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SUMMARY

Purpose &
Contents

In this research, the spalling—controlled and non-welded CFT column having
3-hour fire resistance performance has been developed, and its design and
manufacturing method also established so that its practical application can be
feasible. For an efficient team work between Pl and co-institutions, they clearly
assigned the work scope for each institution but also collaborated when necessary.
The research purpose and works for each research year was as follows:

1 year : The optimal cross-section, considering economic and structural
aspects, was decided through non-welded CFT column test and structural
analysis under the ambient temperature. Then, the full-scale fire tests were
conducted to obtain 2-hour fire resistance performance. Also, the prototype
products were fabricated to examine their limits and make improvement.

2" vear : The non-welded CFT column tests at elevated temperatures were
conducted to obtain 3-hour fire resistance performance, which is the maximum
performance level in current national codes. Then, The non-welded CFT column
was applied to a building structure so that its constructability and economic
efficiency could be double checked. In addition, the design and construction

manual was prepared to make its application easy.
Through the well-established step by step research process, the structural

performance of non-welded CFT columns under ambient and elevated
temperatures was verified, and economic and market analysis were also
performed so that the advanced technology developed in this study can contribute
to activate national construction market.

Results

Technical Among the CFT technologies utilizing single steel tubes, the
viewpoint non-welded CFT column is the only technology that meets 3-hour
fire resistance performance without fire resisting cover materials.

Environmental Current CFT columns need additional fire resisting cover materials
viewpoint to satisfy the required fire resistance (2H or 3H). The fire resisting
cover materials, however, emits noxious gas(CO/CO;) when exposed
to fire, which causes a large number of casualties. The non-welded
CFT column, however, does not need any fire resisting cover

material, and thus no noxious gas are generated under fire.

Economical The non-welded CFT column does not need any additional fire

viewpoint resisting cover because 3-hour fire resistance performance was
obtained without it, resulting in saving the cost and interest,
reducing the construction period, etc.

Expected
Contribution

Non-welding CEFT column developed in this study is the material that meets
a 3-hour fire resistance requirement without covering and thus additional fire
resistive covering process to satisfy the requirements for CFT column is not
necessary, which reduces the time an cost. Besides, it minimizes the defect
that might be caused by welding process and vulnerability to the fire as well as
realizes the smaller section comparing to existing CFT column through reduction
of internal stress by spalling control which results in additional cost reduction.
Thus, simplified process and minimized section comparing to existing CFT
method are expected to make commitment to expanding CFT market worldwide
thanks to non-welding technology developed for the first time ever.

Keywords

Concrete filled

Non-fire proof  Non-welding | Fire resistance Column
steel tube
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}“‘“.“‘:ﬁ‘s}mnsns N wesrwesTs:
| | | (10 mm THICK) I
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Simple Connection

REINFORCEMENT

@ b
v

¢
WOH BOLTS

220x220x6.3 mm STEEL TUBE

Connection with External
Diaphragms

. . Y.
. I\ BEA
‘ AT COLUMN CENTERLINE
! D (WEB PL TOTUBE TYP
S FLANGE PL. TO TUBE TYP.

PLATE TO MATCH BEAM
FLANGE WIDTH & THICK.

M ALIGNS WITH WP,

‘ { } CROSS SECTION |

Figure 3.3. Simple Connection, Type [

1 D
|
| j i
| | | il SECT Il
= . [ ==
i T
r; L
|
|

WEB PL.TO TUBE TYP.

c::-\,_?,l DIAPHRAGH TO TUBE TYF.

PLATE TO MATCH BEAM
FLANGE THICK.

BEAM ALIGNS WITH W.P.
AT COLUMN CENTERLINE

E } GCROSS SECTION il

Connection with Deformed
Bars

WELD TO FLANGE, AS REQD.

: ‘ [ #3 (25 mmg) REINF. BARS, TOP & BOT.
| |
LT
|
I +
.
| ) |
]
| I
WEB PL. T0 TUBE TYP.

FLANGE PL. TO TUBE TYP.

