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Member with ratio of height to  least lateral dimension 

exceeding 3 used primarily to support axial compressive load. 

 

 

 

 

 

 

Reinforced Concrete Columns 
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Types of columns: 

1. Tied columns: which 
have a rectangular, circular 
or square cross section with 
longitudinal bars and lateral 
ties. 

2. Spirally reinforced 
columns: which have a 
circular or square cross 
section with longitudinal 
bars circular shape 
arrangement and closely spaced spirals. 

3. Composite columns: reinforced longitudinally with 
structural steel shapes, pipes or tubing with or without 
additional bars and lateral reinforcement. 
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Columns may be divided into : 

1. Short columns:  

which fail due to initial material failure, 

depending on the dimensions and strength of 

materials used. 

2. Long columns(slender columns): 

Columns which may be failed by buckling 

due to applied moments on columns, 

columns deflects laterally causing additional 

moment=P.∆, called secondary moment or P-∆ moment. 
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Behavior of axially loaded columns: 
Tied columns:  
At this load(failure load, Pn), the concrete fails by crushing and 
shearing outward along inclined planes, and the longitudinal steel 
by buckling outward between ties fig.(a) below. 

Spirally reinforced columns: 
When the same load(Pn above) is reached, the longitudinal steel 
and the concrete within the core are prevented from moving 
outward by the spiral. The concrete in the outer shell, however, 
not being so confined, does fail, i.e the outer shell spalls off when 
the load Pn is reached fig.(b) below. 
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Any excess capacity beyond the spalling load of the shell is 
wasted because the member, although not actually failed, would 
no longer be considered serviceable. 
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Strength of short axially loaded columns: 
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The design axial load strength of an axially loaded columns can 

be evaluated by: 
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Ac: concrete area, mm2. 

Ast: total area of longitudinal reinforcement, (bars, or steel 

shapes). 

Ag: gross area of section, mm2. 

Pn: nominal strength of column. 
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The present code does not specify min. eccentricity of load(as 

in previous code), but satisfy the same objective by multiplying 

the nominal strength(axial load) by a factor of 0.85 for spiral 

reinforced column and 0.80 for tied column. 
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ACI Code requirements for columns: 

1.     ACI 10.9.1  usually         

Lower limit=0.01 :to prevent failure mode plain concrete 

Upper limit=0.08 :to maintain proper clearances between 

bars 

2. Min. no. of longitudinal bars(ACI 10.9.2)  ≥ 4 for tied columns 

≥ 6 for spiral columns 
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3. 

   ACI 10.9.3 

ρs : the ratio of volume of spiral reinforcement to the total 

volume of core(out-to-out of spiral) of spirally columns. 
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5. 

 

6. For spirally reinf. Columns  

 

7. 

ACI 7.6.3 
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8. Ties shall be arranged such that every corner and alternate 

long. bar shall have lateral support provided by the corner of 

a tie with an included angle not more than 135ο and no bar 

shall be further than 150mm clear spacing on each side along 

the tie from such a lateral supported. Where long. bars are 

located around the perimeter of a circle , a complete circular 

ties shall permitted. ACI 7.10.5.3 
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6"=150mm 
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Ex: Design of axially loaded columns 

a. Design of tied square column to support an axial service 

load(Pd=1400kN, Pl=1600 kN). Given: fy=400 MPa, 

fc'=30MPa, steel ratio=0.03. 

Solution: 

Pu=1.2DL+1.6LL=1.2*1400+1.6+1600=4240kN 
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Ag=221964 mm2=h2→h=471mm 

Use 480*480mm tie column 

 

As=6085 mm2  

Use 12Ø28mm long. bars (Ast=7390 mm2  
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b. Design of spirally circular column to support an axial 

service load(Pd=1400kN, Pl=1600 kN). Given: fy=400 

MPa, fc'=30MPa, steel ratio=0.03. 

