Members Carrying Combineqd
Axial Load' and Moments

10.1 Introduction

* Itis more common 1o have members subj
2 ubjected to axial load and mom
subjected either lo pure axial lozd or pure moments, s raerthan memers
= The conveni ]
me;:sﬂl,1 Somer b:::;u vs::;o :?aiyse a member subjecled (o both axial foad and moment Is to
jected lo axial ioad and morment separatel i
t : y. Alter hat the resulls arrived
are cc;r:ga;c:u :v;lh their :espavcuva ?evelop(.;d sirengths and abilily limit stales and then Lr:al
. mm, y at fefults a:g combinedin some sultable manrer, {Limit State Approach),
w‘A\.r‘\ctln.' mes;ualioaa m:[ :hc;::;?:ﬂ?r; :racucaﬂy encountered is lhat the axis of axial load rarely colncides
is of the member, is i ]
eccenriny ] er, There is always present some minimum amount of
+ Inlensi ith i f !
e m::m mm::vﬂl:e;it \;:imease{ot axial load, the geomatric axis of the member Iries to coincide
resslon members, as the load incicases, 1n ic axi
further away from the load line thereby i i arhich Gttty mce
! Y increasing (he eccentricity lunther whi i
failure of compression member dus (o buckling, ’ { Fh imetelyleadsto

10.2 Ordei of Moments

{a} Primary Momenis: Membaers subj
A : jected (o iransverse loads make |

subjected lo moments called as primary moments. hemembers ‘? dotociandar

b} Second: 3 ]

(b) s mz:: :f:zo;;\:xn't; ;ha: members are oflen subjected lo axial | long wilh lransvarse loads

causes additional deffection in the nfbﬁ hich is i i :

ellorton caused by rameverss d en which is in addilion to the
as!slet:m;tecmmary seay . The additional memants preq;';c,ed by axial load is referregd lo

+  Now, i i :
inorder to find oul the lotal dellection due to transverse and axial load. one will be temptedio -

add the deflecti i
-~ ;fle:’:m :grzdxedtb:':'r:nfversn and axial laad individually. Bul lhis is not true begause
ut the total deflection is non-linear and prine| i
0 i ple of superpasilion cannot
) :'5 applisdand !ht.:s without knowing the defiection, moments cannal be ca!culatep:i "
{c! m!;s;:;g:’r{:nali 2 {:;sd Ir; l:;?tnary structural analysis, we do not consider the displaced geometry of
-3 eflections produced by the loads are considered & i
. ec iobov i
and this tys=2 of analysis is called as first arder anatvais ey smalinmagniuce

nalysis: When deflections praduced by the loads are not small and cannol be
ignored then we have lo take into account the displaced geometry of the struclure and this lype of
analysis does not give explicit equations bul Ihe implicit equalions which cannot be solved directly

ived by iteralive procedure often involving the use ol nurnerical techniques like
alysis is called as second arder

{d) Second order &

are requirad lo b so!
finite differenca method, finite element method etc. This type ol ani

analysis,

¢ normally go for first order analysis since the second arder
which are quite cumbersome and are usually done with
{he moments which involves compuling the maximum
first order anaiysis followed by amplitying lhe
interaction ratio {K) 10 lake into account

in coutine design ol slruclures, W
analysis requires a lot of cafculations
soliwares. 1S 800 allows amplifying
flexural moment dus to transverse loads using
moment by amoment megnillcation faclor callad &s
secondary momanls.

med structure, a beam-column may be braced of un-braced. When a beam-
column is subjecled to a moment along its un-braced length, it will get displaced laterally in the
bending plane. For side-sway restrained member, lhe maximur secondary moment vill be Pavhich
is called as member elfect {Fig. 10.1). This member elfect (P3) is added to maximum mament

atrived at by firs1 order analysis.

T NOTE

(e} Member glfect:Inalra

Flg. 10.1 MemberEffect (PS) Flg.10.2 Struciure Effect (P&)

_braced frame, there will be a side-sway where the ends of the column move
dditional secondary moment with maximum value PA

Siructure ellect reprasents an amplification of theend
balanced gravity loads or both.

{1y Struciure alfect: Forun
lateralty refative to each olher. This induces a
which is called as struclure elfect (Fig. 10.2).
moment. This momenl can eithar be caused by lateral loads or un

t
PS5 alfect is to e accounted for whether the column is braced ar un-braced against side-sway
while PA eflect is accounted onty for column un-braced against side-sway. Design of beam-
column requires magnilication of primary moments due to P3 and PA ellects.

sway i.e. whose onds cannol displace. when subjected (o equal
or this case. maximum

BB

Member restrained againsl side-
end moments, will produce a single curvature bending curve {Fig. 10.3}. F

primary moment and Ihe maximum amplification occur al mid span/mid-height where the defleclion

- is the largest.



