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CHAPTER l 

INTRODUCTION 

l-..1. PENERAL 
The V(;lcy e:ic~$t$noe of innumerablE? steel 9t;r•uctures is 

suffiqi$nt proof tj:la,t the design methods iP practice are ade~uate enou.gh 

to produce useful struct1JT1;>S but when we, study the failure of a str:;wture 

we find tha:t it mey fail by reaching its limit of' usefulness through 

th~se model:i of fail.1,;1.re occur then the structure w::i,11 continue to car.x·y 

load beyonc;J. th!? elastic lii;n;i:t unti1 it reaches its ult,imate load, through 

plastic def'C)rrnation and ~he:n collapses. Most indeterminate structural 

fram.es :f;all intq tl?.is category. It m!;!f).U1S the ou:tstapding property of 

s'\:,ruetu:r,al steel that is "Ductility" was not ta.ken into account in 

elast;ic methods of analysii;i while pla.:;rt.ic methods make conscious u,sE: 

of thii:; property and p:rovio.e a rational app:i."oach to t.he analysis of 

inde·~errrni11a te stri.ictures. 

;l?lastic De::;iig41 is not based on the allowable stress concept but 

tn;izes 111ateriaJ. as corn.pared with conventional el1;ts·hic desigi1. 

The objective of thiis r1Sport is to show the infl1,.1.ei1ce of some 

V!;IX';!.at:i,,9n in thl:1 $Somet:i."ic propcrtions of a ceritain type of gable frame 

upon th$ diif!'erences ixl, the member sizes as determ,ined by plastfo and 

co11ventio~1.al elastic methods, Ir1determ,inate frames clesign13d by plastic 

methods are lqn,own to be lighter tha..YJ. if they are designed by 

1 



2 

cQnvi:mt;i,.onal elastiG methods. l'.t ;is hoped that this repc:rt will indicate, 

the m~nitude of the ~iffer~nqes. 

1 ... 2, FURTHER ASSUMPTIONS (PLAST:I;C ANALYSIS) 

;:L. The material is ductile. It ha$ the capacity of absorbing 

plast;ic defoX'rn.ation without the danger of f:i,"acture. 

2, l]:aoh mE\1mber ha;:; a \Ua:xi.murn mqment of resista11ee 1'}1p11 ii a 

moment that is att1;1.ined thr(:)ugh plastic yield of the entire 

cross s~otion, 

3. Pue to the d1-1ctil;i:ty of steel, rot~tion at rela.,tively constant. 

moment will occur through a C<;;ll::isiderable angle itesu:tting in the 

fo:r~~;i,on of plastic hinges. 

4, Col,'lnect::i,.ons will transmit the des;ired 1'Jvlp" forming a theoreti­

cal continuity and provide for hinge action. 

5, As a result of the formation o;f plast:i,c hinges at connections 

~n,d otheT poin~s of ma:i~i.ro.um moment ;redistributio):1. of moment will 

oQQUl;' allowing the formation.of;' plastiG hinges at points that. 

are 9therwise less highly stre~sed. 

6. '.]'.'he ultimate load may be computed with accuracy on the basi.s 

tiha"ti a sufficient riumber of plastic hinges have formed to c:rieate 

~ m.eohanism .• 

7. The effect of .A,dal fo:rce and the shear force is negl~c.t,ed. 

See the illustrat:;i,on of above in Figure 1 .. 1, from reference,· 11.3 11 • 
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1 ... 3. REPORT DESORJP'rION ( IN BRIEF) • 

The two ... sp~ pi1,1. ... b~sed "'gable 'frame" wi;i.s chosen to demonstrate the 

oo~parative ana1ys1.s a,nd design. 

The elastic analysis i13 done by the tnEr~hod of moment distribution 

and th$ results of the three sets of parameters were tabulated in 

Chapter II. The· plastic analysis was oa.rrie(i out in Chapt$r III along 

w;i.th the q.etiailed. example. ln both analyses the g;i.~avity load govEJrns 

du,(;;! to ):ligher load f ~ctor being provided in qase of pJ.astfo designQ 

'.L'he analyse~ were carried out by as$uming straight connections, 

~l"1hough by intro9-ucing h"1,un,ches the sections co1,1ld be ftr,i:•t.her redt:we,do 

However ;fo:r the sake of compa:rison the com;1ections were ke})'b st:raigh'l, 

and i;,he deta:i,J.,eq. proqedure of design by. both methods presented i:J;'l 

. Ph apter IV. 

L,, 

;en Qo;nolu,sion a summary 9f the comparative results by bo·U.1 methods 

;ts p:resente¢1. ;i,.n t1;tbula:r and cha;rt i'orrn~ i, The influence/of '~he p1;1.rrunet,e:rs 

is clearly indicated by the septions oho~en and the resulting savings 

:tn weight. 
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h::. PL 
Oene~al Frame Layout 

a~ ~an lepgth t ~ 60 ft. 

b. He~ght & Reof Ri~e Ooeff: w!th respect to span length. 

,, I : 

Ca.sfl 1 2 3 .. 
'" . ',, . , 

: 

06 0.1 0.2 0 • .3 
I 

[ 

1 ·· 11 + I 1 ...1..1 1 
/3 -··- - -2 _ 3 3 2 3 

: .. '. '" .. ,, ., 
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2 FR.AME SPACING "" ......... ,......... ~O f't, 

?· ~~I~p 

WV :; Vl;lrtica.1 :Loadi:pg ;::; 3 Kips pe:r foot 

Wh = Horizontal Loading ~ o.6 Kips per foot 

2 ... 2. . /ma,+.ysis by Mom~nt Pist:riiqution (Vid~ Ref~ No. 9 of Bibliography) 

AJ-thquih ;l:imited es13e1?.t;l.a;J.ly to the eontinuous beams and frames i.s 

so mµc;h fA~ter th@ any other method t.b,a:t it has revelutiouized struc­

turaJ.. a.Palyais9, 

'J;'hµs fo:p a,.nalyzing the end moments, shea:oi:ng forces anq normal 

fo;r,oes at ·ohe giv~n fr~me we will employ the m.e,t;hod ot ''Mom(;!):nt, D:l.st,ri-· 

't 
. 3 K~ft. l .t t 

Syn1g About <t· 

DuE;; to symmetry of loading ~1.d stvuoture we vrill assurhe that ;it is 

eJ- :ir e3 

A:.' ;::,-6 lX . ,3:x; 

• 
' 

... ,... 

6 



2 iIU,Pi~ F ACTQES 

~' Fo~ be~t memb~~s 

K12 "" K2l <= K2.$ i:;: . K;2 :;: ,~l 

. 1'. fo:r oolu:tnD,s 

~·~ Fox, 'bent mem.be:r~ 

Ci12 ;;:: C;a1 ~ O;i?;3 .,. 0.32 . ;; ,.. 't· 
b, For 9olum.n (J;3E!ing pinnecl 'l;>a.se) 

O:i,o :; c~0 i;; 030 !;ii o 

4 R~,§Ta.mm1on u~IRNz~ . . . ,· 

DlO :ii: ~,,~lS: ;lH 
. .! l<:1.0 

' FUEP lll1'ID M:OMEN'l'S 

Ct) DQ.e to lo~~s 
t .,. .. :t, ... .d.. 

FMl? - ""E'M21 "!""" ~ ... 

