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Combined Forces Theory 13 
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The total moment = P
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Amplified First Order Analysis 
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16 Combined Forces – AISC Manual 14th Ed 
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=1 for LRFD design =1.6 for ASD design 

Amplified First Order Analysis 
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Beam-Columns 
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Beam-Columns 

• Definitions 

 Pu   = factored axial compression load 

 Pn   = nominal compressive strength 

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

 Mnx = nominal moment strength in the x-axis 

 Muy = same as Mux except for the y-axis 

 Mny = same as Mnx except for the y-axis 

 c = Strength reduction factor for compression members = 0.90 

  b = Strength reduction factor for flexural members = 0.90 
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 The increase in slope for lightly axial-loaded columns represents the less 

effect of axial load compared to the heavily axial-loaded columns 

Pu/cPn 

Safe Element 

0.2 

Mu/bMn 

Beam-Columns 

Unsafe Element 

These are design charts that are a bit conservative than behaviour envelopes 
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Braced and Unbraced Frames  
 Two components of amplification moments can be observed in unbraced 

frames: 

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

 Moment due to sidesway of the structure  

Member deflection Member sidesway 

Unbraced Frames 
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 In braced frames amplification moments can only happens due to member 

deflection 

Member deflection 

Braced Frames 

Sidesway bracing system 

Unbraced and Braced Frames  
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 Braced frames are those frames prevented from sidesway.  

 In this case the moment amplification equation can be simplified to: 
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 The coefficient Cm is used to represent the effect of end moments on the 

maximum deflection along the element (only for braced frames) 
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Pu = 320 kN and  MUx = 240 kN.m , Lc=3.6m Kx=Ky=1.0 
Step I: From Section Property Table 
 IPB300: (A = 149.1m2, Ix = 25168cm4,, Zx = 1869 cm3, 
 Sx = 1678 cm3  , ry =7.58 cm, Lp =3.91m, Lr =18.53m ) 

𝜆 =
𝐾.𝐿

𝑟
=

1×360

7.58
= 47.49 ⇒ 𝐹𝑐𝑟=210Mpa 

𝜙𝑐𝑃𝑛 = 0.9 × 149.1 × 102 × 210 × 10−3 = 2818𝐾𝑁 

𝐿𝑝 > 𝐿𝑏 ⇒ 𝜙𝑏𝑀𝑛 = 𝜙𝑏𝑍. 𝐹𝑦 

KxLx = KyLy = (1.0)(3.6) = 3.6 m 

 :مهارشدهستون در قابهای  –طراحی تیر 

برای نیروهای زیر در نظر گرفته شده است  IPB300یک مقطع 

 .  مناسب بودن این مقطع را بررسی کنید
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Pu/cPn = 320/2818 = 0.1136< 0.2  

0.1
2















nyb

uy

nxb

ux

nc

u

M

M

M

M

P

P


2.0

nc

u

P

P
for



𝜙𝑏𝑀𝑛𝑥 = 𝜙𝑏𝑍𝑥 . 𝐹𝑦 

0..1917.086.0057.00
3.395

340

2818*2

320
KO










𝜙𝑏𝑀𝑛𝑥 = 0.9 × 1869 × 103 × 235 × 10−6 = 395.3𝐾𝑁.𝑚 



Ex. - Analysis of Beam-Column 

Pu = 1500 kN and  MUx = 350 kN.m 
Lc = 3.6m and  
 Kx = Ky = 1.0 

A=167.6cm^2 

Zx=2566.7cm^3 

Ry=8.075cm 
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Ex. - Analysis of Beam-Column 

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

 cPn = 3137 kN    

 Mnx = 543 kN.m 

 

• Step II: Check combined effect 
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Analysis of Beam-Column 

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

• IPB300: 
• A=149,1 cm^2,Zx=1869cm^3,Zy=870cm^3 
• Rx=13,Ry=7.6 

tPn =0.9×149.1×235= 4577 kN  

 Mnx = 790 kN.m  

 Mny = 380 kN.m 
 

 ترکیب نیروی محوری کششی ولنگر خمشی 
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• Select a I shape of ST37 steel 
for the beam-column of the 
following figure. This member 
is part of a braced frame and is 
subjected to the service-load 
axial force and bending 
moments shown (the end 
shears are not shown). Bending 
is about the strong axis, and Kx 
= Ky = 1.0. Lateral support is 
provided only at the ends.  

 PD  = 140 kN 

PL = 250 kN 

MD = 18 kN.m 

ML = 23 kN.m 

3.3 m 

MD = 18 kN.m 

ML = 23 kN.m 

  IPEستون شکل زیر از زوج پروفیل  –مطلوب است طراحی تیر 
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Ex.  – Design-Beam Column   

• Step I: Compute the factored axial load and bending moments 

  Pu = 1.2PD + 1.6PL = 1.2(140)+ 1.6(250) = 568 kN. 

  Mux = 1.2MD + 1.6ML = 1.2(18)+ 1.6(23) = 58.4 kN.m. 

  Step II: compute Mnx, Pn 

– The effective length for compression and the unbraced 
length for bending are the same = KL = Lb = 3.3 m. 

