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Composite Columns In
Tall Buildings

 Four super-columns tied by
5-story Virendeel trusses
provide all the lateral
resistance to the Norwest
Center in Minneapolis

» Speed of construction =
gravity load system followed
by lateral load system and
building finishes

« Concrete in columns used
mostly for stiffness

CBM Engineers - Houston




Column Detalls

Beam B2: W920 x 446

P4 (FBP)
35M Dywidag bars to transfer .
bearing forces (B1 and B2) Cage 2:
. 14 45M
Reinforcing Cage 1: and 6
8 45M and 6 30M bars — P5 30M bars
(all exterior bars are 45M)
O 0 Q O
Shear studs to flange of B2 = —__| © b / O
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° o
Beam B1: P3 O
W840 x 299 © O
o o
o Ke)
© \ 9_©o ©o 9
P1(FBP)
Shear studs to web of B1 © o W360 x 421
Cage 3: 7 45M and 3 30M bars column

P2



Frames with SRC columns
Phases in erection & construction

Source: Martinez-Romero, 2003
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Composite Columns in Tall Buildings
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Design for hurricane forces — Houston — Walter P. Moore & Assoc.



Buildings with SRC Columns (Martinez-Romero, 1999 & 2003)




Building: Avantel Firm: EMRSA Floors: 28
Use: Office Location: Mexico City Year: 1995

Structural steel:
ASTM A-572-50

Concrete:
f.’ = 5.7 ksi

Reinf. steel:
Fy = 60 ksi

Source: Martinez-Romero, 1999



SRC-Section Drawings

Concrete: Structural steel: Reinf. steel:
f.’= 6 ksi ASTM A-572-50 Fy = 60 ksi
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Uses for Composite Columns

Extra capacity in concrete column for no
increase in dimension

Large unbraced lengths in tall open spaces
— Lower story in high rise buildings
— Airport terminals, convention centers

Corrosion, fireproof protection in steel
buildings

Composite frame — high rise construction

Transition column between steel, concrete
systems

Toughness, redundancy as for blast, impact

(from Larry Griffis)
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Applications around the world

Rectangular or circular composite columns with external diaphragms
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Transition
Floors

From concrete walls and
columns to steel columns

S.D. Lindsey & Assoc.



Composite or hybrid system (concrete & steel)

System which combines the advantages of concrete and structural steel

Concrete Structural steel
* Rigid * Economic * High strength * Ductile
* Fire resistant * Durable * Easy to assemble  * Fast to erect

Frames with CFT columns

o Steel tube confines concrete

» Concrete restricts the local buckling of the steel tube
* Increase In strength & deformation of the concrete
 Delay in the global buckling of the steel tube

Frames with SRC columns

o Steel element supports the construction loads

» The concrete gives final stiffness and fire resistant
» Shear connections become FR once concrete is cast
» System fast to erect & build

* Redundancy & robustness




Configurations for Composite Columns
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¢) Combinations betweenSRC and CFT



Design Guide 6

Concrete encased WF = #®
shapes

Based on 1986 LRFD
Spec

5, 8§ KSI NW concrete
A36, A572 Gr 50 WF

1%0-4% Rebar
patierns

Steel Des;_'gn Guide Series

Load and Resistance Factor Design of

Y
W-Shapes
Encased in Concrete




Design Guide 6

Adjust @, factor 0.85to 0.75; ¢,=0.9 same

—> M,(AISCO05) = M,(Design Guide) x 0.75/0.85

COMPOSITE BEAM-COLUMM DESIGN CAPACITY - LRFD ¢c = 0.85 flec : 8.0 ksi MW
¢b = 0.90 Fyr = &0 ksi
Axial Load|C i ips), Uniaxial Moment Capacity (ft-kips) Column Size{b x h): 28 x 28
Designation| W 14 x120 | W 14 x109

