIeE WH v

3
Eoltt (¥ 3413 Fx)
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2t [,
=0. —— A 3.4.8
P, O85fck(1+oz TR fk) . (3.4.8)
o2 fy
= . 3.4.9
: D=2t f(‘k ( )
OCFT7]'#° Wi ZAgEE 350Fo =2 A oAUt ek 5o S7}
o wet ZavE HyWE Pap dgsiA @ ol AL wadsty] fste] A
& Drucker-Prager &54(G@)& 483t (29 3414 =)
— 7,
19 3.4.14 Drucker-Prager
gEA
ABAQUS® #Z=glE R Y= Drucker-Prager R4S AMgsltt gEzto g npzz e
p= 20", Flow stress ratio A= 0.8& AF&3tA T (Wu 2000). 3 F+&a ol & F4¢
E $Y-d1g8E FAHoA  7He F44Le S 2o (Saenz 1964) A71A, R = 4,
R = 4°]t} (Hu and Schnobrich 1989).
-ELEC
fe= €. €. 2 €. 3 (3.4.10)
1+(R+Ry—2)| |~ 2R-1)|——| +R—
cc €CC ECC
R R —1 1
—’?(72)—— (3.4.11)
R-1F R
R e (3.4.12)
E_ f/CC o
@® = (Contact)
Normal and tangential contact: 32 A EQ o] thsle] A g oz #-83h
o ZAYES} ZFAY HEFWoA FeHoE | AFEHgHrt APgHor I
Zan Z2aES] wpEAsE o] Adgke] Hl 047 AFESEE A AAeE 2AYE
o] #El& &ttt ALt A §HF RS BT Tieg &3l F&AT
@ =27 (Modeling)
AA E5AP Y FdEA EdE sAT (FF EdolE, ~EEZY, 75 Aol = 1200
mm, SHFE F). s S 3F02 BF FE59 3, AF A W19 AojE F3t
S fel z5 WS F3 0730 mme] WS ZFeilv. A E, A, EdolE, &
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@ ASCE Task committee (ASCE 1994)o A= FgtHo Aol muE HIPA S Fa] Hy
o AAA=E Hriditr (19 3520 % 2 356 #Fx),

MM, - Vb2 < ¢, (3.5.6)

DM, =D M, + Y Vh/2— Vh (3.5.7)

M, =V, h+V, (h—t;) for 14 (3.5.9)
® AN, My, My 22 87 Ad BHERE 33 dAd RWETTolty, Mye 7%
Womol Agats PRWER 2YSART Wi TE golth SYn BadE ¢F
A D EYBE FHto AAAFTE FRWE IFEHAT, Hdd EUE FE AL A
olof W T HSE W= e ZUTE AL FA Y B BIUF 7|FE #HEEA e
n=z 7l A2 A3 ASdEe Ve WF ZAZE 5 2Eg ot duitEwk

J1 and J2 J3 J4
Shear-moment demand

S - Y v/ 2357 2488 2044

Shear-moment capacity by frame, 29 29

Vi(h—t;) (ratio) (0.8) (0.8)
Shear—-moment capacity by column web plate, 442 442 442
v.,h (ratio) (12.6) (12.7) (16.5)

Shear-moment capacity by beam web plate, 803 803

V,(h—t;) (ratio) (22.9) (23.0)
Shear-moment capacity by diagonal concrete 2232 2210 2232
strut, V,,(h—t,) (ratio) (63.7) (63.5) (83.5)
Shear moment capacity 3505 3484 2674
Capacity/Demand 1.49 1.41 1.31
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% 361 AR S st AAFHF
Quantity Name Scaling Factor (model/Prototype)
Density 1
Gravity N
Stress, Pressure, Moduli 1
Length, Displacement 1/N
Mass 1/N?
Force 1/N?
Dynamic Time 1/N
Dynamic Velocity 1
Dynamic Acceleration N
Dynamic Frequency N
Diffusion Time 1/N?
A A A

915}e] o3 o] AA OCET 7159 A7|E Asta o& 1/122 34+
1

72 684 x 684 x 24 X

24 o]aL, ol & %_”E7 z=2 &8§3t7] $1ske] ﬂ—t— AEFAAL OCFTE 650 mm, HE
Z+e 850mm ©|th
3.6.2 2 A 15 shaket =429 A4 (fy = 30MPa, SM490
AH)
OCFT H3 7
A A7) 600 x 600 x 12t 684 x 684 x 24 x 24
A AH 650 mm 850 mm
AR A= 13,089 kN 13,108 kN
=4 23 50 x 50 x 1t 57 x 57 x 2 x 2
684

28
;
-
ﬁ)
5 !
2

600
408
684

Qc‘ow
CIN A I | |

OCFT A=A =7

24

B

50
34
5

g
;1
/
e

A A7)
a9 365 1/12 448 A A

OCFT 4R AY
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24 month

900 Ibs (6.2 MPc
8,000 psi (S5 MPc
15.8 Ib/gal, 1.9 gm/cr
250'F (121°¢

300°F (149°¢

]
A
o)

Rosistant to hydrocarbons, kotonos, alkohols, esters,
halocarbons, aqueous salt solutions and diluto adds
and basoes.

