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NOMENCLATURE

Roof Rise Parameter

Column Height Parameter
Young's Modulus of Elasticity
Load Factor of Safetiy

Shape Factor = JUI S %

My
Moment of incrtia.
Spaen Length
Simple Span Moment
Plastic Moment

No, of Pogsible Plastic hinges -~ Normal
force

No. of Possible Indepent Mechanisms
Ultinete Load

Radius of Gyration oy Thrust Induction
Factor

Section Modulus I/6

Shear Force

Total Distributed Load
Number of Redundencies
Plastic Modulus Z = MP/Qy.
Tield Stress

Working Stress
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CHAPTER T

INTRODUCTION

1-1. GENERAL J
The very existence of innumerable steel structures is’

suffiqianﬁ proof that the design methods in practice are adequate encugh
to produce useful structures but when we study the failure of a structurs
we find that it may fail by reaching ite limit of wsefulness through
ingtability, fatigue or excaséive deflection., Alternatively if none of
these modes of failure occur then the structure will continue to carry
load beyond the elastic limit until it reaches its ultimate load, through
plastic deformation and then collapses. Most indeterminate structural
frames fall into this category. It means the outstanding property of
struetural steel that is "Ductility" was not taken into account in
glastic methods of analysis while plastic methods make conscious use

vof this propebty and provide a rational aspproach to the analyeis of
indeterminate structures.

Plastic Design is not based on the allowable stress concept but
on thévmaximnm load carrying capaclty of the structure, Thus it econo-
nizes material as compared with conventional élastic design,

The objective of this report is to show the influence of some
veriation in the geometric proportions of a certain type of gable frame
upon the differences in the member sizes ag determined by plastic and
conventional @lastic‘methods, Indetermingte fraﬁ@s degigned by plastic

nethods are known to be lighter than if they are designed by

1



conventional elastic methods. It is hoped that this report will indicate

the magnitude of the differences.

1-2, F’URTHER ASSUMPTIONS (PLASTIC ANALYSIS)
1. The material is ductile, It has the capacity of absorbing
plastic deformatioh without the danger of fracture.
2, Fach member has a maximum momeny of resistance M, a
mement that is attained through plastic yield of the entire
eross section,
3. Due to the ductility of steel, rotation at relatively constant
moment will oceur through a considerable angle resulting in the
formation of plastic hinges.
4o GConnectlons will transmit the desired "p" forming a theoreti-
cal continuity and provide for hinge action.
5, As g result ofbthe formation of plastic hinges at connections
and other points of maximum moment redistribution.of moﬁent‘will
ogeur allowing the formation of plastic hinges at points that
are otherwise less highly stressed.
6. The ultimate load may be computed with accuracy on the basis
that a sufficient number of plastic hinges have formed to create
a mechanism, |
7. ‘The effect of Axial force and the shear force is neglected.

See the illustration of above in Figure I1-1, from reference %3%,
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1-3, REPORT DESCRIPTION (IN BRIEF).

The two+span pin-based fgable frame" was chosen to demonstrate the
comparative analysis and design.

The elastic analysis is done by the method of moment distribution
- and the results of the three sets of parameters were tabulated in
Chapter II, The plastic analysls was carried out in Chapter IIT along
with the detailed example, In both analyses the gravity load governs
due to higher load factor being provided in case of plastic design,

The énalyses Wera carried out by assuming straight connections,
although by introducing haunches the sections could be further reduced.
" However for the sake of comparison the connections were kept straight
and the detailed progedure of design by both methods presented in
 Ghapter Iv.

In conclusion g summary of the comparative results by both methods
is presented in tabular and char£ form, . The influence.of the parsmeters
ig clearly indicated by the sections chosen and the resulting savings

in weight.



CHAPTER II
ELASTIC ANALYSIS

2-1,  "Data for Analysis" of "Two-Span Pin-Based Gable Frame':

W, = 3 Kip/ft,
A A N S S S 00 A T T N N O T M Y N B

- - £ 2l
R QSN
E%.ﬂ
N
O
L =
O J
i ]
N

.