Fy (ksi) | 36 50 | 36 | 50
Reinf, KL| ¢cPn [Pus(écPnd Mux  Muy]  @cPn |Pu/(gcPn) Mux_ Muy|  gePn |Pu/(gcPn) Mux  Muy|  ¢cPn |Pu/(gcPn) Mux  Muy
51 % 0| 4280 | 0.0 1130 1190 4680 | 0.0 1430 1420 4170 | 0.0 1110 1130 4550 | 0.0 1350 1350
Ar¢in®y 11| &40 | 0.2 1060 1070 4530 | 0.2 1290 1280| 4050 | 0.2 1000 1010] 4400 | 0.2 1210 1210
= 4,00 13| 409 | 0.3 926 936] 4470 | 0.3 1130 1120] 4000 | 0.3 876 886| 4350 | 0.3 1060 1060
17| 3970 | 0.4 796 802| 4330 | 0.4 967 957| 3880 | 0.4 751 760] 4200 | 0.4 908 908
4-#9 21| 3820 | 0.5 661 668 4150 | 0.5 806 798| 3730 | 0.5 626 633| 4030 | 0.5 T 757
2x-2y 25| 3650 | 0.7 397 401 3950 | 0.7 483 478| 3560 | 0.7 375 380| 3830 | 0.7 456 454
40] 2870 | 0.9 132 133) 3030 | 0.9 161 159| 2780 | 0.9 125 126] 2920 | 0.9 159 151
#3 Ties | Cex  Cey rmx___rmy) Cex __ Cey rmx___ rmy| Cex  Cey rmi_ rmy|  Cex  Cey rmx____rmy
@13 in | 850 850 E.f:l E.#ﬂ 850 850 8.40 8.40| 806 BO6  8.40 B.40| 806 806 B.40 8.40
SR AR TN AR EEEN=SF - SraSSESISSISSESESEZESESE NN TN TS RIS TS TS SS =SS SSSSSSSESSIEDEX




AISC Spec. (2005)
New Composite Column Provisions

» Changes in materials permitted

» Relaxation of slenderness limits

» New strength provisions for encased columns
» New strength provisions for CFT columns

» New provisions for force transfer

» New expressions for flexural stiffness

@c = 0.75 (LRFD) (Change from 0.85)
Qc = 2.00 (ASD)



Composite
Column
Database

 Determine range of
sizes and materials
tested

» Assess robustness of
data

o Extract useful
Information

 Determine types of
tests needed

Leon and Aho, 2000

‘ ® SRC (89)




Databases in CCFT composite columns (Leon and Aho, 1996)
(now: Goode et al., 2007 + Leon et al., 2005)

1375 Circular CFT >

e 912 columns bol ®

e 463 beam-columns '
798 Rectangular CFT

e 524 columns

o 274 beam-columns
267 Encased SRC

e 119 columns

» 148 beam-column

‘ CCFT * PoxpiPo

P/P,

000 025 0.50 0.75 1.00 1% 150

0.00 0.25 0.50 (L] 100 1.25 DDO 025 0.0 D7a 1.00 125

M/M MM,



Falling branch

/
N\
\,

Material Limitations

Converging branch
Friction and interlocking
S

between cracked section:

* Concrete Strength [’
— NW: 3 —10 ksi
— LW: 3 —6 ksi |
— Higher values usable for stiffness ° e
o Structural Steel, Rebar
— F, =75 ksi max
o Higher strength materials by testing or analysis




Confinement Effects

GC
o 6
e Kent-Park’s model (ksi) Mander’s model
{
N Confined
! 4
13000 :; .
;:[ Confined
2000". s, )
i
mw.; ................................................................ -
‘ Unconfined
0 0
1] 0005 om o5 111 2] 0 0.005 001 0.015
Stress o,
160 p
f. = 80MPa 0.95f’_ for CCFT
o,y = 300MPa . . . -
Circular CFT (D/t=100) only for simplicity

120 p

80 F

40 p

Square CFT (D/t=75)

Sakino-Sun’s model

]
v Plain Concrete .
. Strain g, -
0.6 08

02 0.4




Encased Composite Columns
New Limitations

Steel core = 0.01 xAg min

4 longitudinal continuous
bars w/ ties or spirals

Min transverse reinf 2
0.009 in?/ in tie spacing

Min reinforcement A,/ A,
= 0.004




Filled Composite Columns
New Limits

* HSS area = 0.01 A, min
(down from 0.04 in 1999)

e Rectangular HSS:
b/t<2.26 [E/Fy]”>
= 54.4 for 50 ksi (+20%) — Bekiedsee
* Round HSS: =
D/t<0.15 E/Fy
= 87 for 50 ksi (+50%)

(a) Buckled shape for {b) Buckled shape for
circular unfilled tube circular filled tube



Slenderness l

For P,>0.44 P,:
P,=P,[0.658 Po'Pe]

For P, < 0.44 P,: :
P,=0.877 P, L

P,=AF,+ A, F,. + 0.85 . A, 4
P, = 772 (Eloy) / (KL)?2

= Note similar format to all steel column



Moments of Inertia - Composite Columns

SRC new effective stiffness:
Elg=E I+ 05E, +C/EI

Cr=01+2[A,/ (A, +A4)] <0.3

(concrete effectiveness factor)