NOT INTENDED FOR STRUCTURAL APPLICATIONS

©On steel (1" x 1" x 1/16")
‘COMPRESSIVE STRENGTH
Intermittent
CHEMICAL RESISTANCE
"Nt 10-bo vsed for spocication pueposs.

SHORE D HARDNESS AT ﬁJu CURE (24 hrs)
Continuous

Performance Data®
SHELF LIFE AT 75°F (24°C), minimum
LAP SHEAR TENSILE STRENGTH
NON-VOLATILE CONTENT
ELECTRICAL RESISTANCE

DIELECTRIC STRENGTH

UPPER TEMPERATURE LIMITS.
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o ATEFH 12 W 129 A Ho] AL FEel A BE FR §FS 7425
of

TRE AP APEH s v #ok go] gt ddAdE 24T ¢ Atk

F7A 9] TES
W | a9 Ak 3 ; e Adats | s
Zo] 2l g
1 H 37 7.2 m A 3 100% 5,750 kN 41 mm
2 OCFT 7]& 7.2 m A 100% 5,776 kN 38 mm
_ BEEER
3 H 3% 7.2 m 3.6m o] 5 50% 5,974 kN 36 mm
.om [$)
3 BETCR
4 OCFT 7]'& 7.2 m 3.6m o3l 50% 5,935 kN 38 mm
.om [$)

2m zolo] AdAA =i, ARke] Fa7h A EH ol

6000 (41 mm, 5750 kN )

4000

Axial Load (kN)

2000
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24
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(38 mm, 5776 kN )
6000 |

4000

Axial Load (kN)

2000

0 10 20 30 40 50
Vertical Displacement (mm)

6000

4000 F y s

Axial Load (kN)
-

2000 s

0 10 20 30 40 50
Vertical Displacement (nm)
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C.-C. Chen., C.-C. Lin., and C.-L. Tsai (2004)¢] Evaluation of reinforced between steel

beams and box columns

This paper focuses on the experimental and analytical behavior of concrete filled tubular
(CFT) column to H-beam welded moment connections with external T-stiffeners. Six
full-scale specimens were tested cyclically. All specimens were designed and
manufactured using the following main test parameters: (a) the strength ratio of the
horizontal stiffener to the beam flange; and (b) the strength ratio of the vertical stiffener
to the beam flange. Three types of failure modes, horizontal stiffeners failure, vertical
stiffener failure and beam failure, were obtained. The connections reinforced with
T-stiffeners having 130% of strength to beam flanges showed stable hysteretic behavior
and good ductility. The ABAQUS finite element package was used to simulate the
experimental behavior. The results obtained from the finite element were evaluated by

comparing the load?displacement responses and the potential of failure modes.

Shanmugan, N.E., Ting, L.C., and Lee, S.L. (1991)¢] Behavior of I-beam to box-column

connections stiffened externally and subjected to fluctuating loads

This paper is concerned with an experimental investigation into the cyclic behaviour of
seven full size I-beam to box-column connections. Two of the specimens were stiffened
internally using continuity plates while the rest were stiffened externally with T- or
angle-stiffeners. They were subjected to cyclic loading and tested to failure. Hysteretic
curves obtained experimentally were found to be stable in all cases, and the connections
exhibited good ductility values. Different failure modes were observed; some specimens
failed by fracture of welds at the joints while most failed by excessive yielding of
stiffeners followed by buckling of either the column webs or beam flanges at the joint.
External T stiffeners were found to perform better than external angle stiffeners. They

were also marginally better than thoseconnections with internal continuity plates.