— jmm
Fig. 2-1., General Frame Layout

1 PARAVETERS
8, Span length L = 60 ft.
b ﬁaight & Roof Rise Coeff: with respect to span length.

Case 1  _ 2 | 3
o 0.1 0.2 0.3
/B g L 3I. 2 3 2 3

Table 2-1: Parameter Combingbtions



2 FRAME SPACTNG ~m--m-= 20 f%,
3 FADING

b

W, = Vertical Loading = 3 Kips per foot
W

—

L = Horizontal Loading = 0.6 Kips per foot

2-2. Analysis by Moment Distrilution (Vide Ref, No. 9 of Bibliogrephy)
. Although limited essentially to the contimuous beams and frames is
60 uuch fagter than any other method that 1t has revolutionized strue-
tural analysis,
ThuS’fOﬁ anaglyzing the end moments, shearing forces and normal
fo:c'czes at the given frame we will employ bhe method of "Moment Distri~

bution®, The procedure is outlined in detail,

' GENERAL PROCEDURE

oo

/T,
]

\ ' Syms About <
\ , _
NO %

Figq 2’“‘2 o I

1 DEFORMATIONS

Due to symmetry of loading and structﬁre we will assume that it is

fixed at "2" and analysis will be done for hélf the structure,

6 T 6 ; 6. F 8 8y =0
All"i AN . 3 AN = 0

% 2x



~3

STIFFNESS FACTORS

a, For bent members

n
]
1

= = JAEI
Ko 7 By 7 By 7oKy T g

b, For golumng

e g = 3. (4BI) -
o T Ko 7By = (59) = &

3 CARRY OVER STIFFNESS FACTQ
a, For bent members

1
Crg ® C21 = Qg3 = Q32 % -7

b, For golumn (Being pinned base)

-

G0 7 G 7 O 7 O

TSTRIBUTION FACTORS
z 510
10 Tk

.FIXED END MOMENTS
(1) Due %o loads

‘ L - L L2
FM::L2 = MM,y T wﬁgnw
(11) Due to A
a. For bent members
My = My = -~ F
b, For colunn (medified)
A A Ay
T o= 1 "z lomi = L SEI A
By = Py = g Moy 7 oop Py B 52

(i) Due o load

2
L wL’
P, 7 TEr
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(i1) Due to> (for bent members)

aN
| 6 BT A
Fhip ® 58 Tx

7 THRUST INDUCTION FACTOR

P ’ng"

Definition (brief):
The coefficient, if applied to rotational moment, gives

v : A
the corresponding rotational thrust. When FEY = 0 = FH .
Thus, in other words, thrust induced in a member such that

it proguces a unit rotational moment,

8 MOMNT DISTRIBUTION PROCEDURES
-(i)ﬁ‘Due to load

(ii) Due to D

9 EVALUATION OF THRUST

Hyp 5 Fyp (RMyg - Riy) + Py, 4 FE

12
10 SHEAR EQUATION (For Symmetrical Case)
,EFX;'O H:LZWV].O:Q

11 FINAL MOMENTS & THRUSES

-3 ILLUSTRATION
Cage Is oz 0,1 /3

£ % L = 0,1(60) = 6L, 3 s
~h 2 BL = 0,5 (60) =30 ft, 3 &

[ ]

L]

= 30,6 £,

£ = &6 =

s
|

Ly R RN
o .!, Yo

Elagtic Congtsntes

2 / Ay
»g»f-.“ - 0.6 “{?w’ = 283.8



2 N—
= el = mﬁl—mg 2220 ) = 18280
yy 7 6EI CET il

2 ﬁﬁiffness Factor:

* fod o = o= TR, .= 0,114 E
Kl?. , KZ:L K23 K3, WT%W 0.1144 EI

T
1oz = BT . BB = o o
Ko = Ky Kb <= % = 0,100 B

3 Garry over Stiffness Factors:

= . = - = -Hmj-':m
Clp ¥ O 5 O3 ¥ O3 = -5

Clp % Cxp = C3p = O

k1]

4 Fized End Moments
- (1) Due to loads
. T 60)° = s
F@Q“"ﬂdzl”"m*”w““”]DW

(11) Due tod

S A N . P
= \ o 8 T o AL - w@me 0 -
Py & iy A w ToBL S 30,656

LT “%“3%“ Dy = -0,0 1633 BIA, = 490 x
S 1 RIS = 3BI.A
El"d ha S ' = . -Sgam- - AR or
~10 2 FMiQ TR X %%6)2 X
5= 0,0033 EI Av = 100 x (mssuned)

To facilitate working in the disgtribution table and thus eliminating
errors of less than 1% in the distribution process,

5 Digtribation factors:

Dlo - K = __0J00RL = 0,100 = 0,447
' Kjp * Kip © 0,100 B + 0,114 EL  0.2144
Dg % (1= 0,467) 3 0,533

6 Pixed End Thrustas

(1) Due to load
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8t - 8(6)
(1;) Due to & o
FH r == Oz 6FI A