PLATE TO MATCH BEAM
FLANGE WIDTH & THICK,

BEAM ALIGNS WITH W.P.
AT COLUMN CENTERLINE

{ > CROSS SECTION Il




Type name Details
TUSE CUTOUT REPLACE & C.P.J WELD
/—r< TYP.
! 20 %90 mm (%" x 31/,") HEADED STUDS PLATE TO MATCH BEAM
| FLANGE WIDTH & THICK.
|
. . |
Connection with Headed i
\Y) 5
Studs ‘
\ | 1
} ' ) BEAM ALIGNS WITHW.P.
|
| | | D WEB PL. TO TUBE TYP. AT COLUMN CENTERLINE
G
‘ ( } CROSS SECTION VI
20 ¢ x 90 mm (3, "¢ x 3')") HEADED STUDS TYP.
W( C.P.J FLNG. PL. TO WES L. TYP.
|
v Connection with Web
Plate and Headed Studs
BEAM ALIGNS WITH WP
AT COLUMN CENTERLINE
STEEL TUBE CUTOUT 6 acﬂoss SECTION v
REPLACE & CP.JWELD TOP & BOT.
STUB OUT FLANGE TO MATCH
BEAM FLNG. WIDTH & THICK.
s
Vi Continuous Flanges ¢_ af=
mEEEgEes iBEAMAUGNSWITHW.F!
| FLANGE & WEB PL. AT COLUMN CENTERLINE
TOTUBE TYF.
) E ) CROSS SECTION Vi
‘ SECT. Vila
i ‘ — |
| |
| |
| = : x|: =ssds=s
i I
} I { } SECT Wil
—_—- - — | [—
i | ‘ |
| | |
I | |
( = | ===
. . (‘ | l I | FLANGE & WES PL
Vi Connection of the Girder e ToTURETY

through the Column

{ I |
\ CUT SLOT IN STEEL TUBETO
MATCH STUB QUT. SLOT SHALL
BE CUT WITHIN 5§ mm TOLERANCE

¢~ GROSS SECTION Viia

STUB QUT FLANGE TO MATCH
BEAM FLANGE WIDTH & THICK.

BEAM ALIGNS WITH W.P.
AT COLUMN CENTERALINE

CROSS SECTION Vit
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3) Ahmed Elremaily, Atorod Azizinamin, Experimental behavior of steel beam to CFT column connections, Journal of
Constructional Steel Research 57 pp.1099-1119, 2001



Tube Tube
305¢X6 4 mm 305pX9.5 mm
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—— |
u ' W
W18X50 . \ W18X50
Styrofoam (no concrete
. S —e—

in panel zone)
(a) (b)

Tube Tube
4#11rebar  4060X6.4 mm 4060X6.4 mm

in NSF4
\‘uq __.: |/ 8 mm i /
': ==

N
| W18xas W16X31
—hd 7
(©) (d)
4C 8 #8 Threaded rods
1 |_—Flange PL w% Flange PL
> S T 44 5x203x4724 mm
T
Web PL ‘\‘ — Web PL
>-vt/ - = . 4 12.7x356x2184 mm
>Te«/ s Stesl jacket is T a— Web PL
cooped arcund - ruel S.deSGXSSG mm
beam flange only in NSF7
Tube 406HX6.4 mm
kel el 6.4mm steel jacket
Section C-C Section A-A /‘ f f * ﬁ
57 57 89 89 57 57 mm
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[219 2.1] Ahmed E(2001)¢] A38A| A
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2o q7)dA ¢4 LFZYE dt5e BAX VleerR adHoR Agdts

i, 4% SEZUE WP ZAEd Ud $¥ F/7E 4L dvin
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|

K

4) Kyung-Jae Shin, Young—Ju Kim, Young Suk Oh, Tae-Sup Moon, Behavior of welded CFT column to
connections with external stiffeners. Engineering structures 26 pp.1877-1887, 2004
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Bewm Failure &
buckling
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5) S. Elsawaf, Y.C. Wang, P. Mandal, Numerial modelling of restrained structural subassemblies of steel beam and
CFT columns connected using reverse channels in fire, Engineering Structures 33 pp.1217-1231, 2011
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& 4.8 1 6026 345 41 3
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A2 784 CFT 759 7= % W35 37t
L 72 2 WS B A% FAH4 d=4 30

- A7ley F2A5E NSt AS] Astd AEATE FHE] ol WA AEd Z
gdA01g 784 CFT759 42 2 22449 F24%5S H7istr] 93] vddaeds
2234 (Nonlinear finite element analysis)S A AI3IS T

- ZEAY 783 CFT7159Y ALAS35E Hrkety] Hste] Cai et al9dl 93] 348 A
79 @99 CFT7Is A8AE ddes 343 A48 AAstded, 43239 vla A5
< B8t M AFe NEgAe Frstuz A AFAEA= 300mm X 300 mm TH A
o Smme ZAFAE 7H Aol 1,500mmef vigtu o] Holglx &2 CFT7Is 43
AE daew sgom, A FEAR=E 387.0 MPa, 2agEe ¢&34=E 39.8 MPa
ol Att.

