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EC3 1-3 2006 CFFD Example 002

I-SECTION MEMBER UNDER COMBINED COMPRESSION, BENDING, AND SHEAR

EXAMPLE DESCRIPTION
Compression, moment, and shear capacities and demand/capacity ratio are calculated for
I section at mid-height as shown below. It is simply supported with a length of 3.0
meters. The member is fully braced flexural buckling about z-z axis.

GEOMETRY, PROPERTIES AND LOADING
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Dead: P, = 2000 N, P, = 250 N
Live: P1 = 5000 N,PZ =500N

TECHNICAL FEATURES TESTED

» Axial compressive strength
» Major moment strength

» Shear strength

» Demand/Capacity ratio.
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PROGRAM NAME: SAP2000
REVISION NO.: 2

ComPUTER FILE: EC3 1-3 2006 CFFD Ex002

Applicable Programs
» SAP2000

RESULTS COMPARISON
Independent results are hand calculated.

CONCLUSION
The results show exact match with independent results.

Benchmarks: SAP2000

Percent
Output Parameter Program | Independent | Difference
Axial - Flexural buckling 65718.9 657382 0.03%
Npra (N)
Axial — Torsional-Flexural buckling 26485.5 26508.5 0.09%
Npra (N)
Axial — Local & Distortional Buckling 76173 76174 0.00%
NC,Rd (N)
Flexure — Lateral-Torsional Buckling 2971718 2971718 0.00%
Mpra (N —mm)
Flexure — Local & Distortional
Buckling 4660295 4660250 0.00%
Mc,Rd (N - mm)
Shear
47573.9 47573.9 0.00%
Vora (V) j
D/C Ratio 0.931 0.931 0.00%
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PROGRAM NAME: SAP2000
REVISION NO.: 2

HAND CALCULATION

Properties:
Material: E = 210,000 N/mm?, G = 80,770 N/mm?, f,,,, = 350 N/mm?

Section: h = 150 mm, by = 50 mm, b, =40 mm,t = 1 mm,r = 3 mm
- h,=h—-t=150—-1=149mm
= by = by —t/2=50—-1/2 =49.5mm
- by, = b, —t/2=40—-1/2 =39.5mm
Check for the effect of rounding of the corners:

r 3
-==—=3<5-0K
t 1

. > 0.061 < 0.1 - 0K
—=——=0. 1-
by, 495

r 3 0.076 < 0.1 » OK
—=—=0. 1-
by, 39.5
Therefore, the effect of rounding of the corners can be neglected in calculation of section
properties:

Ay = 476 (mm?)

I, = 1534605.3 (mm*)
I, = 125987.6 (mm*)
i, = 56.78 (mm)

i, =16.27 (mm)

W = 21502.2 (mm?)
W,.. = 19768.1 (mm?)
I, = 158.67 (mm*)

I, = 604830242 (mm®)

yo = 0.0 (mm)
zy = 21.17 (mm)
Member: Ky, = Ky = 1.0 for a pinned-pinned condition

Ly, =1L, =Ly =3000mm
Member is modeled to be braced against flexural buckling about z-z axis by
setting K, = 0.0001

Loadings: Dead: P, = 2000 N,P, = 250 N
LiVe: Pl = SOOON,PZ = SOON

Required strengths: for the section in the middle
Ngg =1.2D 4+ 1.6L = 1.2 x 2000 + 1.6 X 5000 = 10400 (N)

250 x 3000 500 x 3000

Mgq = 12D + 16L = 1.2 X ———— + 1.6 x ———— = 825000 (N — mm)
250 500

Vpa = 12D + 1.6L = 1.2 X —~+ 1.6 X —— = 550 (N)
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Member Compression Capacity: the compression capacity is calculated considering the limit
states of global buckling, and local buckling. Distortional buckling is not considered as there is no
lip stiffener.

1. Local buckling:
The effective width method is utilized to calculate the nominal axial strength in consideration

of local buckling with the compressive stress of f,,, = 350 (N/mm?).