12 T Ex . ‘s‘fz x

2 V2
FH.lz -~ WL = W (60) = '75 W Kiqu

#

1.@.%.,“4& 270,00 545 FI = ~163.5 x

7 Thyust Induction Fa,ctor:
= -2 ‘ = L = ,
8 Moment Digtribution Procedure:
(i) Due to load
10 12 2

T T e Ean ey e o sty ¥ * e AT

D.F 0.467 0 m e

0.7 e »V? - - -

F,.ML - - n—"if) W + 75w

4350w | #0.0.v

\
\”5q72 W

R,M +35 0 W v#-lﬂ D W =572 w

M's +35 0 w «»35 0w | 469.28 w

(11) Due to A

10, — 1t2. PR 21
D.F ~0.467 - ~0,533 -

C.F po , - 1/7 - -

T

i A i 1 T g
F.M +100 x =490 x #4490 x

+182 x +208 x
4

R.M +182 x +208 x ,.,29 f X

| ws 262 x 282 x| #h60.3 x




9 Thrust: |
‘ - £
Hjp ® vy (B, - RL,) + Tl + R,

= 09125 (Z{»OQO W + 208 X) - ("5972 W o- 2997 X)

11

0,125 (45.72 w + 237.7 x) = 163,56 x + 75 w

i

80.7 w -~ 133,9 x

/2 B L/2 |
- , L - o
h
- =T
| |
Fig¢ 2‘""3
10 Shear Bquations:
ZF? =0
g vy 70
Mo 4 (80.7w-133.9%) = 0
30 ,
- “’%"‘6 (38, w+ 282 x) = (80.,7w~133.9%x) = 0

143,3 = = 79,53 R x = 0,555 w



%)

o]

11, Final YMoments & Thrushs: .
cMor T Moo T Mgy 7 My <O
Mg F Mgy 35,0 w+ 282 (0,555 w) = +191.5w

i

M, = »Méz - =35.0 w - 282 (0,555 w), ® ~191.5w
le = *Mzg T +69,284 460.3 (0.555 w) = +325,3 w
Hig 7 Hyy = cHy 3 cHzp %807 w - 133,9 (0,555 w) = 46.3

2-3(a) INVESTIGATION FOR WIND EFFECT,

For ﬁhe cases I and II, the roof rise was within moderate limits,
it was presuded that wind effect may not be critical and the analysis
expadited for gravity loads only, For the case III roof rise was "18ft,.

L The#éfore, analysis run fér with wind and without wind effect., The

entire analysis would be the same as presented for case T only the final
thrusts are presented here,
Case A; Vertical Ioading Ohly (without wind)

The final thrust value deduced. by routine analysis as

- T - B WL

| f12
Case B: Vertical and Horizontal Loading (with wind)

In this case agein the final thrust value evaluated by the routine

analysis as

H - - = = e}
12 H23 Hgl ﬂ23

= 2,88 w
Thus, even in this extreme case the thrust values indicate that the

case.would be critical without considering the wind effect in the

analysis,

- 2-3(b), EINAL RESULTS,
| The final end moment and axial forces in the membars of the two-sgpan
pin~baged "Gable Framel for three different cases of parameters and

w T 3 k/ft, have been tabulated in Table 2-1,



TABLE 2-2

FCR END MOMENTS, AXIAL FORCES AND THRUST IN THE MEMBERS OF THE TWO-SPAN PIN-BASED
GABLE I‘RAI\IE ANALYZED BY MOMENT DISTRIBUTION METHOD

= 3 K/Tt.
P ter End Moments T Axial Forces Thrusts.
TEraneuers {Kip - £t) . (Klps) {Kips) = -
M10 Mg | . — TToTiy mo oo | Ngo Hyo | Hop Mlip Npy o
o A 32 M3p Moy o Mo ‘Mmiffgé Nno 1 Tos Hoa Hap (o3 Nao
L #575.0 | ~575.0 | 4975.9 | -975.9] © {-90 {-180 | -90 {418.9 | -18.9] -36.15°
2 i 3 i 1 4
0.1 , ] 3
i +652,0 | ~652.0 | +875.0 | -875.0] 0 |-90 [-180 | -90 [ +33.0 { -33.0] -50.0
> ; ; | *
e +583.0 ~583,0 | +854.0 | -854.01 © {§-90 {-180 | -90 | +19.5 -19.5{ =51.5
{0.2 | | ‘
] ”}“ +645 @ D ”6Zp5¢ O 3 ‘1'728¢G -728;0 E O ] "“90 "180 '_90 +32 . 50 ‘BZ’ 5 E '_6347 60
3 ' | : 4
ke . +603,0 ~603.0 | +770.0 ~770.01 © ~-90 | -180 =90 4+20,0 | -20.0 -63.3
003 | N ' E 7 3 i .
T ji TTB.0 T o6 | 16080 | <Rl 0 o0 TiE 1S90 2550 | =5a.5| —GE.i
3 1 ' , . ' ,

et




CHAPTER III
PLASTIC ANALYSIS

. 3~1, MECHANISM METHOD (Based on Upper Bound Theorem)

Thig methed ié a more powerful tool for solution of comﬁlieated
 étrugbures;
Objective; Find a mechanism (independent or composite) such that
M \<\ MP
Procedure:
8. Determine location of possible plastic hinges (load points
eonnections, point of zerc shear ) |
'bp Select possible Mindependent” and composite mechanism
¢, Solve equilibrium equation (virtual displacement method) for
£he lowest load |
d, Check to see»MQMP at ali sections.