(ii) Due to~ x 

~. F~r bent m~~bijr~ 
4 4 ~i:r..r 

™12 : ""fM21 .r.: "' :,r 

7 



(ii) Pue toA (fo:r beni;, m.embe;1:1s) 

A 6 EI I:::,. 
:B'M12 ;i;: ... ~ . J' 

7 In~~i~ l~DFC~~ON ];..ag_TOR 

:t'l2 ;! .21"" 

Definition (b::r~ef); 

Th$ ooeJ'fiqienit, lf fl.pplied, to :rotat;Lcmal moment Y gives 
I A 

this cor:respond:i..n$ :votational th:rµ,stq Wpen FH ~ ~ O ::r.: FH 

8 

~hus, in, oth~::r words, thl;'qEit induoed in a, m.embe:r su,ch th1.rb 

it prooucef:I a. q.ni t. rqta:t,;l.q):'.lal rnom.$nt • 

. 8 t~9ME~~ J!l~TRtB!Jl:+S~N ,fRQCE;~IDU!l~ 

· Ct) · Du.e to load 

(ii) Due to A 

9 lVALUAl;~O.N ,QI lERU~ 

li1~ ::;; rui ( Rl-112 - RM2:i) + FH1~ + FHi,2 

;i.o 1~:Hili1AE!: JllQ.VA:r:.IOJIT (Fo:ri Sy1nri1,;1·~rical Case) 

I F X ;: 0 ;H12 ir:" V10 ~ 0 

C~se l; 

;r ... o? L :i; 0.1 (60) :;:; 6 ft, "" 

h 
.., 

/3'!.i = 0,5 (60) I;; 30 ftf .,. 
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112 
... 

lC2;L = K2~ .=I K m 
~'(~%) = Q.1144 E,I "'I 32 ' 

Kio I"' ... Kfo Q K!o ;:: ~ = ;3El ..Jo = 0pl00 E:J: 

3 Carry over Stiffne$s Faotore: 

0~2·· ~ 021 
.... 

c~J C.32 :r;: 1 ... ffl ... -7 

010 
Ji . 020 - 0;30 

... 0 ... ... 

· · 4 Fi~ed ~d Momen:ln 

· (i) '.Pl.le tio loalis 

- _L - T'l'M'"f.,, ... . FM'i2 .. ... *. --~21r ..,. = .... ...75 w 

= - '6~~2" Ax = ... a,o ;t.6.3~ !l'Z,CA;x: = -490 x 

:.: ~ i11M. *. = .l ,6EI I!:> :: '.=l'lcI 2 A 
2 ~·-.i,Q . 2~ ~ ;le fJa) X 

:; · Q.00.3.) EI 6 F.:1 100 x (~ssumed,) 
. X 

To !'a,cil:L tate worki,:ng in the;3 d:i,1:rt;.ribut:Lon. table and thus eliminating 

.. l{ 
=. ";.i~~ \: . J.C. ill 

It1~t rt- K12 

; (l ... 0~467) :;; 

6 F:iJced ind Thrus~s; 

(~) Ou~ to lo~d 



l'llt " 'r~ = )'I ,~~l,~ = 75 " Ups, 

·· (1~) Due tp 4 ;11: 

4 l .· 
FH "' .. -A· . 6EIA 

12 "" "' I ··;x: = "'~ x 
X S.,1. 

;:; ... 

$ Mpmf1mt Pi$tX';ibut!QP. Proc;edu.r,; · 

( i) :Pue tq lo~¢]. 

lQ ,,, " 
,, 

D.F D.467 
... . ' ,, . 

O,F ... - ,-

,. 

. F,ML - ... ... 

+;5~0 w 

'. 
R~M t;,.O w 

,. ··:I ' ' I 'I 

M,$ +.35,0 w 

( :ti) Due to A:,c 

10 

D.F -0.467 

C.F ""' """ -, 
,,, 

4 
F.;M ._lOO'x 

I 

t182 X 

" . <' 

R,M +lS~ :x: 
,., 

ws +282 ~ 

12 
Cl, 53;3 

-.l/7 

-75 w 

+40,0,w 

.+L.O.Q w 
' 

,,..35.0 w 
., 

12 

.... Q~53.'.3 

- l/7 

.... 490 X 

t~OS x 

+208 X 

"'282 X 

21 

"' - ... 

- - -
+ 75 w 

' r'- ... 5,72 w 
' ' 

"75.72 w 

+69.28 w 

21 

... - ... 

"'!!'I' "'I"' -

+·490 :,c 
,. 

',.., 

~29,7 X 

,..,29.7 X 

·~460 o.3 :x; 

10 



h. 

( ) . ~ );. 
B:12 ;;; :r l2 !,.Ml~ "' BM21 + FHl~ + Jl'Hl~ 

:::: O,l25 (40,0 w t 208 x) .. (1"'5.7~ w - 29.7 ~) 

~ l6;,5 X + 75 W 

:; .. o.;t.25 (45. 72 w + 2,7 .7 x) ... J..63. B x + 75 w 

~ 80,7 w - l33,9 :x; 

r/2 L/2 

./ 
/ 

:LO She~ Equa.tiQns; 

I }.i':K: ;: 0 

... vlO + H12 = . 0 

~~o + cso.7 w ... 13;3.9 ;ic) = o 
I) . 

;,o -~ (3~, w + 282 x) ,... (80. 7 w ... l.3.3~9 :ll!) llfl O 

~ .. :x; = 0.555 w 

11. 

• . • .J • 
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ll. :Final Moment!;!· & 'l'hl'.'usts: . 

Mo1 = ~ifo2 i.: Mq.3 = M~o · = 0 

li10 :;;.: ... M30 = :35,0 w+ 282 (0,;,55 w) :: +191.5 w 

M:i.,2 = ""M,3;2 ... ..,35.0 w .... Z82 (0.555 w), ;:: -19l.5 w 

,,;.M23 :: +69,2$+ 460.;3 (0~555 w) ::; +,325~J w M2l 
,... ,,. 

Hz.3 = ""'Hzl :; -H.32 = 8Q.7 w .. 1.3.'.3,9 (0.555 w) = +6 0 .3 w ijl~ -... 

2"3(a) ~~?*,I9~~IO~ Ifli l!J;~ EFf~CJ;t 

For the Qases I and II, the roof rise w1;1.s within rnoderate litnJts, 

:L.t w1;1.s pr,s~m,ed that wind ef'f ~ot may not be ori tioal and the analysis 
I , 

exp~~ited for gr~vity loads only, For the oase III roof r•ise was u1,8ft. n 

The:r~fo:rfll, analys:is run :for with wind and without wind effeet. The 

<i/J:P.t:i.re ~a~si$ would be the same ~s p:i;.;esented for case I only the .final 

thPUffl:.s are pres~nted. here. 

Case A; Ve:rtioal Loao,ing OhlJr (without wind) 

'rhe final th:rust value d,.educe9-. by routine analysis as 

Ca:se ij: Ve:i:itic~1 and Hpri2101Q,tal Loading (with wind) 

lt\ this case again thl;?l final thrust value evaluated by the rout:ine 

'l'hU$, even in thi~ e:x:t:rem.e Case the 'thrust values i.ndicate that, the 

The ;f':inal end moment a.nd a:ici~l fo:rioes :i,.n thl:l members or the two-span 

pd;n ... ba~ecl "Gao;le F;ram,ei1 fpr three d;i.f;ferent 013.ses of p~am.ete:rs and 

w :rt 3 k/~t, have been tab1;;,lated ii1 Tab1$ ;2 ... l. 
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' 

oC ft 

J _L 
2 

0.1 
i.. 

3 
' 

...1... 
2 

0.2 
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3 

i. ..., 
.G 

O.,,J 
.J._ 

3 

T_ABLE 2...;2 

FOR END MOMENTS, AXIAL FORGES .AND irF!RUS'I' IN TfIB MEMBERS -OF TEE l'WO-SPAN PIN-BASED 
-GABLE FRAME ANALYZED BY MOMENT DISTRIBUTimi NETH-OD . ' . -

·· ·w··= J K/rt • 

End Moment-s . Axial Forces Thrusts. 
[Kin - i'ti ,. {Kiu:s) lKins) '' 

M10 M12 - MoII'if(i lho N'20 N30 Hu fi21 11~12 N21 --
M-::i0 M-:in 

., 
M?l 1'1?1 Mn~M~; lh, ' rin? No1 H:;n H~0 N?1 N~? 