*  Nowlor the case of equal end moments, he moment s constant aleng the length of the member ang

thus the primary and Lhe secondary momenl are addilive {being of the same sign).

*  Incaseend momenis arg unequal but one of the moment is clockwise andother anli<lockwise, than
even in Ihis case, the member bends in single curvature and maximum primary and secondary
momenls occur near each glher,
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Fig, 10.3 Momeni magnification in colurnn bending In single curvature

¢ Incase, end momants are such that member bends in reverse curvature (Flg. 10.4). ihe maximum
primary moment will ba at one end and maximum ampliticalion of moment wifl occur somewhere
belween the two ends. Depending on Ihe magnitude of factorad axial compressive load P, the
magnilied momen( can either be larger or smallef than the end momenL,
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Flg. 10.4 Moment magnification in column bending insingle curvature

(g} Moment reduction factor: in a beam-column, the maximum moment <lepends on the variation of
bending momeni alorg the member, This distribution of moment is (aken into account by a factor
called as equivalenl moment factor or modification faclor or moment reduction factor (C.)

quralioni ivalent
The significance of C_, facloris that it can convent any eng tr;om;:;is cc;n:iix::::‘:zm xm ,
i This ac
uniform moment along the fength of the membar. 'm 18 ¥ e oy
ichi i #,) and axial load ralio £, /P, where 7,
which is the ralio of end moments M, /M (M, > . F 5 "
lactored axial load and P, is the crilical Euler's buckling !oad.. Thevalua of vis p;:smue f;r:{;;m ©
moments al Ihe ends {single curvature bending), and negalive for same kind of moma:

curvalure bending}{Flg. 10.5}.
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Flg.10.5 Nonuniform flexuralmoment distribution

For different types of situalions, the corresponding C,, valuas are givenin Table 10.1.
Table 10.7 Momentreductionfactor{C,_}
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oriant: I i i .

v lnzdsp ;m;wenlgiucﬂcn lacior is not applied 111 one wil gei the same tolal moment jor
mmmmms gmmic!eoﬁa & ¢ . atnd 105.C, f;c!or is based on rotalional sestraint at the ends of the memthe
Beshom o 104 m.mOd " onp mommta!mglhe length)in 2 member. For the case of equal endmmeber
" . ., ilication in the momént is required .~ moment modification C_is unily, s

sSecondaEﬁe.swafyymomemr:l;‘?;id:c?d dua-‘to‘ side-sway ars laken into ascount by amglif icalion facior
S O o ;; A1 -Iﬁ,(ﬁf!iﬁf.)] of by 11 —{ZPJZP )] whare ZP,is the summm:
S, ?ctomdmmai e i’:ﬂ ;;Ta c:oiu?;ns inthe storey under consideralion, £H Is the summalion of
using laleral diill A of the storey under consideration, £ist

r ¢ i , he st i
and Zf,,is the summation of critical Evler buckli ngloads {:}:(ﬂqi()(t)"’)) for all the coll b
storey under consideration, cemsin e

10.3 Beam-Column Behaviour

: gzmn' is the most general case as an alemeciina slrﬂcture.
h—— a::! ;::mem in the heam-column approacnes zero, the unil will act like a column
e d approaches zero; the unil will act like a beam. e
bomaae lors that al!ec? the behavior of beem and calumn individually will de finite it
otbeam-column unit., yalectine
* Letiherebe i Cli
‘mimr'[h?mm :r ptéfslrc kseclion beam-column, This may fail either by llexure, vielding o
areionc. B ga.rd course,' the aclual mode of failure will depend on the magnitude of
ma"ms.w bmm:ym; ﬂ::z sd!a;dermess ratio, Let herg is no possibility of local buckiing and
3 elleclion{moment-rotati |
ity \ {moment-rotation} curve OABC for such abeamn column
e  Thecurve -5 : inning i
o d&iﬁi—s& nc;fn {inear from thg bc_gxr‘mmg itself bacause of P-Seflect. The secondary momen|
e et eﬂe; ;:;I;;awcmandn;oefa srgm'ﬁcam & lhe applied end moments increase, Due lo
‘ ] ndary moments, the mosl severely i
;fors;-sectmfn may yield as represented by paint A in Fig.10.8, VereY stiessad fiber ofthe
ielding (pomnl A} decreases the stifiness of the member and stope of the curve aller point A

decreases. :

* On further increasing the momenls /
secondary moments increase whichinducé 10 froeere @ T
plasiicily intolhe section. Thus plastic hinge @ / e
Mﬂﬂmoewdevelopedatpoimsinﬁg. 106, Mpboanenns , @ ........

