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* What is CFT?

* CFT Behavior

* Application of CFT

* Column Design Standards
e Column Desigh Example
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 CFT = Concrete-Filled (Steel) Tube

 Composed of: - Steel Tube
- Filled Concrete (with or without Reinforcement)

Longitudinal
steel
__ Transverse —L

(a) (b)



CFT

* Composite Structures:
— Girders
— Columns

— Slabs

 Composite Columns:

— Concrete Encased
— Concrete Filled (CFT)
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CFT Materials

e STEEL:

— Mild steel / High strength steel / Fire resistant steel ..

— In practical (but not limited to):

 Diameter & Width should not be less than 100mm
 Wall thickness should not be less than 3mm

* Round: D/t < 100(235/F,)
* Rectangular: B/t < 40(235/Fy)




* CONCRETE:

— Normal, Light weight concrete
— Normal, High strength concrete

— Water/Cement ratio should not exceed 0.4 -
— Self-Consolidated Concrete (SCC) is preferred (but not requwed)
— Strength of steel & concrete should be suitably matched

— Combination of High strength concrete with High strength steel is
preferred

— For 235 < E, < 345 MPa steel - concrete should be 40 < f < 60 MPa



* Features

The CFT column has the combined effect of steel piping and
concrete characterized by:

(1) Superior durability and modifiability. Steel Tube
(2) Superior habitability.

(3) Superior fire-proof performance.

(4) Construction work efficiency.

Concrete Core



CFT Advantages & Limitations

* Advantages
— Large strength in Compression, Flexure, Shear
— Large stiffness, Favorable ductility, Large energy absorption
— Inherent stability: permits use of high-strength steel

— Reduced labor cost & construction time relative to RC construction:
Formwork or Reinforcing steel are eliminated

— Better cost performance than ordinary steel
— Column is smaller than ordinary RC. Usable floor area is increased.
— ~50% lighter than RC. Foundation cost is reduced.




e Limitations (still in Research & Standard development)

— Limited knowledge of CFT behavior
* Interaction of the two materials (Combined properties: |, E)
e Deformation capacity

— Majority of tests on small specimens (generally 15cm dia. or less)
— Strict D/t ratios | |
— Design expressions

— No standard connection designs




 Composited Column vs FRP vs CFT

Effective
confinement

Ineffective
confinement

confinement

Typical tube
deformation
(without concrete)
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CFT Advantages: Behavior Aspects

e Steel tube local buckling (LB) is delayed by concrete,
and strength reduction after LB is moderated. =

* Concrete strength is increased by confining of steel N
tube, and strength reduction is not very severe since T
concrete spalling is prevented by the tube.

* Drying shrinkage and creep of concrete are much .
smaller than ordinary RC. A 5

* Concrete improves the fire resistance. The fireproof it

material can be reduced or omitted. (a) ®)

e Lighter than RC, EQ force is smaller.
e Safe and reliable in Seismic, since no brittle failure
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e CFT Failure Modes

Outward

Steel tube buckling

Inward
buckling

Concrete

Concrete

Outward
buckling

Concrete
crush

4) Test Results (Cont.)

Mode of Failures

- SC-20-0

CLC columns

SS-20-3.0

CLCFT columns

SS-20-4.5
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* AISC 2010

* AISI 2012
* ACI318-14

- Design for CFT (w/ & w/o Reinf.)

- Design for CFS (cold-Formed steel) AlOone
- Design for RC (reinf. concrete) Alone

Building Code Requirements
for Structural Concrete
(ACI 318-14)

Commenta ry on

Building Code Requirements
for Structural Concrete

(AC| 318R-14)

ACI 318-14

SPECIFICATION

A3.9A. NAWAIY 72999904
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AISC-2010 Chapter I: Design of Composite Members

For:
— RC slab on steel beams ST
— Concrete-encased @

— Concrete filled beams

For Structur

\ ctural
Steel Buildings

Sections:

— Rolled

— Built-up

— Hollowed Steel Section (HSS)