Solution: 

Pu=1.2DL+1.6LL=1.2*1400+1.6+1600=4240kN 

 

 

Ag=193985 mm2  
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Use D=500mm  

 

As=5659 mm2  

Use 10Ø28mm long. bars (Ast=6160 mm2 )  

dc=500-2*40=420mm 

Ac=  
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Axial Compression Plus Bending About One Axis 

Eccentric load: load applied at point of plastic centroid of 

section 

Concentric load: load applied out of the point of plastic centroid 

of section  
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Assume:  

· As=As',     

·  εs' ≥ εy→ fs'=fy 

 

 

 

 

All possible failures are allowed in columns. 
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1. Balance failure 

 

Pu'=P'b,  e=eb,  e'=e'b 

   

εs' ≥ εy→ fs'=fy,            As=As' 

 

From strain diagram  
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2. If   e>eb  

 tensile steel yielding 

  secondary compression failure 

   

  

Solution of eq1&2, gives a second degree polynomial in  
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3. If e<eb  

primary compression failure 

  

 

  

From strain diagram: 
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Solve eq.1,2,&3 for the three unknowns a, fs and Pu' 

Note: cubic polynomial in one of the unknowns 

Newton-Raphson method for finding roots of polynomial. 
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Summary: 

1. e=0,             Pu'=Po'=0.85fc'bh+As'fy+Asfy 

2. e→∞   Mu'=Mo'=Pure bending moment capacity of doubly 

reinforced section. 

3. e = eb     Pu'=Pb'  ,     Mu'=Mb'                balanced failure  

4. e > eb,    Pu' < P'b  ,   Mu'= Pu'.e              tensile failure 

5. e < eb,    Pu' > P'b  ,   Mu'= Pu'.e              compressive failure 
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1 

2 

3 

4 

5 
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path   1-5-3                compression failure 

point  3                       balanced failure 

path   3-4-2                tensile failure 
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Example: 
fy=414MPa, fc'=28MPa, d'=75mm,  
Find: P'ο, M'ο, eb, P'b, M'b 
If e=700mm > eb, find P'u 
If e=180mm < eb, find P'u 
Solution: 
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1. balanced failure condition: 

 

From strain diagram 
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M'b=P'b*eb=1.528*0.432=0.660MN.m 
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2. If   e=700m > eb =432mm      tensile failure 

 tensile steel yielding 

  secondary compression failure 

  

 m 

  

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     38 
 

Solution of eq1&2, gives a second degree polynomial in  

 

 

a=0.121m 

Mu'=Pu'*e=0.865*0.7=0.605MN.m < Mb'=0.660MN.m 
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3. If e=180mm < eb= 432mm primary compression failure     
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From strain diagram: 
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Solution of eq.1,2 &3 gives 

 

 

 

 

a   

0.25m -0.0461 1.077 0.293 

0.293 0.00461 1.284 0.289 

0.289 -0.000633 1.263 0.289 
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a=0.289m 

 

 

 

Mu'=Pu'*e=2.869*0.18=0.516MN.m < Mb'=0.660MN.m 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     43 
 

4. Axially loaded column, e=0 

 

 
5. Pure bending moment,  Mο',  e →∞ 

Mο'=0.461MN.m 
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Case 
e 

(m) 
Pu' 
(kN) 

Mu' 
(kN.m) 

C 
(m) 

Point 

Pure comp. 0 5952 0 -∞ 1 

Comp. failure 0.180 2869 516 0.340 2 

Balanced failure 0.432 1528 660 0.252 3 

Tensile failure 0.700 865 605 0.142 4 

Pure bending ∞ 0 461  5 
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Failure envelope (inter action diagram) 
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Design of short columns 

· Reduction factor Ø for tied columns 
Ø=0.65 For  Compression controlled 

  Transition 

Ø=0.9  Tension controlled 

 

· Reduction factor Ø for spiral columns 
Ø=0.7 For  Compression controlled 

  Transition 

Ø=0.9  Tension controlled 
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Example1: 

Short columns (500*600mm), service load(D=990kN, 

L=1480kN, Md=220kN.m, Ml=300kN.m), d'=65mm, 

fy=414MPa, fc'=28MPa. 

Required: design of short column, if: 

· Bending about strong axis 

· Bending about weak axis. 

