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P
(a) When — >0.2

P

(b) When Fr <0.2

C

where
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(Hl-1a)

(H1-1b)

P, = required axial strength using LRFD or ASD load combinations, Kips (N)

P. = available axial strength, kips (N)
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Second Order Effects
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The total moment = W FPS

o =

) D«

Negative AT, /M Positive M /M,
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Amplified First Order Analysis

M

(largest possible value)

..Mj - --H'“-u_

— M%J =0 C. =0.6-0.4(0)=06
2

M%{ 11 C,=0.6-0.4(+1)=0.2
: (smallest possible value)

..M f—ﬂff ]

Cpp = 085458 oo oo Sy anad slgst S1- il
C, = l.O:ﬁ,ﬁ:’-o:&ofﬂM@\._«ﬂ,;f\- -
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Amplified First Order Analysis
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o=1.6 for ASD design
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Beam-Columns

W Dy oS s S

- =
M
P8 My My |
I:)n '9|—¢an)( ¢any_
AISC Equation
— v -
it + M. +—=2>-1<1.0
2¢0Pn: %Mnx %Mny
AISC Equation
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Beam-Columns

* Definitions
P, =factored axial compression load

p

M, = factored bending moment in the x-axis, including second-
order effects

= nominal compressive strength

n

M. = nominal moment strength in the x-axis

M,, = same as M, except for the y-axis

M,, = same as M, except for the y-axis

¢. = Strength reduction factor for compression members = 0.90

¢, = Strength reduction factor for flexural members = 0.90

LomaSiglnealb: V0 V8 sl ol 20
Y a5



Beam-Columns

Q The increase in slope for lightly axial-loaded columns represents the less
effect of axial load compared to the heavily axial-loaded columns

Unsafe Element

PU/(I)CPI'\

/ ~ Safe Element

02 |«

I\/Iu/(l)an
>

These are design charts that are a bit conservative than behaviour envelopes

Lgm S Jgl el V0 AV sla o )l
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Braced and Unbraced Frames

a Two components of amplification moments can be observed in unbraced
frames:

a Moment due to member deflection (similar to braced frames)

a Moment due to sidesway of the structure

Unbraced Frames

Member deflection

- T 1"
“ I I
| I I

: I I

| ! !

) ! !

, ! !

! !

Member sidesway

Sreaob ) VSl ol
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Unbraced and Braced Frames

Q In braced frames amplification moments can only happens due to member

deflection

Braced Frames

I _______ ‘
\

J\ Sidesway bracing system
I

I
I

Member deflection

Srealsbh ) sV H ol
Y Daly o) m s S



Unbraced and Braced Frames

Q Braced frames are those frames prevented from sidesway.

Q In this case the moment amplification equation can be simplified to:

I\/Iuy — B1y I\/Inty

AISC Equation

7[2EAg

e — 2
(KI— / I") a KL/r for the axis of bending considered
a K<1.0

Gl kb Y 8 sl ol
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Unbraced and Braced Frames

Q The coefficient C_, is used to represent the effect of end moments on the
maximum deflection along the element (only for braced frames)

C, = 0.6—0.4[ Mlj
M

2

1

M,

= +ve

TSP

Q When there is transverse loading on
the beam either of the following case
applies

— O

—

—

— ]

—_—

_— —_—
< —

Conservatively C_=1.00

N g ol o
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450 893
B4 T4
1509 2156
432 M5
BN 45T
5697 5637
8031 736
11260 9383
421 1477
19272 13765
25168 16778
8% 19266
6659 21564
1% 23938
o684 20042
79892 | 35508
107181 42073
136698 49708
171080 57017
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P,=320 kN and M, =240 kN.m , Lc=3.6m Kx=Ky=1.0
Step I: From Section Property Table
IPB300: (A =149.1m?, | =25168cm*,, Z = 1869 cm?3,

1) &y

S,=1678 cm3 - r,=7.58 cm, L, =3.91m, L, =18.53m )