- FEe e g AT AN T2 ABAQUSE AHEdte dstqit) A
A A E ol&ste] [ 31(a)lel YeRd A7 o] KAl 12%e RdYdtt. &7
ZAYEE 3D soild elementE AHE-3te] REE sHom, Ao sEx 2 A7 AFEE
Fol7l A 3D solided F SHA JHE 7MAE Hexahedron (brick) element 5ol A
eight nodesZ 2t+= C3DSR element & AH&3F

- 3 BL elasto—perfectly plastic behaviorE 7}1A33qow, weta ol59 3 HY
9 #AE 4 GDE JYEd ¢ 9.

)

E,=Ee <F (31)

- 7N, B, g, B9 B 47 ZARAAY 38, ¥EE, 9AT 28 R R &
&S W= ZAgES FL£E I confining effect) 2 AF 9 B A8 A (material nonlinearity)
gk ooblet S we ZATES] o]F A dsKbiaxial tension softening) AE S H43] {Hg
371 943te] C.D.P(Concrete damaged plasticity) model & AF&3}%131, dilation angle 5290,
eccentricity & 01% H-&3tith £8, 15453 g 254589 vE 1168 F &3t

Z3EY $H8-M8E BAAE= Vecchio and Collins®] A|¢H2¢l 4 32 € 38 AM&3tdth

fc = fc 2 7T 7 (2)
& &

9) Jian Cai, Zhen-Qiang He. Axial load behavior of square CFT stud column with binding bars. Jouranl of
Constructional Steel Research, Vol. 62, pp. 472-483, 2006.




f :f—c”
414 /200¢,

3)

- 714, [ e EAEY FFLHF FHFUFEL, f Y o/ & ZAIYE &=
et old dEHE HIPET f T e FIAYE JAFAESY AGHIEo| 1,
L2 Z2IFE FERERA 0.33,/f] & A4t

7

]

o

[o

.y

I ZaYEY HEHEL FAWEFO T E contact pressure® A 27 AEE
A1, FHHIEFS ZE Coulomb friction model S ARE3dte] H2<%8(bond stress)
] sEo] Zg3td mugA(slipo]l TAsE S FEIFIAT A7 AMEE H
2338 06 MPag AH&3t9 1, 039 uvlZA S (friction coefficient)E AM-&3te] w1
o] A T FAI} ZAYE AbolY JEHY AFE ZDHAH

N
r

ol
o

o

o

Lo
|

N
oo
JE

+
+
+
+
+
+
+
+
+
+
+
+
+(

(a) FEM 293 (7#)
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ek AAASZE(L,)E obdlig o] FFE2AA7IE0 & AISCIVAM AASL e U

o2 WASGoM, £ 1-19] woli vish Zo] WP 2 92gee] BEFAM e} =
Yoy, wzEoy 2 AREdes T A4E & At

m=2uy
P, =P, (34)

471A,

E —
sr E (30)

PP:fy +02fck

It
O, - A7 A 085, AF wHoAE 085(1+1 65
ck

D,=D—2t

P, =Py~ (Pp—P) B (36)
" " v ()‘r_)‘p)Q .
7] A,
Pp= 2 O)E A3
P, nyAS +0.7f 4 ) 3.7
W Age
Pno :fcrAs +O7fck c L ) (38)
o714
9FE
- A28 gy Ao =—° .
]'ZT o ST, fcr (b/t)2 (39)
0.72
- 98 9Wd 3¢, /1, = L (3.10)