Solution: 

Pu=1.2*990+1.6*1480=3556kN 

Mu=1.2*220+1.6*300=744 kN.m 
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e=Mu/Pu=744/3556=0.209m 

· Bending about strong axis,( h=600mm) 
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From graphs: 

For γ=0.7 (graph A10)→ρg=0.035 

For γ=0.8 (graph A11)→ρg=0.030 

For γ=0.78 (use 

interpolation)→  

Since εt<0.002→Ø=0.65 

As= ρg*Ag=0.031*600*500=9300mm2  

Use 10Ø36mm(As=10178 mm2) 
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· Bending about weak axis,( h=500mm) 

 

 

 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     63 
 

From graphs: 

For γ=0.7 (graph A10)→ρg=0.046 

For γ=0.8 (graph A11)→ρg=0.040 

For γ=0.74 (use 

interpolation)→  

Since εt<0.002→Ø=0.65 

As= ρg*Ag=0.0436*600*500=13080mm2  

Use 10Ø44mm(As=15205 mm2) 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     64 
 

 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     65 
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Example2: 

Short columns, ultimate load(Pu=2140kN, Mu=670kN.m, ), 

d'=60mm, fy=414MPa, fc'=28MPa. 

Required: column cross section dimensions, As: 

Solution: 

assume: 

·  

· h=600mm 

e=Mu/Pu=670/2140=0.313m 
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Graph A11→Kn=0.48 

  

Use b=410mm 

As= ρg*Ag=0.03*600*410=7380mm2  

Use 8Ø36mm(As=8143 mm2) 
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Example3: analysis of short tied column. 

b=300mm, h=500mm, d'=75mm, 

e=180mm, fy=400MPa, fc'=28MPa. 

If the bending about strong axis, find Mu, 

Pu. 

Solution: 
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Graph A10→Kn=0.66 

 

 

 

Note: compare with calculate from example1 , 
the difference 3% 
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Example4: design of short spiral circular column. 

Short columns, ultimate load(Pu=2800kN, Mu=135kN.m, ), 

d'=60mm, column diameter=450mm, fy=400MPa, fc'=28MPa. 

Required: Area of steel, As: 

Solution: 

e=Mu/Pu=135/2800=0.048m  ,

  

3 
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From graphs:  For γ=0.7 (graph A14)→ρg=0.03 

For γ=0.8 (graph A15)→ρg=0.025 

For γ=0.73 (use 

interpolation)→  
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As= ρg*Ag=0.028*  =4453 mm2  

Use 8Ø28mm(As=4928 mm2),   Use spiral Ø10mm(79mm2) 

dc=450-2*40=370mm 

Ac=  
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Sway(unbraced) and nonsway(braced) frames 

In actual  structures, a frame are seldom either completely 

braced or completely unbraced. It is necessary, therefore, to 

determine in advance if bracing provided by shear walls, 

elevator and utility shafts, stair walls, or other elements is 

adequate to restrain the frame against significant sway effect. 

ACI code permitted to assume a column in a structure is no 

sway if the increase in column ends moments due to second-

order effects (P-∆ moment) does not exceed 5% of the first-

order ( analysis of a frame under gravity loads) ends moments. 
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It also be permitted to assume a story within a structure is 

nonsway if:  
 

 

Q: stability index for a story. 

   : total vertical load and the horizontal story shear, 

respectively. 

 : relative deflection between the top and bottom of that story 

due to  

  :length of column (c/c). 
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Slender columns ( long columns): 

A column is to be said slender if its cross section dimensions 

are small compared with its length. 

· Slender columns-nonsway frames. 

· Slender columns-sway frames. 
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Slender columns-nonsway frames: 

For compression member braced against side sway, effects of 

slenderness may be ignored when: 

 ,  

 

M1: value of smaller factored end 

moment. 

M2: value of larger factored end 

moment. 
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 : unsupported length of compression member, defined in 

ACI code 10.11.3 as clear distance between floor slabs, 

beams or other members capable of providing lateral 

support. 

 : radius of gyration   

r=0.3h     for rectangular section. 

h: dimension perpendicular to axis of bending. 

r=0.25D  for circular section. 

