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Chaoter I - Introduction and general discussion

L lntrodtrction

A st uctural element subjected predominantly to comprcssive forc€ with or without

bending moment is termed as compression member .when a compression memb€r is vertical, it is

called a column and, when ioclined or horizontal, it is termed as stlut. The vertical members of

multi-storey building that transmit th€ loads on floors and beams to lhe fouDdation are the

columns of the building. Thes€ are imporl4nt elements in the sense that their failure may

endanger the \lilole structu€.

2 ClassiJicalion of columns

Depending upon the architectu"al requirem€nts, the columns may have c.oss-sections of

rEgular shapes such as rectangular. Square. Hexagonal, octagonal or circular .the c.oss-shaped

(swastika), T-shaped, and Lshaped columns have b€en extensively us€d .typical croses€ctions

a.€ shown in fig l-1.

Fig (l-l) typical cross-sections ofcolumns
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2.1 Classi/ication according lo transverse rcinforcement

A concrete column is r€inforced with longitudinal bals (also called main reinfo.sement )

held position by separate closed loops called ties spaaed at equal close intervals along length, as

shown in fig l-2(a). Such I column is cslled tied column. The longitudinal bars contribute, to the

load-carrying ofthe section and the transverse ties provide lateral suppoft to the lolSitudinal bars

and also confines the concrete. Thc other function ofthe lateral tics is to prevent the buckling of

main longitudinal bars. Sometimes, in circular column, the longitudinal bars are w.apped by a

closelyspacedwireorhelixcalle.dspiralcolumnasshowninfigl-2O).insomesituationsthe

columns may have either cmbedded rolled steel sections or in-filled cast iron or steel pip€s with

both longitudinal and transverse reinforcement, as illustrated in fig 1-2 (c). Th€ former is known

as cornoosite column and the latrcr as an in-filled column.

*E#=@-*E
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Fig (l-2) types of column based on the farn and types of relnforcemenl



2.2 Clossifrcalion accodlng to lhe Ope of loading

The column shown in fig l-3 (a), which canies a pu€ly axial load, is temed as concentricallv ,!

loaded column. Such an ideal column is rarely encountered in practice. The columns in industrial

buildings are not only subjected to high compression but also to b€nding and shear forces.Ifa

column canies al axial load and bending moment about either the x- or y- axis only, it is

classilicd as a uniaxiallv eccarrtricallv loaded column. as shown in Fig. l-3 O). The peripheral

columns located on the sides ofa building are ofthis cstegory.

A column subjected to an axial load along with moments about both the axes is termed as

biaxial ecc.entricallv loaded gq!g4q4q e.g. comer columns of a building carry axial loads along

with moments about the x-and y-axes ,as illustrated in Fig l-3 ( c )

fr fr,ff
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Fig (l-3) Classilication of columns rccording to tbe typc of loading



2.3 Swry and Nonswqt colunns

A nonsway column is one in which the

significant relative displacement between the two

side sway is insignificant, i.e. there is no

ends of the column in the dirE€tion unoer
consideration. Such columns do not resist any significant horizontal load like wind or earthquake
loads. Columns of water towen with bracings at different heights and cohmns in tall buildings
provided with $ear walls ars examples of such columns. On the other hand, columns ,€sisting
lateral loads iD addition to vertical loads are considered sway or partially nonsway column
rcstrained from rotation is subjested to sideswsy or lateral drift ie. there is significant lateral
displa.ement between the ends.

2.1 Classiftcation accotding to the slenderness ratio

l. Shon column

2. Slender column

3. Behavior of reinforced conuete columns

When the column is subjected to an axial load within elastic limits, just tike any other
composite section,the stresses induced in steel aDd concrete are in proponion to their moduli
of elasticity , Es and E respectively. However, the subsequent creep and shrinkage resutt in an
increase in stress on steel and adecrease in stre5s on concrete . With an increase in load . the
steel will attain its yield strength befo.e the conc.ete ,eaches its ultimate strength. Thus' the
column will carry a small additional load until the concrete develops its full strength, while the
stress in steel remains the same (i.e at yield stress ). Up to the yield point, the tied and spirally
reinforced columns behave identically, as shown in Flg (1_4 ) the failure of the tied cotumn
occuc suddenly with the breaking down of roncrete and the buckling of longitudinat bars
between the ties in a pattem simila. to that for a concrete cylinder in a comDresston test, On
the other hand a column reinforced with a spirdl exhibits conside.able deformafion before
complete failure on reachlng the yield potnt, with the concrete shell outside the ,pirat spalling
off . thls reduces the load-carrying capacity because of the reduction of the concrere area,but
the spiral prevents buckling of the longitudinal baIs and confines the crushed concrete In the
core. Thus the spi.al may offset the loss sustained due to loss of cover by an increase in the
load-carryin8 capacity of the concrete core. An optimum volume of spiral shall result in the



value of the failure load to be equal to the load carried at the time of the spalling of the cover

concrete. Thus the spiral steel yields and underSoes large deformations.