Illustrative example:

Gable Frame Analysis (Pin-Based)
2P \ |

e |

\@? e

Congbant Mp

-

~o— L L -
D

1

14
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It will be assumed that the}structure is of uniform ¢ross~gection
“and the plastic moment equals MP' Nating that maximun moments within a
~ strueture can occur only at junction, where the shear equals zero. There .
are four pessible plastic hinges. It is also observed that structure is
one time statically indeterminate, Therefore, the rule devised by Dr.

Thurlisient, (n= %) & No' o

Where "n® Number of possible hinges 4
Where "x" Number of redundants 1
Whére,“N“ Number of independent mechanisms 3

a, Beam Mechanisms:
- Obviously the rafter 1 - 2 -~ 3 could fgil,as a beam, We will,
therefore, Qhoose this as one of our independent mechanisms., Assume
: hingas at top of column, ridge and under rafter loads. Equate internal
wqu.tc external work for computing Eé or M@,
External Work = Internal Work

2p( o) = ¥p © 4 Mp(20) . M,(8)

é%() aﬁCD‘ 'étcj

il :
P = ‘&3 P.L
a T or Mp = &

2

‘ éeam Mechanism
Figo 3"‘2(&)

b. . Panel Mechanism:
. Likewise, the total "roof part" frame could deform in a panel type of
configuration, Assume hinges at top of column and comstitute virtual work

relationship for computing Py or M.,



External Work = Internal Work

P(91) = 1(0) +10, (0)

Pp=z 5%@ or i, = Py . L
T > T

b, Penel Mechanism
fig. 3~2(b)
¢, Gable Mechanism;

As a third independent mechanism the rafters 1 - 3 and 3 - 4 could
vemain rigid while point 1 remained fixed, This type of mechanism has
been termed a Gable Mechenism, since it can occur only in gabled iype
of structures, Assuming hinges at top of column and at ridge established
virtual work relationship,

External Work = Internal Work

oL ' 8 30
,}?(2), 1924.94-*—2-

P (61) = My (36)
3y .
= e s

PC:;
:  3

¢, Gable Mechanism
fig, 3-2(c)

Not only we must consider these elementary mechsnism forms to obtain
a solution to the problenm in question, but we ﬁust consider all possible
combinations of thenm, ;
d, Composite Mechanism:
'Shift hinge shown for panel mechanism from top of left column
to lb;d point:hiAlaft rafter. Locate ingtantaneois center, I.c, by proportic

al triangles we can evaluate the Uyirtual? rotations at each hinge and



thusiéstablished the virtual work relationship.

preceeding investigation, the.
ultimate load solution is given by
equation (@)

. ' I.c.
E;iernal Work = Internal Work, ~%w /
. . e e = ‘7. ﬂ ﬂ 9
P(wge 8) L # 2P (=2~ BL) = ¥ [wé_e PR = R <A J o gl
Pl 5P %aé__wédﬁf ////ﬂ":-z
. at (2)  at (4) / |
1e. P TR s——— ——————
¢ 9% @ |%
& i 9 Pd L ) b “
ox K = S S )
M 0 i
|
Based on the }
|
i

ie. Bz 2 M
v YT

figo 3“2 (d>

Moment Check:

Since the moment diagram is in equilibrium with the applied ex—
ternal loads, since there is a sufficient number and arrangement of hinges
to produce a mé@hanism, and since nowhere does the moment value exceed

the full plastic moment of the section, this is the ultimate load that
strugture can carry,

Moment Diagram

fig. 32 (e)

Y




3-2. ANALYSIS BY MECHANTSM METHOD.
1. The frame is symmetrical with individual spans of 60 ft. column height
of 20 ft, and 30 ft, and roof rise varies from 0.1 to 0.3 L...
The loading is ccncentrated at the quarter points of the rafters
and might be considered as a closer approximation to a uniformly distri-

buted load of w Kip-f%., where w is 3 K/ft. the horizontal load is 0.6 K/fta

LW 15w 159 15
150 15w 2 15W

L =

3]

;H)ié

AAM_

fig. 2-3 -

2. The mesﬁ qritical ultimate load condition for this given load
is B, = F.R, ~ Where F = Load Factor.

Load Condition:
Case A+ D,L. + IL,L N (1,85)
Qase ﬁa DL, + LL + w.L (left) N (1.40)

8o farCase I R & 15w (1,85) = 27.75 w (without wind)

For Gﬁse B

(with wind) ELV =z 15w (l.4) = 210w

3. Plastic Moment Ratios

Try constant section throughout,
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4o Mechanism Method,
 Case I, Independent Mechanisms.