*  Onluriher increasing the momenis beyond
point B, plasticily spreads 4 shor disiance  First yiald
aionglhebngth of beam-column and finally A
the moment capacity of the seclion gels
used up complstely at point Cin Fig.10.8.

+  Slender beam-calumns with open type of
cross-section {like channel sectign} are
tors?onal[y weak and are prone 1o laleral
lorsional buckling. This lateral iorsional
buckling may accur either in elastic range
{curve A of Fig. 10.6) or inclastic range
fcurve 8 of Fig. 10.6) depanding on the °
slendemess ratio. :
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Flg. 10.6 Beom-column behovior

i) Members having large slenderness ratio will {ail by laleral elastic lorsional buckling.

{il) Membars having intarmediate slenderness ratio will faii by inetastic lateral torsional buckling.
Slender columns subjecled lo combined axial compressive load and bending may fail under dillerent
modes of instability or malerial faiture.

10.3.1 Classification of Beam-column Behavior

{a) Cass 1: Short column subjected to axial load and uniaxial bending about either axis or biaxial
bending. Here the fafiure usually ogeurs when plastic capacily of the seciion is reached.

{b) Case 2:Long column subjecledto axial load and vniaxial bending about major axis. it long cofumn
is supported against lateral buékling about the minor axis, the column {ais by buckling aboul the
major axis. In case of smali axial loads of if the column is not very iong, a plastic hinge gets
developed al lhe end or al the peint of maximum moment.

{c) Case2: Lang column subjected 1o axial load and uniaxial bending about minar axis. I{ long column
is supported agalnst fateral buckling about the major axis, the colurn (ails by buckling about the
minor axis. Al very low axial 1oad, lhe column reaches ils bending capacily about the minor axis.

{d) Case 4: Long column subjected {o axial load and uniaxiat bending aboul major axis. if long column
is not suppored againsl (aleral buckling about the minor axis, il fails due o the combined eflecl of
cotumn buckling atrout minor axis and laleral torsional buckling. In this case, column section twists
as well as dellecls in the major and minor planes.

{®) Cass 5: Long column subjecied to axial load and biaxial bending. Itis a generat loading case. In
{his case, the failure is same as thal of Gase 4 above but effect of minor axis buckling will be quite
significant,
Thus beam-column may fall eilher by reaching their ultimaie sirength {for smalt axial load and short
members) or by reaching their buckling sirength (as govemed by lateral lorsional buckling of weak axis buckling).

10.4 Strength of Beam-Column

Predicling the exacl behaviour of beam-column is quite complex, Nevertheless simplified design

equalions are available 10 evaluate the sirength of the members though bit canservatively. The

inelaslic analysis to delarmine the inleraclion between axial load and flexural moment for beam-

-column censists of Iha following: .

1. Cross-seclion an?lysis: The behavior ol cross-section under (he combined eftect of axial load and.
flexural moment vall.be he most crilicat at the point of greates! llexural moment and axial load. The
resulting capacily of the seclion is conlrolled by local buckling or yielding.

2. Member analysls: The member is divided into a number of small segments where the eguilibrium
and compalibility conditions alang the iength of the member al each division poinl are appked 1o
give a set of loadings and deflections. Numerical techniques are required in case elaslo-plastic
analysis is dons which makes the analysis and design complicated and tedious.

So beam-cotumn must be checked for local capacity at the point of grealesl flexural moment ancl
axial load, These points are usually al the ends of the member, Bul mos! ol the times, lateral foads

*  are also present and for that points, the greatest flexural moment and axtal load are somewherc

along the lenglh.of the member. Thus member must be checked for averail buckling also.



'NOTE: The design equations as given

in15 8OO in arder to check local
beam-column are conservative simpli

il segtion fallurg and overall stabily g

fications of the 100 complex non-lirigar failure, -

10.5 Check for Local Section Capacity

in case of shorl and slocky beam-column with relalival
being bentin reverse curvalure, her

y small axial compression ratio and beam-column
under combinad axial load and flex|

@ lhe local section failure moslly ocours. The slrength of end section achigveq
ural moment governs the lailure,

The local seclion <apacity of beam-column ag given by IS 800 is as

10.5.1 Plastic and Compact Sections : ro

given below:

i
1S 800 recommends the fallowing non

-linear interaction relation for plastic and compacl I-seclions:

) ) o
=1 +| =2 <1 .
(Mru, M‘m . . -(10,1)

The foliowing equation can also be used in 2 more canservative manner:

-ﬁ.f.-l.q.ﬂz. <1

N# Md/ My
Where «, and w, arg constarts as given in Table 10.2,
Where, N = Factored axial loag (lensile or compressive)

N, = Deslgntansita strenglh( 7)) or design comprassive strangth due to yielding and is glven
by, .