' ' ' 

+57'5.0 -575.0 +975 .. 9 -975.9 D -90 -180 -90 +18.9 -18.9 -36.1.5 

+652.0 -652~0 +875.0 ..;875.0 {) -90 -l8'0 -90 +33.0 -33.0. -50.0 

-
+58).0 · -583.0 +:854.0 - -854.0 0 -90 -180 -90 +19.,5 -19.5 -51.5 

-
t6Z1'5.0 -645.0 +728.0 --728.,0. 0 -90 -18D -90 +32.50 -32 .. 5 -63 .. 60 

. 
. 

+60J,.O -603.0 +770""0 -770.0 0 ·-90 -180 -'90 +20.0 -20.0 -6.3.J 

' . --+716.,0 -716.o +698.0 -698.D 0 -90 ;..Iso -90 +22.50 · -22 ... 5 -65. Zi5 

M -· 

t; 



CF);APTER ~II 

3~1, w.o~~~§M --~l,1PD ~ Ba.seq , pn u:e12~r . B9und Tp~orem) 

'.tlh:ti method is a. more po~f;:lrfl.ll tool for ~olutio:n of com.pliea.ted 

_strup1;,wres; 

ObJe1:r'l;i:i,ye; Find a meoh~iijm (indepe~dent or oom.pos;tte) such that 

M~Mp 
~Qoed:Ure: 

a~. D~termj,ne loqatio~ of po~sible p~astie hinges (load poi~ts 

~onnectiQns, point of zero. shear ) 

b, Select pos@i'ble ":in¢iepe.ndent" anGl oom.posite meoha.+1ism 

c, Solve equilibrium equation (virtual displ~oement m.et.b,od) for 

iiiustrative e::iami.ple: 

p 

Gable Frame Analysis (Pin•Ba.sed) 

2P 

Constant M:p 

C L +=L J4L . -4 
Fi€;. ,3 ... 1 
,, . 

14 

L 
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It wi+l be assumed that the 1st:ructu:re is of uniform cross.-section , 

· a~d the pJ.aistiQ m.oment eqµ.als Mp~ Notipg the:~ ~aximum moments within a 

s~ruotuile QQ.n oocur o;nly at junction, 'tofhere the shear equals ze:ro. There . 

a:re fo'U.;t' p~ss~ble plaatiQ µinges. It 1$ also observed that structure is 

one time stit:i.oa+lf indetE1:rm:Lna te, T-herr$!'ore 1 the ~tile ·devised by Dr. 

T~UJ,"l~,_ (fr ... ~) :::" Ni " c:' 

Where "n" Num't;,er of possiole ,hinges · 

Where ''x" Number of :redund~p,ts 

Whe:re •1N1' Nµ?Q.b!;ii:tt of iridep,nc;ient m.ecb$.P.i~ms 

a~ · :Beam Mecihanism.s: 

4 

1 -
3 

O'Qv;i.ously the ra.fte:r 1 ... 2 ... 3 ~ould ra:iias a beam. We wil:J., 
.::-. _;; 

1:.4$:J;'efore, chqose this as one of our independent meoha,nis,n.s. ,A.ssuro,e 

h:l,n,ge,~ at top of oolU!lUl, r~dge and und~r pa;f.'ter lofds. Equate internal 

w~rk to external wovk for computing P'a pr Mp, 
External Work= Inte:r:nal Wo:rk 

2P( et) • ~%' ~' t ~~<,~e), + ,1~(e), 
a@ at@ atd, 

p ""'4Mp 
a ... r 

b •. Panel M:ech~ism: 

Bea;I!l ?1echani.sm 
Figo .3-2(a) 

, J;.;i,kewi,e 1 . the total "roof pa.rt" frame could d~form. in a panel type of' 

Qpnfiguratien:i, Asi1nl.IQ.~ h:5,.nges at top of column a,nd cor.istitute virtual work 

~ela.t~o~sh~p fe~ com~~tins Pb or.Mp, 



~ern~ Wo;r:\<; ; Invernal Work 

;£> (eL) 1111 M_p(S) • M:p {e) 

Q~ O,a'ble Me~bi:Wism.; . 

8L 

*2P 

b. Panel Mechanism 
f,'ig • .3"':2( b) 

A$ a third indep~ndent mecb~ism t4e ra£t$rs 1 ~ 3, and 3 - 4 could 

:i,,eme,;in r:i.ll;id while ppint l :rem-a:ined; fi;xed, TJ;ri,s type o.f m.echanism has 

b~ep tepm,ed a Gable Meohanis~, since it can acour only in gabled type 

(lt.' stru.oturEHh A.~EIWQ.in~ hinges at t,op cf oal'llllUl and at :ridge established 

v:irt~l wor~ ~elationsh!p. 
~te:r.nal Work ;: _Internal Work 

. ( e1) · e ~e 
2f ~ z Mp~+ e + ~ 

P (el) = ~P (je) 

I. 

' 

16 

o~ Gable Mechanism 
fig;,. 3-2 ( C) 

Nc;,t only we must consider these elem.eptary m~ohan;l~m forms to obtain 

~ solu,tion to the p;i:ir>blelll in qu(;llstio;n, b\lt we mu.st consider all pcissible 

co.m'bi~tion$ of t.tiem. 

·. df Composite MeQhan:i.eim: 

S4~t hinge shQlll'l for panel meGbanism from top of left column 
' to loa4 point it1 . left :rafter. Locate insta.nt·a.neouf?. qenter, I. c,. by p:roportic 

(;11 triangles w~ e~ evaluate the ''virtt:i.al" :rqtations at each hinge and 
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I.e. 
~~er~~l Work :;,: Internal Wopk. T . e ~ 

·· · )!., 1. e 
/~ 

;/ It 
. P(+ e) ·~ r, 2p c+ (1L) •. ~Lg e_: ±,~+ + e) · 

· at (g) at (4) 
I I II 

ie, ;1.0 M 
;E> d ... ... ! .. ~ ~ 9 L 

or ~ 
... 9 pd L ... I\ 10 I 

Based on th.e p;i:,eoeeding invl:}atigation., 
µ,ltim.ate load isolution is g!ven by 
eQ_U;a tio:o, © . 
i,_e; Pµ. . ;i; lg :J! . 

"I L 

MoIJ1.,;n~ Check; 

I I 11 
I I 11 

I 11 
// 11 

I I I I I/ 11 
· L I I I 1 ~ It I 1 .pl I I I 

· · 1 I I 
tlv• ·~ i·;' I I I . I I 

5 ~,r~ I ~I"' I \ 
)? ..... 1.....- . Cg) 

I I I -).· 
I l I ...,:;i.,..9 
, I I , 5 

41 

Sine~ ~he moment di~g;r~ :lrs i~ !;3quiiibriu.rn with t~e applied ex ... 

~rn~l ioad~, ~:l.noe tp.~re is a f;!Uffictent number-and arrangement ot hinges 

to ;prodq.Qe a .me~hanism.1 and since :p.Qwhere doe$ th~ moment value ~xceed 

tbe fullpl~J;ii;,:i-o moment of tb,e seotiQn, th~s is the ultimate load that 

~i;,:c,u<:rt:iure Qa:Q ca;rry, 

, Moment Diagram 

fig • .3.,. il ( e) 

L 
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.31!'!2~ .ANA~s:r~ • mQMI:tim,,1 M;EiHOp. 

:,.. 'l'lle .fl;'allie is e;iymm~trieal with indi,~Q.U.al spans of 60 ft. column height 

o! 20 ft, and ;O :f't, ~d ;roof rise var:1,es ,from o. l to o • .3 1· •. , 

ihe iP,ding is concentrated at the quaJ;"ter poi~ts of the rafters 

~4 ~~sh~ ~e oon~idered as a closer appro~~matio~ to a uniformly distri­

wt~li loao. of w lCip-,,f't., wp.ere w is 3 K/!'t, the horizonta;J. load is o. 6 K/ft. 

15W 

L - 60 '!" 
Lr: 60 

f:i.g, ~-3 

.~·, The IQ.Ost G:t"itical ulti.mate load oond.7, tion ;fo~ this given load 

is Pu :: F.Pw. Wher~ F ~. Lo~<;l Faotor .. 