Location of possible plastic hinges

y = 15
(under load points, joints, point of zero shear)
Redundants :

X = 3
(remove mid support and H)
No, of independent mechanisms n=N~-X = 12

The 12 possible independent mechanisms are shown in Fig,

Mechanism 1-4

Beam Mechanisn @ ® ©) )
. . -, ' ‘= E | v

3 fig. 33 (a)

Mechanism 58
Beam Mechanism

Yechanism 9
Panel Mechanism |

Mechaniem 10-11" 7
Cage I o,
Case II %@
Cage IIT° 1l g
5 .

e ) e
. 2 ' figw 3""3 (d)
Mechanism 12 Case T ===0 0 /
Joint Case I -5 I o
Mechanism Cage III “‘fg’"a
| ' | fig., 33 (e)



33+ h= 30 £t,

Table 3”1»

Mechanism Analysis for Two Span Pin Based Gable

Frame in Plastic Design (Case I oz 0.1)

20

2

3

4

Nos

Mechanisn

Wt /M. 0

Internal Work

Bxternal Work
Wg/Pp.L O

1-4,

Y rl - T

Qe

il _

I i

l "
5
g

3

L8

3

'+-( 3 %F~mﬂ):=

30

CoR

DI
Yad
E-3
¥

}
- E\‘




Teble 3-2,

Plastic Design (for Case IIL o= 0.2

D3
P

28

21
Mechanism Analysis for Two-Span Pin Based Gable Frame in
) 2 3 L 5
) Internal Work Internal Work Eg
No, Mechanism WI/Myp O W/ Py . LO Pyl
- =B ek 1 -1 1 i
5 B o d — S - smnmezn K. oaniione
2 13 g5 |
16
L L
3 &
1ol (5)=2L] 2
1w+ 438 8 +’8‘(3) 21 16
0
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Table 3-3, Mechanism Analysis for Two~Span Pin Based Gable Frame in Plastic

‘Design (Case III 6= 0,3).

2 3 / 2
Mp
Ho, Mechanisn Internal Work External Work PZ{‘IZ
et A = 2 4 here) =
102 REEINE AT
o 8. —ee 16
3 6
1.l (g)=ndl 1
58 T+ 4+3=8 el el ey B
= 3 0 0
_26 12 .3 .3,
S - E e 5
1 = ' 26
= !
. 1 3 3 .
e L TEYE R 5
>l =1 32
8 .
+ 2 + gfl 3 . 3
= 53 gt TR R 5
5 1y 26,5
=2 "
5 oy 3 5
+2m) | g g 5
ol 5y 8 | B3
g < o2 3




Mechanism Analysis,

To facilitate the calculations the analysis is done in tabular form
(See Table 3-1 ’bo 3). Column "I' bears the nechanisn mumber column 2N
contains a mechanism sketch. Since the deformed shape was drgwn in fig, 3
and 4, this feature is not vepeated in the small sketch, The;v internal work
is computed in column "3" and column "A" contains the computation of
external work, listing the work ’d‘one by each load in the same sequence,

The ratio of Mp to Pﬁ‘,L is given in column "5%,

P

3vh. ILLUSTRATION FOR MECHANISY 10 GASE I ¢ 0.1
The inechanism angle at secﬁion 1, 4 and 7 are a;Ze , 26, and 8 res-
peetively,

Thus the ’b.g’oal internal work is = 3% MPe or ﬁgﬂ = _2% (See column 3}
P

U.gih_g the instanteneous center the load at 2 does the work equal to
P -é: ) (8) at 3 the work equal.to P(B-é—") (8)

Segment 4~7 rotates about 7 through the angle © and, therefore, the
work done by the load at 5 equals P(%) (& ) and the work done by the load
até_egualsP(é’)(ﬁ). »

Then 'ﬁotal external work PLO (*%’ + % + -g + % y = 1PLB

WE/ PIe = 1 shown in column 4

By the virtual work relation

internal work & Exbernal work

22 =
s M, % 3 1P, L6

5 P

or MP : . :
. B Shown in column 5
PuL 22

Bimilarly, we can gelt for mechanism 10



- for Case II ol = 0.2 H Mp = 2.
L 2L,
‘ U
for Case IIT ol = 0,3 5 Mp F 5
‘ ‘;‘“ 26
;U_ L

Reviewing now the possible combinations these are made in such a way
as to eliminate plastic hinges, bscause only by this means the ratio
M./P L ecan be i cased.