I

Fig (l-{) lord-deformation behavior of a column
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L Ungtmmetrical rcinforcement

Most reinforced concrete columns are

symmet.ically reinforced about th€
axis of bending. Howwer, for some

cas€s, such as the columns of rigid
portal fiames in which the moments
a.e uniaxial and the ecc€naicity is
large, it is more economical to use

an unsymmeAical pattem of ba$,
with most of the b6rs on tension
side; suah columns can be analyzed
by the same strain compstibility
approach. However , for an

unsynmeaically reinforc€d column to be loaded concentrically the load must pass through a
point known as the plastic centroid, the plastic centmid is defined as the point of application of
the resultant force for the column cross section (itcluding concrete and steel force ) if
camprpss€d unifomly to the failure shain lcu = 0,003 over its entire cross s€ction accoiding to
the ACI 318 Code. Eccentricity ofthe appli€d load must be measur€d with r€spect to th€ plastic
c€ntroid, because only when e = 0 will corrpspond to axial thiust with no moment. The location
ofthe plastic cenuoid for lh€ column is the resultant oftlE three inlemal forces to be accounted
for. Iti distance:

; o.ssf;bh'/2+z Asf,d'- 0.85 f;bh+, A"f.

Cl€arly, in a symmct ically reinforccd c.oss secrioq rh€ pldic c€ntroid alld th€ g.om€rric center coincid€.



5. ACI Code reqairement

, Conceming column design here below some of the American Concr€t€ Institute Code

' (ACI 3 l8) requir€ments:

; l- The longitudinal reinforcemcnt cross-s€ctional arEa should be not less than l% and not
, more than 87o ofthe gross area (Ag) ofcolumn section,

i 2- The longitudinal reinforcern€nt should consist of at least 4 bars in d|e column with lat€ral

; ties, and should consist at least 6 bars in the column with circular ties or spiral.

' 3- The longitudinal reinforpement bals should not be less than 16 mm in diameter,
| 4- The clear spacing betweeo spirals should not exceed 80 mm and not less than 25 mm,

; where the spiEl ban are spliced, the length oflap should be not less than 48 times the

; spliced bar diameter nor 300 mm
,, 5- Spacing betwe€n ties should be the smaller value of:

i l,- 16 times the longitudinal bars diameter.

i, B- 48 times the diametEr of the ties bar.
C- The least dimension ofthe column cross section.

6. Column Failure Modes

6.1 Crushing

Relatively short columns are more apt to fail by the mat€.ial crushing. Every building material

material can withstand a distinct amount of compr€ssive stress befor€ it crushes. This value has

b€€n determined by laboratory tests and is known as the compressive strength ofa material. This

stength is dep€ndent upon the intemal structure ofthe matedal and/or its components. Steel has

a very homogeneous, finely crystalled intemal structur€ and has a relatively high compressive .i

strength. Hatd woods ar€ fine-grained and have a higher compressive strength than soff-woods.

Wood is unique in that it has two compressive srengths; one when loaded parsllel to the grain

and another when loaded perpendicular to the grain. Why is that? When a wood column crushes

the fibers ofrhe wood actually split apart. In every case, crushing is a strength failure and does i

not dep€nd upon the shape ofthe section.



6.2 Buckling

Relatively slender columns are more apt to fsil by buckling. A column is slende. wben it has a

"small" croses€ction compsred !o its effective length. Small is placed in quoles due to the fact

that the important information about the cross s€{tion is both the actual size and more

impofiantly, the shap€ ofth€ cross-s€ction. This is then compared to th€ elfective length to

determine whether or not th€ column is slsnder, If it is, rhis means that the column will probably

fail in bending! As a crlumn is looded, it is likely to b€nd about the weak axis ofthe cross-

section (the one with rh€ lowest Mom€nt of Inertia). A column buckles when it bends about an

axis. This is a slability failure.

10



Chapter II - Slender Columns



chanter tr- Slender Columns

1. Intmduction

Slender column is compression member may be considefed as slende. or long when the

slenderness |atios 1., lD or and l.y lDarc more than 12. Thus if lslD>12the
column is considered to be slender for bending about x-x axis, while if lcy/ D >12, the column is

considered to be slender for bending about y-y axis. The difference between a shon column

and slender column should be clearlv understood. When a short column is loaded even with an

axial load, the lateral deflection ls either zero or very small, In conbast to this, when a slender

column is loaded even with an axial load, the lateral defledion 4 Deasured from the o|.iginal

centre line along its length. becomes appreclable this makes the axial .load eccentric at the

central rection of the column by a value A , subjectinS the section tg a 8.M equal to Pt x A

in addition to an arial load . Hence seoarate consideration ot thir additional B.M has to be

made. The axial comoression due to axial

(.l6hdl O, g.rd..
oarurrr caairrti

o(ft
(cl At|d-d.ll!
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(O liqrr
dblblhl

Flg (2-l) Effects of slender column
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load is called the primary effed while the bending caused due to lateral deflection of slender
column is called the secondary effect.