Loaq. Oo:Q.~tion: 

C~se ,A.: ]),L, + L,t, N (l,85) 

. Clase :S: :0.1. + L,L t w.L (left) N (1,40), 

SQ f~ O~~e :C Pill ;: 15 w (lw85) "" ?..7/75 w (without wi~-id) 

.. lror CfJ.se B 

(w:1-th wind) fllv = l5 w (l.4) = 21,0 w 

,3, Pl~s.tio Moment Ratio: 

~r.y oon,si;a,:nt section t,hrouihout, 



. ,:; , .. 

4. M~etiM:tsm Kethpd. 

Ca,.se I, I;ndepexident Mech~sms. 

tQ~atio~ of pos~:tole plastic hinges 
N : 15 

~i+:no.er +oad p(l)ints, Joints, poiµt of zero shear) 

· Re<ltUld~ts 
l = .'.3 

(re~ov~ mid ~u~port and ij) 

n;::i;N-X:: 12 

'.!:'he l~ poSl!lible ;tndepe:ndent mee~a.l'.lisms are shown in Fig, 

l(eohan:Lsm 1 ... 4 
:aeiam Meehe,nism 

Meehe'Ais:m , ... s 
:S~$P!- Mec;,J:ia.nisqi 

Mechanism. 9· 
fE!)lel I1echa.nisIJl. 

M~chanisni. 1:a 

Joint 
M~oha:n:L$m 

9 

(]) 
-

<a) 0 
1l ,, '' 

;39 fig. ~',3 
,' ' 

(a)I 

"· 

~ © 
-

fit. .3-;3 (b) 

fig. ;3-3 ( e) 

19 

© 

® 
--, 



3,,-3. h Q 30 ft, Ta.Pl$ 3-1. 

1 

9 

1; 
9 . 19 · · 

10 
I 

36 

Mechanism Analys;is for Two Span Pin Baf;led Gable 
Fram!:l in Pla.stio Design (C~se I ~; 0.1) 

L 

Intiernal Work E;:e:terna1 Work 
Wt./H ,O W: /Pn• L 0 

18 l+;L+l:.; 3 

2 l ,._ 2 + l ,t,-::,:,..+ 

2 2L 5 
-= ~ 

5 5 

l + 1 ( ) .,.~ """~ ,j"' -
8 · 8 

0 

J 1 ~ T + -t"' + s "'". 
1 - 1 T"'" 

l '.2 ~ 
2 I'~++. +. ~- d O . 8 

+ ,.J;..,..~ = _JL 
8 .3 .3 

20 

5 
Mp 

J)aL 

0 

2.2 



'rable .;3 ... ;i, Mecba,nism Analysis f'or Two-Span Pi,n Based Gable Frs.me in 
Plaf'itic Pesign {for Case II ~ :; 0. 2) 

2 L 

21 

J. 
16 

J_ +r .. Jr.,,(3)= l ~. 
8 ~ 2 16 

9 

:L/" 
:lo;l~ lS 
12 & 
J,J 

1+1+1::.3 0 

~ + 2 + 1 ::; 2L, l + _L + _l.. + 
~ . . .. 5 8 8 6 

~ = l, 

0 

.,.j, 
2CJ 

0 
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Tabl~ J .. .3~ Mechaqism Analysis for Two,.,SparJ. :Pin Based Gabl~ Frame in Plastic 
De53:i,gn ( Oa,~e :i;:n; ~ :; 0, .3). 

10 
ll 

.. 1,3 16. 
9 ~ . l 
10 ~-· 

~··-,---- L---·--

Mechanism 

~ 5-

Internal Work 

2+2.f..2+· 

- 1'Z ~ u 
5 5 

5 
Mp 

External Work P;t 

. .,l.. +..J. .... (3 J? 1 
g 8 2 

0 

l ~ ? 
+ ,......:'...,+-d-..+ 

8 8 . 8 
1 ..::: l 
8 

1 + -2... + -2...+ T s s 
1 : l 
8 

1 
16 

0 

....2. 
26 

I ~~_,.....,..--------~..,.....,.-·------
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MeQpanism. A~a~ets, 

'J;o facilitate the ea.lculat;Lons the ro,.alysis is done in tabular form 

(Se$ 'ra'ble ;-1 to .3). Coliµnn "J!' .. }~ears t,he meohanistn number column 112" 
. ·G 

contains a, meoha.uisrn sketch. S;Lnqe the deform.ed. shape was drawn-in fig. 3 

a,,,d 4, th;i.e feature iij not ~epeated in the small sketch. The inte:rnal work 

:ie coI!).p!Jted i,n c,olum.n "3 11 and column "4" conte,ins the computation of 

~~t$rnal WP~~, liiting the work qone by ~aoh load in the same sequence. 

'1'he ratio of Mp to 1\cL i.s given ;in oolwo.n 11 5''~ 

'.t'.p.~ mechl!Ulism, at1gle ~t section l., 4 and 7 are ~ e , 2 e, and e res.,. 

p~at:ively, 

W}).us th~' t~tal intert1al work is :;; ~ M-A or W:r ::; ~ (See column 3) 
., Y- . ~e '.I 

Udn~ th, instantaneous cexrt;,er the load at 2 does the work equal to 

· ;p( j ) ( e ) ~t .3 the wor'.k equ,al, to '.fl( 'f ) (e ) 

s~wn~~t 4~7 rotat,~ abo~t 7 thPQUgh the al'llgle e and, therefore, the 

vrorlc dl;)n~ by the load at 5 equal is P( ~) ( e ) and the work done by the load 

~t 6 ~~ls l?( j ) ( e ) • 
Theij tote+ e~er~l work P'.\'..iO (j + j st i ""' j ) ;;: 1 PL e 

WE/PI.a 11; ;L sh9wn in co;Lu.mn 4 

By the virtual work ~elation 

or 

Internal work ~ E;icternal work 

:; 1 p .. L 8 . u . 

Sim:i,la,;rly, we QM get for mechanism 10 

Shawn in column 5 
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• Mp - .2,.., 
' 

P.~L :2/., 
fo;r Ca.se II oG .,, 0.2 

u 

for Case III Mp ;; 2.-.,.,... 26 
p L u 

Review;tn~ npw the possible; 9ombinatians these ~e made in such a wa:y 

~s tq elimi;natE;. plastic hinges, · because only by this means the ratio 

i~P~ L ca~ be increased. 

MechMiStjl. ;1..,3 :Ls fo:i:r•med by combining mecha,nism 11.,, 12 a;nd 10 and 

01ech~i~m 15 i~ formed by combi:P;i.ng m.echan:1,sms 2, 7, J.O and 11. 

;..-5, ~~~~t gJlE~! (for Hechan~,sm 15 h !:! 30 ;ft.) 

R,e:f'ep:riri.~ the t~bles .3 .. ,3a, b ~ c the coll~psed mechanism 15 is 

cal for all th;i;-ee cases r 

wl,?,ioh gives; 1\ ri ~ F L for Case I 
21. 5 u 

~ 
;:;: ~ P .. L for Case II 

2.3.0 u 

~ 
.... 
~ p L .for Case III .... 
2Lt'. 5 u 

Case l: ( o(, ... O.l) ~ 

T,he moment diagrara. for this case is shown in fig. J; ... 4 

Fig. ,3-4 



Ohe~k fo:r moment at E;iach cr:tt:ic;i~l se;ction. 