M9.9A. NAWRIY 7939730



|11 GENERAL PROVISIONS

11.1 Concrete & Steel Reinforcement
Refer to ACI318 (Strength Design) except
* Criteria given in AISC-2010
* use LRFD Load Combination

11.2 Nominal Strength

12.2a) Plastic Stress Distribution Method
— Steel reaches F, (Tension & Compression)
— Concrete reaches:

» 0.85f (Compression)
» 0.95f (Compression) for HSS-CFT

12.2b) Strain Compatibility Method
— Linear Distribution of Strains
— Max. Concrete Compressive Strain = 0.003
— Note: Can use for:
» lIrregular Sections
» Steel is not elasto-plastic

Plastic stress distribution method

Stress

stress condition

Concrete Equilibrium

condition

SPECIFICATION
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11.3 Material Limitations
* Concrete Strength:

SPECIFICATION

— 21 MPa<f/ <70 MPa for Normal Weight Concrete
— 21 MPa<f’<42 MPa for Light Weight Concrete @
— Note: Higher f_. can be used for Stiffness Calculation (but not for Strength) _

e Structural Steel & Reinforcing Bars St Buidings
— F, <525 MPa il

11.4 Classification of Local Buckling for CFT

 Use max. width-to-thickness ratio for classifications
e Classifications:

- YWhi<A, > Compact Section
— Ay <Y/t <A - Noncompact Section
— A <Y/, < Max.permitted - Slender Section T R SO



Table for 4, and 4,- and Max. Permitted

For Width-to- Max
Members LT GES A, A, s
. . Permitted
subjected to Ratio (w/t)

E E E
Rectangular b/t 226 |— 3.00 |— 5.00
Axial HS5 By f Fy

Compression

E

Round HSS D/t 0. 15— 0. 19— 0.31—

E,

Rectangular E E E
_ b/t 2.26 3.00 5.00 |—
HSS: Flange Fy Fy \/:y
Elexure Rectangular E E £
e h/t 300 [ 570 | 570 |5

Round HSS D/t 0.09= 0315 0314

oun e 31y 31

M3.9A. AW 239970



12 AXIAL FORCE
12.1 ENCASED COMPOSITE MEMBER SPECIFICATION

|2.1a Limitations

— Steel Area Ratio
— Concrete must be RC (w/ Longitudinal bars & Ties/Spirals) oSt actral
» Min. ties: June 22,2010
* @305mm for d=10
* @406mm for d=13+

» Ties spacing < (least column dimension)/2

— Min. Longitudinal Rebar Ratio: p.,. = 0.4%

M3.9A. AW 239970



12.1b Compressive Strength
For
» Design Comp. Strength: ¢. = 0.75 (LRFD)
» Allowable Comp. Strength: Q. = 2.00 (ASD)

2o .
P l0658(7)] | 2o < 225 SEECIEICATION
—|B, = Ife > P of bare steel (Chapter E) —
0.877P, e > 225 @
Where: For Structural
Pno _ FyAS + FySTAST + 085fC’AC Steel Buildings
June 22, 2010
. TCZEIeff
Fe = ey
E. = w3Jf] ksi (= 0.043w, 15/ MPa) (= 15,100,/f, ksc)
Elyss = Eglg + 0.5Elg + CyEl,
cl=0.1+2( % ) <03
Note:

sr = Steel Rebar
| is around NA. of Composite Section

E,=200,000 Mpa (= 2.04x10° ksc) m3.9f. Nawmil gasessny



12.1c Tensile Strength

— B, = FA; + Fys Ay (not consider Concrete)
SPECIFICATION
— ¢, = 0.90 (LRFD) .
— Q, = 1.67 (ASD) @
12.1d Load Transfer

— See section |16

12.1e Detailing Requirements

— Clear Spacing between Steel core & Long. Rebar = 1.5d (>38mm)

b,long.

