Columns (Compression members):
Columns are element with height larger or equal three times the least dimension; primary designed for compressive loads, and classified to short and Long (slender) columns. 
Types of columns:

1- Tied columns: with separate ties at distance as allowable.
[image: image638.png]6425mm

$10mm@
SOmm(pitch)

D= 480mm




2- Spirally reinforced columns: effect of spiral indicated in figure.
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3- Composite columns

[image: image4.png]



Axial strength φ Pn :

For compression members shall not be taken greater than φ Pn,max computed by ;

1-  For nonprestressed members with spiral reinforcement ;
[image: image5.png]Pu= OPn,max = 0.85+ 0[0.85f'c = (Ag — Ast) + Ast * fy]




2-  For nonprestressed members with tie reinforcement;
     [image: image7.png]Pu= OPn,max = 0.8+ 0[0.85 f'c = (Ag — Ast) + Ast * fy]




The minimum design eccentricities included in the 1963 and 1971 Codes were deleted from the 1977 Code except for consideration of slenderness effects in compression members with small or zero computed end moments ( Factored moment, M  shall not be taken less than:

Mmin = Pu (15 + 0.03h)
about each axis separately, where 15 and  h  are in millimeters. The specified minimum eccentricities were originally intended to serve as a means of reducing the axial load design strength of a section in pure compression to account for accidental eccentricities not considered in the analysis that may exist in a compression member, and to recognize that concrete strength may be less than fc′ under sustained high loads. The primary purpose of the minimum eccentricity requirement was to limit the maximum design axial strength of a compression member. This is now accomplished directly by limiting the design axial strength of a section in pure compression to 85 or 80 percent of the nominal strength. These percentage values approximate the axial strengths at eccentricity-to-depth ratios of 0.05 and 0.10, specified in the earlier Codes for the spirally reinforced and tied members, respectively. The same axial load limitation applies to both cast-in-place and precast compression members. 
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    Compression-controlled sections, as defined above the [image: image10.png]


 value:
(a) Members with spiral reinforcement      .................................0.75
(b) Other reinforced members                         ............................0.65
For sections in which the net tensile strain in the extreme tension steel at nominal strength, εt, is
between the limits for compression-controlled and tension-controlled sections, φ shall be permitted to be linearly increased from that for compression-controlled sections to 0.90 as εt increases from the compression controlled strain limit to 0.005.
A lower φ-factor is used for compression-controlled sections than is used for tension-controlled sections because compression-controlled sections have less ductility, are more sensitive to variations in concrete strength, and generally occur in members that support larger loaded areas than members with tension-controlled sections. Members with spiral reinforcement are assigned a higher φ than tied columns because they have greater ductility or toughness.
 Limits for reinforcement of compression members ( ACI-CODE 11):
1-  Area of longitudinal reinforcement: For compression members shall be not less than 0.01Ag or more than 0.08Ag. Minimum number of longitudinal bars in compression members shall be 4 for bars within rectangular or circular ties, 3 for bars within triangular ties, and 6 for bars enclosed by spirals.  — In spirally reinforced or tied reinforced compression members, clear distance between longitudinal bars shall be not less than 1.5db nor less than 40 mm. 
2- Tie reinforcement for compression members shall conform to the following: 

3.1 - All bars shall be enclosed by lateral ties, at least No. 10 in size for longitudinal bars No. 32 or smaller and at least No.13 in size for No.36, No.43, No.57, and bundled longitudinal bars. 

 3.2- Vertical spacing of ties shall not exceed 16 longitudinal bar diameters, 48 tie bar or wire diameters, or least dimension of the compression member. Ties shall be arranged such that every corner and alternate longitudinal bar shall have lateral support  provided by the corner of a tie with an included angle of not more than 135 degrees and no bar shall be farther than 150 mm clear on each side along the tie from such a laterally supported bar. Where longitudinal bars are located around the perimeter of a circle, a complete circular tie shall be permitted.
 3.3- Ties shall be located vertically not more than one-half a tie spacing above the top of footing or slab in any story, and shall be spaced as provided herein to not more than one-half a tie spacing below the lowest horizontal reinforcement in slab, drop panel, or shear cap above.
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(b) The total cross-sectional area of rectangular hoop reinforcement,  Ash, shall not be less than required by :
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Ach = cross-sectional area of a structural member measured to the outside edges of transverse    reinforcement, mm2.
bc = cross-sectional dimension of member core measured to the outside edges of the transverse reinforcement composing area Ash, mm.
fyt = specified yield strength  fy of transverse reinforcement, MPa.

s = center-to-center spacing of items, such as longitudinal reinforcement, transverse reinforcement, prestressing tendons, wires, or anchors, mm.