D: diameter of column. 
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 :effective length factor, depends on the end-restrained 

coefficients (ψ) at both ends of column. 
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I: moment of inertia: 

I=0.35 Ig  for rectangular beam 

I=0.7 Ig  for T- beam (Ig for web) 

I=0.7 Ig  for column 
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For columns , (i.e slender column): 
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Mc: factored moment amplified for the effects of member 

curvature. 

Pu: factored axial load. 

Pcr: critical buckling load. 

βd : ratio of maximum factored axial sustained load to 

maximum factored axial load associated with the same 

load combination( ). 

M2: larger factored end moment on column. 
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M2,min =Pu*(15+0.03h),  h,in mm. 

 

· Where M1/M2 is positive is bent in single curvature. For 

members with transverse loads between supports, Cm shall 

be taken as 1.0. 
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Example1: 

· Fy=300MPa, fc'=30MPa 

· Beams dimensions(bw=1.2m, h=0.3m) 

· Columns dimensions(0.45*0.45m). 

· Braced against side sway by stair and elevator shafts having 
concrete walls that are monolithic with floors. Required: design of 
column C3 

 D.L L.L 
P(kN) 1000 750 
M2(kN.m) 3 150 
M1(kN.m) -3 135 
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Solution: 

Pu=1.2*1000+1.6*750=2400kN 

Mu2=1.6*150+1.2*3=243.6kN.m 

Mu1=1.6*135+1.2*(-3)=212.4 kN.m 
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Braced column → graph →k=0.87 
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Design values: Pu=2400kN, Mu=243.6kN 

e=Mu/Pu=243.6/2400=0.1015 m 
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Since εt<0.002→Ø=0.65 

As= ρg*Ag=0.013*450*450=2633  mm2  

Use 4Ø30mm(As=2827 mm2) 
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Example2: 

· fy=300MPa, fc'=30MPa 

· Beams dimensions(bw=0.6 m, h=0.45 m) 

· Columns dimensions(0.4*0.4m). 

 D.L L.L 

P(kN) 620 410 

M2(kN.m) 83 55 

M1(kN.m) -55 -36 

Required: design of column AB. 
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Solution: 

Pu=1.2*620+1.6*410=1400 kN 

Mu2=1.6*83+1.2*55=188 kN.m 

Mu1=1.6*(-55)+1.2*(-36)=-124 kN.m 
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Braced column → graph →k=0.81 
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Design values: Pu=1400 kN, Mu=258 kN.m 

e=Mu/Pu=258/1400=0.184 m 

 

 

 

 

From graphs:  For γ=0.6 (graph)→ρg=0.03 
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For γ=0.7 (graph)→ρg=0.023 

 

 

Since εt<0.002→Ø=0.65 

As= 0.0265*Ag=0.013*400*400=4240  mm2  

Use 8Ø28 mm(As=4926 mm2) 
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Slender columns-sway frames: 

· Stability index,  

·  

·  

The moments M1&M2 at the ends of an individual compression 

member shall be taken as: 

   ACI 10-15 

   ACI 10-16 
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factoered end moment on a compression member at the 

end at which M1 acts, due to loads that cause no 

appreciable side sway. 

factoered end moment on a compression member at the 

end at which M2 acts, due to loads that cause no 

appreciable side sway. 

factoered end moment on a compression member at the 

end at which M1 acts, due to loads that cause appreciable 

side sway. 



              Concrete Design-RC Columns                                                                                                                                                                                                     108 
 

factoered end moment on a compression member at the 

end at which M2 acts, due to loads that cause appreciable 

side sway. 

: moment magnification factor for frames not braced against 

side sway. 

   ACI 10-17 

OR 

    ACI 10-18 

: summation for all the factored vertical loads in a story. 
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: summation for all the critical buckling  load for all 

columns in a story. 

 

 

βd : ratio of maximum factored sustained shear within a story to 

the maximum(i.e total) factored shear in that  story. 
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For each individual member, if 
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Example: 

fc'=30 MPa, fy=400MPa 

columns dimensions (500*500 mm) 

beam dimensions (500mm width, 850mm depth) 

service load( DL=70 kN/m, LL=35 kN/m, wind load, w=35 kN 

applied at top of frame). 