Similar effect takes place on an eccentrically loaded slender column. The moment due to
the primary effect ls ftu= P!. e where e is the original eccentricity of loading since the column
deflects app.eciably. The column ls subjeded to additional eccentricity €a= Ard: Siving rise to
additional moment Itd=Pu, ed due to this secondary effect. This secondary mqment is known
as P4
Moment, which has a variation along the height ofthe column. thus at any height,

u"'P"le+a)

And maximum moment is

Mtnz,- = Pu. e + Pu.L^o, = Pu, e+ Pu. eo

A short compression member is not io danger of buckling prior to its ultimate strength
based on the material properties. In contrast to thit the buckling and addition deflection
effects are more p.onounced in slender column , thus reducing their ultimate strength.

2. Theory of slender columns

The design of slender columns is appreciably more complicat€d than the design of short
columns. Th€ avoidance ofslender columns will depend on ifthe column is part ofnon sway
frame or a sway frame and on the eff€ctive sl€ndemess r&tio (KL /R)

- k = efeaive length factor

- I = unsupported length ofcolumn (ct€ar distan@)

- r = radius ofgyration

(
(

I
!
a

!
a

ai
I
a
(
{
{
I
{
a

I,
a,

{,
ai
a.
!,
a,
a,
a.
a,
a,
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2.1 Nonsway or Swoy Frame

. ACI3lSM-08 Equation 10-10:

^ GP).A, =-riT

Where:

0 =Stability lndex

tP= total factorcd vertical load for all the columns ofthe story in question

trl:total factored horizontal load for all the columns ofthe story in question

Anhe elastically det€rmined lirst - order lateral deflection du€ to V at lhe top ofthe story
/=the height ofa compr.ssion member in a frame measur€d from c€nter to c€nter of the frame
joist

lf Q S 0,05 the fram€ may be classified as nonsway.
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2.2 Eflecti've Length Fectors
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2.3 Mom€nts of Inertir:

-Columns: I = 0.70lgr

-Beams:I=0.35111

For pin support:

t/ = @ theoretically, but taken as I 0.

For fixed support:

t/ : 0 lheoretically, but taken as 1.0,

2.4 R|dirs of ryration

. ACI 318M-08 Equation 10-10.1.2:

- For rectangular columns: r = 0.30 times

The overall dimension in the direction

Stability is b€ing considered

* For circular colmns: r = 0.25 times the diameter

- For other shapes: ,= 
W



2.5 Short or slender

ACI (318M-08)10.10,1: Columns in sway frames can be designed as short it
U.zz
t

ACI (3 I 8{8) I 0. I 0. I : Columns in no sway frames can be designed as short if;

u <3+- tz(\l, 1nz.

Ml is the smalfest factored end moment, and M2 is the largesr facto reA end morrtent. (Ml I M2)
is positive fo. single curvaturc (C-shaped) and negative in double curvature (S-shap€d).

77



3. Computer Programmed

A computer programmed is develop€d to obtain the capacities of each column using the
ACI 318 M-08 that ar€ considered in this work. This programmed is developed in Microsoft
omc€ Exc€l 2007 - Microso{l Visual Basic 6.5 version 1040. The programmed has b€sn
dwelop€d for moment magnifier approsch for column srability with rcctangular stress block
used for s€ctional analysis.

Alao.ithm for mome a.anific.rior rpprorch .nrtyricrt proc..tore

tu'Hr mrn,nquon tscrd

R.=l+)/....,.-,

18
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Chapter III - Calculation and results

I Intrudaction

The procedure that have been carried-out regarding the above-mentioned coculations was

as follows :

A tied concrete column at f g=32 p,1Oo wih a reqtangular cross sectional area of 80Ox5O0

mm, reimforced by longitudinal bars of f y=4gg Mpo with p = 196 and L=12 M has been

considerd in the beginning of the calculations.

Steel bars which have been assumed in the faces of the column parallel to the bending

moment axis have been considered in 5 different situations, starting with symmetrical

distribution i.e 50% on each face and then as an unsyrnmetrical distribiton sta.ting with (4096

and 5096) then (30% and7O%1,lLWo and 90y.) and at last (0% and 10096) i.e all steel bars are in

one side (tension side) ofthe column only.
Then the same calculations have been done and repeated 3 more times with different

values of pwhich has been taken as 396, 5% and 8%.