 Spirals: Spirals shall consist of evenly spaced continuous bar or wire of such size and so assembled to permit handling and placing without distortion from designed dimensions. For cast-in-place construction, size of spirals shall not be less than 10 mm diameter. Clear spacing between spirals shall not exceed 75 mm, nor be less than 25 mm. Volumetric spiral reinforcement ratio, [image: image14.png]Psp



 , shall be not less than the value given by[image: image16.png]
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where the value of  fyt used in above equation shall not exceed 700 MPa. For  fyt greater than 420 MPa, lap splices according to 7.10.4.5(a) shall not be used.
And the spacing               [image: image24.png]. 4+Asp(Dcore—dbar
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    Anchorage of spiral reinforcement shall be provided by 1-1/2 extra turns of spiral bar or wire at each end of a spiral unit.  Spiral reinforcement shall be spliced, if needed, by any one of the following methods:
(a) Lap splices not less than the larger of 300 mm and the length indicated below:
(1) deformed uncoated bar or wire............... 48d
(2) plain uncoated bar or wire ...................... 72d
(3) epoxy-coated deformed bar or wire........ 72d
Ex.1: For the two columns shown below compare the capacity of the columns if they specify the minimum ACI-Code requirements. (f’c=25MPa, and fy = 414MPa)
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For tied: [image: image27.png]Pu=0.8* 0[0.85f'c* (Ag — Ast) + Ast = fy]
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/1000= 2494.37 kN

For spiral:
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= 2627.36kN
The ratio = 2627.36/2494.37 = 1.05
Ex.2: Design a short tied column support service dead load of 1600kN and service live load of 900kN try [image: image33.png]bars with diameter = 28mm and p of 1.7%



 with f’c= 20.7MPa and fy = 350MPa.

Pu= 1.2 *1600 + 1.6* 900 = 3360 kN

[image: image35.png]


     then Ast = 0.017 Ag

[image: image36.png]Pu=0.8* 0[0.85f'c* (Ag — Ast) + Ast = fy]




[image: image37.png]3360+ 1000 = 0.8+0.65[0.85 = 20.7(4g — 0.017 = Ag) + 0.017Ag = 350]




Ag= 277963.45mm2   the [image: image39.png]h = 1277963.45 = 527.2mm



  use 530mm
[image: image40.png]3360+ 1000 = 0.8+ 0.65[0.85 * 20.7(530 — Ast) + Ast = 350]




Ast= 4570.036mm2   no. of bars = [image: image42.png]4570.036
o142



 = 7.4 use 8 bars
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For ties use 10mm bars with spacing [image: image45.png]S <16+ 28= 448mm




[image: image46.png]=48+10 = 480mm




[image: image47.png]< 530mm




Use 10 mm ties @ 440mm c/c  
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Clear spacing for  

Sect. A= [image: image50.png]=106mm < 150mm no need for additional tie




Sect. B= [image: image52.png]530-2-40-2-10-3-22

3 = 177mm > 150mm need for additional tie.




Ex.3: Design a short circular spirally reinforced column support service dead load of 1100kN and service live load of 950kN try [image: image54.png]bars with diameter = 25mm and p of 2%



 with f’c= 27.5 MPa and fy = 400MPa.

Pu= 1.2*1100+ 1.6* 950 =  2840 kN

[image: image56.png]


     then Ast = 0.02 Ag

[image: image57.png]Pu = 0.85+ 0[0.85 f'c = (Ag — Ast) + Ast * fy]




[image: image58.png]2840+ 1000 = 0.85+ 0.75[0.85 = 27.5(Ag — 0.02 = Ag) + 0.02Ag = 400]




Ag= 176705.93 mm2   the [image: image60.png]


  use 480 mm
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Ast = 3270.36 mm2 try bars with 30 mm diameter, then no. of  bars = [image: image63.png]3270.36
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 = 4.6 bars use minimum of 6 bars
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For spirals use bars with 10mm diameter then:
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Ex.4: Design a rectangular short tied column with h/b ratio of 1.5 , support service dead load of 300kN and service live load of 500kN try [image: image68.png]bars with diameter = 20mm and p of 2%



 with f’c= 20.7MPa and fy = 400MPa.

Pu= 1.2 *300 + 1.6* 500 = 1160 kN

[image: image70.png]


     then Ast = 0.02 Ag

[image: image71.png]Pu=0.8* 0[0.85f'c* (Ag — Ast) + Ast = fy]




[image: image72.png]1160+ 1000 = 0.8+ 0.65[0.85 * 20.7(4g — 0.02 = Ag) + 0.02Ag * 400]




Ag= 88371.526mm2 = [image: image74.png]h+b =150 thenb= |[S2E2%



  use 250mm 

h= 1.5*250=375mm use 380mm       Ag = 250*380mm2
[image: image75.png]1160+ 1000 = 0.8+ 0.65[0.85 * 20.7(250 = 380 — Ast) + Ast * 400]




Ast = 1807.52mm2   no. of bars = [image: image77.png]1807.52
o102



 = 5.7  use 6 bars
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For ties use 10mm bars with spacing [image: image81.png]§S<16*20= 320mm




[image: image82.png]=48+10 = 480mm




[image: image83.png]< 250mm




Use 10 mm ties @ 250mm c/c  

Clear spacing for = [image: image85.png]=22 — 110mm < 150mm no need for additional tie




Plastic centroid: the point that the resultant of compressive loading should be applied through and it coincide with the section center if symmetry exist. 
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Po = Cc + Cs = 0.85*f’c*b*h+As*fy+As’ *fy

[image: image87.png]h
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Where:

Po= resultant of forces

Cc= concrete compressive strength

Cs= steel compressive strength.