(Rafter equilibrium) 

B~a.rp. 1 .. 4 

M,:3 ~ + M1 ... + M4 ·~ 

Bea.in J.v.,7 

M~ ;; + ?\ .., + M7 + ~ 
M4. ;; + N5 + .,l.. M7 ... :P!,1,L 

3 3 · ~ 

J,.. 1 21 50 · 
.:: 3 Mp+ T 11> ... 36' ~ :;:; 

M~ :; + (,2~0~0 Mp) .. iB Mp + 2~~~~ 

b) M;p valuer 

S;i.noe all M~ Mr plast;ic mo1nent condition i't11fil1s 

5 P:u,L ~ ( ) 
Mp :; ;i:C'.5 ::: 21.5 27~75 w (60) = Q82 :i[J 

;Fo:r the ca.ses Il and III .ti1e same type of mechanism considered to 

25 

oe C:Vitil'::al as w~ have seem in case l~ Thus we can fairly sey that moment 

fo:r the cases ll and II! will also fulfill the plastic moment conditiono 



TABU:3-4 

RESUL1'-S OF MECHANISM ANA.LY-SIS IN . 
COEFFICIENTS OF 1'Mp . lt DiMENSIONLESS RATIO ·-l'u"'L 

1 Parameters 
Mechanism Referring to 

· ~able .3-1, 2,, 3 

I oG 

0.1 

0.2 

1 
_1+4 

+1-h 
l l l 

T I 16 

1 I 1 T • .16 

..1.... 
3 

1 
l6 

5 
5+8 

l 
""T6 

1 
16 

1 
"l]; 

1 

9 
119·tt 

0 

0 

0 

16 i 0 

10 i 1:31 14 h 15 
lO+il J 9+J.(} ll-1;J,2-+-, )lOt-2-t?· -

..2... 
Z2 

-2.... 
23 

5. l -2.. 
24 1 23.5 

-5 i ...2. 
26 i 24 

...2.. 
21.5 

..2... 
22.25 

....2.... I ....i.. 
24 I 2s 

....2... ~ ...2.. 
24.5_ 1 23.0 

...2.. 
26 ~ 12~ ...2.... 

24.5 

1 - -·--..---1 

0.3 

-1.. 
2 

1 
lb 

J. 
"1:6 

...i.. :1 .,J._ 

....,.__...........,__t-J-o1-I -~ I 32 ~ 26.5 , 
0 ~ ..1,.. 

2L •• 5 

i.. 
3 

1 I 1 
Jh 1 1.6 I o 

II I = J. =--'•n•w ,L 

i 

-2-. I ..2,.. I =2.... -2-
29 38 1 .31 26.? 

i _ _J 

NB: - The -cri ti-cal mechanism 
was No..,10 .. The plastic moment 
was checked for t4is and it 
fulfilled the plastic moment 
condition. The lightest sec­
tion s-el~eted -on this critical 
":Mp11 given by mechanism 1110" 

1\) 
O', 



CHAPTER IV 

DESIGN 

4-'.J,.. GENERAL 

The two ... span pin .... ba~ed ~able frame was chosen for comparative analysiso 

Ch1,b;l.e .f:ram~.s a.re becoming much more popular than column truss constru.ctiono 
. I 

These ,frames prqv:i,.de 1n,uch room on one hand, and the other reason is that 

they a.re easy to erect. No doubt frame construotion involves more steel 

th.an the column truss construci;,iol'i, but due to numerous advan:~a,ges · the 

material f~ctor m,ay be overlook~d. 

4.,,.~, SPEC!FIOATIONS 

1. Load factors adopted for continuous fram.el:l in analysis goverx1ed by 

AISC Nov; 1961. 

C~s~ A. When we consicl;er ¢1.ead load ~d live load only j the load 

faqt9p shoµ;Ld be 1.85. 

Oas$ :a. lssu.rning the effect of wino, in conjunction with the dead / 

;Loao. and live 1Qad its value reduces to 1.4 

2~ ASTM A ... 7- structural steel was em.ployed for the sections in both 

3. Fo;r propol;'tt9ning the m.inim,t1.m, th;i,ckness ratio and secondary d1;:,­

sign requirements governed ey- AISO speci,f:i,oations. 

4.,. .3( a) GENE!)A~ PROCEDURE IQli I;#ASTIQ DESIGN' 

The gener~ procedure is ou.tl:l,ned as ~C;>],;:Lows: 

27 
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l-. Dete;rrn.~ne possibl.~ loadi;ng condition. There are two lo$d:i.ng 

cond.:Ltt~ms, These a:rEH 

A~ Live load iUld dead load. 

B. L~ve load a,nd dead load and wind load, 

;;h Oow.pute ul'ti;ima.te load by mult,iply;Lng working load by load 

for Buildings; 

P,L f, L~L 

p • F 'D U . "'W 

D.:J;i + L,L ..- Willl,d ·. 

For ptpe~ £orms of c~nstruotion: 

F ~ ~ f . 
~ 

F = 1.85 

F :: 1~ 40 

Wher~ G'" w ;;:: world,.qg stress allowed by A:CSC, 

). · Esrt;ima.~e plastic bending mo.ment ratio i'or various members. 

A, Detet.m.in.e absolute plastic moment values fo;r separate loading 

09n~ition, (As~ume all joints fix~d ~Ainst rotation, b~t f~ame free 

t9 eww). 

a, Besm.s; Solve beam. mechanism equation. 

b, Co~umns: $Q1ve p~el mechanism equation,, 

B. ~eieQ~ plastic moment ratio ustng t.Qe following guides~ 

a. Beams; U13e the.value determined in 1;1tep A above. 
' .. ·, 

b. Columns; At cor;ner aonnect~ons 

Mp (Colu.m.n) = 

a, Joints: Establish equilibrium. 

C. Oom;pute the .m.aximuµi plastic moment (Mp), 

n. E:ic~ine the .f,'rame for further economics as may be apparent fro.m 
· .. , 

28 



4• Analyze eaQh loa~~ condition for maximum Mp. 

5, Com:pute reaction:;i fov each loading oondit,ion. 

6~ $elect sectj.o;r;i.. 

l?lastie modulus Z is equal to section modulus S multiplies by 

she.PEIi f Mtor. ''f" or i z; t: S, 

FQ~ wf s,c t;ion l .10 "< f' < l. ;23 

Pla~tio moment Mp = Py.Z 

(where 6;- ~ 33000 P~l 

or z ~ 0.364 Mp 

for ASTM A~7 steei) 

for oov~r plate Az ::: \ • dp = Ap (d - tp) 

Net Z fpr members with hole in flange or w~b 

z (net) ;; Z '"' l ~d~~), .... tw , y 

·t • Fla;ng~ th~.ckn~ss 
d ~ Depth of section 

t w :;; We~ thickness 

. A -. ~ ~-:p ,,- Area. of plates 

· ·. dp = Clear d~stance of plates 

y = D:i,stan.ce f:rom centroid to hole. 

7r Ohe9k desig~ to see that it sat:i,sfies ~11 limitations. 

Eh. Ohaok deflection it t1ecessexy the analys:i,s undermentioned, does 

not r~qui.:vecl to pheok. t,he deflection. 

/r$(o) ~l!l1¥J;l~ PROCEDURE, ?;OR J;t'tA§T!C DE§W!· 

l. l;lete~ine poss~l;>le loa~ipg condi tiol'l. 

~) Dead load ~nd· live load 

b) Dead loa<;l ano. live load end wind load 

29 

· ';rhe investigation in conjuxiction wli th the 'Wind load revealed that it 

ls :not Qrit,i<;:al, 



2, A1:1alysis dom by the .method or ''Moment Distr:ibution 11 for 

determip;i.~ the end moments, shearing forces thrusts, eto. 

.30 

), The c~~tieal design seotic~ was oonaidered at the inside face of 

eoJ.umn and bottom of gi;rder.; it was proport;i..oned on th~ value evaluated 

in st,p 2. 

4~ Allowable bendiri,g stress a.'l;i these critical sections k$pt limited 

tQ 20 KS l moo.ified where nece,sary acco~ding to the formula. 