Then the same calculations have been done and repeated 2 mo.e times with different
Values of I which has been taken as 10m and 8m

Calculations has been carried as shown on the typical calculations sheet included in the
studv. The results of the said calculations have been included in the herewith attached tables

and charts sheets.

Finally in the end of this study ther is a conclution showing the items got as result of the

studv.

20



2.Notslion

,4g' = gross area of corcrete s€ction, mm2 For a hollow section, ,48 is the area of the concrete

only and does not include the area ofthe void(s).

,4,r = ar€a ofnonprestress€d longitudinal tension reinforcement, mm2

rl = overall thickness or height of member, mm

6 = width of compression face of member, mm

"fc' 
= specified compressive st englh of concrete, MPa

, = specified yield strength ofreinforcement, MPa

F = calculated tensile stress in r€inforc€ment at service loads, MPa

ittr = nominal flexu.al stsenglh ai s€ction, N.mrn

l't = nominal axial strength ofcross s€ction, N

P, = ratio of to.sional stiftress ofedge beam section to flexural stiftEss ofa width of slab equal
to span length ofbesm, c€nter-locenter of supports

p = ratio oflr to d

d= distance ftom exlreme compression fiber to centoid of longitudinal tension reinfo.cement,
mm

c = distanc€ from extreme compression fiber to neutral axis, mm

a,

I,
a,

a
a,

4.

{
1
a
a,

a
a

I
a
a

a

!
a
a,

a
a
a
1
a
a
a
a
a



3. Calculations sheet

E c:-

a rect$gular shape reinforc€d concrete column with the following dimensions and specifications

has been taken as an example :-

h= 800 nn b 5ln mm fc: i2 Mpa

Ast= 16(M0 mnz lor sowy cose Cm = 1

SolutioD:-

_ A" 16000F 4: aoorr*=o'ao

?1
dl= 10 +I2i = 61.5 nn

d2= 800 - dI : 735.5 nnt

B1=o.ss-3#4.s21

F c. = 32 x 0.85 =27.2 Mpo

ly= 4n Mpa L= 11(M0 mm

x= 8000x400x64.5+8000x400x735.5+( 400000-16000 )x27.2x400
8000x400+8000x400 +394000x27.2

100 nn

Asswne t- 100 m

c c = BtxcxbxF c- / 1000 :.82142857>.. 100x500x27.2/I 000=I 1 1 7. 1128

f st=c-d*6ooc

f s1= 
s!:gE 

--21s arn

o.ss f;b h'z /2 + > As f yd
0.8sfcbh*Z Arf,
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f ,-sooorp!t-zz.z) -r *

f r2=9:!,56s

f 
"r- 

too-lo.ls's x600=-3813 :. f = -4oo Mpa

/r= tooro#;noo= -rroo

Pn=2 f s+cc

P n= -32oO +1.4a6 +r1-r7.!42A= - 59 6.457

LIn--cc"x - tTt + Zf *@- d)

M n= 1117.L42a (4oo-41.0S)+14a 6(4fl0 -e.S) -32oo (4oo -7 35.s) =rs7 3.262

""= ?f"' ==#iE## = -o.o466

M"=+r*=#{W=o!e27

EI:0.2Es*Ir* Es*/s

E c=47 oox.lfr, =265a7.2rs7

I.
' 
s =ff=21.ss,fie ,n n+

Es=200000

I"=8OOO* (+OO-O+.5;2 + 8OOO 1+oO-zlS.S;2=199696, 4OoO mtna



Ef = o.z*zssgl,2197*2133* loe + 200000*1800964000 = 4,7" lora

D-tcr
trz *EI n2*4.1*LOra
L2 (14ooo)z =2366690&51

6 =: ch - a =]*a*t -.99= |
, - .7 s. p *' -ts. 23666ms-s

:. short column

M c=Mnl ^ =rg7s.26z t - -r97t,62t6 - tl'

Now choos€ another C and repeat the same calculation proc&dur€ to determine another

magnitude for P5 e Mg znd M6



4. Chafts
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5. Conclusion

Studying the rEsults shown in the tables and charts
noticed that:

included in this study, it has been

l- In case of P -.l.Ot the r€sistant moment increases a5 the tensile steel portion
mcrcascs,

2- ln case of p =0,08 the resistant moment also incrcases as the tensile steel ponlon
incr€as€s, but to a ceriain limit after which the resistant moment stats decreasins as
the tensile steel portion incrcases.

3- The limits mentioned in item 2 above vary as P ofthe steel varies.
4- As th6 unsynmetrical ratio incrEase, the bending moment r€sist{c€ will increase rn

significant values when the axial load is small.
5- When the column length increase, the effect ofunsymmetrical reinforc.ment will

incr€ase the resistance of bending moment at small values ofaxial load.
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