Beutel, J., Thambiratnam, D., and Perera, N. (2002)¢] Cyclic behavior of concrete filled

steel tubular column to steel beam connections

An experimental investigation into the behaviour of composite column—-to—beam
connections using ten large—scale connections has been conducted, four under monotonic
loading and six under cyclic loading. This paper presents the details and results of the
six cyclic tests. Details and results from the monotonic tests are reported in a companion
paper. All connections consisted of a concrete—filled steel tube (CFST) column (circular),
a compact universal beam section and a shop fabricated connection stub. Monotonic
testing was first carried out and the results, were used to conduct the cyclic tests. Each
specimen tested cyclically had the same general form, consisting of a direct connection
of the beam to the tube wall (using flange connection plates, and web cleat plates) and
reinforcing bars welded to the top and bottom flanges, embedded into the concrete core.
It was found that provided the connection to the face of the column had the capacity to
force the hinge into the beam itself, the specimen behaved in a very stable fashion, and
achieved ductility levels which were only limited by the beam and the nature of the test

itself.
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@ Mirghaderi, S.R., Torabian, S., and Keshavarzi, F. (2010)¢] I-beam to box-column

connection by a vertical plate passing through the column

Box—-columns are convenient structural members for moment resisting frames, but
providing a proper beam to box?column connection is still under investigation due to the
closed shape of box?columns and difficult access to the column inside for developing a
reliable load path. To resolve the problem, a new easy-to—fabricate moment connection
1s proposed for connecting I-beams to box?columns. The connection consists of a vertical
plate passing through the column and welded to the column flanges, and beams connected
to the plate named the Through Plate. In this paper, the force transfer mechanism of the
connection 1s described and a design method to determine the dimensions of the through
plate and other pertinent parts is proposed. An experimental program consisting of two
relatively identical cyclically loaded specimens was conducted to evaluate the seismic
performance of the connection. The results showed that the specimens reached at least
0.06 rad total story drift before experiencing strength degradation. Moreover, the
connection behavior for a range of parameters including member sizes and through plate
dimensions were investigated by a verified finite element model to examine the proposed

basic design criteria for the connection.

- 119 -



o
O

i)

- 120 -



M8g. =7tutetr|=5e

o0

- 121



A

- 122 -



AA} O B
=2 A M|/ - HAE 01
. O e = N o = =2 ALY | (TS AL
HS ==Y /55H/7|E} o 55 5 e = .
Eon /5% S5 =
S AMAD
TSCE-OCFT7|& e
csroel iy It el e
= BT = L4 o ALA
7 A= ) 20_15._ 7_FE (15.10.25) FAF
et 3|
=23g2E &8 5=
s R = v A Ix1 23| Ests gl e
) X X
7l EEHEF2 20164H & (16.05.12) ARAL
WEMs"EI} sl 5
sh=
ZZts CFT 7|89 XX 232 Ests] Eva=l I
SME UFAH 2016d 712 (16.11.03) ARAL
st 5|
Cyclic loading
tests of
) The 2016
Concrete—Filled Structures
Composite gt el e
XXF Congress
Beam—-Column (16.08.29) AFAL
. . (Structures
Connections with 16)
Hybrid Joint
Details
SgHENeS
b= =
xE =322 siEzT st A Ehs
s=™ E-7|1& SPN; ~
N =IDN| (16.10) ARAL
R
HtEsts A
A EtSHo
HEsE o SENEETP Mgy | oS
=aEest MR e (17.04) Ml
Zae| xMse i :
2ot Rl 2 AH

- 123 -




M11E. 7IEF Ak

ALY gl

- 124 -



1. =ZAYESS (2012), AFT27]F 2 314, KC, tgvl=
2. |43, NYs, HAAPE2016) EHZH 4¥ CFT 7155 grpojoj =zl AR FxAF, I3 7=
33 =23, 47283, #1284, A23, pp.75-83.
3. 9EY, Aew, ASF(2003) AHLT ~EZUE BE ZIYE AR 71T H-@F B FHER
W3y, d3d7F283 =83, 573783, A154d, A%, pp.167-175.
A+ ‘e, XY, FE21(2014) SRC7E. HIGHA UFdHow 748 FAE HFGH
o] RiEZIEAY, 37283 =23, 37283, A26d, A4S, pp.263-275.
i AR 2B ZUE RS 23 E FH 48 43 71 H ¥4 B HE

odk

e
2
=

A}

£

T

=)
T

6. °|d%, AFd, A48 (2014) d=EHE SHHAFFT W5 vlA= FEsehEe 9
233 =&F, d=47x53], A20d, A5%, pp.385-396.

7. AISC Committee. Specification for Structural Steel Buildings (ANSI/AISC 360-10). American Institute
of Steel Construction, Chicago-Illinois (2010).

Fo@RgT

O

8. America Institute of Steel Construction (AISC), Prequalified Connections for Special and Intermediate
Steel Moment Frames for Seismic Applications, ANSI/AISC 358-10, Chicago, 2010.

9. The Europen Standard, Eurocode 8, Design of structures for earthquake resistance, BS EN
1988-1:2004, 2004.

10. Morino, Shosuke, and Keigo Tsuda. "Design and construction of concrete-filled steel tube column
system in Japan." Earthquake Engineering and Engineering Seismology 4.1 (2003): 51-73.