Fb ~ l;~~~ 
Fo~ allowable o~mp~esaive st~ess to be llmited to Fa ~ 17000 • 

: 2 ,. 
0,485 · i;~ .:~ Wild the:~ the m~(: combined, stress be limited by the pl,"ovisions 

of seet,i~p, (12) (a) of the ~!SC spepi£';i..oatio:n$, 

la; 

5~ Thf/il m~ coWibined stress· be determined b;r the oonventiona.1 f'o:rm.u-

,¢' = -l..+ ~ 
.ir A l 

6. Ohecl,i; fol." stresses of the designed sectio:p. 

fa . fb 
...... + . f!'C!""',· .. 1 
F~ F'j; ~ 

where !~ F Act~al axial stress - N .. T 

Fa .. i=i Al1,owa°Qle oomp:ressiye stre~s with respect to 
( ........., ) :rat:Lo. 

r 
Flexural compressive stress = :¥.9 

I 
Allowable l'.)omi:wessi.ve stress 20 K S 1, 
spijcified qy AISC. 

4 ... 4(a). .Q~yTI,9i .Qtl!im SECTIQN 

Th$ Q~o;i.ce of .section done with due ~µi.ph~sis to the) .following points 

. ·e,si ou. t;U.ned h~r$: 
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a~ The seqtion should be pf the minimum weight which can be permitted 

by the Jl~et:t(;l D,sign proqedu;re. 

b,. Se;J.eot~d seot:ton should be checked against the stress with, 

'l'hu,s w:Lth the;;i!a two major oonsideratioti sections were selected for 

(;lll the three cases ~s mentioned before and the results were tabulated in 

t~ble 4,,-;:L. ;c;tlu~trations a,:i:i~ giv~n below to show t,qe desig!1. p:voc~dure in 

'l'lie critical seet,ion for t;,,is ca,~e is ·at the middle bent me.rnber, with a 

pe;ndin~ moment of ~a7, K~ft. ~d its corresponding axial force or ~,o Kips 

usins the .factor of safety of 1.6,. 

T:cy 36 WF' 182 

1. Op.eek .fo:i;- st;i:,e~s a.t the cri.tiqal section (middle bent member) 

As11!Ulll~ puJ:'lin. f?:pao:Lng 7.5 ft, o;r;, L ;: (7.~) (12) :;: 90 in 

. Frm-ii !:):$0 mar.n~al for 36 wF 18~, A "\" ~J~ ~4 in2 , d = 36.;~ in , 

b ::; 1~~072 , Sx :;: 6:U~2 ir.r3 , ry ;: 2~47 in 

i) Allowable Stres~; 

For bending, 

Ld i.: ,20 fl( J6. ;a2 ;: 229 < 600 
b't 12~072 ;ic i~iso Fb .,. 20 K.S 1 

Fo:r Ax;ia,l for ee 

F:rom A:CSC ta.oles Fa= 16 • .35 KS 



ii) ./\(,tu.al St:res1;1 

For bending;, 
Ji. 872 (12) 

:f0 :: S :;: 621,2 . :::: 16.9 KSl 

For·A:ldeil 

f ~ ~ = ~ = 0.9)~ a· KSl 

· Thus, 

16.9 -+ _ :;:, 0.0570 - o.840 
20 

From. Table 
,. 

A$~ume g~t spaGiP.g ~ 5 ft. o~ L ~ 5 (12) = 60 in. 

:1..) Al;J,owable Stress 

Faw be.p.d:tng~ 

32 

For Axial. 

.,J::... Isl ...eQ_' = .. Freno. table "F = 16.71 KS 1 . a J. 
r i,:"£)1 

ii) Actual $tress 

Fo:v b~nding. 

rb .. Ji..8. • _622.Q Odil. = l2.60 K s 1 
621.2 .. 

For Ax:lra1. 

. - ..JL 29 
fa· - A ;: 5:3,54 
Tht1rs, 

1,69 12.6 
;;. 111($/71 + 20 '"' 

I 



3. Ch,ok for str~sses at i:nterioT oolu.mn 

M = 0 1 N:: 180K 

Assume :no ~ixit is neec;ied L ;=;: h • 20(12) .= 240 inr 

i): Allowable Stress 

For b$:ndirlg , 

;;: 610 > 600 F :: 12000 
.. ' b #9: 

bt 
~ 1~000 ~ 19.65 Kc I ·610 '-' 

.33 

From table Fa= 12.44 KS 1 

ii) !etuai S~ress 

For bend;f.ng. 

~· - M . 
J.b ""T = o 

Fox- ~a,l. 

~ - ..!.,. B 18~ ~ ~ ~6 KS 1 .i.a, ,.. A ""' J3.54 ... .,,,,.,,, . . 
· 'l',hus, 

~ + ~ 
Fa fb 

.3,;6 : ~ 0 • 0.27 <l· · 0 K 
i2,44 

'O'se 36 wF 18~ 



.··· Parameters 

. ' 

. o(, /S 

..1... 
2 

0.1 
1. --3 

...L 
2 

' .. 
C 0.2 

...1... 
J 

...1.. 
2 

0.3 
_L 

3 

TABIE 4-1 

LIOHTEST -wF SECTIONS FOR THE NO-SPAN PIN-BASEDr 
GABIE FRAME SELECTED BY ELAS~Ie DESIGN ;;' 

• t 1 _, I " "' .. ' 

Selected Allowable. Actual Critical Section Elements -
Sect1.ons Stress Stress 

' 
,,.. ~< 'al l di Ax1 Ben ng Axiai Bending 

M (K ft) N {Kips) Location WF Section -
Fa Fb • f ' - !II fh = t ~- 'I ' ····· a ,. 

---· • ,J;; .. - • , .. ~- ·-·· , .. -· ~ > ....... " - !'t: 

+975.9 -36.15 Middle Bent 36 WE' 194 16 .. 35 26 o.6.35 17.7 
1 Member· 

-

+875.0 -50.0 Middle Bent 36 WF 182 16.,35 20 0.932 · 16.9 
Member .. 

-t-854.0 ..:.51.:50 Middle Bent 36. WF 170 16 .. 35 20 L,03 17.7 
Member 

1'728.0 -63.60 Middle.Bent 36 WF 150 16.30 20 ' 1.44 17./1) 
Member 

---, 

+770.0 -63 .. 3 Middle Bent · 36 WF 160 16.34 20 1.34 17.1 
Member 

! 

+716 -90.00 Exterior 36 WF 150 16.30 20 2 .. 04 15.90 
Column ··-. 

I 

Jheck for Stress 

.f ... .. J.b 

...!!;+--~1 
F.. Fi.... 

-0.91-9-<l O.K 

D.897<1 O.K 

0.948 <l O .. K 

0.959 q O.K 
;· 

0.930<1 O.K 
,· 

0.-915<1 O.K 

-

-

\.,.) 
.~ 



4 ... 6.. SELECTION ,QI sEqTJ;O~ (For P~as,tic pes~sn) 

The possible section se;I.ected in this case again :is made with due 

oqnside.ration of 

a, Min weight wF section 

b. Plastic moment of the section should be sufficient enough to 

traxi.sm.it the required Mp. 

';L'hus 9?'.\ i;.J:lis basis, s~ctio~1.s were seleo:i;,ed for each of the three 

a:ases wit,b, w ;.::: 3 K/ft, i3,!ld employing A ... 7 steel. 

~· Case I ( o(,:;; O.l) 

;i,) h :;. 20 :et, 

Mp-. .')74". W · 

Mp ;; ll22 ~ ft 0 

T:rh .33 wF ll$ wh:ich gives 

(Mp ;: 11.39) 

b. Case II ( o(j ;:: 0 • 2) 

i) h ;; 20 ft. 

. Mp ;::; :340 w 
c . 

Mp = 1020 K ft. 

Try JO wF l16 which gives 

(Mp ;:: 1038) 

c. Case +II ( fX; ;:i O. 3) 

i) h = 20 ft. 

Mp= 311 w 

i.e Mp ::: 93,3 K f·b, 

'.L':cy .30 wF 103 which gives 

ii) h ., .30 ft. 

Mp = 3.87 w 

Mx:, ::: 1161. K ft. 

TJ'.iy 30 wF 132 which gives 

(Mp ::: 1201 K ft) 

i'.i,) h = 30 ft. 

Mp :;i 362 w 

Mp = 10$6 K ft. 