Ex.5: Find the position of plastic centroid for the column section shown below, use f’c=30MPa and fy= 400MPa. (As total = 10 ∅20mm )

[image: image622.emf]
Po= [0.85*30(300*600+200*200)+10*314*400]/1000  = 6866kN

Cc*Xc= 0.85*30[300*600*350+200*200*100]/106     = 1708.5kN.m

As*fyx=400[2*314*40+4*314*240+4*314*460]/106   = 361.73 kN.m

M= Cc*Xc +As*fyx= 1708.5+361.73=2070.23kN.m

Po*X= M then X= 2070.23/6866 = 0.302= 302mm

Analysis of rectangular eccentrically loaded columns:
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ومن توافق الانفعالات نستنتج:

[image: image94.png]


  and   [image: image96.png]
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ومن توازن القوى (باخذ العزوم حول المركز اللدن):
[image: image102.png]Xfy=0 Pn=Cc+Cs—T



   then [image: image104.png]Pn=0.85f'c.a.b+As'.fs' + As.fs
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[image: image623.emf]Ex.6; A short column 300*500mm supports load with eccentricity of e= 150 mm find nominal section axial capacity and moment, use d’ =60mm,  f’c= 25MPa and fy= 350MPa?

Assume c=300mm then a= 0.85*300=255mm   

Fs=600(d-c)/c= 600(500-60-300)/300= 280MPa  

T =280 *1323 /1000 = 345kN

Fs’=  600 (c-d’)/c= 600 (300-60)/300= 480 MPa < 350MPa

Cs’ = 350*1232 /1000 = 431.2kN

Cc = 0.85*25*255*300/1000 =1625.63kN

Pn= Cc+Cs’ –T = 1625.63431.2-345= 1711.83kN

[image: image107.png]h @ h
Yu=o pre=ce(3-3)+os(3
2 2 2





[image: image108.png]Mn = 1625.63(0.25 — 0.128) + 431.2(0.25 — 0.06) + 345(0.44 — 0.25) = 345.8kN.m




E= 345.8/1711.83= 0.2m = 200mm more than 150 mm

Try c= 350mm then a= 298mm 

Fs=600(d-c)/c= 600(500-60-350)/350= 154MPa

T =154 *1323 /1000 = 189.73kN

Fs’=  600 (c-d’)/c= 600 (350-60)/350= 350 MPa

Cs’ = 350*1232 /1000 = 431.2kN

Cc = 0.85*25*298*300/1000 =1899.75kN

Pn= Cc+Cs’ –T = 2141.22kN

[image: image109.png]meo Pne—Cc(777)+Cs(;fd )+T(d—;)




[image: image110.png]Mn = 1899.75(0.25 — 0.15) + 431.2(0.25 — 0.06) + 189.73(0.44 — 0.25) = 307.95kN.m




e= 307.95/2414.22= 0.144m = 144mm less more than 150 mm try another value of c.

تصنف الاعمدة اعتمادا على شكل الفشل الى ثلاث حالات ويعتمد ذلك على قيمة اللامركزية ( e) والحالات التالية هي:-
1- Balanced Failure الفشل المتوازن :

The failure happened when the stresses in steel reach the value of maximum (fy) at the same moment the strain in concrete reaches the maximum value of ([image: image112.png]


0.003) 
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[image: image117.png]Cc= 0.85f'c.a.b anda=f*c




         [image: image119.png].85f'c.a.b+As'.fs' + As.fs




        [image: image121.png]Mnb = 0.85f'c.a.b +As'fs' G- d) + As.fs(d





[image: image122.png]eb = Mnb/Pnb




2- Tension failure فشل الشد 
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3- Compression failureفشل الانضغاط  
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ان الشكل ادناه يوضع علاقة القوى بالعزوم للاعمدة ويبين اشكال الفشل المتوقعة اعتمادا على الحمل والعزم المسلط
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حسب المعادلات التالية:
[image: image127.png]Interpolation on c/d,: Spiral ¢ = 0.75+0.15[(1/c/d,)-(5/3)]
Other ¢ = 0.65+0.25[(1/c/d,)-(5/3)]
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Ex. 7: Find the balanced eccentricity for the column shown use f’c= 30MPa and Fy= 400MPa?

[image: image624.emf]   AS= As’ = 1847mm2

Cb=600d /(600+fy)  =600*440/(600+ 400) = 264mm

ab =0.85*264= 224.4mm

f’s =600*(264 -60)/264 = 463  < 400MPa 

T =Cs’= 400 *1847/1000 = 738.8kN

Cc = 0.85*30*224.4*300 /1000 = 1716.7kN

Pnb = Cc + Cs’-T = Cc = 1716.7kN 

Mnb = 1716(0.25-0.112) + 738.8(0.25-0.06) +738.8(0.44-0.25)= 517.65 kN.m

eb =517.65/1716.7 = 0.302m = 302 mm
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[image: image625.emf]Ex.8: The column shown in figure below finds the axial strength and moment capacity, use f’c=30MPa, fy= 400MPa and 4 bars with 28mm diameter if:

1- ex= 250mm

2- ey= 250mm  
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For  [image: image133.png]0.7 then Kn=0.36





For [image: image135.png]0.8 then Kn = 0.38




 

 Then for [image: image137.png]0.76 then Kn=





[image: image138.png]Py =037x30%300x500x 1072 = 1665KN
Mn =1665%0.25=416.25KN.m
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Ex.9: A short tied column with 400x550mm supports Pu=4000kN and Mu= 220kN.m .find area of steel required if f’c =30MPa and fy= 400MPa and d’= 70mm use two layer one at each side.
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For  [image: image151.png]0.7 then pg=0.023





For [image: image153.png]0.8 then pg=0.021




 

 Then for [image: image155.png]0.75 then pg=0.022
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Ex.10: Design the rectangular column if it supports Pu= 2200kN and Mu= 660kN.m, using f’c= 30MPa and fy= 400MPa( assume [image: image159.png]pg = 0.03 of cross area).