HP/ u an be increase
Mechanism 13 is formed by combining mechanism 11, 12 and 10 and

mechanism 15 ig formed by combining mechanisms 2, 7, 10 and 11.

3-5, MOQMENT GHECK (for Mechanism 15 h = 30 ft.)
Referring the tables 3~3a, b, ¢ the collapsed mechanism 15 is criti~
cal for all three cases,

which gives: ”M? # 5 F L for Case I
. ‘ 21‘9 5
M? ¥ ol b L for Case II

Mp - s B L for Case III

Case I: (¢ = 0.1)

The moment diagram for this case is shown in fig. 3=z .

Fig. 3-4



N
R4

Check for moment at each eritical section.

(Rafter equilibrium)

Beam l=4 :
— - + B . 20 28,90 v ., 2l.5
My Eogo g - gl e = o Mo+ 5= Myt T e
= M@
Beam 4~7 :
v o= 3 -2 L
My F g - M,7+£g
= 4 1 Pyl
M, = Mg 4 My - “"’z""'

21,50 . = 28,5
-—ékwM +..,.P_1vLP m&w—‘MP = S

.3 (28 0,
M5 = 2- (""6‘2" Mp) - 75 Up + “‘%“5‘“‘ Bl = M,

b)  Mp value;
Since all M Mp plastic moment condition fulfills
-5 Py L 5
- oo
Mp = 21.5 “igles »(;27q75 W (60);); EEEE:ﬁij
For the cases IT and III the same type of mechanism considered to
be criti¢a1 as we have seen in case I, Thus we can fairly say that moment

for the cases II and IIT will also fulfill the plastic moment condition,



RESULTS OF MECHANISHM ANALYSIS IN
COEFTICIENTS OF "Mp  # DIMENSIONLESS RATIO

Parameters

Mechanism Referring to
Table 3"‘3-'5 23 3

| o 5 9 | 1 4§ 13 | 14 15
' 5+8 won 1 10+11 | 9+10 7113%2+££Kk2+7
| 12 1 |3 5.5 5
‘ 2 16 16 0 22 24 23.5 21.5
0.1 | ]
1 1 1 5. 1.5 5. | 5]
3 16 16 0 | 23 | 26 24, 22.25
1 1 1 5 5 5 5
2 16 16 0 24 28 R b 23.0
10.2
1 1 1 5 5 2 |
3 16 6 0 26 32 [26.5 R4e5
1 1 1 5 5 5 5
2 % | I o |26 |32 | Z855 | Zis
0.3
1 1. € 5 5 5 5
3 16 15 0 29 38 31 20,7

NB: - The critical mechanism
was lo,.10, The plastic moment
was checked for this and it
fulfilled the plastic moment
condition, The lightest sec~
tion selected on this critical
ip" given by mechanism "10®

5%



CHAPTER IV
DESIGN

b=l. GENERAL

>The two-span pin-based gable frame was chosen fbr comparative analysis.,
Gable frames are becoming much more popular than column trus§ construction.
These frames provide much room on one hand, and the other réason is that
they are easy to erect, UNo doubﬁ frame construction involves more steel
than ﬁhe column truss construétion, but due to numerous advantages;the

material factor may be pverlocked,

42, SPECIFICATIONS

1. Loéd factors adopted for continuous frames in analysis governed by
ATSC Nov: 1961,

Case A, When we consider dead load and live load only, the load
factor should be 1,85,

Case B, Assuming the effect of wind in conjunction with the dead )
load and live load its value raduﬁés to 1.4

2, ASTM A-7 structural steel was employed for the sectlons in both
oases, |

3. For proportigning»the‘minimum thickness ratio and secondary de-~

sign requirements governed by AISC gpecifications,

' 4~3(a) GENERAL PROCEDURE FOR PLASTIC DESIGN
The genersal procedure is outlined ag Follovs:

27
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i, Determine possiblg loading condition. There are two loading
conditions, These are:

A, Live load and dead load.