M3.9A. AW 239970



12.2 FILLED COMPOSITE MEMBER (CFT)

|2.2a Limitations
— Min. Steel Area Ratio = 1% SPECIFICATION

— Note: no min. rebar

12.2b Compressive Strength (see “next Slide”) For Structural

Steel Buildings

June 22, 2010

12.2¢ Tensile Strength
— Follow 12.1c (Encased) = (not consider concrete)

12.2d Load Transfer
— See section 16

M9.9A. NAWRIY 7939730



12.2b Compressive Strength

— Follow section 12.1b|(Encased) w/ modifications:

(P,

A — Ay

E
F. A+ 0.7f) <AC + A, E—S>
\

(o}

where

! ES
Pp == FyAs + CZfC (AC +AST-E_C)

C. = 0.85 for Rectangular Sections
2 0.95 for Round Sections

P, = F,Ag + 0.7f; (AC + Ay ]’j—)

( 9E,
(5/)"

F., =4 0725,

\(2%)02

for Rectangular Section

for Round Section

Elefr = Eslg + Ely + C3E I,

Asg

C3:O.6+2( ) <09

ctAs

for Compact Sections

A=2,\° |
B, — (Pp = Py) for Noncompact Sections

for Slender Sections

Note: Long.Rebar is not yielded

Note: Round = better / Rect. is same as Encased

Note: CFT is better than Encased (C;, 1)

SPECIFICATION
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AlSI-2012 Closed Cylindrical Tubular Members: Compression (C4.1)

 Note: same as in AlISI-2007 (EIT-2553)
* For: Manufactured/Fabricated (more imperfection) Tubes
* Compressive Strength

— P, =EA,
— ¢. = 0.85(LRFD)
~ 0, =180 (ASD)

 Note: For Closed Section, there is no:
— Torsional Buckling (TB)
— Flexural-Torsional Buckling (FTB)
— Distortional Buckling (DB)

M3.9A. AW 239970



(0658%°)E, A, <15
_F”=<(°'877)F Ao > 15
\\ 2™/ T
Where
n2E

(Section C4.1.1)

—A,=A,+R(4A—-A4,)
Where

A, = [ﬂ + 0.667] A (L4

RF)

=
R=o- (510

(Section C4.1.5)

A3.9¢. NAWm 2797904



AlSI-2012 Closed Rectangular Tubular Members: Compression (C4.1)

* Same as “Cylindrical” except 4,

* A, = Effective Area using E,,
— Effective Width using eqn:

0.22

- p=—+= (< 1.0)

A
_ | L
A B fcr @= €2
— Use f = F,

km2E [ t)?
_ fcr T 12(1-p2) (;) ,k=4.0 ,u=20.3

A3.9¢. NAWm 2797904



ACI318-14 Chapter 10: Columns

* 10.5 Design Strength

An ACI Standard and Report

- ¢ =2 R, et
(ACI 318-14)
— P, from Section 5.3: Load Factor (U =1.2D +1.6L) Popekean
for Structural Concrete
— ¢ from Section 21.2 PR
* Compression Controlled (Section 21.2.2): 1t
00)
« ¢ =0.75 for Spiral (see Section 25.7.3) -~
« ¢ =0.65 for Others ?

— P, from Section 22.4: Axial Strength (or combined)

0.80P, for Ties (see Section 10.7.6.2 and 25.7.2)
« P, =<0.85P, for Spirals (see Section 22.4.2.5 and 25.7.3)
0.85P, for Composite

» P, =0.85f(A; — Ast) + fyAst
* Note: st = Steel (Long. Rebar)

M9.9A. NAWRIY 7939730
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10.6 Reinforcement Limits

An ACI Standard and Report

— 10.6.1 Min. & Max. Long. Reinforcement oS o

Commentary on

o n — Ast bt penell g
Ag e
Pmin. = 1% i
Pmax. = 8% §
* Note: For composite, use A, instead of Ay 2 @D -

M3.9A. AW 239970
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Chapter 25 Reinforcement Details:

