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l,,rr:..rr,edepr\olrhecqui\a.dy{$bLocktoicurftla\jsdeprrj

spec fied ulrihat compE$lve $.ain ofconmre=O.0l]l,,nd

ero$ rario ol rc iniorcemerl

'\rbihrit! shaPed rcinlnrced
corcrcr lRc) 

'nembeis 
sbjed-"d ro

uni.rial or biaxl.l betrding aid axiat
conpre*ion r:e liettuently lscd ni
htrhistory rall buildinss and b.i4e

h' rulenl yems sone nelhods havc
bNrl Pr.sn cd lor the rllimle
Ircrerh rNlrsis of var ous !o crere
sedions, sucl, E L.. aid .hatrie-
shapcd. undc' symmeri.aL bending or
cooblicd biaxi.l bending and axial
conprcsioi Ir 4l. These merhods
.o,npure rhc trhlnalc flexu.al capacily
of secrior For design puqrdles rhey
require rrial and ercr procedfes.

the pEse res*rch aLso aims ai
obeif,ins dned rcldio.ships bc$,en
rhe cohpre$ion l.ad aid ite uniaxiat
betrdi,,-q cap.cnies ryhicL cai be died
as Eady desi30 crans for ncraSon!!

The princ'p! ai'ns oJ fiiswoll isro
Itr ish . 

'nedrod 
tor anatyritrB ticd

co !Dis nndc. the co Lbinedacli.i ol
axal c.ipre$lre load and unlaxisl
h.iine rlul is \inple ir.oncepr arrt
can be b.rcriciall) 

'sed 
if provdhS

cas) med,od ro deal snh chans tor
fi e desiEi olsu.h colu'nis.

DescriFior of ile proccdurc
For collnns n'bjeded ro uniaxial

bcrdin-!. rh. i. ral dis (N A)

rlwals remains Darallel ro the sxis
,boul whioh rh. nomeit is being
applied. Siic. rhe posnioi of Ihe
rcut.l iiir depends or the value of
L\e ecccnticity (e). L\erelore lhe
veiario. of lle Euhl dis positidn
nriy ii Eeneral leads io dE lhEc
posible cases .l comprssion zone

ftrih,ritrg conc.orc .o-pre$ion

Deredin8 on an equivalent
rcu *ule codo(s'on blo(k lor

rhc.onpre$ive lorce of rhe concde

c" = na af conp4srion aae a( d,
...(r)

a/= fttio of dr re$ in rhe

equivalenr nres block lo rhe
speoified comprt$ive stenglh ol

I = speiied cyli'dercompre- sive

Therelorc tu enimatlo! ol ( c. )
accoiiiiS ro rho three difercnr 6es
ol Fig(i) requn s divid ng ihe
.omprslotr bie iino sitople
Seometical aEs €pft$nted by d
napezoidal area ( Fig l-3 ), a
tarezoidal ma and .ecbogul$ ( Fig.
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-!. "-a,i ,,,()

l,.d.Dlclrmfcfunld.dcM

to th.erxnid br fi. s8tLn +

td'itk@.Nb.h.
Mttuidof tr. kctkn .,,(s)
rvhee C,, cnd I" rcr,rese the
cmpas;rc and Ensil. f@ i, |nc ,a
reiiforc'ng b8r rcspetir.ly, s€ Fig.
(2) lhe subscipr (D efere io th.
rci.f@itu *.1 lays Ntirion.

the Mmput.r prosnm h dev.lop.d
in Micmson Qua.k-Basic v6ion 4.r.
Il is @poble ofprcdu.ing poina fiai
d.scribc &e dirl load v.uus nbm.nt
inefurid di.8nn for oy shon
cugo.l elrm undo uniuial
b.nding. Thc proEEn cb only
el_vr stid wh.r dr Einf@ing
eel h plrc€d sr0nckicllly arc$d
lhe periDeEr of Lhe column sliotr,
so th.l lh. planic Gtrtrcid od rh.
entuid 6f dr. onqsc stior

Inp(r dar. for prcgran i!clxd.: lh.
rotd.l rnd stio. pmFni.s lid
the m$ end coordiMrc! or .rch
longiludiMl bdr The ourput ol rh.
pogn, cm3irE of a si.s of d.r.
poin6 ( P and M v!l.s ) thii 6uld bc
u*d ii driwinE lhe intei&rion

The pm8nm !$!m.d ! lilE
variariotr ol stlir ovei rhc depth ol
rhc scction. strain h.rd.nirs of sl.!|,
r.nsik shgi of @ncErc. dd
,endch.$ olt cG m ilndd, ln
addilion, rhe output docs ror includr
th. oplciry Edrcrior a.clq ( I )

Chaft I rtuoulh 8 hrve b.e
preprcrt fs . ce of mi.irl
bendiig of oc$gon cdlunns wirh
slnrn.di.llly .mnsed EinloRiDs
omund rh. Fim.k of r,'l olumtr
s.crioi. Chinr.r. indud.d for 3 md
i6 b an{ngem.nt, co'.rct.

xBaEd on rhe choEn v.h. ol
uhinEtc usabLe stui'r d .xromc
concde conrp.e$ior tibre (r-)

ich ii equll ro 00016r md d-
lin.ir irai'r dGributior r(o$ tl.
depr l olrh. qrd$ *cron Ge.lii3.2),
a Nrclarion bc&ei fi.shi', (r,, )jo D btaD 

'.rlorcinB 
b.r &rd

thc deprI or'r]e.ornt,c$ior Trie (.)
can b€ ohain.d. Let ((,) denor.s E
dhili@ fom d. cxtEme
compre$io libre to $c cenroid or
arr_ ,rbilrary rciniorcine b!r.