KL, =KL =(1.0)(3.6) =3.6 m

_ K.L _ 1X360

A= —= = 47.49 = F..=210Mpa

d.P, = 0.9 x 149.1 X 102 x 210 x 10~3 = 2818KN
Lp > Lb = ¢an — ¢bZ Fy




P,/¢.P =320/2818 =0.1136< 0.2

for 1 <0.2 it + M., + M., <1.0
2P 2¢c I:)n ¢D M nx ¢b M ny

bPpMyyx = QpZy. Fy

b, M, = 0.9 x 1869 x 103 x 235 x 1076 = 395.3KN.m

320 1380 6120.057+0.86=0917 <10.K.0
2%2818 | 395.3




Ex. - Analysis of Beam-Column

P,=1500 kN and M, =350 kN.m
L.=3.6m and
K,=K,=1.0

,PL320x20mm

/‘PL350x12mm

|
~-PL320x20mm

A=167.6cmA/2

/x=2566.7cm”3

Ry=8.075cm




Ex. - Analysis of Beam-Column

e Step I: Compute the capacities of the beam-column

¢.P. =3137 kN

dM_ =543 kN.m e ——

[X=2566.7cm”3
 Step II: Check combined effect Ry=8.075cm

P, 1500
4P~ 3137

=0.478>0.2

u 8[ M. Muy) 1500 8(300
+— +

Oj =0.969<1.0
P 9 M, gM 3137 9(543

| st Y & sl o jla :
sl gaide: 1 e Aulh oS Slide # 30
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#=09 F - 2333"=ﬁ.m, =09 F =2400"¢ =
IPB Z oM, | oM | L | L | BF |oM, | oM | L | L | BF
cm | tm tm | m | m t f.m tm | m | m t
100 104.2 ] 2.188 1.323 | L30 | 10.36 | 0.095 2.251 1.361 1.20 | 10,08 [ 0.101
120 165.2 | 31469 2116 | LS8 | 1L30 | 0.139 3.568 2177 1 1.55) 1099 O.147
140 246 5.165 3075 | L84 1219 0192 | 5.314 3266 | 1.82 | 1186 0204
160 154 7.433 4571 | 20911312 ] 0,259 | 7.646 4702 | 206 | 1277 ] 0.275
180 482 10,121 6,261 | 235 14.08 | 0329 | 10411 | 6441 | 2321369 0.349
200 642 13.480 8378 | 261 | 1492 | 0.414 | 13887 3.618 | 258 | 14.52 | 0.440
220 528 17.386 | 10818 | 288 | 1592 | 0504 | 17.885 | 11,128 | 2.84 | 1549 ] 0.5
240 1054 | 22131 13787 | 313 | 1684 | 0609 | 22766 | 14183 | 309 | 1638 | 0646
260 1282 | 26918 | 16903 | 3,30 | 17.08 | 0732 | 27691 | 17.388 | 3.34 | 1663 | 0775
280 1534 | 32209 | 20,283 | 365 | 17.62 | 0.854 | 3313 | 20866 | 360 | 17.16 | 0,905
300 1868 | 30,222 | 24692 | 391 | 1853 | 0.994 | 40.349 | 25402 | 3.85 | 18.05| 1.053
320 2140 | 44934 | 28367 | 390 | 1872 | L1118 | 46224 | 29.182 | 3.85 | 18.23 | 1.185
340 2400 | 50.393 | 31747 | 3885 | 1848 | 1277 | S51.B40 | 32.659 | 383 | 1500 | 1.354
360 | 2680 | 56.272 | 35275 | 386 | 1826 | 1.458 | 57.888 | 36288 | 3.81 | 17.78 | 1.546
400 | 3240 | o8.030 | 42330 | 3.81 | 17.54 | 1.872 | 69.984 | 43.546 | 3.76 | 17.09 | 1,983
450 | 3980 | 83568 | 52,178 | 3.78 | 1680 | 2.411 | 85968 | 53.676 | 3.72 | 1637 | 2.553
500 4320 | 100,206 | 63,054 | 3,75 | 1623 | 3057 | 104112 | 64865 | 369 | 1582 | 3.236
st a5 sl alb s ) s Gl s e e e

Y a8




Analysis of Beam-Column
hiad By SIS (5 ) a5 S

- Step I: Compute the capacities of the beam-column

* 1PB300:

* A=149,1 cm"2,7x=1869cmA3,Zy=870cm"3
* Rx=13,Ry=7.6

4P =0.9x149.1x235= 4577 kN

#M.,,, = 790 kN.m
#M,,, = 380 kN.m

J I yda s ) Y 8 sla byl i
SRR ST Slide # 32
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 Select a | shape of ST37 steel
for the beam-column of the
following figure. This member
is part of a braced frame and is b= 18 kN.m
subjected to the service-load ‘ML:BkN'm
axial force and bending
moments shown (the end 33m
shears are not shown). Bending
is about the strong axis, and K,
= K, = 1.0. Lateral support is

y Mp = 18 kN.m
provided only at the ends. M, = 23 kN.m

P, =140 kN
P, = 250 kN

Srealsb VeVl el

: ¢ . : . Slide # 33
Y Sl oSe) - Lson s 5



Ex. — Design-Beam Column

Step I: Compute the factored axial load and bending moments
P,=1.2P,+ 1.6P, = 1.2(140)+ 1.6(250) = 568 kN.
M, =1.2M, +1.6M, =1.2(18)+ 1.6(23) = 58.4 KN.m.
Step Il: compute oM, 9P,

— The effective length for compression and the unbraced
length for bending are the same =KL =L, =3.3m.