B. Live load and dead load and wind load,

2., Compute ultimate load by multiplying working load by load

factor, F,

P, = F PRy
For Buildings:
DI 4 LI Fo= 1,85
D.L + L,IL + Wind o= 1,40

For other forms of constructlon:

b :

Where e;w = working stress allowed by AISC,

3. Estimate plastic bending moment ratioc for various members.

A, Detefmine absolute plastic moment values for separate loading
condition, (Assume all joints fixed against rotation, but frane free
to sway). |

a. Beams: Solve beam mechanism egugtion,
b, Coiumns: Solve panel“mechaniam equation,
B. Select plagtic momentirati0 using the following guidess
a. Beams: Use the value determinsdlin step A above,
b. Columns: At éﬁrneﬁ connections |
Mp (Column) = Mp (Bea@)
g, dJolntss Establish equilibrium,
C. Compute the maximum plastic moment (Mp).,
D, Exaznine the frame for fprther economics as may be apparent from

considerations of relabtive beam and sway moments.
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4e Analyze each loading condition for maximum Mp.

5, Compute reactions for each loading condition.

6. Select section,

Plastic modulus 2 is equal to section medulus & mulfiplies by
shape factor "fW op % T I8

qu wF sactién 1,10 <f <1,23

‘Plastic moment Mp = b.2 or  Z = 0.364 Mp

(where by 5 33000 Pgl  for ASTM A=7 steel)
For cover plate &, = A . d = A& (d-1t,)

P b
Net Z for members with hole in flange or web

Z (net) = 2 - iméinél S T
Where: + w Flange thickness
d = Depth of section
tw % Web thickness
R Ap‘; Area of plates
5 dp = Glear distance of plates
y = Distence from centroid to hole,
7. Check design to see that it satisfies all limitations.
8, Check deflection if necessary the analysis undermentioned, does

not raquiped'to gheck the deflection.

43(b) GENERAT, PROCEDURE FOR ELASTIC DESTGN
1. Determine possible lﬁading condition,
a) Dead load and live load
b) Dead load and live load and wind load
" The investigation in conjunction with the wind load revealed that it

is not critical,
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2, Anglysis done by the method of "Moment Distribution" for
datermining the end4momants, shearing forcesg thrusts, etc.

3, The critical design section was oonsidered gt the ingide face of
column and bottom of girder; it was proﬁ@rtioned on the value evaluated
in step 2. |

4o All§Wable bending stress at these critical seotions kept limited

to 20 K 8 1 modified where necessary according to the formula.

= 2000
F, = Taee
For allowable compressive stress to be limited to F, = 17000 -

)
B o .
0,485 =3 gnd that the max combined stress be limited by the provisions

of seetion (12) (a) of the AISC spegificatioms.

5. The max combined stress be determined by the conventional formu-

M
I
- f. Check for stresses of the designed section.

e

= .
by N F

= t <1
Fo T
where fa # Actual axisl stress = “%”
F_ .= Allowable compressive stress with respect to

(-2-) ratio.
g

£y, = Flexural compressive stress = He

*xf
o’
1

Allowable compressive stress 20 K 8 1,
gpecified by AISC.

44(a). SELECTION OF THE SECTION
The choice of section done with dué empphasis to the following points

as butlined here:



31

a. The section should be of the minimum weight which can be permitted
by the Elastic Design procedure.

b, Selected sectioﬁ should be checked against the stress with,

£ f, -
Fﬂ + == < 1
a Fb

Thus with these two major consideration sections were selected for
all the three cases as mentioned before and the results were tabulated in

bable 4-1, Illugtrations are given below o show bhe design procedure in

detail,
4”4‘(}3)0
Casge I, 0,1 A= -—%-— v o= 3 K/fh,

The eritical section for this casé is at the middle bent member, with a
bending moment of +875 K-ft. and its corresponding éxial force of -50 Kips
using the faetor of safety of 1,65,

Required section Modulus 5% = Mi%ééél

875 (12) (1.6
=T33 = & 525 in

Try 36 WP 182
1,' Check for stress at the critical section (middle bent member)
fssume purlin spacing 7.5 £t, or L 5 (7.5) (12) = 90 in
Prom ATSC mamusl for 36 WF 182, A = 53.541n? , d = 36,32 in ,
b o® 12,072, S, T 62L.21in’ , r, = 2,47 in
i} Allowable Stresss

For bending,

Id = 90.x 36.32 __ F 229<<T600 F, = 20KS81
o 12,072 x L.180 A= - b c

For Axial foree

£ =20, F 36,5<7120 From AISC tebles F, = 16.35 K 8

T 2.47



s
’

ii) Actual Stress

For hending.
M g5 (12)
fb = '8 =  621,2 S 16,9 KS1

For Axial
A 30.0
£, = A = 535, = 0.932 ksl
" Thus 5
fa + o _ 02 159 _ 0,057 - 0.840
F,0OF, 35 20