Try h= 600mm and d’= 75mm

 then [image: image161.png]_ 600-2-d"
600

=10.75



    [image: image163.png]e =—=300mm then®=05
. n




For  [image: image165.png]0.7 then Kn = 0.46





For [image: image167.png]0.8 then Kn= 0.50




 

 Then for [image: image169.png]0.75 then Kn=
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[image: image626.emf]As= 0.03 * 400* 600= 7200mm2

Use 8 [image: image173.png]


36mm (4 at eacg side)  and
 use [image: image175.png]


12mm for ties

Spacing ≤ 12*48 = 576mm

             ≤ 16 *36 =576mm

              ≤ 400mm   

Ex. 11: A circular column with diameter of 400mm supports design load of 2800kN and design moment of 135kN.m. Find area of steel and stirrups required for the section, use f’c= 30MPa, d’= 60mm and  fy= 400MPa.
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Try [image: image179.png]


= 0.75 then  
 and    [image: image181.png]400-2+60
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from the chart [image: image183.png]pg = 0.045 then Ast = 0.045+ 125664 = 5655mm?




Use 8[image: image185.png]


30mm for stirrups use [image: image187.png]


10mm  dcore= 400 - 2*40= 320mm
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Ex.12: Check the adequency of the column shown below the loads Pu= 1200kN and the moments are Mux= 90kN.m and Muy= 180kN.m, use f’c= 30MPa and  fy= 400MPa.
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Try [image: image204.png]


= 0.65
Moment about y-axis [image: image206.png]



[image: image207.png]_Muy
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[image: image208.png]then—=0.3




[image: image209.png]



[image: image210.png]-3

Py = Ppyo =0.62x30 x300%x500x10 ~ =2790KN




Moment about x-axis [image: image212.png]



[image: image213.png]M 99 G o75m = 75mm thenS = 0.25
€ ="pu — 1200 U/>m =/omm then, =0,




then [image: image215.png]180-2-60
180

0.6



    from charts     Kn = 0.67= [image: image217.png]Foebsh




Pn= Pnx0= 0.67* 30* 300 *500 /1000 = 3015kN

For ex=0 and ey=0  Pno =[ 0.85*30(300*500-4928) +400*4928]/1000= 5670.54 kN

[image: image219.png]1 1 1

Pn 2790 | 3015 567054




  then   Pn = 1946.5kN

Pu= 0.65*1946.5 = 1265.2 kN ≤  Pu= 0.65* 0.8* 5670.54 =2948.7  kN o.k.

[image: image629.png]i VA ey =150mm
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Pu ≤ [image: image221.png]


Pn o.k.

 Ex.13: A rectangular tied column with 400*500mm reinforced with 6 bars 0f 30mm diameter arranged as shown below,  calculate the loads ( Pu) that is applied at the corner of the column, use f’c= 30MPa, and  fy= 400MPa.
Moment about x-axis: e=200mm
e/h= 200/400=0.5

then [image: image223.png]400-2+60
200

0.7



    [image: image225.png]6212307

=0.0212

= 200-500+4



  

from charts     Kn = 0.42= [image: image227.png]Foebsh




Pn= Pnx0= 0.42* 30* 400 *500 /1000 = 2520 kN

Moment about y-axis: e=250mm  then    e/h= 250/500=0.5 and  [image: image229.png]500-2-75
S00

0.7



 

[image: image231.png]4»m=30%

=0.01414

= 200-500+4



   from charts     Kn = 0.36= [image: image233.png]Foebsh




Pn =  Pnx0= 0.36* 30* 400 *500 /1000 = 2160 kN

Pno =[ 0.85*30(400*500-6*707) +400*6*707]/1000= 6688.63kN

[image: image235.png]1 1 1

Pn 2520 @ 2160  6688.63




  then   Pn = 1408.2kN
Pu= 0.65*1408.2 = 915.33kN ≤  Pu= 0.65* 0.8* 6688.63 =3478.08 kN o.k.

Ex.14: The circular spiral column with diameter of 500mm is reinforced by 8 bars of 25mm the axial aplied load was Pu =2250kN , what moment would cause the column fail? Use f’c= 30MPa, and  fy= 400MPa.
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Kn = [image: image239.png]Pn 2250+1000
Ofc-Ag  0.75-30-7+500%/4

0.507





[image: image240.png]_8xmx25°/4
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From chart e/h= 0.25  then e= 0.25*500=125mm

Mu= 2250* 0.125 = 281.25 kN.m

Ex.15: The circular spiral column with diameter of 500mm is reinforced by 8 bars of 25mm the axial aplied load was Pu = 1200kN , the moments are Mux= 90kN.m and Muy= 180kN.m, use f’c= 30MPa, d’= 75mm and  fy= 400MPa. Check the adequency of the column shown below.
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 from charts     Kn = 0.41= [image: image252.png]fo-Ag




Pn = 0.41* 30* π *5002 /(4*1000) = 2416.07 kN

Slender columns (long columns):

A column is said to be slender if its cross-sectional dimension are small compared with its length (Height). Slender columns fail by buckling at the critical buckling ,compression Eular’s load (Pc):    

[image: image254.png]n?El
kL)




 Or buckling compression stress  [image: image256.png]



 Where:

[image: image258.png]= radius of gyration of the cross — section




, 

Lu= unsupported length of column ( clear span between floors)
k= effective length factor

[image: image259.png]kLu .
~ = slendernessratio < 100




From the figure below it seen that the buckling stree (or load) decreases rapidly with increasing slenderness ratio[image: image261.png]for short column the value of buckling loads exceeds the direct




[image: image632.png]500mm

—




[image: image263.png]crushing strength




[image: image264.png]Pn=0.85f cAc+ Astfy




When  [image: image266.png]klu _ (klu
klu (L)
T * Jlimiting



[ failur occurs by simple crushing regardless of concrete strength]

When [image: image268.png]klu _ (kLu
klu (L)
T * Jlimiting



  [failure occurs by buckling]

Effectve Length Measuerment:

 Effective length measured between the points of zero moments or inflection points, it depends on two factors :

a) Rrestrained against rotation .

b) Restrained against horizontal displacements.