Check for the applicability of the method as the following conditions are satisfied:

b, 50

-2 —50=50- 0K

t 1

b, 40
T=T=40<50—>0K

h 150 75 <500 - OK
— = = -
2t 2x1

As the section is subjected to uniform compression and both flanges are considered outstand
unstiffened elements:

Top flange:
1,1; =1
=0.43
235 _ = 0.8194
fyb N/mm 350
by /t 49.5/1
p) P = = 3.244 > 0.748
pb = 28.4e.k, 28.4x 0.8194/0.43
Aipp —0.188  3.244 —0.188
= —= =0.2904 < 1.0

2, 3244
biess = pbyp = 0.2904 X 49.5 = 14.375 (mm)
Bottom flange:

¢ =1
= 0.43
235 = 0.8194
fyb N/mm2 350

b/t 39.5/1
Faro = 28 tefk, 284x08194/043
_ Zopp— 0188 25885 — 0.188
VES 2.58852
byess = pbyy, = 0.3583 X 39.5 = 14.152 (mm)

= 2.5885 > 0.748

=0.3583<1.0
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The web is considered an internal (stiffened) element under uniform compression:

Y=1

ky, =4

_ h,/(2t 149/2

1, = p/(20 _ / =1.6> 0.673

PP 8.4k, 284 x 0.8194v4

App —0.055(3 +1) 1.6 —0.055(3 + 1)
2y 1.62
hesr = phy = 0.539 X 149 = 80.3 (mm)
hey = hey = 0.5h s = 0.5 x 80.3 = 40.15 (mm)
Aeff = Ztheff + thleff + 2tb23ff
=2x803+2X14.375+ 2 X 14.152 = 217.64 (mm?)
Agpr = 217.64 (mm?) < 476 (mm?) = A,
A 217.64 x 350
= Nepa = efffy}) =
YMo 1.0
Because the section is symmetric about z-z axis, its effective properties are also symmetric
about z-z axis, resulting in ey, =0 > AM, g3 = 0

p= =0.539 < 1.0

= 76174 (N)

h
YAy, 2thp=F +2thyph, 2% 1491££ +2 % 39.5 x 149
y = = = = 71.37 (mm)
A A 476
2th M+2th h _he + 2th,.rrh
i YilefriZi el 2 ez\"'n ™) 2effp
e 40Af§f 40 1&4 /7
2 X 40.15 X —=2 4 2 x 40.15 (149 _ —) +2 % 14.152 x 149

_ 2 2 _
= 51764 = 74.35 (mm)

eny = Zopp — Z = 74.35 — 71.37 = 2.98 (mm)
AM,, pq = Nggey, = 10400 x 2.98 = 30992 (N — mm)

2. Global buckling: includes flexural buckling and torsional and flexural-torsional buckling
i.  Flexural buckling: since the member is fully braced against flexural buckling about z-
axis. In the program, this bracing is modeled by assigning such a small value of effective
length factor K,,,in0r for the element.
m?EL,  m?(210,000)1534605.3

- (k,L,)°  (10x3000)2
m?El, _ m%(210,000)125987.6
(K,L,)?  (0.0001 x 3000)2

= 353405 (N)

cr,y

Nepy = = 2.9 x 1012 (N)

= A 217.64%X350
1, = [Pl = 0.464
Nery 353405

For I section with different top and bottom flanges, the buckling curve is ¢ and o = 0.49
@, =0.5[1+ a(1, — 0.2) + 2] = 0.5[1 + 0.49(0.464 — 0.2) + 0.464%] = 0.672
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1 1
Xy = 0.863

= 0.672 +v0.6722 — 0.4642 -
@, + /<b§ -2

_ XyAerrfyp _ 0.863 X 217.64 X 350
Noyra = Y1 1.0

= 65738.2 (N)

ii. Torsional and flexural-torsional buckling:

o= \/if, +i2+y2 422 =/56.782 + 16.272 + 0.02+21.172 = 62.744 (mm)

N 1 cr n2El, 1 80,770 X 158.67 4 72210,000 X 604830242 28641 (N
= — = , X . =
RENTS R 62.742 (1.0 x 3000)2 )
_q yo+z5 . 00°+21.17% 0.886
b= 2 62742
2
N, N N Zo\2 N
Ncr,TF — cr,Z 1+ cr,T _ <1 _ cr,T> +4 (_0) cr,T
Zﬁ N, Ccr,Z N cr,Z lo N cr,Z
_29x10% - 38641 ( 38641 )2 (21.17)2 38641 | 28641 (N
~2x0.886 2.9 x 1012 2.9 x 1012 62.74) 2.9 x 1012| ()

As Ny rp = 38641 (N) = Ngp p
N /TT — \/Aefffyb _ \/217.64><350 — 1.404
NerTr 38641
For I section with different top and bottom flanges, the buckling curve for torsional-flexural
buckling is ¢ and a = 0.49
®r = 0.5[1 + a(Ar — 0.2) + 7] = 0.5[1 + 0.49(1.404 — 0.2) + 1.404?] = 1.781
1 1

Xr = = 0.348

— - 2 _ 2
oo + ICD%—AZT 1.781 + V17812 — 1.404

Xrherfyp  0.348 X 217.64 X 350
NbT,Rd = yM = 1.0
1 .