(10.2)

No= Agly

L %

Aﬂ = Grass cross-sectional area of the section

fr = Yield stress

Yo = Parlial facrar of salety in yielding

M. M, = Factored flexural momen

ts about major and minor axes respectively
My M, < Design Haxural strength

due o corresponding moment acling individuall

yi.e. alone
exural sirengih under combin

M,.,). M, arethe design reduced {! ed axial load and the re spective uniaxial

momenl acling alone which is as compute

d below;
able 10.2: Values of constants a, anda,
Section oy o
I, channal Sngz1 i 2
e N
Circular lube 2 2
Rectangular luba

L68/(1-1.13n") 5 6{1.66/(1-1.13n") < 6

173+ 1857 173+ 180°

Salid reclangle

i i i i imating M
For sections without bolt hales, the following approximate relationship may be used lor eslimating M,
and Mﬂdl :

a} Plates |
{a) M= M1 .{10.3)
{by Welded ! or Hssclions

n-é {10.4)
M= MW[L(I—_-;}Z] S My vwherenz @
v “
t * _
‘ (1-n) .{10.5)
. = —_ M
“"'ﬂ" Moo= Ma 552y S Mes
N (A-20l) -
where, n= Ny - a=—A—s 05
{c) Stendard I or H sections 108
Forng 0.2 M,w =M, o
for n>0.2 Moy = 156 My (1-nl(n + 086) “;8)
M= LTI M (1-n < M, : {10,

{d} Reciangular hollow secilons and welded box sections
For symmelric seclion aboul both the axes and withoul boll holes,

n ..{109)
Mogy = Mw(m}smy
i=n {1010}
= — =M
My = M"[‘I—O.Sa.,-] %
A-2b1, < (A2 05
' Wnere, 2= ( A )so.s,a,-( A

(e} Circular hollow tubses without bolt holas’ s
My = 108M(1-n'7 ) M, {10,
10.5.2 Seml-Compact Secticn

i i flexural
Design of semi-compacl seclion is quite safisfactory under fhe gfieclo! q::cmt:me‘?1 ::uc:i“ Z?Se zngd e
moment in the absence of high shear (orce provided maximum longitudinal siress under
and flexural bending (£, satisfies the following critaria:
' f
A

. <
' ' Tnx

For checking the local capacily of a beam-column, Eq. (10.2) can be used.

10,6 Check for Overall Strength of Member

i ember is subjected lo
+  Overall stability of beam-column may not be adequfac enoughin c.as:: the {: axisr is subj
large compressive lorce and single curvature bending occurs aboul the minor axis.



. “ l!‘l&y 3!30 occur f.“ a mem! ; { ! ‘-—h:nd
ef \'fhlcl i.s not very & g/} buf SUbIECted 10 axial COHEPIBSSIcn
; i ‘ ‘. t ' .
Sﬁbmted to sir |gfe curvalure bﬁf 1dis lg abm.lt Ihe Mzor axs, V

The member fails on a reachi

Dot ;c;::;}:é :gie?chmg lhe glreng_m of the member at a section aver the len, th
iiduirmlsimiongs ;{ ec:mpressmn and magnified flexural moment, In long hén?bem
u J &xis. fai nay ocour due to weak axis buckl i .
ns;ocrsent seclion under combined axiat 'oad and flexural momant voting erfaluract e maxim
clion may also fail due to elasli i :
slic i
oy ic or plastic buckl!
ments. }

In long members suﬁj ; '
ected 1o large compressi iaxt
biaxi; i s Sion and uniaxial bending abx i .
al bending, the overall instability oceurs due to [skural-tersionat bugknn:m the major axis or

el er !g‘h of {ang|

lhe averall st lon and compr 10N mambers
" PIBSSION ma2mbi

momenisis Checked asper the bﬂowing pr ocedur o

g depending on slenderness ratio of platg

subjectad to axial load and fiexura)

10.6.1 Checking the Overall Stability of Tension Membér
Th n '
e reduced sifective moment {M,.) must not exceed the {laxural strength (M

ie . ) due Lo torsional buckii;
M, < ‘ M, ckling

where, A

(]

= M- Y12,
o= W
.{10.12)

where, = ¢
, M= Faclored ﬂc_axusafmmm. T =Factored tensile force
A = Cross-sectional area of the section
Zé: = E!as:hc sectionst modulus w..t exireme campression fiber
4= 0.8il Tand M can vary independently ‘
= 1aotherwise
My = BZyfzqitor laterally unsupported beam secticn)
1 i ’
0.6.2 Checking the Overal Stabllity of Compression Member
- oan |
In general the moments applied (o beam-columns in frames ara of