 [image: image269.emf]
                                           Non-sway                                            side sway           

First: horizontal restrained (braced against side sway) 

The structurs built with (steel bracing,  shear walls around strais or lifts etc), it depends on the end supports and its rotation. Fig. a) shows hinge-hinge ends free end rotaion k=1 ,Fig. b) fixed-fixed ends (full restrained case) k=0.5 and Fig. c) partailly restrained in structrue which depends of  stiffness of columns  ratio to stiffness of beams (degree of restrained)

[image: image271.png]


    attached  [image: image273.png]then 0.5<k<1




Second : free restrained (side sway exist)

There is horizontal movement in the ends of column assume that one end move and the other restrained. Fig. d) shows fixed free end then k = 2 , Fig. e) no rotation for both ends k=1 and Fig. f) partially restrained in structures  [image: image275.png]then 1<k <o




Note: From above Pc value for braced column is larger than Pc for unbraced column and depending on degree of restrained k value could be calculated from the chart below.
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[image: image277.emf]      
[image: image278.emf]
Slenderness effects:

ACI-Code 318 allow to neglect slenderness effect and design as short column if :

a) Braced columns (non- sway) 

[image: image280.png]neglect slenderness if *=* < 34 — 12% =40
N .



 

where : M1 (smaller) and M2 (larger) end moments

[image: image282.png]


  the sign of  [image: image284.png]


  is (+) for single curvature and (-) for double curvature.
[image: image285.png]0.3h for square and regtangular columns




[image: image286.png](where his the normal dimension to bending)




[image: image288.png]0.25D for circular columns




 ( D is the diamerter)

b) Un-braced columns (sway)
[image: image290.png]neglect slenderness if



     [image: image292.png]



Neglect side sway:

ACI-Code 318 allow to neglect side sway effect if there are walls or any bracing as well as to:

1- Increase in moments due to sway case less than 5% from moment in linear calculation.

2- [image: image634.png]mm
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 Neglect side sway if the stability index (Q) less or equal (0.05):

[image: image294.png]_ ZPulo
VoL

= 0.05



  

Where:

[image: image296.png]ZPu



 = sum of axial load in the floor (kN).
Vu= sum of shear force in floor (kN).
[image: image298.png]Ao



 = horizontal displacement ( difference between displacement at the ends due to horizontal loads) (m)
Lc = length of column center to center between floors (m).

ACI-Code Slenderness effects:

ACI code for magnify the moments for long (slender) columns depends on increasing the moments by multyplying the moment by factor larger than one. This increase came from axial load multyplied by displacement due to rotation . The amount of increase depends on direction and magnitude of main moments at the ends, if the structure is braced or unbraced to side sway and the slenderness ratio. For single curvature shows increase in moment at mid-span if the end moments are equal. For double curvature case the moments have same sign, the moments become larger near the ends.
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[image: image636.png]
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Moment magnification for Braced frames

Slender columns shall be designed using the factored axial load obtained from conventional frame analysis and magnified moment defined for non-sway frames
[image: image299.png]Mc = éns M,




Where: 
[image: image301.png]


2 = value of larger factored end moments. (M2 min = Pu (15+0.03h) in N.mm) 
[image: image303.png]dns =



moment magnification factor 
[image: image305.png]dns

m

o

src



 

 Pu= design axial load from analysis (kN)

Pc =  buckling load for column [image: image307.png]n?El
kLu)?





Cm = factor curvature effect without transverse loads between supports

[image: image308.png]Cm=06+042 204
m =06+ 047> 0.




[image: image310.png]


(sign of  [image: image312.png]smaller M,
larger My



  is (+) for single curvature and (-) for double curvature) (for other cases Cm =1.0)   . To calculate Pc it is required:

1- Calculate k for the column  [image: image314.png]


  (for hing support=∞ take[image: image316.png]P =10



 and for fixed support =0 take [image: image318.png]


)
[image: image320.png]Ec = 4700,/f'c



  and Ig moment of interia of section without reinforcement.
Beams   Ib= 0.35Ig ,  Lc for beams are taken span cneter to center.

Columns  Ic= 0.7Ig ,  Lc for columns are taken span cneter to center.

Walls no cracks Iw= 0.7Ig , 
Walls with cracks Iw= 0.35Ig , 
Slabs without beams Is= 0.25Ig  

Area for beams, columns and slabs is taken Ag without reinforcements, Ig moment of interia for hall section. For (T) or (I)  beams use Ig = 2Iweb .
2- Find  EI  for columns in Pc equation [image: image322.png]El

__ 04Eclg
148d



   or more exact and if steel is known and exist

[image: image323.png]0.2Eclg + Es.Ise

Bl = 1+pd




   Es = 200000MPa for steel and Ise moment of interia of reinforcement about centroidal axis of cross section.