CFT new effective stiffness.
Elgy=FEl+E, +CsE.I
C;=06+2[A;/(A. + Ay)] <0.9

(concrete effectiveness factor)

20000 T————
SN —NTC (2004)
RN
16000 - N —— AISC (2005)
NooTw
. LAY —o— EC-4 (2004)
12000 -
zZ
~
N’
A" 8000 -
4000 -l S T
%%%%%%%
G
0

T
5

T T T T 1
10 15 20 25 30



Effective stiffness (El)

Mirza and Tikka (1999)
El, = (0.313+O.00334L—0.2036jE (1,-1.)+0.729E 1 +0.788E.1
e h h C g SS S S S Sr

EC-4 (2004)
El, =09(E I +EI, +05E.1)

AISC (20117?)
El,=EI +05EI +pB-CE1I
p=f(creep & shrinkage) = f (p,KL/r) < 0.6-0.9 (RFT-CFT), 0.3 (SRC)

Alternatives:
Concrete-only or a steel-only (not unusual in practice, too conservative!)

Fiber element analysis: Nonlinearity (c—¢, P-A, P-0), buckling, confinement
(contact enforcement)

Finite element analysis: Local buckling, effective confinement, cracking.

Steel-concrete contact (friction, bond stress, slip,
adhesion, interference).



Design Methods
Encased Composite Beam Columns

e Method 1: AISC Interaction Equations

e Method 2: Plastic Stress Distribution
Method

e Method 3: Strain Compatibility Method
(like ACI Column Design)



Encased Composite Beam Columns
Method 1 (Interaction EQ’s)

Uses AISC Beam Column Interaction Eq’s
Strong and Weak Axis Bending

Requires only pure axial, pure moment
capacities (P, M)

Conservative designs
Can use existing Design Guide 6

(conservative answers)



AISC Interaction Equations

e ForP,/P.>0.2,
— P./P,+8/9(M, /M, +M,/M,)<10

e ForP./P.<0.2,
— P/(2P)+ (M, /M, +M,/M,) <10

* P =required axial compressive strength

P. = available axial compressive strength (¢.P, or P, /€2)
M, = required flexural strength

M. = available flexural strength (¢p,M, or M, /€2,)

¢c:¢b:0'9



Encased Composite Beam Columns
Method 2 (Plastic Stress Distr)

Plastic Capacity Equations
— Points A,B,C,D (plus E weak axis only)
— Defined on the Example CD (w/ manual)

Strong and weak axis bending

Bar placement must conform to equations
Apply slenderness effects to P,M values
More capacity than Method 1



Normalized Axial Force, P/P,

Rigid-plastic & strain-compatibility methods

STEEL
— PNA
-G
P, 3 M, P,
1.0 — __ " _-
B + 3, = | for P > 0.2

n

o
b

M, P
F_ltoré = 0.2

e
il

o
~

o
o

Equation H1-1 ——

0‘%.0 0.2 0.4 0.6 0.8 1.8

Normalized Flexural Moment, M,,. /M,

Interaction diagram: W8x31
F,=50ksi. (41SC Commentary, 2005)

Axial force, P

Moment, M

Interaction diagram
(A1SC Commentary, 2005)

COMPOSITE
G, Fy Fwr

. : : e -

— — - ——— —£ — — — PNA
. ° - - - -% - -t -(E

.I_J. | =

e Strain-compatiblity

*2.e - Rigid-plastic



Plastic stress distribution or rigid-plastic method
Atx_%__:___ — Strain-compatiblity 085f0' Fy Fyr

- -:-?:“3"::%-5 ______ Rigid-plastic
Q 3
:%; _____ L N
o @)
P -0+ 0.854. 1.
2
; bh h
MD = ZsFy + |:Asr (2 - Cj:|Fyr + (2 | 4)085](0

M,=ZF +ZF, + Zz (0.851.")