Try 30 wF 12L, whioh gives 

(Mp ,.. 1120 K ft.) 

ii) h:,; 30 ft. 

Mp• 3LiD w 

i 0 e Mp :::i 1020 K ft. 

Try .30 wF 116 which g:l:ves 

35 



IJ, .. 7~. §~¥1:i'.C!;QI:~ , P,ROQEDIWJS. (~ OH/@T 4-2.), ~ FOR TH;IS. PLASTIC DESIGN 

·llAi .au ,D~~ ~.,,P¥)~Tµ)~ 

( (X/• 0,1) 

i) h = 20 ft. 

f .. ~ L 111 0. l x 60 ... 6 ft. · 

Q .f - 6 0 '2 
1111 T "" 20 · i:; ,,.., 

p :;: 0 

F!X'o~ £r~e chart we get: 

M;p ::; 9,0545 X l.85 X (60) 2 ~ W = 363 W K ft, 

for W ~ 3 K/ft. 

Tey :33 w:F 118 

ii) b = ;30 ft. 

Mp = 1089 K ft. 

(Mp :;; 11.39 k ft,) 

£' :: ¢ L ;; 0. l x t>O :; 6 .ft, ' + 6 Q ;:: · : W' ;:: 0.2 

t) = 0 

From. f:rame ohart we get: 

·~ ;:; 0,0569 
WL2 

Mp ~ 0.0569. X 1.85 (60) 2 X W = 379 W 

fqr W ~ 3 K/ft. Mp = 11~7 K ft. 

'.11:ry ,30 wF 1.32 which ~ives (Mp :: l201 K ft.) 

P, C~se lI ( a?... 0,2) 

1) h l= . 20 f"G. 

f ;;;; (XI 1 II!! 0.2 X 60 = 12 ft. 

Q 
f 12 o.6 :::; 'T = ~ ::::; 

D - 0 .,. 



Fro~ frame chart (fig 4~2) we get: 

:::r ·= 0.0487 
wi2 

Mp 

;for W = 3 K/ft. Mp :::: · 972 K f't. 

Try JO wF 116 (Mr : l0$8 K ft.) 

ii) h ~ ,o rt. 

f :::: at L = 0 • 2 x 60 :;; 12 ft. 

= 0.4 

From f~s,me chart (fig. 4-2) we get; 

' 2 
~ 0,0525 X l.85 X (60) X W ~ .350 W 

for W ; 3 K/ft. Mp = 1050 K ft. 

Try .;30 wF 124 (Mp ~ 1140 K ft.) 

e. Ct;1,~e. :c:u ( o? := 0 • .3) 

i) h = 20 ft. 

f = o(; L = o • .:, :,i: 60 = 1$ ft. 

,Q f j 0.9 = T :::.; ... ... 
D = 0 

Fpom frame chart (fig. 4-2) we get: 

2 
;; 0.444 X 1.$5 X (60) X W ;:: 296' W. 

for W ~ 3 K/ft. Mp ;:: 888 K ft. 

Try JO wF 108 (~p ~ 950 K ft.) 

'37 
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ii) h :: ]Oft. 

f = L p O.J x 60 :: 18 ft. 

Q :: ; = ¥a ~ o.6 
l) ;:; 0 

From frame ch~ (.fig. 4-2) we get: 

Mp 
ffi:2 = 0.0487 

( 2 . 
Mp :: 0.0467 x l.85 x 60) x W :: 324 W 

tor W :: 3 K/ft. Mp = 972 K ft. 

Try .30 wF ll6 (Mp :::: l.D;$ K f·t.) 

a. DeJ.:'ivation. 

EA 
®. 

VA 

Denoting Q ~ ..,!_ 
h 

~L 

w = wr1;. 

L ~ ~L 

fig. Li--l(a) 
VE 

Assumi:p.g plastic hing~s occurring at B, M, N and D 
as shown. 

Take Oolunu1 AB as free body 

h 

~ 

h 

fig. 4 ... 1(b) 
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?he~ tak, w~9le frl,3lll.e ~s free body 

I F?C F 0 :: Mp -h 

t~[] k i.· 1 

~Mp 

h 

I 

~ • ~.,.·4· ·, WL~ (~ :'7 e Cl6) f ~ +.'* Q~,~.,., ~ ~,-,~2) Q = O 
~- l•~Q . ' 

• ( l, .,.. 2 ~ ) ( 1 + o6 Q) ... ( aGi - tX, 2) Q : 0 

l+~Q .. ;2Qt ... 2¢4~,...t;!lQ-,.ot2Q = O 

. o4 4 Q + 2 ~ .... 1 : 0 . ·. o6 := + ( j l + . Q ... l) 

Subst;l:tut1.ng the value of dt into Eq,, I 
~ ,,at (l_ ~~) ' n.: 

1'fp = 4 1 + Q ( 1 7 f + Q - l) ~ I+ 
Q 

b. ~ra~e Chart: from the above derivation~ curve can be plotted 

between ' Mp , vs Q 1:1,s shown in fig. 4-2. 
·if:2 



Formula derived for this fr1me chart: 
1 ) When Q=Q (D=O) 

~ - 1 D<i:j. :-::-z - ·-. • "2:" . 

WL 16 

2) When Q? 0 (D=O) 

0.07 ;.-
~ = t ) • ~ = 1 ( /1+0, - 1} WL2 )f +!:2 ~ ' D(wL2/2} 

- w kips/ft 
ltt&i~*t•+ I 

r~ 
I 
I 
I 

~ 

r~-r~h ......._ 

I 
i 

I J:. 
L I - . 0D wL2/2) 

-t . I. 

o.o6tfH-ttl:F I f I I I [ I I f t 1 
1,- -+--+--+-· 

1 1 1 1 I I 1 =ftH#iJJ I t r+-r--+----e----' 

0.05L t I I I I I I f t nrtt+tM+~t I R-bd I'-

~ 
wL2 

le-

i J-t-

0.04 

(J .;_03 l , t ~ I f t f t · ~ t , 1. r f . ! . ~ 1 t t r t 1 ~ t f' • , I 
· 0: e1.1 0:.2 '· o.} · o.4 0.5 · o.6 u.1 o.a 

"· 
Fig:. 4-Z :. FRAME'. CHA.RT 

.f:--
0 
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' ' 

The ;P9SSible lightest wF $ectioni:l obtained by two different procedures 

for three d,iff erent oases with W = J K/ft. hl:.l:1Te been tabulated in 

ta.ole l+-3. 

Illustrative e1Q;1.mple: For th$ Case fXI= O .1 

h = 20 ft . W • 3 K/;ft. 

By einployi:ng the rnechanisin method W!;l get: 

Mp ; 1122 K ft. 

1:)J using E:Ji:mplified procedure we get: 

Mp ~ 1089 R ft. 

From AISC (Rolled beams properties for Plastic Design) Try J:3 wF 

Reactions ~a;n be found easily: 

V1 :.: :VR - 1 w (21) = 1 WL ::: 1 X 3 X 60 ::::: 90 Ki1Js - - - '~ 

~- 2, 2 

Ve p 2VL = 2 ;K 90 .., 180 Kips 

fI;ti = HR ;. Mp :; ),;l.~ ::: 50,61 K;tps - 20 I,. 

'J;'hus maximum aJdal force at middle column. 

a. Check for a.:i~ial force at middJ,e column PIJ for 33 wF 118 sect:i.on 

::: Ve ... lSCl = 0.:)..57 > 0.15 
p7 il45 

can be found .from tables P ... · ... -
Py 

y 
33 wF 118 i:s inadequate. 

Try 33 wF 130 From table, Py = 12,.63 Kips 

L = Ve Iii' 1so = 0.1425 <O.l5 · 
Py p lZbS 

y 

O.K. 

b. Check for sheari:ng stress·, Max shear = Vu ... 50 .61 K 

;: 20 .61 
(0. 55L.) C32.S6) 

:: 2.78<18KS1 O. K Use 33 wF 130 
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Para.meters 

···-

oG 13 
I 

....1.. 
2 

0.1 

-1... 
3 

1 -;z 
0.2 

...L 
3 

r 
'· 

....l.. 
2 

0.3 ,. 