[(D/O)(f,/E,)]**
71A, 4, E2YE Zo9 G¥H(mm’), A, @ FEREZAY] GHH(mm?), 4, @ ALY G
H(mm?), G, G @ T FAGESFAY FEa738S A% A5, D 948 Z#e 3A ( mm) ,
LY Z&] FRAFAE A WSHE(mm), E, : SIAYE BZAF(MPa), E; TE2LA9

e

gAA(MPa), £, 229 &@4AF(MPa), P, : AZEHE s} AgS AASFAY F

10) 0000000@014). 00000 D0D0O0OD 00O ooooooa.
11) AISC(2005C). Steel Construction Manual, 13th Edition, American Institute of Steel Construction, Inc., Chicago, IL.
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225719 2 ISO 834504 At le EFESAFAo] ofd ofet FAFE ASTM E11910 %
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(a) specimen 1 (b) specimen 2 (c) specimen 3
[2¥ 34] 4 WsdeH7t 5 A A (Chabot et al.)

12) Franssen JM. (2007) User's Manual for SAFIR 2007, a Computer Program for Analysis of Structures Subjected to
Fire. Structural Engineering, ArGEnCO, University of Liege, Belgium.

13) Chabot, M., Lie, T.T.(1992), Experimental Studies on the Fire Resistance of Hollow Steel Columns Filled with
Bar—Reinforced Concrete, Internal report No. 628, Institute for Research in Construction, National Research Council

of Canada, Ottawa.
14) KS F 2257-1(2005), 00 00O OO OO oOo-4Oo0Oooodo,oogood.

15) ISO 834-1(1999), Fire Resistance Tests—Elements of Building Construction Partl: General Requirements,
International Organization for Standardization.

16) ASTM E119-00a(2000), Standard Test Methods for Fire Tests of Building Construction and Materials, American
Society for Testing and Materials.
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(a) 2D sectional modeling (b) CFT column modeling
[Z1¥ 3.5] Modeling details of mesh and segments for FE analysis
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A 6Te 7
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duk 843 CFT7]%
316,800/9,791,253 ppmo.&

R He) HuE A0 317

T WSt AoE Usgoy w40 Eety AAAdel @A "olAe v, JleY A F
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@) 39 drax wAL AdsH
H =2 MAAME HEsEe

— TAKENAKA KOMUTEN : 2009& 0l A 2011E Xl SHEMIE ZE& 0iE0l 2011
H 0= &M NFEHC=Z Sototd US

Income Statement and Balance Sheet (Consolidated) (Wil o yeri
Tind term T3rd term Tath term T5th term Tith term
2009 w010 o w12 013
Ordlery raceived 1053100 825084 29542 1004492 1214335
Revenues LI75515 1055498 ETLT K 994,381 1,020,956
Operating income 14,792 Ngsd 11,106 41,350 11525
Operating margin (%) 13 21 11 ikl 11
Ordinary income 18,406 2632 10,962 12595 21,709
Net income 11,845 5354 207 6122 7162
Net assets 3aasn w92 308135 350,884 438468
Total assets 1,086,407 93712 899718 97173 1,105,000
Other Financial Data (Consolidated) (MMl o yeri
Tind term T3rd term Tdth term 75th term T6th term
2009 2010 a0 2012 2013
e ) depment e 7510 734 7131 6472 5,502
Capital irmestrnent 10,400 9,500 5500 8,900 26,300
Returm on equity (ROE) 9) 16 16 o7 19 18
(Cash fiow from cpexating acthviiss 58934 87968 55933 A10610 4929
{Cash fw from inwesang acTetes A18711 FARWEES Al4082 48,275 A1 6
(Cash flow from fingmding activities 51318 B62 873 47,262 &5.7492 8254
Revenues by Business (Consolidated) (Ml o ver
Tind term T3rd term T4th term 75th term 76t term
2009 010 011 012 2013
Construction business 1,107 435 992,067 S10.648 921,188 935,100
Development business 36,580 3 m 12687 42006 #3529
(s 31,900 31,700 3338 34985 35906
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- TAISEI : 20114 Ol

0l

=090l XEH2Z2 St Al

(MiNions of yan, %)