Plastic stress distribution or rigid-plastic method

At — Strain-compatiblity @) @)
IR =~ Rigid-plastic

Axial force, P

P, 085Af+AF+AF
A:O



Axial force, P

— Strain-compatiblity
A

P.=0.85f,"4,




Axial force, P

Al

— Strain-compatiblity

S _-_-:..;__\_____:__:_H ______ Rigid-plastic
5
v
B

P.=2h,(0.85f.'b+F,)

0.85f.'4

"~ 2(0.85£,'b+F),)

(C-B)

>~ S
) N




At — Strain-compatiblity (D)|e © =
. ~>=_  Rigid-plastic
L EN s e R i e )
K] Cw
S \ o) o) o
:
7/ (B) |o o -
- »
B
noC ——= - ——+1— PNA
M,=M.=M,—AM,_, B R N DR B C1C

2
AM, , =F(t.h?)+0.85 fc'[b};” j e i

7 (D—B) @ @
My=ZF +Z,F,+7 (0.85f.") e e
P S Y R R
My=ZyF,+7,,F, +7F (0.851.") J




Composite Column Models

Calculate section strength |
Reduce by length effect P Strain-compatibility
...... Rigid-plastic

— - — 2005 Simplified
Commentary - 14

Apply resistance factor o

AA=A, §
A = A Q
0= 0B, Effect
of
C ‘bulge”
AC=C, \ is not
C,=¢.C, YD used
M




P-M Interaction anchor points (sc Exampies, 2005)

A
PLASTIC CAPACITIES FOR RECTANGULAR, c PLASTIC CAPACITIES FOR COMPOSITE,
ENCASED W-SHAPES BENT ABOUT THE X-X AXIS b FILLED ROUND HSS BENT ABOUT ANY AXIS
M
Section | Stress Distribution Point Defining Equations Section I Stress Distribution Paint Defining Equations
b, 0-85-}’.—‘ F\— Fu P, =ASFy +AWFJV +0B57 4 0.85 A F,
- 2, =0 P, =AF +0857°.4"
! e - A | 4 =areaorsteel chape [} ////’/r‘:‘w“\ M, =0
A, = areaof all continuous reinforcing bars l"V \ A 4 =wd-r)
A =kh —A —A \ ., _mi
[4 72 5 5 i S EPIVPIS;) N P P N T
| —— ) I Wl "— - \
h cvesg | A
- C | 4y =g | “._
5
L]
085474
5 - ;‘ b (A)
P, =085f4
My =B B DR )07 (0] c M =y,
Zs = full x-azis plastic secti on modulus of steel shape o < L
D A, =arsa of continuous reinforcing bars at the centerine / \ PNA
o, 1 /
5 -4 a5 Eh-ﬁ___#\,_ 1 [ 15 [
- i N Q = ﬁ_ g - \ SIS, R - =
| — PNA ? 4 o - __J
o=t 08574
B ; \ © L7
My :MD_anFji —AZM(OXSfC‘) P ) P
L, =RA-E, My =Z.F + J4Z, (0855
P
[ ) D Z = plassesscnion modubes .:,:'::eel:h.upe-"?-Er
d i s
Forf belowthe flange| &, =T -¢ o .2
h n=7 _K
= // \ z, &
emplasain s, /é |
" z[ossf [y —t, )+ 250 ¥
— — -== PNA r /
o SR y/ PNA
N~
L Forly withinthe flange [%,rf <k, s%) D)
B
D) . 70851;’[1% A -d A )-2:7}[;15 -dbf)-szAm -
! 2[035;:[111-13 Je2mp } - _Smeir 2,
i v A [ B 0.0848K_
Ty =35 (9 [955) ! %—_———. =0l = Joo2sox, +2x F +0857x &, 14
n f, ; [] '\ \‘I\ G s ) € ETETE )
— PNA Furhnabuvetheﬂange[hn b %) Hf i el — ‘)_ p— T PNA 0'03"5*:
I \ / K ._,r.,-,:
= 0857 (4 + 4 +A5r5]72F}“ A28 A \ / k =F| dt)r (thin” HSS wall assumed)
noo= o oot el
? 2[0.853;’?1[) == K, =%s.n|‘—;’|:§ (ot used, for reference ouly)
- | Zﬂ :st = fuall x-azis plastic section moduluz of steel shape {BJ

(B)

* Py mAF, +0.95f, 4, is permitted to be used when the composite column is loaded only in axial compression.