Required: columns design . 
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Solution: 

Since  wind effect are included in the design, three possible 

factored load combinations are to be applied: 

1. U=1.2D+1.6L 

2. U=1.2D+1.0L+1.6W 

3. U=0.9D+1.6W 

Design for load case 1 (U=1.2D+1.6L): 

UD=1.2*70=84kN/m 

UL=1.6*35=56kN/m 
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Check if the story sway or non-sway: 

The story is non-sway (braced), since no horizontal(wind) load 

applied. 

635 kN.m 635 kN.m 

635 kN.m 635 kN.m 

840kN 

106 kN 

840kN 

106 kN 
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1. Check slenderness for columns(braced) 

Pu=840 kN ( support reaction ) 

Mu2=635 kN.m 

Mu1=0  

 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     116 
 

10 (hinge support) 

Braced column → graph →k=0.72 
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2. Calculate steel reinforcement 

Design values: Pu=840 kN, Mu=635 kN.m   

e=Mu/Pu=635/840=0.756 m 
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For γ=0.7 (graph)→ρg=0.038 

For γ=0.8 (graph)→ρg=0.032 

For γ=0.72→ρg=0.0368  

As= ρg *Ag=0.0368*400*700=9200  mm2  
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Design for load case 2(U=1.2D+1.0L+1.6W): 
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371 kN.m 707 kN.m 

371 kN.m 707 kN.m 

686 kN 

62 kN 

742 kN 

118 kN 

21.7 mm 21.5 mm 

Total loads (sway load+ 
non sway loads) 



              Concrete Design-RC Columns                                                                                                                                                                                                     121 
 

1. Check if the story sway or non-sway: 

 

 

 

Vu=1.6*W=1.6*35=56 kN  OR

 

∆ο=21.7 mm 

Lc=6 m 
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2. Check slenderness for columns(braced) 
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10 (hinge support) 

unbraced column → graph →k=1.85 
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OR 
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Use any value of  above,  

The ultimate load, U divided into: (non-sway load and sway 

load)  



              Concrete Design-RC Columns                                                                                                                                                                                                     126 
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714 kN 

90 kN 

540 kN.m 

714 kN 

90 kN 

540 kN.m 

540 kN.m 540 kN.m 

Non-sway loads 

28 kN 

28 kN 

168 kN.m 

168 kN.m 

168 kN.m 

168 kN.m 

28 kN 

28 kN 

Sway loads 
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 Left column Right column 
M1s (kN.m) 0 0 

M1ns (kN.m) 0 0 
M2s (kN.m) -168 -168 

M2ns (kN.m) 540 -540 
Pu (kN)  

 
686 742 

Amplifier 
moments 

M1= M1ns+ M1s=0 
M2= M2ns+ M2s 

M2=540+1.23*(-168) 
=333 kN.m 

M1= 
M1ns+ M1s=0 

M2= 
M2ns+ M2s 

M2=-540+1.23*(-
168) 

= -747 kN.m 
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For each column, check 

Right column: 

  Ƽ )X-Ȭ೒ M2s7బ∗భబ7∗బ..∗బ.
 

Left column: 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     130 
 

3. Calculate steel reinforcement 

Right column more critical. 

Design values:Pu=742 kN, Mu=747 kN.m 

e=Mu/Pu=747/742=1.006 m 
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For γ=0.7 (graph)→ρg=0.047 

For γ=0.8 (graph)→ρg=0.04 

For γ=0.72→ρg=0.0456  

As= ρg *Ag=0.0456*500*500=11400  mm2  
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Design for load case 3 (U=0.9D+1.6W): 

UD=0.9*70=63 kN/m 

UW=1.6*35=56 kN 
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350 kN 

19.6 kN 

118 kN.m 
118 kN.m 454 kN.m 

406 kN 

75.6 kN 

454 kN.m 

21.56 mm 21.66 mm 
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1. Check if the story sway or non-sway: 

 

 

 

Vu=1.6*W=1.6*35=56 kN  OR

 

∆ο=21.66 mm 

Lc=6 m 
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2. Check slenderness for columns(braced) 

Short columns (from load case 1) 

3. Calculate steel reinforcement 

 Left column Right column 

M1 0 0 

M2 118 -454 

Pu 350 406 
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Right column more critical. 