Thus it is necessary lo first 2rriva at a uniform moment

D ed end omernts ‘QHQ d arrivi 11 i1 Tl calion IaC or thal w Iadequah}y
ap| I Mo 'We by mvmg atas i

labla odifi {Hs] lor I i
account ‘01 the sliects of akfa“y mmsed k)ads on this eq“NaIenl unilorm moment ! (

Membars subjected to combinedasial

"bined axial compressi iy

[? e R Ny NS ive load and biaxial i .
olioviing irteractien relationship as given by IS 800: ?‘*ﬁr;ﬂdmg should salisty the

. opposile nalue.

that is equivalent to any cbmbfna:ion of

Y !

P C,
——+K, My +K,_r—M’ s R
EX Moy W, ..(10.13)
I
)_J_.[.o_&(ygﬂ’ﬁq.}{lgﬂ"m_! <1
- i, M, ..{10.14)
where,
Cro €,e = Equi i
my O = EQuivatent unilorm mom i
ent factor (reduction factor) which accounts for unequal end

mom: i
ents i.e. the effect of moment gradient (as given in Table 10.1).

P = Faclored axial compressive load
Mr M, = Maximum faclored flexural moment aboul y and z axis of (he member
Py, P, = Designstrength of the member under axial compression as governed by buckling aboul
minor {y) and major {2} axes respeclively
M, M, = Design llexural strength about einor (y) and major (2) axe
laterally unsupported length of the cross-seclion
K,=1+ ¢,-02n, < 1+080n,

5 respeclively considering

K,=1+(4,-02)n, ¢ 1 +08n,

1-0.13,0, 0.1n,
Ky = =21-
(Crir —0.25) {(Cour - 0.25)
K, K, . K,y = inleraclion factors (moment magnilication faclors) to account for moment amplilication
due lo P-5 elfact and simplity the equivalent uniform moment {C,_M). The inleraction (actors
K have to account for the ellecls of combined aciion leading to specilic K lactors lor
various modes of buckiing of beam-column. K and K, arg used lor flexural buckiing and
K,y for flexural-torsional buckling.
n, = Ralio of aclual applied axial force 10 the design axial strength for buckling about minor
{y) and maijor (z} axes respectively.
P d P
= a -
A dy Pdd
C,,r = Equivalentunilormmoment {actor for Iateral torsional buckling (Table 10.1 ycorresponding
10 aciual moment gradient belween lateral supporls against lorsional deformations in the
critical region under consideration. In general, C,,, ;istakenequalto Cp.

Nh, = Non dimensional slendernass ratio about the minor and major axes respeclively

My

10.7 Procedure for the Design of Beam Columns

«  The design procadure lor a beam column is a trial and error one and involves iterations

« A lrial section is selected (irst based on some r

~ capacily of the section along with overall capacity of the member.

= Thechecking ol ihe section ang the whale member is nol only alenglhy precedura but calculations
are also ledious and involve a lot of effort to afrive al an ecanomical and of course a sale section.

Stap-1.Determine the factored |oads and the momenis.
gn axial siress [or the beam-column is determined.
determined is increased suitably

atlonale or experience and is checked for local

Slep-2.Arial section is setecled arbllcarily, The desi
With this value, the area requirid for axial compressionis arrived al. The areaso
1o account for bending rmament.

Step-3.Analher trial seekion wilh this area is setected Ir
properties of the section are noled down.

Slap-4.The seclion so selected is classilied. Plasuc and compact sechons
compacl seclions because somi-compacl seclions fail by yielding.

om the sleel lables or olherwise and relevant

are prelerred over semi-



Step-5.T] it ion (i i
p-5.The most crilical section (i.e. heavily loaded) is checked for focal capacity as

[ My }": { T
— + o4 !
My Mdz} s 1. lor plastic and compact seclions

N M,
and AR TS i .
Ny M, M, < l.lorsemi.compactseciions.

Step-6, i i
Sle:—g T‘J;,he member is checked tor its buckling resistanca in compression
-7.The member i Cl i i i .
e me belr is chf:\_ked for ils buckling resistance in flexure as per lhe following proge
onal buckling momenl is delermined by the foliowing relations: prossue

- .
M, = ¢ —Eny GI,+—._."2EI“‘
KLy (KL -(10.15)
or by using, M, = B2/
pay -(101Bj
2
Where, lop = 1w E? 1. 1 fbrls,
(Lrig L DAl
or by, M, = C]ﬂzElyh, el Lyl a2
24,2 (20 na, (1077

whare the facta o3 is us i *
i ed loaccounl to dilfe antl i
Oadl“g and support conditior 18, Eq. ( 10.16, ca
jel atic me. bers ade stal da d olled I-sec o] )
be Uslﬂd (‘)I 1S men s m. o} rd rol ections or welded dDUblY symmelric