Encased Composite Beam Columns
Method 3 (ACI Strain comp)

Strain compatibility approach

Linear strain diagram with 0.003
Same as ACI Beam Column design
Use AISC ¢ factors (p.=0.85, ¢,=0.9)
Can convert WF to equivalent bars
Yields smaller values than Method 2



Fiber Element Analysis

0.01
& (in/in)

Strain
(b) Steel tube
Elastic-perfectly-plastic model

0.002 0004 0006 0008

0

0.008
& (in/in)

0.004 0.006
Strain

0.002

(a) Concrete mfill
Kent-Scott-Park model

o
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Pure-compression (flexural buckling limit state)

12000 o

10000 5o R

—NTC (2004)

—— AISC (2005)

——EC-4 (2004)

—NTC (2004)

—— AISC (2005)
—a- EC-4 (2004)

30

—NTC (2004)

—— AISC (2005)
——EC-4 (2004)

—NTC (2004)
—— AISC (2005)
—— EC-4 (2004)




Composite Sections (short columns)

f’ =5 Ksi
34.5 MPa

E, = 29000 ksi
200 GPa

E. = From Code
NTC (2004)
AISC (2005)
EC-4 (2004)
AlJ (2004)

$508

T HSS20x0.375

a) CCFT20x0.375

= =19 — =19
Y,,! R I
N 4 T 4
19 - .
| |
| |
L
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4 ro
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d) RCFT20x12x5/8



Pure-compression-strength
AISC curve vs. fiber analysis results

P, (kips)
2500

— AISC (2005)

2000 -
= Analysis
1500 -
1000 -

500

0 T T T T

0 20 40 60 80 100
KL (ft)

«— Inelastic flexural buckling —<«— Elastic flex. buck.—

a) Analysis without initial imperfection

P, (kips)

2500

2000

1500 —

1000

500 -

0

— AISC (2005)

¢ Analysis

0 20 40 60 80 100
KL (ft)

«— Inelastic flexural buckling —<«— Elastic flex. buck.—

b) Analysis with initial imperfection



P-M Interaction Diagram for CCFT20x0.375

P, (kN)

b ™
10000 O— — — —O-..':_i____
HD“""’-..--...
8000 -
6000 -
4000 -

2000 -
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—O— AIJ (2001)

—&— Fiber Analysis

200

M., (KN-m)

1000



P-M Interaction Diagrams
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M, and M, curves

Pu (kips) Pu (kips)
2500 2500
2000 2000
1500 1500 -
1000 1000 -

500 500 -
0 < T T T T T T 1 0«
0 100 200 300 400 500 600 700
M (kip-fi)
(3) /D=8

0 100 200 300 400 500 600 700 o 100 200 300 400 500 700

M (kip-ft) M (kip-ft)
(c) L/D=24 (b) L/D=28



Net M, and M, curves

Pu (kips) Pu (kips)
2500
2000 -
1500 -
1000 -
500 -
0 T T T T T T 0 T T T T T T T
0 100 200 300 400 500 600 70O 0 100 200 300 400 500 600 700
M (kip-ft) M (kip-ft)
() L/D-8 (b) L/D=16
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2500 2500
2000 - 2000 -
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1000 - 1000 -
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0 T T T T T T 0 T T T T T T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
M (kip-ft) M (kip-ft)

() L/D-24 (b) L/D=28



Experimental Tests
NEES Project: Georgia Tech, U. Illinois, U. Minnesota

o 20 full-scale slender composite beam-columns
(8 SRC, 4 CCFT, 4RCFT, 4SCFT)

« Data will fill gaps in U.S. database

Multi-Axial Sub-assemblage Testing System (MAST-UMN)



Preliminary Test Series

Strain C.
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M | =<3
@ L Apg S 2005Simp.
H f Q. Ad P E”“Ehh
| o) ~_  E 7
| O {fxial capacity, of MAST. SYS8Murverersnsmrseaenns
| 2 \;ﬁ p
Lol = e C— =G . — e —
| = ™~ Cje 1";%
| < \
| C. _Dr
| , J/
I | ,
B, B >
BC’s d

Configuration Moment, M



Actual Load Paths

Exterior Columns

6END-C7
1C3(B)

—m— A|SC2005
—8— Fiber Analysis
—— LA 26 Motion
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Preliminary SRC Test Series

Label RC Section Steel Axis f'c Fy; Long. Trans. p L A L/r

b(in) d(in) Section (ksi) (ksi) Reinf. Reinf. (%) (f) PJP,

SRC1 24 24 WI10x49  Strong 5 50 8#8 #A@w12 23 14 100 233
SRC2 24 24 WI10x49  Strong 5 50 8#8 #A@w12 23 20 200 333
SRC3 16 16 WI10x100 Strong 5 50 8#6  #A@12 103 14 125 350
SRC4 16 16 WI10x100 Strong 5 50 8#6 #@wl12 103 20 250 50.0
SRC5 16 16 WI10x100 Weak 5 50 8#6 #H@o6 103 14 125 350
SRC6 16 16 WI10x100 Biaxial 5 50 8#6 #@wl12 103 20 250 50.0
SRC7 16 16 WI10x100 Strong 8 65 8#6 #@wl12 103 20 250 50.0