— The bending is uniform over the unbraced length , so
C,=1.0

— Try a 2IPE240: L ,;=3.36m>L,

— with ¢gP,=0.9*207*7820=1457 kN and ¢M = 146 kN.m

Slrealsh: VeV sl el

: ¢ . . . Slide # 34
Y Sl oSe) - Lson s 5



Properties 2IPE240
Baze Matenal |STEEL had
Az Angle a0
i, e
J 3217 0167
|33 Frad
|22 33832
|23 .
&5 294134
&5 36,7633
S 33[+face] E48.BEEY
S a3[-face] B48.BEEY
S 22[+face] 281.9333
S 22[-face] 281.9333
£33 B92. .01 E6R
Ay, 4462176
rad 9977
22 B.577hR
Mg -1.692E-19
Y'og 1}
Fpna 1}
Y'pha i}

R

\




step lll: Check interaction equation

if = 068 =0.3898 > 0.2

1457

c n

M
: +§[ M,, > y jz‘r’_GB §(@+oj 0.745<1.0
b

o.P. 9 oM _ 1457 9\ 146

Step IV: Make sure that this is the lightest possible section.

Try a 2IPE220: Lp=3.1m<Lb
with gP_ =0.9%202*6680=1214 kN and ¢M,, = 116 kN.m
P 568

u = 2% _0.468>0.2
¢ P 1214

c n

M
8] My My | 568 §(@+Oj 0915<10 =&
P 9laM_ 4M | 1214 9| 116

Use a 2IPE220

Srealsb VeVl el
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4 D
D 2 G G B RIPB phaie I gt (oal sl Sl gl -

P, = 2200KN,M,;, = 400KN.m,
Ky=1.5,K,=1.0
L. =4.20m

dgsj)acjjckuj\ \oJWmUM@\)LL_\u\Q_UjLA-Y
IPE & _asi 5l ps Joala




46.0 ton 10ton 14.12ton 2.33ton

I

0.745 t.m

Ny

L1

46.0 ton 10ton 14.12ton 2.33ton

&M.m

Y oJLA.«i aliia

0.214tm

0

13.9tm

0

0375tm | 3.04tm

16.18t.m

nn

7.03tm

Wy U W

BB Y Hemedes B ls L AU el Sl pilia )

ISt S
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s

-¥ oJMM‘

r\ Mp=0.75 ton.m
M; =0.20 ton.m
Mpgx=14.0 ton.m

LE, MEgy=16.0 ton.m
Pp = 48.0 ton o

LN

i

P; =16.0 ton

PEX = 16.0 ton |

Pgy =10.0 ton 'qL) Mp=1.30 ton.m
M;=0.40 ton.m

by Sl palyh: ) Y 8 s o jlw

. é . 39
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O ULA.&M‘

>

Mp=1.30 ton.m
M;=0.40 ton.m

Mpr+x=14.0 ton.m
Mpgy=16.0 ton.m

Pp =48.0 ton
P; =16.0 ton
PEX = 16.0 ton

H U PEY= 10.0 ton

Pu = 1.2P, + P, + Py =1.2(48)+(16)+(16)=89.6ton
My x=1.2%(1.3)+0.4+14.0=15.96 ton.m
Myy=1.2%(1.3)+0.4+16.0=17.96 ton.m

40

M b N g



ﬂ

Pp = 47.6 ton
P, = 15.5.0 ton
Pry = 16.2 ton
Py = 10.0 ton

TOP

EOTTOM

:'? b‘)LAu: 4J3;an

TOF

EOTTOM

MEX=1934

TOP

BOTTOM
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 Select a | shape of ST37 steel for
the beam-column of the following , _, .\
figure. This member is part of a  p =650kN
braced frame and is subjected to o= 24.4 kN.m
the service-load axial force and ‘ML:GG'“N'”‘
bending moments shown (the end
shears are not shown). Bending is 4.8m
about the strong axis, and K, =1.5,

K, = 1.0. Lateral support is
provided only at the ends. v
M, = 24.4 kN.m
M, = 66.4 kN.m
Srealsb VeVl el Slide # 42
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Elastic Buckling Inelastic Buckling

Kl E
e 225471 |= . Kt Ll
- 5 — < 4.71 \/F:
2E
e F = & ?E
e” (kl/1)2 * Fe = e
* F._=0.877F, Fy

. F_=l0.658FIFy

® @CPn — 0.9 FCT Ag
® @CPn — 0.9 FCT' Ag




e Casel: Compact Section (No LB)
M, = Mpx = ZiFy < 1.6 S4F

e Case2: Non-Compact Section (Inelastic LB)

My = My, — (Mo, — 0.7F,S,) (P!
nx — Ylpx pX 2T (}\rf_}\pf)
< M«
e Case3: Slender Section (Elastic LB)
09 F k.S,
My = )2 = Mpy
4
k., = —

h
tW

ﬁ