[image: image325.png]


 = ratio of maximum factored sustained axial dead load to maximum total factored axial load ( effect of creep)

[image: image326.png]2Pup,
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Ex.16;  A rectangular tied braced column is reinforced with 6-28mm bars as shown in figure below check the adeqancy of the column for the followning gravity loads . Service dead load= 900kN, service live loads = 800kN both are at eccentricity of 40mm. Service dead load moments=34kN.m, service live load moments =25kN.m, F’c =27.5MPa, fy = 400MPa, Lu =5m ,[image: image328.png]


 ?  Sol: 
Pu = 1.2 (900)+1.6 ( 800) = 1080+1280 =2360 kN

Mu = 1.2* 34+ 1.6* 25 + 2360*0.04      = 175.2 kN.m

Check slenderness [image: image330.png]Yeop = Yhore = 1.0 for braced column



  
k= 0.77 from chart , r= 0.3 h= 0.3* 500=150mm

[image: image332.png]XLt 27725000 = 25.7 < 100
T 150



  

[image: image334.png]34— 1222 =34 —12(+1) = 22
=



  

[image: image336.png]T =25.7> 22



 the column is slender

single curvature[image: image338.png]opposite direction moments




[image: image339.png]Cm=06+042 204
m =06+ 047> 0.




Cm =0.6 + 0.4 (1) =1

[image: image341.png]Bd = ——DL 14+900 _ 1260

Pupp+Pur 2360 2360



 = 0.534
[image: image342.png]500°
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[image: image343.png]6(0 + 21302561) = 127815370.4 mm*





[image: image345.png]El = =
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= 28379.95 kN.m2

  [image: image347.png]m?El_ M%.22379.95
R = oo = 1889687 kN





 [image: image349.png]Cm 1
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Mmin = Pu*emin = 2360*(15+0.03*500)/1000= 70.8  kN.m

Mc=[image: image351.png]1.199+175.2 = 210.06 kN.m





Design values:

Pu=2360kN  , Mc =[image: image353.png]213.64



 kN.m  
[image: image354.png]_210.06 1000

2360 = 89mm
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 [image: image358.png]P B
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[image: image359.png]Pu 2360+1000

Kn = GF7ebh ~ 0,65~ 27,5350+ 500

=0.754





For [image: image361.png]0.7 p=0.018





[image: image363.png]


     [image: image365.png]


0.017
[image: image367.png]0.75




          [image: image369.png]


0.0175
As = 0.0175*350*500 = 3062.5 mm2 

As provided 6-28 As= 3694mm2 more than required. The column is adequate.Ties -10mm spaecing [image: image371.png]


16*28= 448mm

[image: image373.png]


48*10= 480mm

[image: image375.png]


350mm then adequate.

Ex.17: The column with (300*375mm) and single curvature about y-axis shown below in a building braced against side sway,and ultimate loads shwon in figure (the service dead load of 133kN). Find steel area required and check the slenderness about bending axis (y-axis) use Lu=4.8m and k=0.85 f’c = 30 MPa fy = 400MPa, 

[image: image376.png]375mm
My =117KNm
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Try as short column:

[image: image378.png]_ 375-2(80) _
375

0.68



   use [image: image380.png]


 then  
[image: image381.png]Pu 490+1000

kn = Of 'cbh _ 0.65+30+300+375

=0.223




[image: image382.png]Mu 117+1000000

Rn = Of cbh? _ 0.65+ 30+ 300 + 3752

=0.142




Then from charts find [image: image384.png]p=10013



 which is less than maximum percent 
Check slenderness:

[image: image386.png]XLt _ 25514990 ~ 35.4 < 100
T 0.3%375



  

[image: image388.png]34—1277=34-12(}17) =225 < 354



  then column is slender
single curvature[image: image390.png]opposite direction moments
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'm = 0. A3, =0 49770 =0




[image: image392.png]Py, _ 14133 o0
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[image: image393.png]375°
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[image: image396.png]0.983
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Mmin = Pu*emin = 490*(15+0.03*370)/1000= 12.86  kN.m

Mc=[image: image398.png]1.107+117 =128.7kN.m





Design values:
Pu = 490kN  , Mc =[image: image400.png]1287



 kN.m  

[image: image401.png]Mu 128.7+1000000

Rn = Of cbh?  0.65+30+300+3752

0.16




[image: image403.png]


 For [image: image405.png]0.7 p=0.015





As = 0.015* 300* 375= 1688 mm2 

As provided 6-20 As= 1886mm2 more than required. 
Ties -10mm spacing 
[image: image407.png]


16*20= 320mm

[image: image409.png]


48*10= 480mm

[image: image411.png]


300mm then adequate.  Use ∅10mm @300mm c/c
Ex.18: The figure below indicates the plan and side veiw of reinforced concrete building with 10 stories.The ground floor has clear hight of 6.4m the other with 3.4m, the size of beams 500x600mm, External columns 500x600mm, Interior columns 600x600mm and f’c=30MPa and fy= 400 MPa, Design the columns A3 and C3 of ground floor the shear wall used for bracing and side sway pevent, and [image: image413.png]gd

0.8



 . Check slenderness in the north-south N-S direction, the columns are under double curvature, the axial loads and bending moments are:
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[image: image415.png]



For column C3 try d’= 75mm

[image: image417.png]_ B00-2(75) _
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[image: image418.png]Pu 8950+ 1000