= 26508.5 (N)

Member Flexural Capacity: the flexural capacity is calculated considering the limit states of
lateral-torsional buckling, and local buckling. Distortional buckling is not considered as there is
no lip stiffener.

1. Local buckling:
The effective width method is utilized to calculate the nominal flexural strength in
consideration of local and distortional buckling with the compressive stress in the top flange of
fyp =350 (N /mm?). As the section is subjected to positive moment, the top flange is under
compression and it is considered an outstand unstiffened element:
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PROGRAM NAME: SAP2000

REVISION NO.: 2

Yp=1
k, = 0.43

_ 235 _ [235_ oo,
©= [fpIN/mm?] ~ 350
_ by,/t 49.5/1
pp =—2—= = 3.244 > 0.748

P o84 fk, 284 x 0.8194v0.43

Aipp —0.188  3.244 —0.188
=2 = =0.2904 < 1.0

VL 3.2442
bierr = pb1p = 0.2904 X 49.5 = 14.375 (mm)
The bottom flange is in tension and calculation of its effective width is not carried out.
The neutral axis of the section with effective top flange measured from the centerline of the
top flange is:

h
YAy, 2thy (7”) +2thyphy 2% 149 X 1‘2}—9 +2 X 39.5 X 149
~ - = 83.726
A 2thyyy + 2thy + 2th,, 2 X 14.375 + 2 X 149 + 2 X 39.5 (mm)

The web is considered an internal (stiffened) element under stress gradient:
o1 = fyp = 350 (N/mm?)

149 — 83.726 )
0y = —fbe = —272.86 (N/mm )
o, 27286 _ 078
V= o, 350
ky = 7.81—6.291 + 9.78y? = 7.81 — 6.29 x (—0.78) + 9.78 x (—0.78)% = 18.66
- h,/(2¢) 149/2
Loy = = =0.741 > 0.673

pb 28.4¢&./k, 284 x 0.8194/18.66

App —0.055(3 +9)  0.741 —0.055(3 — 0.78)
2 0.7412

The web is fully effective.

The neutral axis of the effective section is as calculated previously:

=1127<10-p=1.0

AV
y= ZlAlyl — 83.726 (mm)
byosst? ~ b,,t3 2 2th)} h \°
ly = 2=+ 2bieppty? + 2—F— + 2bypt(hy = §) + 7 + 2hyt (=7
x 13 39.5 x 13
+2 % 14.375 x 1 x 83.726% + ZT + 2 % 39.5 x 1(149 — 83.726)>
2 x1x 1493 149 2
2% 149x1 (T - 83.726) = 1114833 (mm*)
I, 1114833
W, rr,=2="——"""=13315 3
effe =% T 783726 (mm?)
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L 1114833
W t = =
Pt h,—y 149 —83.726
Weff,cfyb _ 13315 x 350
Ymo 1.0

= 17079 (mm?)

= 4660250 (N — mm)

Mc,Rd =

2. Lateral-torsional buckling:
Due to the concentrated loading and simply support condition at both ends of the column:
C; = 1.365, C, = 0.553, C; = 1.73
ky, =10and K;75 = 1.0
The neutral axis of the gross section measured from top fiber is 71.37 (mm) = z, =
71.37 (mm) as the load is applied on the top flange

Zg =Zg — Zg = Zg — 2o = 71.37 — 21.17 = 50.2 (mm)

zj = 22.33 (mm)

Ls = 3000 (mm)

I, = 125987.6 (mm*)

1,, = 604830242 (mm®)

w2EL ([ (Kirp\ Ly | LGy 2"

?{[( k., )E + T2EL + (szg - C3Zj) - (szg - C3Zj)}

= 3330252.7 (N — mm)

1= \/Weff,yfyb _ \/13315><350 — 1183
My 3330252.7
The applicable buckling curve is b and a;+ = 0.34

@7 = 0.5[1 + ayr (A — 0.2) + AZ7] = 0.5[1 + 0.34(1.183 — 0.2) + 1.1832%] = 1.367
1 1

