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In thc prccccling chapter xvc lc'lr»c«1 to design hclu»s for stre»g[h,

In this chapter lmcl i» thc next., w('hall hc conccrnc«l xvith a»othe) asp( c[
of thc clcslgn of hc(nns, nlnnclv, thc dc[el'»in)lltlo» of i:hc (/cglcc[IOII of

prismatic hcams under given loadings, Of p;lrticular interest is thc «1«-

t(.rlrnnatlon of thc HL(l r»1»1111 (lcjlccfto» of 11 he(un undcl 11 glvcl'I loa(hng

since the «lesign specifications of a hcam sviff gener(Illy i»elude a m,lsi-

muln allowable value for i[s «lcf lection.
XVc saw in Scc. 4.5 that a prismatic hcan) suhj«ct(. d to pur(. 1)ending

Is hcnt. 1»to 'll) I» c of cll clc 1»)d tl'lilt, svlthl» thc el((sile 1*»lgc, thc C»I'v,'I-

turc of'he neutral surface ml)y hc express(.d as

(4,21)

where('tI is thc bending moment, E thc modulus of elasticity, a»d I [hc
n)ol'ncnt of 1Hcl"tla Of thc cl oss scctlon 1140»[ lts neutral «i%Is.

lx hcn a. be'un Is suhjcctccl to a tl"n) svcl sc 10'lcllng, I" q, ('1.211 I ('O'Illlns

vllhcl fol cnly glvcn transvc) sc sec[lou, pl ovldcd thll[ Sault I)cnant s pl'n'I

ciplc appli(.*s. 110'o'cvc)', ho[1'I thc 1)cnchng nlo»1cnt. 11»cl thc culvllt»lc of

the neutral surf'acc will vary f'rom section to section. 13cnoting 1)y x the

clistancc of the section from thc left cnd of thc hearn, xvc shall vvritc

Thc knowlcclgc of thc cln vatul'c at vln 10»s ponlts of [hc he(un wlff c»af)fc

Us to ch aw sol'nc gcncl 111 conclusions I cglu cling thc clcfor»1atlon of thc

hcan'I Unclcr lou«i»lg (Scc, 8.2I.
To determine the slope and deflection of the hearn at any given

point, we shall f'irst derive the following second-orcler linear difIcrcntiaf

equation, which governs the elastic cl(rue characterizing thc shape of t'hc
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8 ] INTRODU( T IQN 476

d(foi'i]]cd hca»i 'S( &

&/'-I/,5 J(x}
cix-''/

If the he»din&'«»»c»t In&] h(- I«pi(scn[ccj foi dl «lu
I'Ilc fol'N'tjo» $ /&.] '- &ts I» thc c&lsc of fhc l)c&»ns an«I 10&ii(lll'Igs sj]0'o&B I»

I/j&l (j I [hc, s fop( 0 = (li/ (tx an(1 thc cl('fl(!etio» I/ at,'tl]v point &)I [hc h«iun

] hcoh[;]inc(l ll»')"gj'~vo s»eccss&ve 'Ht('g"1["»as

of jnfeI&I ][jot] jl ill od&i «'ccj in thc pl occss xv) jj 1)c «1ctcl'In»le(1 fi 0»a [1'lc

ho»i«1&LB'on(hi«)»s»ichcittccl In [hc flgur(.

ffon&evc r if (Iifj( re»t 'H»tllrtical functions arc re«I&lit ccj to represent

fli(* hct](jjn«H]OIH('Hf. I» & i»10&is pol [ious of

tj d c(f afjons y& jlj,ij so hc I c(I L»reel, 1(.*&tcjlng [0 (hffct cnl f»»c[10»s cleflnlltg

[h&'ji])f]c ('1»'v(* ii] lhc vi»'10»s pol tlons Of lhc 1)cain. 41 lhc case of thc

h('iln] itild Ioa(hiig& Of I'g f) -; fol cxa»]pj(*& tv'0 «jiff(.*I V»ll&tl (&(ILla[10»s i&i

('((It»lcd,&)Hc foi'li(* poi tlon Of 1)ca»i ~(D i»lcj fhc other 101'h(-'ol t io»