SRC8 16 16 WI10x100 Strong 12 65 8#6 #@wl12 103 20 250 50.0




Preliminary CFT Test Series

Label HSS bt f'. F, L P, L/b L/r
Section (ksi) (ksi) (ft) (kip)
CCFT1 10x0.125 80 5 42 10 472 12 48.00
CCFT2 10x0.125 80 5 42 20 472 24 96.00
CCFT3 10x0.125 80 12 42 10 1040 12 48.00
CCFT4 10x0.125 80 12 42 20 1040 24 96.00

SCFT1 12x12x0.25 48 5 50 10 1030 10 33.33

SCFT2 12x12x0.25 50 20 1030 20 66.67

%

SCFT3 12x12x0.25 12 50 10 1510 10 33.33

%

SCFT4 12x12x0.25 48 12 50 20 1510 20 66.67

0 RCFT1 14x6x1/4 56 5 50 10 900 20 66.67
RCFT2 14x6x1/4 56 5 50 20 900 40 133.33

o RCFT3 14x6x1/4 56 12 50 10 1480 20 66.67
(s RCFT4 14x6x1/4 56 12 50 20 1480 40 133.33




Inelastic Static & Dynamic Analysis
LA 3 & 20 Story SAC frames (FEMA 355C, 2000)

W24x68 W24x68 W24x68 W24x55

- g - - -
Ll - L -

W33x118 W33x118 W33x118 W24x55
- -r - -

W33x118 W33x118 W33x118 W24x55

W14x257 VVMESII VVIISII W14x257 W14x90

T

3x131t=391t

126 13"

ELEVATION A-A (LA BUILDING)

AR

Steel Frame System SRC Frame System

PRROE PRROE

e
=l =l =

W14x311
W14x257
W14x90

Roof %
Ik fllllI
1Et‘ P fSEEF FEEE P % 1Et

26X26in
12#10 (2.6%)
#A@4In
W14X90

o

CRC Frame System

PRROE

m[llllI

HSS-20x0.375
f.” = Bksi
Fy =42 ksi




AF,, based on reduced EI"=0.8El

AFy

1.2

1.1~

| [
eee Analysis

— sec(kL/2)
1/(1-P/0.9P¢)

500 1000

(a) L/D=8

2000

P (kips)

eee Analysis
— sec(kL/2)
1/(1-P/0.9P¢)

(c) L/D=24

1000

Pu (kips)

APy

2 |

eee Analysis
— sec(kL/2)

1/(1-P/0.9Pe)

1.5 _
"
1 ' '
500 1000 2000
P (kips)
(b) L/D=16
APy
3 |
eee Analysis
— sec(kL/2) ,
1/(1-P/0.9Pe) | .7
1000
Pu (kips)

(b) L/D=28



5, Mises

(Avg: 79%)
+4.600e+01
+4.240e+01
+3.8680e+01
+3.520e+01
+3.160e+01
+2.800e+01
+2.440e+01
+2.080e+01
+1.720e+01
+1.360e+01
+9.995e+00
+6.395e+00
+2.795e+00

S
i

tep Time =

0.5968

5, S53

(Avg: 75%)
-2.837e+00
-6.902e+00
-1.097e+01
-1.503e+01
-1.910e+01
-2.316e+01
-2.723e+01
-3.129e+01
-3.536e+01
-3.942e+01
-4.349e+01
-4.755e+01
-5.162e+01

N

QDB RCFTSLIEc0ML1h.odb  Abagus/Standard

Step: Step-1 z
IRCFEMEREA1: Step Time = 0.5968
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g, 533

(Avg: 75%)
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-1.097e+01
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-1.910e+01
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-4.755e+01
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Summary

New Composite Column Procedures

Based on ultimate plastic capacity — simple plastic or
strain compatibility (mechanistic approach / EC4)

Provide transition from a RC to a composite column

Maintain current length effects approach— adjust El
values

Improve reliability (from = 2.4 to 2.7)

Relax local buckling - b/t <56 (+20%); D/t < 121
(+50%)

Relax concrete material limits = 70 MPa
Relax steel material limits = 520 Mpa)
Provide better force transfer guidelines




More Information

 EJ has two papers by Leon, Kim and Hajjar
(4t Quarter, 2007) and Leon and Hajjar (1%
Quarter, 2008) with all the details of the
cahnges to the 2005 Specification
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