 Design values: Pu=406 kN, Mu=454 kN.m 

e=Mu/Pu=454/406=1.118 m 

 

 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     137 
 

For γ=0.7 (graph)→ρg=0.028 

For γ=0.8 (graph)→ρg=0.024 

For γ=0.72→ρg=0.027     

As= ρg *Ag=0.027*500*500=6750  mm2  

 

From the above three load combinations, the 

maximum
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Due to reversible action of wind, both columns should provided 

with As=11400 mm2, Use 8Ø44( 12164 mm2) 
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Check column for shear 

 

 

 

 



              Concrete Design-RC Columns                                                                                                                                                                                                     140 
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Biaxial bending plus compression force: 
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· Fig.(a), the section subject to bending about y-axis only, 

with load eccentricity (ex )measured in x-direction. The 

corresponding strength interaction curve is shown as case(a) 

in the three-dimensional sketch in fig(d) and is drawn in the 

plane defined by the axes Pn and Mny. Such a curve can be 

established by the usual methods for uniaxial bending. 

· Similarly, fig(b) bending about x-axis only, with load 

eccentricity (ey )measured in x-direction. The corresponding 

interaction curve is shown as case(b) in plane of Pn and Mnx 

in fig(d). 
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· For case(c), which combines x and y axis bending, the 

orientation of the resultant eccentricity is defined by the 

angle λ: 

 

Axis of bending is defined by the angle θ with respect to x-

axis. The angle λ in fig(c) establishes a plane in fig(d), 

passing through the vertical Pn axis and making an angle λ 

with the Mnx axis.  

· Case(c) represent the interaction curve for this value of λ. 
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· For other values of  λ, similar curves are obtained to define  

a failure surface for axial load plus biaxial bending. The 

surface is exactly analogous to the interaction curve for axial 

plus uniaxial bending.  
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If rectangular column subject to biaxial bending moment, the 

following simple method may be used. 

1. If   

 

2. If   
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: factor ranged 0.3-1.0,can be take 0.75 

 the nominal biaxial moment strength about x-axis(

 

 the nominal biaxial moment strength about y-axis(

 

: the uniaxial nominal moment strength about x-axis. 

: the uniaxial nominal moment strength about y-axis. 

The biaxial rectangular column designed using above 

method should be checked by the following Breslers reciprocal 

load equation: 
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:approximate value of nominal load in biaxial bending with 

eccentricities . 

:nominal load when eccentricity  is present (  )(bending 

about y-axis). 

:nominal load when eccentricity  is present (  )(bending 

about x-axis). 

:nominal load for concentrically loaded column (  ). 
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Example1: 

Short column, fy=400MPa, fc'=28MPa, 

 A complete 

design of is required. 

Solution: 
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Uniaxial column , Pn=1738kN, h=500mm 

e=Mn/Pn=441/1738=0.254 m 

 

 

 

 

For γ=0.7 (graph)→ρg=0.031 
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For γ=0.8 (graph)→ρg=0.027 

For γ=0.74→ρg=0.0294     

As= ρg *Ag=0.0294*300*500= 4410  mm2  

Use 8Ø28mm ( As= 4920  mm2) 
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Check the design using Breslers reciprocal load equation 

 

1. To find  (  ). 
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2. To find  (  ), 

h=300mm. 

 

 

For γ=0.6, , graph A5→kn=0.65 
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3. To find  (  ), 

h=500mm. 

 

 

For γ=0.7 graph A6→kn=0.63 

For γ=0.8 graph A7→kn=0.65 

For γ=0.74 →kn=0.64 
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Hence, the column safe to carry load, 
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Example2:Short column, fy=400MPa, fc'=28MPa, 

. 

Solution: 
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1. To find  (  ). 
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2. To find  (  ), 

h=300mm. 

 

 

For γ=0.6, , graph A9→kn=0.65 
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3. To find  (  ), 

h=500mm. 

 

 

For γ=0.7 graph A10→kn=0.51 

For γ=0.8 graph A11→kn=0.52 
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For γ=0.74 →kn=0.515 

 

 

 

 

 

 