Building Code Requirements

— 25.7.2 Ties e
* dpge 2n0.3(9.5mm)  ford,,. <no.10(31.8mm) ic%éééjcaqtmt
>no0.4 (12.7mm) ford, ;. 2 n0.11(34.9mm) o
* Spin. = Min.(16d, .. ,48d, .,b or h) é
— 25.7.3 Splral 8
b P

* dy gpiras 2 N0.3 (9.5mm)
* 5., =1in.(25.4mm) clear spacing —> (EIT1007-34 = 3 cm)
* S =3in.(76.2mm) clear spacing —> (EIT1007-34 =7 cm)

Volume, p; = 0.45 (— — 1) <f—c>
Ach fyt

— f, =f, of trans. reinf.
— A, = Area up to outer edge of trans. reinf. p3.9A. Ras] asassod
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 Note: EIT1007-34 (Ties & Spiral) e

— db,trans. =6 mm for db,Iong. <20mm ey

_ =9 mm for dp |ong. = 20-28 mm o

— - 12 mm fOr db,long. > 28 mm e s 73 o

InonssuamuiroUsinalng Tuws:ususigutur
nnnnnnnnnnnnnnnnnnnnn

— Min. dp |5pe. = 12 mm

M3.9A. AW 239970



e 20.6 Durability of Steel Reinf.

An ACI Standard and Report

Building Code Requirements

— 20.6.1 Concrete Covering S e
e Exposed - n0.6+ (19.1mm+) use 2” (5.08 cm) EE#%CMW
. - n0.5- (15.3mm-) use 1.5” (3.81 cm) ;Aamw
* Not Exposed -alld . use 1.5” (3.81 cm) o0
— Note: g
* ngnIznee 6 =4 cm = S

* EIT1007-34 =3.5cm

M3.9A. AW 239970
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 Determine the Compressive Strength of the 6 m-length Column
— Steel Alone
— RC Alone
— CFT (with and without reinforcement)

e Steel:
— (Ref. Pacific Pipe BO113) EN10219 Grade S235JRH
— Fy =235 MPa, F, =340 MPa
— d,=406.4 mm, t =6.00 mm (w = 59.20 kg/m)
* Concrete:
— (Ref. TIS213-2552) C23/28
— f. =240 ksc

PR S S S SR,
AT IF. TIFNZILS 5) )T TTEL



e Calculated Properties:

~ F, =235 MPa x (=) = 2,396 ksc
9.806
~ f! =240ksc x (22F) = 23.53 MPa

— E; = 2.04 x 10° ksc

— E. =15,000,/f/ = 15,100+/240 = 2.339 x 10° ksc
— D, =D, —2t = 40.64 —2(0.6) =39.44cm

~D=D,—t =40.64—0.6 =40.04cm
D 40.04
- —=-—— =66.73
— Ag =~ (D? — Df) =~ (40.64* —39.44%) = 75.47 cm?
T T
— Iy =—(D; — D}) =_-(40.64* — 39.44*) = 15,128 cm*
— A, = %DE = %(39.44)2 = 1,221.7 cm?

— I, ==D} =21(39.44)* =118,773 cm*
C 64 1 64

M3.9A. AW 239970



Steel Alone (AISI 2012)

e Limitation:

6
_ 2 (=66.73) < 0.441 = [= 0.441 (2'0‘”10
t Fy 2396

) = 375.5] N

 Nominal Compressive Strength:

- B, = EA,
* Nominal Stress (F,):
_E, = (0 658’12) (0 658046222)(2396) — 2191 ksc
.- A _\/@ /2396 = 04622 (<1.5)
F, 11,214

2(2 04x106)

) (’“) (550

»’“‘J— /“1% = 14.16 cm
75.47

= 11,214 ksc

M3.9A. AW 239970
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e Effective Area:
—~A,=A, +R(A—A4,) = 7547+ 0.1068(75.47 — 75.47) = 75.47 cm

0.037 0.037
e A, = |~ + 0.667|- 4 = e+ 0.667] (75.47) =85.97 (> A)
[(%)(Fy> ] (66'73)(2.04x1o6)
use A, = A = 75.47 cm?
e R=-2 =-23% _ _ (1068 (< 1.0)