– The bending is uniform over the unbraced length , so 
Cb=1.0  

– Try a 2IPE240: Lp=3.36m>Lb 

– with Pn =0.9*207*7820=1457 kN and Mnx = 146 kN.m 
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2IPE240 
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• Step III: Check interaction equation 
  

  

 

 

 

 

 

 

 

 

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

• Try a 2IPE220: Lp=3.1m<Lb  

• with Pn =0.9*202*6680=1214 kN and Mnx = 116 kN.m 
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 :برای نیروی های زیر  IPBمطلوب است طراحی ستونی از مقطع  -1

PU = 2200KN,MUX = 400KN.m,  
Kx = 1.5, Ky = 1.0 
LC =4.20m 

از مقطع زوج پروفیل   1مطلوب است طراحی ستون مسئله شماره  -2
 IPEمتصل بهم از نیمرخ 
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صرفنظر   Yاز مقادیر لنگر خمشی  ناشی از بار های ثقلی حول محور 

 .شده است 

 :3مسئله شماره 
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39 

𝑀𝐷=1.30  ton.m 
𝑀𝐿=0.40 ton.m 
𝑀𝐸𝑋=3.5 ton.m 
𝑀𝐸𝑌=7.0 ton.m 

𝑷𝑫 = 𝟒𝟖. 𝟎 𝐭𝐨𝐧 
𝑷𝑳 = 𝟏𝟔. 𝟎 𝐭𝐨𝐧 
𝑷𝑬𝑿 = 𝟏𝟔. 𝟎 𝐭𝐨𝐧 
𝑷𝑬𝒀 = 𝟏𝟎. 𝟎 𝐭𝐨𝐧 

39 

𝑀𝐷=0.75  ton.m 
𝑀𝐿=0.20 ton.m 
𝑀𝐸𝑋=14.0 ton.m 
𝑀𝐸𝑌=16.0 ton.m 

=3
5

0
 c

m
 

 :4مسئله شماره 
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𝑷𝑫 = 𝟒𝟖. 𝟎 𝐭𝐨𝐧 
𝑷𝑳 = 𝟏𝟔. 𝟎 𝐭𝐨𝐧 
𝑷𝑬𝑿 = 𝟏𝟔. 𝟎 𝐭𝐨𝐧 
𝑷𝑬𝒀 = 𝟏𝟎. 𝟎 𝐭𝐨𝐧 

40 

𝑀𝐷=1.30  ton.m 
𝑀𝐿=0.40 ton.m 
𝑀𝐸𝑋=14.0 ton.m 
𝑀𝐸𝑌=16.0 ton.m 

𝑃𝑢 = 1.2𝑃𝐷 + 𝑃𝐿 + 𝑃𝐸=1.2(48)+(16)+(16)=89.6ton 

𝑀𝑈𝑋=1.2∗(1.3)+0.4+14.0=15.96 ton.m 
𝑀𝑈𝑌=1.2∗(1.3)+0.4+16.0=17.96 ton.m 
 

 :5مسئله شماره 
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𝑀𝐷=1.05 

𝑀𝐷=1.20 

𝑀𝐿=0.22 

𝑀𝐿=0.32 

𝑀𝐸𝑋=19.34 

𝑀𝐸𝑋=12.47 

𝑃𝐷 = 47.6 ton 
𝑃𝐿 = 15.5.0 ton 
𝑃𝐸𝑋 = 16.2 ton 
𝑃𝐸𝑌 = 10.0 ton 

41 

 :6مسئله شماره 
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• Select a I shape of ST37 steel for 
the beam-column of the following 
figure. This member is part of a 
braced frame and is subjected to 
the service-load axial force and 
bending moments shown (the end 
shears are not shown). Bending is 
about the strong axis, and Kx =1.5 , 
Ky = 1.0. Lateral support is 
provided only at the ends.  

 PD  = 240 kN 

PL = 650 kN 

MD = 24.4 kN.m 

ML = 66.4 kN.m 

4.8 m 

MD = 24.4 kN.m 

ML = 66.4 kN.m 

 :7مسئله شماره 
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Inelastic Buckling 

•
𝐾𝑙

𝑟
≤ 4.71

𝐸

𝐹𝑦
 

• Fe = 
𝜋2𝐸

(𝑘𝑙 𝑟 )2
 

• Fcr= 0.658
𝐹𝑦

𝐹𝑒 𝐹𝑦 

• ∅𝑐𝑃𝑛 = 0.9 𝐹𝑐𝑟  𝐴𝑔 

Elastic Buckling 

•
𝐾𝑙

𝑟
> 4.71

𝐸

𝐹𝑦
 

• Fe= 
𝜋2𝐸

(𝑘𝑙 𝑟 )2
 

• Fcr = 0.877 Fe 

• ∅𝑐𝑃𝑛 = 0.9 𝐹𝑐𝑟  𝐴𝑔 
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• Case1: Compact Section (No LB) 
Mn = Mpx = ZxFy < 1.6 SxFy 

• Case2: Non-Compact Section (Inelastic LB) 

Mnx = Mpx − Mpx − 0.7FySx (
λ − λpf

λrf − λpf
)

≤ Mpx 

• Case3: Slender Section (Elastic LB) 

𝑀𝑛𝑥 =
0.9 𝐸 𝑘𝑐 𝑆𝑥

λ2
≤ 𝑀𝑝𝑥 

𝑘𝑐 =
4

ℎ
𝑡𝑤

 