...1... 
3 

-irABLE li:-3 

LIGHTEST WF SEC1'IONS F-OR THE 'NO-SPAN PIN-BASED 
-GABI.Ji: F-B..ll1E :sELECTED BY PLAS'lIC DESIGN . - . . 

w = j K/rt. 
, 

- --· R-eacti-ons Mechanism Method · Simplified Prooed.ure , {Ki:ps) . : -
. . ~ -

Seleqted Selected·, ---

Mp Lighte·st M . Lightest , HL = HR V1 • ,VR Ve 
(,K ft.,) Section Ci rt.) Section 

1161 30 WF 132 1137 30 WF 132 3S.80 90 180 
-

I 37 .. 90 

1122 33 WF 130 1089 33 WF 130 50.pl 90 180 
.-- -

50~1 • .-'5 

1086 30 WF 124 1050 · 30 WF 124 36.20 90 180 
-

- - ' . ~ .. 

35.00 

1020 33 'WF 130 972 33 WF lJO l. 51.00 90 180 
T 

L,g.6o 

1020 33 WF 130 972 33 WF 130 34.00 90 180 

32rt40 

933 33 WF 130 888 33 WF 130 46.65 90 180 

I 1·', 1.1,. i,D 

Check f.or Axial Force 
at Middle ColU!llill 

. Allow-
...l... = -:Ve able _ 

P7. (K) Py p ... ~0.15 ' y 
.;y 

1281 0.1402 O.K 

1263 CU.142? 0-.K 

1203 0 .. 1495 O.K 

' 

1263 0~1425 O.K 

1263 0 .. 1425 O.K 

i263 D.,1425 O.K 

-R; 



CHAPTER V 

StJll'.MARY AND CONCLUSIONS 

s~ Ill~ 

A two.-s~a,.n p:L~-ba.sed s·beel gable frame was 8l'la.lyzed both by :elastic 

and plastic :methods and briefly designed for its critical section assuming 

straight·conneation and constant section throughouto 

In the case of elastio analysis end moments for ·two values of colum:n 

height :i,n conjunction with thre.e different values of roof rise assuming 

qori.sta.nt ve:rt:i,oal and wind loads, 'The ela,stic analysis was carried out 

by the method of moment distr:i,bution. The plastic analysis of the said 

.. fra.m.e w;i th the :mentioned conditions w~.s e:icpedi ted by em.ploying mechanism. 

:me~nods an~ simplified prooedures9 

lh$ f:i,nal results obtained by both methods were tabulated in Table 

.5.,.l. At first glance, the benefits achieved by plastic design may be 

l. Time saving: 

'l'he eoll'J,putations involved in the analysis devised by plastic 

~ietho(l.s are simple and brief comp~ed with those by elastic methods. 

The comparative resuH,s of selected sections shows that an fwer.age 

of ~0% material could be ~aved by employing plastic design. 

J. Load factors; 

May be :predicted with .more accuracy than is possible from safe 
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' Elastic 
Morn.ent 

Parameters 1'1y 

r?G /3 (K ft,.) 

...L -967,,0 

0.1 2 

..1= 1-875.0 
3 
., 

-854.0 .,...;;!_., 

0.2 2 
-

..l -728.0 .. 
.3 

-1.. -770 

0.3 2 

..L -?16 
.3 

TABLE 5-1 

THE RESULTS OF :THE COMPARATIVE DESIGNS FOR A TWO-SPAM PIIJ-BASED 
GABLE FRAME BY THE .ELASTIC AND PLASTIC METHODS 
' \, 

Plastic Mo:nient Shape~ Fact-oi~ .M.12 Sections Selected by 
Mp {K ft.) . My r .. 

. 01mpli- t Simpli,-· Sim.pli-
14:echanism i fied Mechanism.; .· :fied Elastic Mechanism ~ fied. 

Method 1 Method Method i Method Method Method Method 
I 

1161.0 
I' 

1137.0 Ll90 I 1.180 36 WF 194 36 WF 132 30 WF 132 
I 
I 

1122.0 1089.,0 L.28-5. 1..245 , 36 WF 182 33 WF 130 .33 WF 130. 

-
1086.0 1050.0 1.270 1.230 , 36 WF 17,0 30 WF 124. 30 WF 124 

-
1020.0 972.0 1.40 1.340 36 WF 150 33 WF 130 3.3 WF 130 

1020.0 972.0 1.320 1.260 : 36 WF 160 33 WF 130 33 WF 130 

933.0 888.0 1..30 1.235 . . 37 W.F J.50 33 WF 130 33 WF 130 

$ Sav~ % Sav-
ing or ing of 
wt. by · wt. cy 
Simpli- Mech-
fied an ism 

Method Method 

31.9% 31.9% 

28.6% _ 28.6% 

27.1% 27.1% ' 

13.4% 13.4% 

18.7% 18..,7% 

13.4% 13.4% 

-t--
-t--
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Wlit stress at working load, and ~so a very.uniform factor of safety 

will result. 

~~. ~&Y$lW:!!t Qt ~T~ 

).i'I'Olll the ;resulta obtained by two dif,feren·~ methods· of ana:Lysis it was 

shown that, plastic design is weight saving and time saving. Figure 5-3 

Qlea;rly inq.ic~tes that the per cent of weight saving varies with diffe:r,ent 

9om'qinat!on of parameters. 

Thus, the fulJ, benefits of plastic design in this particular case 

are greate:r when the" ,e,6 11 roof rise to 13pa,n ratio is low, while they are 

lew~r when thi~ ratio is large. 

Jrurthenn.o:ye,, far the same roof rise, if the '' /3 11 column height to 

span r~tio would give more saving when it is high as compared to a low 

order ~ati:i,o. 

These o6nc1us:Lons are based upon a collapse mechanism due to ve:rk.icutl 

~oa~ only, !11 brief we can say parameters play a vital role in weight 

;.C~t thi~ is not the oonclus;ive p:roof that plastic design is feasible 

:i,n e-11, oas<il1;1 1 beeaµse it ;ts still in .an experim~ntal :r~age and has the 

foll~win~ limitations: 

l. Uncart~inties of loadin,g might resu.lt in fatigue failures. 

2, Ac:o~aoy of design loads in representing present actual loads 

and possibJ.e future increase in m~nitude and nature of loading. 

J. The superior t;y-pe of f'a,brioation is :required in the shop and the 

;f'i,eJ.d, /i'!O tha1t t4e 11ductil.ity" w~ich is considered in the plastic theory 

cono~p:ts .mey.' not be. impair and with loss in strength. 



4, Monumental structures, where a greater margin of safety ::i.s re·~ 

quired. 

~. Possibility of deterioration due to exposure to sea water or 

other corrosive inducing environments. 

Wh;ile in the elastic analysis it is asst:1.med that no yielding takes 

:plao~. Xt is desirable to check the fallowing poin-~s that favor the 

:plastic method., 

1. Correctness; '.that is'·the. sti,:Ltable margi,ns of saf'ety for a11 

of:' structure ux:ider cri 1;,iqal conditions. 

2. Si01plici ty~ when a corrvenierit method ;i.s required for ro1alysiso 

.;3 ~ Adapte.bili ty; the fll.exibility in th!'> eJr.tension and applicatfo:n. 

of the meth9d to un11sual structures. 

I.,. Ela.stlc(;l.lly designect structures in ideal conditions should 

· possess the uni;form variation of :;~-section corresponding to the momenta 

l!'urthe:r research in the area of pli3,stic des:ig11. will broaden its appJJ.·~ 

Qt;l.tion to multi ... story structures; tr1.1sses, etc. 'l'hough the efficiency of 

@ither methoc:1 is entirely dependent u.poi1 the problem and '!;;he de;signer,, 

howeve;i:i, the judgement evaluation in its applicability would yield bet,ter 

:results, 
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