2F,  2(11,214)
* Thus:
- P, =FKA, = (2,191)(75.47)/1000 = 1654 T

— ¢.P, = (0.85)(165.4) = 140.6 T (LRFD)

P, _ 165.4 -
- =T =919T (4SD)

M3.9A. AW 239970



RC Alone (ACI318)

* Minimum Reinforcement:
— Use minimum reinforcement, Pmin. = 1%

— Agrmin, = (0.01)4, =(0.01)(1221.7) = 12.22 cm?
* Reinforcement Requirement:
— Use covering =3.5cm
— Longitudinal reinforcement - use 6-DB16 (SD40) (= 12mm —> ok)
« A, =6 X %(1.6)2 =12.06 cm? (=~ Agrmin) = Ok
— Transverse reinforcement: (say using “Hoop Ties”)

* Diameter:

— ACI318-14: Since dy, 5. £ n0.10 (25.4mm) > need no.3 (9.5mm)+

— EIT1007-34: Since dy ;g < 25mm = need 6mm+ —> use RB6
* Spacing:

— Smax. = MinN. (16db,long.» 48dyp tie., b Or h)

— =min.{16(16),48(6),394.4}

min.{256,288,394.4}

256 mm —> use RB6@250mm AT.9A. NAWRY HITITITY
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* Nominal Compressive Strength:

— P, = 0.80]0.85f/ (4, — Agt) + f,As]
« =0.80[(0.85)(240)(1,221.7 — 12.06) + (4000)(12.06)]/1000
« = 0.80[246.8 + 48.2]
e =236.0T

— ¢.P, = (0.65)(236.0) = 153.4T (SDM)

M3.9A. AW 239970



CFT (AISC 2010)

Limitations:

— For normal weight Concrete:

« 21 MPa < f/(= 23.53 MPa) < 70 MPa

— For Steel & Rebars:

* f, (=235 MPa) < 525 MPa

— Local Buckling Classification (Round HSS):

+ A, =015— = 0.15(
F

y

¢+ A =019 = 0.19(

y

e Max. Limit = 0.31F£ = 0.31

y

2.04x10°
2,396

2.04%x10°
2,396

2.04%x10°
2,396

* Since D/t (= 66.73) < A,,(= 127.7)
— Minimum Steel Ratio:

. _As 7547
Ps = A; 12217

= 6.18%

(= 1%)

) = 127.7

) = 161.8

) = 263.9

- ok

- ok

- Compact Section

- ok

M9.9A. NAWRIY 7939730



a) CFT (w/o Reinforcement)

* Nominal Compressive Strength of Zero-Length (B,,):
— P =B for Compact Section

/ Es
= E, A5 + Cyf; (AC + Ag, E_c)

= [(2,396)(75.47) + (0.95)(240)(1,221.7 + 0)] /1000

= 180.8 + 278.5 = 4594 T
e C, =095 for Round Sections

* Elastic Buckling Load (P,):

_ m?Elegs _ m*(5.076x101°) 3\ _
N T 0 (1073) =1,391.6T
* Elgpp = Egls + Eglgy + C3E.I,
= (2.04 x 10°)(15,128) + 0 + (0.7164)(2.339 x 10°)(118,773)
= (3.086 x 10'°) + 0 + (1.990 x 10'°) = 5.076 x 10'° kg.cm?