Kn = G Ficbh ~ 0.65 - 30 - 6007

=1.28




[image: image419.png]Mu 16+1000000

A1 = GFTcbi? = 0,65+ 30+ 600°

0.003




Then from charts find [image: image421.png]p =0.052



 Check slenderness use k=1:

[image: image423.png]KLt o490 _ 356 < 100

r  0.3%600




  

[image: image425.png]34— 1277 =34~ 12(2") = 403 > 40 use 40 which > 35.6 then short column



  
For column A3 try d’= 75mm

[image: image427.png]_300-2(75) _
500

0.7



     
[image: image428.png]Pu 4870+1000

kn = GFebh ~ 0.65-30- 5008 ~ -0





[image: image429.png]Mu 158+1000000

Rn = S Frcbi® = 0,65+ 30+ 500°

0.065





Then from charts find [image: image431.png]p=10028



 
Check slenderness use k=1:    [image: image433.png]KLt o400 _ 427 <100

r  0.3%500
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Check k exactly :[image: image437.png]
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[image: image443.png]yhottom = 1.0 fixed from bottom




k  =  0.84  and :    [image: image445.png]kLu _ 0.84+6400
r 03500




35.9 <40
[image: image447.png]34— 1277 =34—12(2;) = 27.85 < 359 for single curvature then slender column
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   and βd =0.8 then
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M2 min= 4870(15+0.03*500)/1000=146.1 kN.m < M2=158kN.m

Mc=[image: image455.png]2.21+158 =349.2 kN.m





Design values:
[image: image457.png]_300-2(75) _
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[image: image458.png]Pu 4870+1000
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[image: image459.png]Mu 349.2+1000000
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 For [image: image463.png]0.7 p=0.042





As = 0.042* 500*500= 10500 mm2 

As provided 12 ∅36 As = 12215 mm2 more than required. 

Ties -12mm spacing 
[image: image465.png]


16*36= 576mm

[image: image467.png]


48*12= 576mm

[image: image469.png]I



00mm then adequate.  Use ∅12mm @500mm c/c
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Moment magnification for un-brasecd frames

For compression members (columns) not braced against sidesway effect of slenderness may be neglected when:

   [image: image473.png]



The moments M1 and M2 at the ends of an individual compression member shall be taken as:

[image: image474.png]My = M,,, +8sM,,




[image: image475.png]M, = My, +8sM,,




Where: 
[image: image477.png]


=  factored end moments on a compression members at end at which[image: image479.png]


 acts, due to loads that cause no appreciable side sway.

[image: image481.png]


=  factored end moments on a compression members at end at which[image: image483.png]


 acts, due to loads that cause no appreciable side sway.

[image: image485.png]


=  factored end moments on a compression members at end at which[image: image487.png]


 acts, due to loads that cause  appreciable side sway.

[image: image489.png]


=  factored end moments on a compression members at end at which[image: image491.png]


 acts, due to loads that cause  appreciable side sway.
[image: image493.png]§s =



moment magnification factor for frames not braced against sidesway to reflect drift     results from lateral (wind , earth pressure and gravity loads… etc.). 
Three are three methods to calculate moment magnification factor [image: image495.png]8s Ms



:

First-  from nonlinear analysis of moments depending on moment of inertia :

         Beams   Ib= 0.35Ig ,  Lc for beams are taken span cneter to center.

         Columns  Ic= 0.7Ig ,  Lc for columns are taken span cneter to center.

         Walls no cracks Iw= 0.7Ig , 
         Walls with cracks Iw= 0.35Ig , 
         Slabs without beams Is= 0.25Ig  

         For (T) or (I)  beams use Ig = 2Iweb .
Second: calculate from 
[image: image497.png]


  and should be   [image: image499.png]


 if not use the first or third method.

Third :           the same   [image: image501.png]


  

(Note  if [image: image503.png]§s = 2.5



 the frame must be stiffened to reduce [image: image505.png]8s



  and not exceed 2.5 )

     [image: image507.png]XPu



 = sum of axil vertical factored loads for all columns in the floor under consideration.

 [image: image509.png]IPc



  = sum of  all buckling loads for all columns in the floor under consideration.

                                                  [image: image511.png]n?El
kL)

where 1 =k < oo




   

Find  EI  for columns in Pc equation [image: image513.png]El

__ 04Ecig
14+8d



   or more exact and if steel is known  and exist                        [image: image515.png]0.2Ec Ig+Es.Ise
E] — 2Eclethslse
1+8d




Es = 200000MPa for steel and Ise moment of interia of reinforcement about centroidal axis of cross section.

[image: image517.png]


 = ratio of maximum factored sustained axial dead load to maximum total factored axial load ( effect of creep)

[image: image518.png]q  [oral sustained lateral (horizontal) loads in the floor
pd= total lateral (horizontal) shear force in the floor’





for wind load and earthquake  loads [image: image520.png]


 because are generally at short duration but for other cases like earth pressure[image: image522.png]Bd # 0 and subected on one side.