S’Gp*E,Ol ce the Vaiue ol M llas been determis ed, the d 5'9” lexut | slrer g"l d des an Hex Ia
cr 1 e, a3 a U

Step-ﬂ The ember s lhan Cllecked lo Ol ne: X1a| De ng a ax
overall res slance f(]{ com. axial ben 1 no a
C bi d di

g
- O‘ta” a tension member is subjected to bend 1§ momen ng with dir an. due Io ong Q
/| i
| taog Ih direct 1 5101 U
(B} The ember ay not be pel’@cr )4 Sflélgllt.
‘b’ Then embe nay not be verlical which i yfact gwes nseto fiexural si £sses due ils self

( ) s
¢} Ecce {ric connec ons indu
ce flexuy 3‘1“01"3 (sand ihus exural siresses
ihu

weight.

itis qU"E‘ ad\'anlezgeou :

k s that lle):ural slress in a fensi member nilican

, et " ) Si {ension me ber is not C]Ujf(—,‘ Sk” ili

since direc pul of a lension member te ds to (‘eCfeaSe the laleral dc”ecl;on caused by 'be l’d““ ‘
Nomg.
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For the designof tension member subjecled lo axial igad and {iexure, the following procadure is adopled:
.1. The lactored axial tension and bending momentonthe member are computed.

Step
Slap-2. The nel area required to carry the factored axial tension Tis given by,
T
A==
2= 09(LAm)

T = Factored dasign lensile furce
{, = Ullimate strength of Inc material
Tt 21_..25
Step-3.The né( area so compuled above is increased by 50 1o 100% roughly to account for flexural

40% lo compuite the gross sectiona! area.
area can also be determined from the yield strength of the gross section by,

T
Ag ) (fvh'ﬂ’O}
f, = Yigid strength of the material, 7,5 =11
The gross area so computed is increased by 5010 100% to account for bending moment.
Slap-4.From the stee! tables or otherwise. a suitable seclion or a built up seclion is selected with cross-
seclional aréa equal to or slightly more than the gross ared required compuled above.
Siap-5.The reduced effective moment is compuled using the expression as given below:

Where,

moment and further b
The gross seclional

Y
Myp= M-—2=
'Where Af = Factored flexural moment
T = Facloredtensileloice
A = Cross-sectional area
Z,. = Elaslic sectional modulus w.r.l. exirems compression fiber

y = 0.8il Tand Mcan vary indepandently
= Yolhervwise

Slep-6.The reduced elfcctive moment obtained above must be less than the bending sirength due io

lmeral-torsional buckling (M,
My = Bpdpfoa
Where, [, = Designbending compressive stress :
= Elaslic and plastic section moduli respectively w.l. lo extreme compression hiber
= 1 for plastic and compacl sections
= {Z,/Z,,for semi compacl sections :

P R e ]

ISHB 300 @ 577 Njm in 8 framad structure acts as a column and supports two l
beams as shown at its tap. The beams are welded 1o the column llanges and transter a reaclion of 220 1

kN and 365 kN. In addltion 1o that, column carries on axial head of 685 kN coming from the top fcors.
The boliom and of the column also carries a similar beam-column arrangement and loading also. The
affeclive length ot the column is 3.05 m w.rt. both the axes. Check lhe adequacy of the column,

Assume loads as faclored loads. Assuma Fe410 sleel.



Solution:
Thus flange is semi-compact.
- 568 _ 43789 < B7e (= 84)

For siesl of grade Fed 10, p
{u = 410 N/p? }: 76
. 1, = 250 Nfrom? , |
Partial factor of salety | iafe ¥ e Thus web is plastic
¥ for maleriale, Yo = 13 - Section is semi-compact.

Check for adequacy of the sectlon in local capaclty

Faciored axial compressive load (M) = 1250 kN.
Factored bending moment (M} = 21.75kNm

Desigyn compressive slrength due 1o yie]ding (Ny)

For rolied k-sections, the relevant bueking curve is “a' an:

carresponding imperlection lactor {7 = 0.21 :

The relevant section properties of ISMB 300 @577 Nim 2/ as foflowsh
Cross-sectional area, A = 7425 mm?