75.47
1,221.7+75.47

As

—C3=0.6+2( )=o.6+2( ) =07164 (<09)

M3.9A. AW 239970



Nominal Compressive Strength:
Pho _ 4594

= = (0.3301 < 2.25
P, 1,391.6

Pno

—P, =P, 0.658P_e] = (459.4)(0.658%-3301) =400.1T

— ¢.P, = (0.75)(400.1) =300.1T (LRFD)

P, _ 400.1

- =S =200.1T (ASD)

M3.9A. AW 239970



b) CFT (w/ Reinforcement:6DB16)

* Nominal Compressive Strength of Zero-Length (P,,):
— Py =B, for Compact Section

/ Es
= E,As + Cyf; (AC + Ag, E_c)

6
- [(2,396)(75.47) +(0.95)(240)[(1,221.7 — 12.06) + (12.06) (%)] /1000
= 180.8+299.8  =480.6T
e C, =095 for Round Sections

 Elastic Buckling Load (P,):

_ mPElegr _ m?(5.369x10%%) o oy
€ (KL)? = (1.0x600)2 (10 ) = 147181
* Elgrr = Egls + Eglgy + C3E.I,
= (2.04 x 10%)(15,128) + (2.04 x 10°)(1,434.2) + (0.7164)(2.339 x 10°)(118,773)

= (3.086 x 10%%) + (2.926 x 10%) + (1.990 x 101°)  =5.369 x 10'° kg. cm?

75.47
1,221.74+75.47

As

- 63=0.6+2( )=0.6+2( ) =0.7164 (<0.9)

C+S

V3 [40.64 1.6\]% ~ L
- Iy =YAd* =4 (%) (1.6)* [; (7 —35-0.6— 7)] = 1,434.2 cm* M9.9A. NAWENY 9399704



Nominal Compressive Strength:
Pno __ 4806

= = 0.3265 < 2.25
P, 1,471.8

Pno

—- P, =P, 0.658P_e] = (480.6)(0.658%3265) =419.2T

— ¢.B, = (0.75)(419.2) =3144T (LRFD)

_ o 222 =209.6T (ASD)
Q. 2.00

M9.9A. NAWRIY 7939730



Comparisons (Steel vs. RC vs. CFT)

e Strength Comparison (LRFD, SDM):

— Steel Alone: OoP, =140.6 T m

— RC Alone (w/ ties): ¢P, = 1534T \
(Steel + RC  =294.0T)
— CFT: ¢oP, =300.1T (+2.07% increase)

— CFT (w/ main reinf. 6DB16): ¢P, = 3144 T (+6.90% increase)

M9.9A. NAWRIY 7939730



 Weight Comparison:
— Steel:
e V, = nDtL = m(0.4004)(0.006)(6) = 0.04528 m?
« W, =V,p; = (0.04528)(7850) = 355.5kg
— RC:
e . =A.L =(0.12217)(6) = 0.7330 m3
* Vsriong. = AsrL = (0.001206)(6) = 0.007236 m®

o Vertran. = ArieLtic (f) =2(0.6)*m(39.44 — 2 X 3.5 = 0.6) (5=) /10° = 0.000216 m?

e W.=V.p. =(0.7330)(2400) = 1759.2 kg
e W, = Vips = (0.007236 + 0.000216)(7850) = 56.8+ 1.7 = 58.5kg
© Wpe =W, +W,, =1,759.2+585 =1,.817.7kg
— CFT:
e Wepr =W, + W, =3555+1,759.2 =2,114.7 kg
* Weprreing, = Ws + Wy + Werjong. = 355.5 + 1,759.2 + 56.8 = 2,171.5 kg

M9.9A. NAWRIY 7939730



* Cost Comparison:
— Assumptions:

* Steel =41 Baht/m3 (material 29 + labor 12)
* Concrete (240ksc) = 2,550 Baht/m?3
— Formwork = 300 Baht/m? ‘

e Reinforcement =28 Baht/m3 (material 24 + labor 4)
— Steel:

e (355.5)(41) = 14,576 Baht
— RC:

e (0.7330)(2550) + 7©(0.3944)(6)(300) + (58.5)(28) = 1,833 + 2,230 + 1,638 = 5,701 Baht
— CFT:

 (w/oreinf) = 14,576+ 1,833 = 16,409 Baht

* (w/ reinf.) = 14,576 + 1,833 + 1,638 = 18,047 Baht Az.9¢. fiawd fasassny



e Structural Footprint Comparison:
— Steel:

c A=A+ A, =7547+1,221.7 =1,297.2 cm?
« (A=Ay =7547 cm?)
— RC:
« A=A, =1,221.7 cm?
— CFT: ;:_ARE

c A=A, +A, =7547+1,221.7 =1,297.2 cm?