11. Ding, Fa-xing, et al. "Composite action of octagonal concrete-filled steel tubular stub columns under
axial loading." Thin-Walled Structures 107 (2016): 453-461.

12. Yu, Min, et al. "A unified formulation for circle and polygon concrete-filled steel tube columns
under axial compression." Engineering structures 49 (2013): 1-10.

13. Abedi, K., A. Ferdousi, and H. Afshin. "A novel steel section for concrete-filled tubular columns."
Thin-walled Structures 46.3 (2008): 310-319.

14. Yuan, Wei-bin, and Jun-jie Yang. "Experimental and numerical studies of short concrete-filled
double skin composite tube columns under axially compressive loads." Journal of Constructional Steel
Research 80 (2013): 23-31.

15. Zuo, Zhi-Liang, et al. "Axial load behavior of L-shaped CFT stub columns with binding bars."
Engineering Structures 37 (2012): 88-98.

16. Hu, Hsuan-Teh, et al. "Nonlinear analysis of axially loaded concrete-filled tube columns with
confinement effect." Journal of Structural Engineering 129.10 (2003): 1322-1329.

17. Huang, C. S, et al. "Axial load behavior of stiffened concrete-filled steel columns." Journal of
Structural Engineering 128.9 (2002): 1222-1230.

18. Mander, John B., Michael JN Priestley, and R. Park. "Theoretical stress-strain model for confined
concrete." Journal of structural engineering 114.8 (1988): 1804-1826.

19. Shin K. J., Kim Y. J,, Oh Y. S, Moon T. S. (2004) Behavior of welded CFT column to H-beam
connections with external stiffeners, Journal of Engineering Structures, Vol. 26, No 13, pp. 1877-1887
20. C-C. Chen, C.-C. Lin, C.-L. Tsai (2004) Evaluation of reinforced between steel beams and box

columns, Journal of Engineering Structures, Vol. 26, pp. 1889-1904.

21. Shanmugan, N.E., Ting, L.C, Lee, S.L. (1991) Behavior of I-beam to box-column connections
stiffened externally and subjected to fluctuating loads, Journal of Constructional Steel Research, Vol.
20, No. 2, pp. 129-148.

22. Beutel, ], Thambiratnam, D., Perera, N. (2002) Cyclic behavior of concrete filled steel tubular

column to steel beam connections, Journal of Engineering Structures, Vol. 24, No. 1, pp. 29-38.

- 125 -



23. Alostaz, Y.M., Schneider, S.P. (1996) Connections to concrete-filled steel tubes, A report on research
sponsored by the National Science Foundation, University of Illinois at Urbana-Champaign, Illinois.
24. Azizinamini, A. Prakash, B. (1993) A tentative Design Guidelines for a New Steel Beam Connection

Detail to Composite Tube Columns, AISC Engineering Journal, 3rd quarter, pp. 108-115.

25. Mirghaderi, S.R., Torabian, S., Keshavarzi, F. (2010) I-beam to box-column connection by a vertical
plate passing through the column, Journal of Engineering Structures, Vol. 32, No. 8, pp. 2034-2048.

26. C. W. Park, S. Y. Moon, S. H. Yun, A Study on the Sub-elements of the Top-down Construction
Method Selection Model using Weighting Factor in Downtown Area, Journal of the Korea Institute of
Building Construction. 8, 4, 2008.

27. H. Y. Cheong, S. S. Kim, K. S. Kim, Evaluation on Axial Resisting Capacities of Embedded Steel
Column Base to be applied to Top-Down Method, Journal of the Architectural Institute of Korea
Structure & Construction. 16, 5, 2000.

28. D. J. Kim, Y. Choo, J. H. Kim, S. Kim, D. S. Kim, Investigation of monotonic and cyclic behaviors
of tripod suction bucket foundations for offshore wind towers using centrifuge modeling, Journal of
Geotechnical and Geoenvironmental Engineering, ASCE. 140. 5. 2014

29. A. N. Schofield, Cambridge Geotechnical Centrifuge Operations, Geotechnique. 30, 2, 1980.

30. Y. D. Lee, S. J. Jung, A Study on Void Check for Top-Down Column Joint by Field Experiment,
Journal of the Korea Institute of Building Construction. 5, 1, 2005.

- 126 -



TEWNSI|SAUE X HAIE el ATFETAM LT

0%
ret

of FABEIME SENSFOAM A

of 2/ZEUM WES LESHE WHols BEAl S EWNSFOIAM Al Atdel AFI/LMD

o
gr5{of g cf.

I7teevls 712 ®Xof 2R HE2 HAMLE UE = SIHStHdM= ¢b Euct,




