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Differences about composite encased columns

design methods in the designing codes

ABSTRACT

This paper presents comparison between the design
assessments of concrete encased I-sections columns based on
the approaches given in AISC LRFD, Eurocode 4: Part 1.1,
BS 5400: Part 5.

This study includes the design parameters, comparison of the
nominal Strength predicted by the three codes and comparison
of the predicted strengths with the available test results.

In some cases, results obtained from the above three codes
may vary considerably. This is because of the different design
considerations adopted in these codes. However, the design
methods are found to be mostly conservative when compared
with the test results. With a notice that Eurocode 4: Part 1.1
has major factors in its favour in terms of its
comprehensiveness and wide scope of application.

Finally, some results and recommendations were achieved

about designing composite columns.

Keywords : Composite columns; Encased section; Steel-
concrete ; composite
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Ttems Code Specifications
Steel EC4 Fe 360 (235 N/mm?), Fe 430 (275 N/mum?) and Fe 510 (355
N/mm?) when thickness, +=40 mm [3.2.2
BS 5400 Grade 43 (275 N/mm?) or 50 (355 N/mm?), +=16 mm
[11.1.2.1]
LRFD A36 (248 N/mm?), AS0 (345 N/mm?), A55(379 N/mm?)
[12.1¢d)]
Concrete EC4 =50 N/mm?® where f,, is the concrete cylinder strength
[3.1.2.2]
BS 5400  f,=20 N/mm* for concrete filled tubes
J=25 N/mm? for concrete encased sections® where
Jw—=concrete cubic strength [71.7.2.2]
LRFD 20.7 N/mm?=f,=55.1 N/mm? for normal weight concrete
f:=27.6 N/mm? for lightweight concrete
where f.=concrete cylinder strength [J2.1c)]
Steel contribution ratio ~ EC4 0.2=6=0.9, where § is the ratio of the contribution of the
steel section to total axial capacity. [4.8.3.1.(3)]
BS 5400 Encased steel sections: 0.15=¢.=0.8
Hollow steel sections: 0.1=<¢,,=0.8
where o 1s the ratio of the concrete contribution to total
axial capacity [/71.4.1]
LRFD Cross-sectional area of steel section =4% of total cross-
sectional area [/2.1(h)]
Limiting slenderness EC4 A=2.0 about any axis of bending [4.8.3.1.(3)]
BS 5400 Ratio of effective length to least lateral dimension of

composite column should not exceed
30 for concrete encased sections
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LRED KL/r=200, where KL 15 the effective length and ris the
radius of gyration of the section.

Steel reinforcement EC4

BS 5400

LRED

Modulus of elasticity of ~ EC4
concrefe

BS 5400

Partial safety factor for ~ EC4
material at ULS

BS 5400

LRED

Partial safety factor for ~ EC4
load at ULS BS 5400

LRED

0.3%=4,/4.=4% for concrete encased columns

In conerete filled hollow sections normally no reinforcement
1s required except for fire resistance [4.8.3.1.(3)]

For concrefe encased columns: stirrups fo be placed
throughout length of column, spacing not to exceed 200
mm. At least 4 longttudinal bars to be provided [11.3.9]
Not less than 0.007 in* (0.178 mm?) of reinforcement per
inch (254 mm) of bar spacing. [12.15]

From EC2, E,=9.5(74+8)"*, where Ey, is in kN/mm’” and
[ 15 the 28 day concrete cylinder strength in N/mm®
[3.1.41]

450 times £, [11.3.1]

Steel section: 1.1

Concrete: 1.5

Steel reinforcement: 1.15

Shear connector; 1.25 [2.3.3.2]

Steel section: 1.1

Concrete: 1.5

Steel reinforcement: 1.15

Shear connector: 1.10 [4.2.1]

Compression: 1/0.85=1.18

Flexure: 1/0.9=1.11

135 Dead Load+1.5 Imposed Load [2.3.3.1]
(1.05~120) Dead Load+(1.3~1.5) Imposed Load, Johnson
[12]

120 Dead Load+1.6 Imposed Load [44.1]

* f, of 20 and 25 N/mm?* will be equivalent to 16 and 20 N/mm? cylinder strength, respectively,
asuming that concrete cylinder strength 1s 0.8 £,..

(1) Josadl
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DA sl L Lalasinly

25<1) Ol Adgpa Jalra dalgs Gg adl
Codes Modulus of Concrete, . Unfactored Value®
EC4 0.8 E/1.35° 0.8 E/1.33

BS 5400 450 £, 670 f

LRFD wf' e WS

@ E, should be modified accordingly if conditions of long term effect are satisfied.

® g is the unit weight of concrete in Ib/f?, 7, is the concrete cylinder strength in ksi and £, gives
result i ksi.

¢ This value is used to evaluate the test results with no factor of safety.

(2) dsaa

O sil) Adgpa Jalaal Lgaldiinly gl (il Alcaial) aidl)
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cosil) e ddling Gl Jal o (2)
Llshal L) Qsiall a2 yhely 2400 kg/m® G galall (ol olasid 5
30 N/mm? dSall, 25 N/mm? gl gl C25/30 S e

Codes 2025 (2530 (3037 (35/45 C40/50 C45/55 C50/60

EC4 172 18.1 19.0 199 20.7 213 219
BS 5400 113 13.5 16.7 203 225 248 27.0
LRFD 215 241 264 285 30.5 323 340
670 £, 16.8 20.1 248 302 335 36.9 40.2

Okl Jalge 9 BS5400 G3ay afill o al)l shaad) (B 1dysls
(3) Jyaad
LAY gl aladialy Lsmaa (¢ sil) Agpa Jalaa

e o oSer sl Agye delee lua 4 Gl GDAY)
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sl g Gl e gl e o GG Gad 4l (3) Jsaall (e Ll
& gl apad e e G eny A 8l Y ey cdlailae <Y
Go oS 2aed JalS anii sl Gany ol el 8 AT Jualss ey aalaai
clalitin) Y Jsashl J <YW
Slel o (3) sl 8 ECA sl aladinly dysuadl ol of Laady 3

eaiia JSi ojlsie) &5 28 Caajll il oY Sl Sl
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Codes Non-dimensional slenderness. A
Concrete encased sections
EC4 E( Af,+0.85 Afu+ASn )1_,;:
T\ EJ+08 E__I/135+EL,
BS 5400 "?9(‘4sf}f"f}/s_k‘—icﬁ:uf‘;:/C+Avfryf},r)1'!2
7\ EL+EI~EL
LRFD 12

4, A,
FY+O.?Fyr(4—) +0.6fc( ; )

T

E+02 E (Ac)
2 E|~

< 1s,

(4) o
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