J)J). Ihc I» sf ('(i»,'I [«)» ]'Icfcjs th(& funcf lo»!I 0I it»cl I/I &
a»cj thc sccon(1 thc

finlctloil!I 0& iln(1 I/&. Aj[ogc[j]c I
&

foul co»stiulfs of 1»leg&'&&f10» i]IHs[ 1)c

dc[co]ln]ccj; t)vo v lll I«'ht&H»c(l I)/'vrltjt]g [ha[ lhc «I(.'fleet&0» is xcro a[

A;tn(j fj, an(l th& oth(*r hvo I)&& espn sslng fh;it thc por[IO»s of bean] AD

an(1 Dfj hi» « lh& s,ii»( slope a»«I thc sitn]c «lcflectio» at D.
O'L shitlf oj)q(i»( in Scc. S.-'1 that i» th( c&tsc of a hcaln s&tppor[»]g a

distributed 10;«1 « I &}, lhe clastic curve H];ty 1)e ol)taitlc(1 «lire ctjy fn»n t&;(x)

tltrottf&j] f&]&ir s&&cc('ssivc i&it( gi'Ll&0»s. Thc const'Hits hi[to(luce«1 11] this

f)r»co&& i»ll h('I('[("t'ti »n(.'(I fronl the hout]chit ]& vali»&s Of t, M, 0, I&II«I

In hcc, f),5, lvc sh;ill chsctlss s/(itic/il/I/ »I(t("/ci )nt»(//('dc&(/»Is, 1.c.,
hcillns 'Ioppol'tc(1 Ill s»cll a vv&1

&
tj]at thc n acfio»!I al thc suppoi ts»]vojvc*

f»in'i n]»l'(& Hi]j&I«)M"Hs, Since 01]j)'h I c(& c(ILllllbl'1«llii ('(IH,'Itious iti (

availahlc to (I('t'('I-»litic fl'I('sc &IIII«110%'ns, [hc c(IL»hhl IL»H c(fu&L[toBs I»List

Irc s&tf]pl& incilfc(l hl c&fttittioils oj]tainccj froln thc I)0»»«fary conclitions
fin[)oscd h] thc s»pp&)i ts.

Tj]c n]etj]0(j (lcscl il)e(l c;trlier for the clctermination of the clastic
cill}xc ivlici] seve I'al i»»etio»s iu'c I e(I»» c(1 to I cpl'c!Icn l tj]('en(h ng
nlonlcnt Il mal h«'t»tc'(thorio»s& since it rc(I&tires matching slopes ancj
&1&*11('ctioi» itt cv(*rl tl',tt]sition poitl[, ]I'&/e shall sce in Sec. [).6 that the usc
»f sn]/ittfinilt/ f««(/io)ts (prcvio»sl)& cjjscussc«I in scc. /.51

consjcjclal)j&'in'IphfiL"I

fhc cl('tcl'It»»;&tlOH of 0 it»el I/ af. (t»']I po»ll Of lhc 1)caB]. At]
ill[('I'n&lfji('nc[ho(l foi. [hc cfc [crinjniltjon of 0 an(l I/ base(1 (»I ccl [;]ln
Neon]cfnc f)I opc'I t j(*s of fhc elastic c»rve it»cj involving thc cotnputaf ion of
illcas &lnd »ion»*It ls of al('as uncf('I'hc h()ncji»g-It]0»]«H[ c»1 vc. 'O'Ijj 1)c
djsctts&c&j in [;h;tp, 9.

Thc I»[ piirt of'hc chapter (Secs. If."/ an(l S.SI is cjcvotccj to thc
(/Iio(l of &III)ei I)(»'&/ion, vvh&ch cons]sts of clctc] In)ning s(.p&tratcb, &u]cl

cn ilddin'h('h)pc an(I (I(".flection. C&tllsccl I)v tj]( val lo»s 10&«js apph«'«I
This f)i'Oc((l»re inav he f;tcjjjtatecf l)v the us(. Of the table 1»

- ppendis 0 zvhjcji g&jx cs the slopes an«1 cleflcctions off)cams for various
&jtt]I'& i]]]d [~I)('s of sttpp(

(II } C iltltlf«vcl l&cinll

[I/, = nj [I/, =- OI

! /& } Silnpf) ~npp»I tc(f 1&»,nn

Fig. 8.1

Ffg. 8.2
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