AREA OF PLOT

A3.9¢. NaWm 9797904



Overall Comparison:

Structural | ¢P, | Weight Cost Load Load Load Construction OVERALL
Steel 140.6 14,576 395 VW 9.6 V 108 (1862) Vv VWA

'}ﬁces)* 153.4 1817 5,701 84 26.9 VVA/ 126 v V W
Tl 300.1 2115 16,409 142 VW 18.3 v/ 231 VWA VWV VWV
C;/Tremf.) 3144 2172 18,047 145 VY 17.4 VA 242 VN Vi ViV

*w/ 6DB16 + RB6@250mm
** w/ 6DB16

A3.9¢. NAWm 2797904



* Comparison Notes:

— Steel vs. RC:

* For the same load, RC Weight = 4.7 (=395/84) times of Steel

* For the same load, Steel Cost = 2.8 (=26.9/9.6) times of RC

* Thus, for low LL structure, Steel = more advantage (4.7 vs. 2.8)
— CFT vs. (Steel+RC):

e CFT Load Capacity = 6.90% more than (Steel + RC w/ties)

— Steel:RC":CFT D
1 :47:2.8 for Weight per Load Capacity \
«28:1 :1.5 for Cost per Load Capacity &3
e 21:18:1 for Footprint per Load Capacity E—
1 :25:1.2 for Time@site per Load Capacity (estimated)
— For the same Load Capacity:
* CFT/RC” - -41% weight / +47% cost / -52% Footprint / ~-50% time

o CFT/Steel - +178% weight / -48% cost / -44% Footprint / ~+20% time

M9.9A. NAWRIY 7939730



Remarks:
— RC:
* Ingeneral p > 1% -> become a lot more expensive
— Steel:
D

° T'zﬁ r«< D (butnott)

* tmaybereducedand F, (x A, x F, o71)isthesame!
* For no Local Buckling:

e
W
M

T

A

,
\
\

P TR wnwm-@}i

— FromA, = [227_10.667|4 (<A)
(?)( t)
— No LB. when (°)°<37) +0.667 2 1.0 or (2) (F,) < 226,667
t t
— Or when F, = 2396 ksc (235MPa) 2> D/t =94.6 - tcan be 4.2 mm (70% of the available smallest t,
6mm)
— Orwhen F, = 3620 ksc (355MPa) - D/t = 62.6 = Can increase F, to 355 MPa
— CFT: A
* For No Local Buckling: ,m__Q:,.
~ D/t< 2, <= 0.15 E) or (2) F, < 306,000 - -
y
— Orwhen F, = 2396 ksc (235MPa) - D/t = 127.7 - t can be 3.1 mm (50% of the available smallest t,
6mm)
— Orwhen F, = 3620 ksc (355MPa) - D/t = 84.5 - tcan be 4.7 mm (80% of the available smallest t,
6mm)

M3.9A. AW 239770



* General Column Cost Comparison:

Column Comparison
Case1

cost column/m
250% -
External Protection

200% 1 No External Protection
150%
100%

508 -

0%

406x36 protected  S08x25 protected 356x406x467 508x16 457x8, 457x16
protected rebar 355.6x16 tube in (eoncrete fill)
(concrete filled) tube with protection



1) Statement (Cont.)

Comparisons of different types of columns

Flexibility

Rigidity, hahitability

Fire resiatance

Suitability for high-rise
structures

Ultimate strength (kKN)

WWorkahility

@ Excellent
O Zood
[0 Fair

f=T8N/mm’
b f,=363N/mm’
D x =160 x 3.46mm

+RC

(a)

Axial compressive behaviour of CFT column

Axial strength

)

“Concrete

CFST

Steel
+
Concrete

Hollow

steel

Steel tube CFST

Axial shortening

(b)
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