 

If an individual compression member has:
[image: image523.png]



Then the maximum moments will be in a point between the column ends and not at the ends and the maximum moment will be larger than the magnified moment by 5% . then replay moment calculation as it is braced against side sway then magnify M1 and M2 as:

[image: image524.png]My = M,,, +8sM,,




[image: image525.png]M, = M,, +&sM,,




Then it will be magnify two times first as non sway and second sway case with moments equal that gained from the first magnify as:

[image: image527.png]8psMy = 8,5 (Myp + 8, My



)
The ultimate loads calulation with lateral should be calculated as:

U = 1.2D + 1.6L

U =1.2D + 1.6L+ 0.8W 
U = 0.9D + 1.6W 
U = 1.2D + 1.6L + 1.6H
Ex. 19: The figure below indicates the side veiw of reinforced concrete building not braced against sidesway dimension of beams are (1200x300mm), interior columns (450x450mm), exterior columns 400x400mm clear height Lu= 3.9m, f’c= 30MPa , fy=400MPa, and horizontal displacement due to total shear wind loads (250 kN) at third floor = 20mm. Design the column C3 the service loads and moments from linear analysis for third floor are :

	loads
	Columns A3,F3
	Columns B3, E3
	Columns D3, C3

	Deadload    Pd (kN)
	500
	1000
	1000

	Live load    PL (kN)
	400
	750
	750

	Wind load  Pw (kN)
	[image: image528.png]F125




	[image: image529.png]



	[image: image530.png]




	Wind shear  (kN)
	25
	50
	50

	Dead load moment M2d (kN.m)
	
	
	3

	live load moment M2L (kN.m)
	
	
	150

	Wind  load moment M2w (kN.m)
	
	
	[image: image531.png]F115





	Dead load moment M1d (kN.m)
	
	
	-3

	live load moment M1L (kN.m)
	
	
	135

	Wind  load moment M1w (kN.m)
	
	
	[image: image532.png]
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Vu= 1.6*250 =400kN

∆o= 1.6* 20 = 32mm

Pu = 1.2* 500 + 1.0 *400 = 1000kN     for A3, F3 columns

Pu= 1.2* 1000+ 1.0* 750 = 1950kN for B3, C3, D3, E3 columns

[image: image535.png]Z Pu =2+1000 + 4 = 1950 = 9800kN
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k  =  1.64  and :    [image: image541.png]kLu _ 1.64+3900
r 0.3+450




47.4 > [image: image543.png]34122 -34-12(1) =22
=



 

For column C3 case of loading:

	Load cases
	Design load   (kN)
	M2ns (due to gravity loads only) (kN.m)
	M2s (due to wind loads) (kN.m)

	Wu=1.2D + 1.6L
	2400
	243.6
	0

	Wu=1.2D + 0.8W
	1200
	3.6 
	92

	Wu= 1.2D +1.6W +1.0L
	1950
	153.6 
	184

	Wu= 0.9D +1.6W
	900
	2.7 
	184
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Ex.20; design a typical exterior column (col.D4) of the third story od multistroy building . The stability index for this story Q= 0.36 f’c=27.5MPa and fy=400MPa. All columns are 300x500mm and height center to center of floor  5.8m.

	       Loading
	Exterior columns
	Interior columns
	Notes

	Factored axial load (kN)
	 2600
	 3500
	for [image: image553.png]pd



 assume factored dead load is 50% of total factored loads

	Factored non-sway moment Mns (kN.m)
	M top= 100 

Mbottom= 170
	M top= 60

 Mbottom= 100
	

	Factored sway moment Ms (kN.m)
	M top= 70 

Mbottom= 80
	M top= 100

Mbottom= 100
	Assume all lateral loads are live loads [image: image555.png]pd



=0
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Sol; [image: image558.png](Y values exter. column



)   
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since Q = 0.36 the story is not braced against sidesway  k unbraced=1.82

[image: image564.png]0.7(900+900)

0351200+ 1200y~ -°
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then k unbraced = 1.45

check slenderness col. D4 
[image: image565.png]klu 1.82+ 5200

T = 03-500 — 63 > 22 and < 100 slender col.
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All lateral loads are live load 

for ext. columns                   [image: image569.png]m?x51348

Pc, —
ezs.2)?

= 5658 kN

unbraced =




for int. columns                   [image: image571.png]m?x51348
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[image: image575.png]0s = —sm= 2 1.0 ifitis > 2.5 thenincrease section dimension
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 or increase number 

of column or use shear wall.
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M2=M2ns +[image: image580.png]8s



 M2s  = 170+2.263*80 = 351kN.m

M1= M1ns + [image: image582.png]§s M1ls =



 100+ 2.263* 70 =258.4kN.m

[image: image584.png]Lu 5200

= 34.67

> 0.3500



 

[image: image585.png]35 35 Lu
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If [image: image587.png]



then take M2 new and magnified by [image: image589.png]éns



 as braced col. and use [image: image591.png]Bd



 for axial load.

Design Pu =2600 kN  M2 = 351kN.m  [image: image593.png]351-1000
2500

135mm
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assume using bars with 22mm and ties 10mm; [image: image599.png]__ 500-2(40+10+11)
= = 0.756




[image: image601.png]0.7then p= 0.015




   

[image: image602.png]0.8 then p=0.012





[image: image604.png]0.75 then p =0.0135




    As = 0.0135*500*500 = 3375mm2

No. of bars = [image: image606.png]2 =8.88use 10 bars ¢ 22mm




 As= 10*380 = 3800mm2

For ties use bars with 10mm

Spacing [image: image608.png]< 16+ 22 = 352mm




            [image: image610.png]= 10+ 48 = 480mm




[image: image612.png]< 500mm



             then use 10mm @350mm c/c

   Clear spacing in side the stirrups= [image: image614.png]500-(2+40+5-22+2+10)
4

=72.5mm < 150mm




  Use additional to provide for corner bars
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Or the other order
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Increase in moment


 due to single curvature





Secondary moment





Main moments





Increase in moment due to double curvature
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