Depthofisectian, f = 300mm '
Flangewidth, b, = 250mm ‘ B % - ?isi—’:z—sﬂw = 1701.14 kN
Flange thickndss, {, = 10.6 mm ' o '
MO1 b Wab thickness, r: = 7.8mm Design banding sirength under corresponding moment acling alone abaul z-axis.
wZz, Iy = 12545.2 x 10* mm¢ L

#Otabout ¥-v, My, = BoZp
Radius of gyrat 1, = 21836 % 10 mm* ' T

gyration about 2.2, A, = 1295mm ) ) z
MOlabout Y-¥, A, = 54,1 m For semi-compactseclions, B, = -EE
Seclion madulus about Z, aan ”
Secmnmmmamy,i ?f?ﬁ:-s’”““mm“ ‘ b Ty o ek BBBOON0
Hgdjusmml‘ rb’_11n-15)¢103mm3 ) o = ZFL? m,’m‘- o = -—'——“"11 .

N y = m .
Ps:asexm section modulus, 2:1 - 9267 % 16 mond = 190.06BkNm
 Depthof web, ) .
' d=h-~2(txzs)=300-21 - . N oMo N
Deslgn Forces o (106 + 11) = 266.8 mm - Ny * My, !
Total maximum factored compressiveload 1250 2175
Assuming reaction § = 665 + 220 + 366 = 1250 = 170114 " 180,068
ion lrom beam geis rranstarred to column at the location of column flange. = 0.7348+0.1144 < |
= 0.8482 < 1 whichis trug

Total maximum faclored bendi
ng moment
Thus section is sale in local capacity crilefion.

300 300
= 355*—-——220x-——) KN.mm =
Because of identical b ( 2 2 M = 21,75 khim Check lor bugkling resistance in cempresslon.
ical Deam arrangements and loadin o
- ] g condilions at the
ends, e bending moment will also be same al the colurmn botram *;ﬁ and bottom of column g _ 2.29 ~12¢12
Classilication of Section b G 1250 kN v 2s0
o 78 ’ I,= 10.6 mm< 100 mm
‘2;3—0 - (250 =1 a R Thus Irom concepts of chapler 5, the curve applicable {or bending aboul z-2 axis is curve ‘b’ and the
v Y250 bending aboul y-y axis, the applicable curve is curve'c’.
Flange outsiand, b2 Given effective length of member is same aboul both the axes.
b= 2= = 125 mm .
- Also r< r;q—
- == =117 y 3.05x1000
{ 105 .792 21.75%Nm elfective slenderness ralio = T = —-—“;_‘4—-— = 56.377
. A .
<larel=157) 1250 kN ) &
‘ 56.377

Thus for % o

> 105¢ (= 10.5)



and fy = 250 Nfm?
and bucking curve 'c’, tha design compressive stress,

fey = 173.4345 Nfm?
~ Design compressive stanglh

Pn‘; = Ay la
= 7485 x 173.43d5N = 1298.16 kN > 1250 kN
—% < 200 _ 5550
and f. = 250N/mm? - U
and for buckling curve ‘8", design compressive slress {£_)
= 221.8032 Njmm?

<. Design compressive sirength in 2.2,
Par = Agfoy= 7485 x 221.8032 N
= 1660.2 kN > 1250 kN

Cheek for member buckling rasistancs in bending

M, = n°El, [G ,J
LU' ' LE;'

Lateral-torsional moment,

Because of equal momenis at both the cojumn ends,

G =10

Ly = KL=3050mm
£ = 2 % 105 Nfmm?

Elfeclive span

G _MmE
1 = 2Am+ )
vhera ;‘n— =p= 03 (say)
E 2x10°
= o m——— 3 5
G 21v03 = 7692 10° Nimm

St. Vanent's equalion

j = z%ﬁ - 2x%¢+<_ta_-§:ﬁ

_ 2x250x106° (300-10.6)76°
- 3 : 3

= 24.085 % 10* mm?

Warping constant () = (1-J3, i N

where b= cenler-lo-center dislance belween the flanges

10.6 10.6
‘ = 00 - —m 2 =
) P 289.4 mm

0

- _Je_ _gs (o dp=1)
' l(; +Iﬂ

1, = (1-0.5)0.5 (21836 x 104)(289.4 = 4593 x 10"/ mm®

" ¢ nEIy(G{' sz[w)

g &
10%x4.523x 10"
= 1 [Pz x21986x10 ([0 05, 0 c85 105 + P x2x :
Vo (30507 L 30505

2155‘3#5 8526 %10 +9.746 % 10%° = 73476 x 10° N.mm

Non-dimensional slenderness ratio,

BoZnly
. Zor
For semi-compacl section, B, = Zne
’u’ | [BE3XICTXE50 a4
! e ) 7347515 :
Ay > 04

Elfect of tateral lorsional bucklmg need to be conswered

4= 0.5[1+ ey ~02)+ N )
= 0,51 +0.21(0,53363 -0.2) + 0.53343%] = 0.67728

1

Sirength reduction factor ¢, = .—TS;
’ Our+\0ir — Ay

- ! = = 091357
' " 5.67728 + J0.677267 ~0.53343

-, Design flexural compressive stress (/)