R.r{irg ro FiB. (2). rh. lc|in in
aiy n el brr c.tr th.rclore be ohiined

sincc $ccLd be id.ali&d6 eLisric-
perfa y plasli. mii.rid *nh
tuximun, varue of sbr ( , ),
th.efore rh. $rc$ in lny ncc b n

J-- r.E, L ...(r)

l, = nrs in rci.ttrc.mcnt,
E, = (odllus oa .lr$icny of

I = sFcined rield slEn8$ ol

For . eiM Mriciry (.). .
ulu. oflh.compresiv.lMd (P) c.n
be cnimlcd lrcm dE followiin
sinpl. cauilib.iuD €qn.rion
P -c,+Lc,,-2r,,
Ih. ,$o.l.r.d uni.\lal b.ting
momdr (r4 c.D,l$ 6..iimaGd ry
nmrlip u0 rhe ,odei! ol rhc
rcsulring aorccs on rh! ftc$ sciiotr
aound fi:ccnroid orrh.*rion,
)tl = C, t tus Lr.t m 1o the tunboid
oJ th. @tion + t c. , iB h,



rrun-gtl,s l{, le$ rhai or equarro 30
MPa. yield nrenFh ol reinforce,nenr
(l) equl ro 4r4 MP4 and .aiio of
cenrcr ro cenkr dinan.e b.rwen
cxlerior layeA ol lonsirndinal
rcinforce'nent ro ov.El! depth of
seoior (3)squalro 0 6,0.?.0.3, and

f, rrh.lellr-D6im probl.r
A shon RC ochgoM coru,nf

r6j{Ed ro tro$iml .oftprc$lle
load of 5.i03 tx,crinc al a posirotr
(irh ellerricb e = 19,,,, Urr=
13 MPa./ -1 IMP.,\o olb s=
3. b = 200,,,, aid covq = 53 r/r.Ir
is rcqlirod 10 detemine lhe neel ratio
by usin8 rhs proposd chrns.

tt85 1 a3\' )3 '
ih = r.4r421b:2.41.12*200 =

E$ar&l2L-Ds!E!saUs!A shon RC ocragonal colum
subjstn to nomioal compresive
loa'l or 4300 tN a.rirg ar a posiridn
*ith c€e.ticiry c = r6l ,D. U*r=
25 MPa,r= 414 MPq No. oI ban =
16. cover = o.trh and sl..l ario
I Pl = 0.0126 ),tr is required ro

dcremri c lalue ordmcnsion (b) by

^- 
111 

= t q ,!],

p,h =A 0126r l9 4iJ =083 |

= rer *ir, I

=0.3

=llL-a3
51J.2

!=_!L=67
-.dlL = Lar.

Si'ce thG vrlue asdes cloel, wifi
drc acrual nominal l.ad. rhereloe b =

ba6=sr w'rh 9 2,

2.

Enhr clEf I (g=0.3 aid No.

h"..:R, ",h 
1=, / 

^d 
lL=

h fhh

l'{.rpolatins (g-0 76 ard No olbB

XxanpleO) AndEL brobLn
A shon Rc ocragoi, colnm

subjecr.d ro nomiEL compresive
loa'r (P,) aclin8 ar r position wirh
e.cetuicny e - l3l i,,,. Usi= l0
MPql = 414 MPa, No. ol baF = 3,
cover = 60 r,,. b =:50 r,, $d {eel
riio( a =Ar2rd)x is rcquncd lo
detemlne ihe rllo'ible ioniml
compftsne 6ad (P,) by using rhc



Lnt =t).4r6+ 16 )3j =a !:

fi\-st rnn c- 
=0 3 t^d o.nt =A l

601,J5' 1A =1107.7 kN

Eumpl. l4) - An,lrsi! problem
A shof RC ocragon.l coh'mD
subjected to tuminal compre$ile
oad of 6670 &v acring al a positioi
$ith eccenniciq.. Us.f.= 26 MPa,

, = 414 MPa, No. oibas = l6,.over
= 60 ,,r,, b- 250 aod neel ario
(4 = r.orr).ri h requned b
detmine the all.$abl. oomiml
rom.ni by usi,,8tlrc proposed chans.

,,=- 1ll 
= t*t::,

p,tn = 0 o.lt r I ll 7 -t J - l) 9 :

e = A.zJtr 603.6 = 111.8 nrn.

The analysis {d ncsistr ol Einforced
..ncds octasond sections subjecred
lo axlal compr$ion and uiuial
bcndinE @ wry iedious and iine

L h the dnaLysis, a tialardedor
troedrre h tuquned ld ,lnd the
deprh of rhE neuthl .\is s.thrying
rhc eqoilibrium condiiions.

2. In the deslgn proce$, a tial
3DJ ei.or pr@edure is 

'equird 
b

fitrd rl,e steel rsrio (p,) sathryi.s
E srrenellr rcqutenen$.

While the sinflicity of tie presenl
xpDoa.h enabled lhe codnruction ol
ie* design chans ilxn .a. bc used
diredly in design and analysis.

].his reserch ha hen caried our at
$e srructural Divislon of rhe Bu,ldii s
rnd Co'(r.tion EnBineeiine

L

TechNloay. Thanks ar eipre$ed lor

the iollolving ltems re
reconmeidcd fo. lunre nudhs

I App yi',g th. neN approach ro
aialys ilgh sftngth Rc
o.laBonal columis and b nudy
$e eilecl of ene impontur
parameteE on $eir capdit, nrch
as the anotrnr of reinfdrccftc
mtio and lllinate .onpEsivc
stmin valucofcodcrcre

2 E(eidl.grhe ocu appoach ro
malyse incEular shrpes such aspL-t)o ftBdl=L))l),
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