20103 20133 20123 20133 20143

Amount of order receved 1,244,439 1,254,094 1,379,572 1,404,406 1,645,895
Net sales 1,441,975 1,218,118 1,323,503 1,416,495 1,533,473
Oparating mcome 35,627 36,294 36,485 35,606 53,773
Ordinary income 27.739 24,043 30,242 35,063 56, 756
MHet income 21,222 10,883 1,181 20,050 32,089
Met assels 297,179 290,598 292,601 343,300 384,166
Total sassts 1,501,290 1,395493 1,494,695 1,543,094 1,599,065
MHet assets par share (yen) 262.15 253.94 255.60 299.84 335.42
Met income per share (yen) 19.74 9.58 1.04 17.60 28.17
Openating marghn ratie 2.5 3.0 2.8 2.5 3.5
Equity ratio 19.0 20.7 19.5 22.1 23.9
Return of equity 7.8 38 0.4 6.3 B.9
Cash flows from opersling activities 16,002 118,894 105,100 73,081 138,749
Cash flows from nvesting actiities 40,871 (3,902) (8,095) (4,703) 16,028
Cash flows from financing activities (46,302)  (64,750)  (58,821)  (46,551)  (68,826)
Mumber of .m’v-.. {P'"'l'ﬂ"'l] 14,461 14,039 13,776 13,569 13,599
Intarest—baaring dabt 530,746 472,032 419,248 379.072 316,493
D/E ratic (times) 1.7 1.5 1.3 1.0 0.8
Research & development 8,165 8,641 8,530 8,959 9,534
Depreciation 8.171 8,520 8,002 6,865 7,407
Capital sxpendturelCash=bass) 6,255 5,537 6,721 6,283 12,193
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008 | 20133 (#g=)
NIPPON STEEL & SUMITOMO METAL 24,1% (1105) uz
JFE STEEL 13.6% (502) o=
MARUICH KOUKAN 11.6% (504) G
NSPC 148 1% 10.7% (467) ==
MS-KENZA 6% (260) 2=
NISSHIN KOUKAN 2.8% (1200 =
JFE KOUKAN 27% (118) o=
JFE STEEL-PIPE 24% (104) 2E
OE, 167 w0 |2z | B
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IPC(Main) 4 3 b
Uzl 8, of. Zt90ld; X5, e, MEEH), dx=2 =
E04B o 116
Ae#H) L= 7|EF 22 ((RE)
TR U5 M2(LHHERH) E01D, BAH(HeH) E= CHE E2E
ot SEs| HAE A E04B A= EHXTEM AMBEHE 24
E04C 51
F04G, E{'42 E21D">E2ID; YL 21 7AZX ZEtHCIE He M8
9Z Zt= X 24 F16, £3| F165">F165)
7| EERR), 2H(ER), SH ()55 +=30KDo| Hgket 2 E02B),
E02D IR 19
X5t E= 5 FRE
UHIER)(EHS SLCREZ R HOIE LEu ST ALO[of
E0LD N 16
7Hd(ZB5%) 5= Ct2| B64F-001/305)|Ct2[2| SHA|
HIAIGRRS), HEE, AFY & 458 7|7 E= 7B 58 227
BMG | = JUS0 ARg #F0| oMl 2% Mol 2T $Ee 2 |9
29| B4 M E= 7|EF A
2o AIZE 20F 28 @ 222 JIH, ol SHE, AS20F SUHAM CHLGHA
AEstEd, 2 DM CFT JIs 8t oY =20tiel 85 g5 2 = U
S. 8lMZE 222 e 2 S U3l 22 AMAIE & = US
2 = Standard
Applications KS/JIS ASTM/ASME |SAE/AISI EM/AS/NIS |API |HSU~1LH’—".]
e e
Lo ’ HRS2
Hot Rolled Carbon Steel Strip
for Pipe & Tubes ﬂ?ﬁ?-
WREIE BAgE STB340  AI7BA®
Carbon Steel Boiler STB4 10 ATTBC* -
and Heat Exchanger Tubes STBS10" ATTED"
STH290
YHTEE SAZT i
Carbon Steel Tubes E¥% -
for General Structural Purposes CTHS40"
STHS90*
HPCOZo0A
STEM11A
IATER HAYD STKM12B I
Carban Steel Tubes STHMI3A/B HPCDAL0A
for Machine Structural Purposes  STHMI15A® HQEEuTDJl
i i HPCOS 104"
FETES DY
High Tensile Slm:;;m Steel Tubes STETS&D_ = = =
for Tower Structural Purposes -
HEFER SrEA SNL00B
Rolled Steel for Building Structure SN&S08 B B
ZETEE BALD
Carbon Steel Tubes g;i&% - - -

for Building Structure
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