= zu--&- = 0.9135?xg-5-g Nfmm? = 207.628 N/mm?
B Yo 1.1
. Design flexural capacity in compression,

# =ﬂth‘fm=z‘,z.1w ’
) {+ By= 2,42, lor semi-compact section)
= 8363 x 107 x 207.629 Nmm

' = 173.64 kNm > 21.75kNm OK)

Thus section is sale in flexural buckling.
Check for overall buckling resistance lor comblined axial cumpression and bending

ﬁy+0.6K Cm'M +K2 WM’ <1.0
Pﬂl May



Hes M, =0.P=1250kN
Pg.{ = 1660.2 kN (As computed abc.2) i
K=1+0,-02)n,21408n,
where - __P_ 1250
, = P, = '1'6—5-2- = 0.7529
Non-dimensional slenderness ratio
fy i
Ad = 7
8] f, z ¥
. °E _ n2x2x10§ )
%" (Kh,Y  (@aBeaR. = 3058 Nmme,
' 355866 - 0-2631
- : K= 140,402,
= 14{0.2651+0.2)0.7529 = 1,35
14080, = t+0.8(0.7529) = 1.602
a K, <1+08n,(0K)
Equivalentuniformmoment factor =~ '
Cre=08+04 ¥,
M 23
where ¥e=m = 5775 =1
N . C,=084+04{1)=1.0204
P ok Gy _ 1250 (2175
P My 16602 " 170.64
= 0.7529+ 0.1692 = 0.922 < 1 (OK)

Thus. overall cclumn seclion is safe.

Q;ﬁsféciﬁgs@aﬁaas&;

Q.1 Secondarymoments arise due lo;
() Membereflectd
(i} Stuclreeflscta
For the design of member carnrying combined
axial load and moment, the secondary moments

le be considered in design are:
{a) Bonly {b) Aony
fc) 8-a Wyd+a

.JA.A

Q2 A beam column bent in double curvature as
comparad to beam column bent in single
curvalure:

{a) will have less secondary moments
{b} more secondary moments

{c) equalsecondarymoments

(d) datainsulflicient

3 Failure of a beam column oceurs due 10:

{i) Localfailuraof the section

(i) Overall instability failure due lo flexural
yielding

{iiiy Overall instability due to flexural torsional
buckling

0f the above slatements, the correct ones are:

(a) {iyand (i) {b) (i)and (ii)

{c) (ii)and (iii) (d) {i). (i) and (i)

a4 Inapical ramed siruclure, the cofumns of the

{rame should be designed as:
(a) Comprassion member
{b) Tensionmember

{c) Beamcolumn

(d) Beam

g5 Theinteraction equation locbeam-columnas given
in IS Coda. takes Into account:
) the momant amplificalion factor
(i) adgitional siresses’ produced due to
secondary moments
(i) the second order analysis

TSR AT i
Q.1  Designabeam-calumn ol a moment resisting
braced [rame for the lollowing dala:
Effective height of the column =4.2m
Max. axial compressiveload = 950kN
Max, moments:

Atop end, M, = 180%Nm
M, = 65 kiNm

Al boltom end, M, =-180 KNm
My = 55‘ kNm

0.2 ° Designabeam-columnof eficctive length 5m
carrying facior loads as [ollovss:
Axial comprassive load = 800kN
Mm, = 7OKNm

My popgrm = 7OKNM

O R St oAt )

act

N A Dl

Q.6

Q7

1. (@)
6. ()

Of the above slalements, the correct ones are:
@) (3)and (i) (b) (i) and (iii)
{e) (i) and (iii} {cl) {). (i) and (iil}

A typical beam-column member in a (ramed
steucture is subjected 10:

(a) Axial compressive lorce only

{b) Axialiension and bending

(c) Axial compression and bending

{d) Axial tension and shear

The factor C,, which takes inlo account the
distubuticn ol bending moment in a beam calumn
is known as: !

{a) Modilication laclor

(b} Moment reduction faclor

{c) Equivalentmoment factor

(d) Allollha above

Angwers: (T e B0

2 (a) 3.1d) 4 (c) 5 (d)
7. {d}

"

Q.3

Q4

Design a pinned end column of lengths 5.2m
carrying a load of 550 kN at an eccentricity of
135 mm from the cenlroidal axis of the column
throughweb.

The bollom cherd tension member ot a roof
fruss is 3.2 mlong and carries a factored axial
transfers load ol 30 kN at its mid span. Apart
from that it alsa carries an axial (orce of 380 kN
Design the lension member.