Mg, = C

Xir = = =0.48733 < 1.0
_ 2 2
Oy + ,<D5T _ 2, 1.367 +V1.3672 — 1.183
fyb 350
Mpra = X17Werfy —— = 0.48733 x 13315 —— = 2271718 (N — mm)
Ym1 1.0
Member Shear Capacity:
_ Sw ’fyb 149 | 350
Ay = 0346 — |~ = 0.346 = 1.05234
v 2t | E 2x1,/210000
-0.83<1, <140
0.48f,, 0.48 x 350
=—= = 159.644 (N 2
2w =7 105234 _ 1°9644 (N/mm)
h,, (2t 149 X 2 X 1 X 159.644
Vira = w(@D by _ = 47573.9 (N)
YMo 1.0
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Combined D/C ratio:
As the column is simply supported about both y-y and loaded with a concentrated load at
midspan, ay, is taken as zero.
Crny = Cpir =09+ 0.1ay, =09+0.1x0=09

koo, =Cru| 1+0.61 Nea ) _ 1406 Neq
yyooomy Y XyNgg | ™Y " XyNrk
Ym1 Ym1
N N
= Cpny (1 +0.61, —2 > < Cpy <1 +0.6—2 >
Npy ra Npy ra
= 09(1+06><0464 10400 ) < 09(1+06 10400 )
e ' 7657382/ T " 65738.2

= 0.94 < 0.985

There is no loading about minor z-z axis, ¥ = 1
Cnz=06+04¥Y=06+04%x1=1.0
n?El, m?(210,000)125987.6
(K,L,)?  (0.0001 x 3000)2
1= JAefffyb _ \/217.64fo0 — 0.000162
Nerz 2.9%x10
For I section with different top and bottom flanges, the buckling curve is ¢ and @ = 0.49

@, = 0.5[1 + a(4, — 0.2) + A2] = 0.5[1 + 0.49(0.000162 — 0.2) + 0.0001622]

= 0.451

Nery = = 2.9 x 102 (N)

1

1
Xz = — =

* o, 4+ 02— 22 0451 +0.4512 — 0.0001622
XeAerrfyp 1.0 X 217.64 x 350

=111> 10>y, = 1.0

N, = = 76174 (N
bz,Rd Y 1.0 ( )
- Ngg Ngq
k,, = Cny| 1+ 0.6, N | S Cnz| 1+0.6 N
Ym1 Ym1
_ N N,
:cmz<1+o.6/12N £d >SCmy<1+0.6N Ed )
bz,Rd bz,Rd
10400 10400
=1.0 (1 + 0.6 x 0.000162 76174) <1.0 (1 +0.6 76174)
=1.0 < 1.08
. 0.054, Nea | o |4 0.05 Ngq4
zy (Copr — 0.25) XzNrie | — (Cour — 0.25) XzNgk
_ Ym1 Ym1
_ [ _ 0054, Ngq4 ] - [1 _ 0.05 Ngq4 ]
(CmLT - 0-25) sz,Rd - (CmLT - 0-25) sz,Rd
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0.05 x 0.000162 10400 0.05 10400
=|1- X ] > [1 - X
(0.9 —0.25) 76174 (0.9 -0.25) 76174
= 1.0 > 0.989
kyy = kzy = 1.0

The combination D/C ratio by Equation 6.61 in Eurocode 3 1-1 2005 is:

D Ngg My ga + AMy,gq Mzpa + AM, g
C  XyNrk Y XirMy Rk e Mg ri
Ym1 Ym1 Ym1
10400 825000 + 30992 0+0
=%57382 + 0.94 5266420 +1.0 M = 0.513
Ym1

The combination D/C ratio by Equation 6.62 in Eurocode 3 1-1 2005 is:

D Ngq Mypa + AMypa Mzpa + AMzgq
C  XyNgk zy XirMy ric z M, ri
Ym1

Ym1 Ym1
10400 825000 + 30992 0+0

= +1.0 +1.0
76174 2266420 M, g
Ym1

=0.514

The combination D/C ratio by Equation 6.36 in Eurocode 3 1-3 2006 is:

0.8 0.8 0.8
D _ ( NEd ) + <My,Ed + A1VIy.Ed> + (Mz,Ed + AMZ,Ed)

C  \Npgra Myy ra My, ra
~ ( 10400 )0-8 . (825000 + 30992>°-8 L (00 e 0931
~\26508.5 2271718 Myra)

The largest ratio % = 0.931 is by Equation 6.36 in Eurocode 3 1-3 2006 and governs the
design.
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