= 9?8970 <1 0.X
2. Check for stress at exterior column:
From Table M = 5.50,.05 Kft,, N = 90 K
Assume girt spacing = 5 ft. or L = 5 (ié) = 60 in,
i) Allowsble Stress '

For bending,

Id = 60 %3632 = 153 <600 F, = 20 K81
bt 12,072 x 1,18
For Axial.
L o= 60 = 24.3 From table 'F, = 16.71ES1
T 2. 47 _

ii) Actual Stress
For bending,
M 652.0 (12) = 12.¢
f R e = ® 2 - 1206 K S l
b "8 621.2 200
Por Axial,

fo P = 20 = 1,69 KS1

A 53.54
Thus,
f& + EJQ = 3;:5’2 -+ 3'-2-1?. = 0,101 + 0,63=0,731<1 0.X
Fg F 16,70 7 20



3. Gheck for stresses at interior column

From table 4-1 M= 0,

o
LV

N = 180 K

Assume no girt is needed L = h = 20(12) = 240 in,

i) Allowable Stress

For bending,

Ld = 20 x 36,32 .. = | 12000
Bt 12.072 % 1,80 00600, Ty T S
Bt
= BEQ R 1965k T
For AXialn
L. oz 20 = 97,0120  From table T, = 12,44 K81
b 2047 ’
i1) Actual Stress
For bending,
-
fb - sw =
For Axial.
S o180 L .
fo "Th Ty T 3.6 KSI
Thus,
fg * fE = f;2§ +0 = 0,27 <1 0K
Fa Fb 12944

Use 36 wF 182



TABLE 4=~1

LIGHTEST WF SECTIONS FOR THE TWO-SPAN PIN-BASED;
'GABLE FRAME SELECTED BY ELASTIC DESIGN

. - . : Selected ; hHle. 5 l ]
Parameters ' Critical §e0t1011 Elements Sectiong | Aé%;gzg € ‘gzjgz‘g‘ 4’;11@01( for Stress -
1 1 © | Axial Bending] Axial Bendingf £, - T
o M (K £t)| N (Kips)| Location | WF Section || =% g il 24 R
i /g _ (, | ) (Kips) ‘ ‘ B ; Fo Fb || Tpom T fy, = % Fo  Fp o=
24l +975.9 | -36.15 |middle Bent | 36 WF 194 || 16.35| 20 | 0.635 | 17.7 | 0.919<1 0.K
, ' 2 | ' Member- |
0.1 , _ : :
L | +875.0 ~50,0 Middle Bent 36 WF 182 16.35( 20 0.932 { 16.9 0.897<1 0.K
3 Member _‘ 1 :
1| +854.0 =51,50 Middle Bent {| 36 WF 170 16,35 20 1.03 17.7 0,948 <1 0.K
o 2 Member : :
10.2 : - - ! : '
1 ) +728.0 | =63.60 Middle Bent 36 WE 150 ) 16,30 20 144 17.40 §| 0.959 <1 0.K
3 Menber
L 1 +770.0 -63,3 | Middle Bent | 36 WF 160 16,34 20 1.34 17.1 0.930<1 0.K
2 Member : -
0.3 ' ‘ | ~ -
L +716 ~-90,00 Exterior 36 WF 150 16,30 20 2.04 15,90 || 0.915<1 0.X
3 - Column I




4~6. SBIECTION OF SECTIONS (For Plastic Desien)

The possible section selected in this case again is made with due
‘consideration of

a, Min weight wF section

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

| transmit the required Mp.

Thus on this basis, sections were selected for each of the three
cases with v ® 3 K/ft, and employing A - 7 steel.
a. Case I  ( = 0.1) |

1) h s 20 ft, 31) h = 30 £h,
Mp = 374w Mp = 387 w
| Mp = 1122 K £%, Mp = 161 K £t
Trh 33 wF 7l18 which gives Try 30 wF 132 which gives
(Mp = 1139) , (Mp = 1201 K 1)
b, Case 1 ( o¢=0.2)
iy h = 20 tt, 11) h = 30 ft.
'. Mp = 340w Mp = 362 w
“ Mp = 1020 K ft. Mp = 1086 K ft,
Try 30 wF 116 yhich gives Try 30 wF 124 which gives
(MP = 1038) (Mp = 1120 K f4,)
c. fase IIT ( 60w 0,3)
i) h = 20 ft. . " i) h = 30 ft.
MP = 311 w Mp = 340 w
i.6 - Mp = 933 K ft, i.e Mp = 1020 K T4,
Try 30 wF 103 which gives Try 30 wF 116 which gives
(M, = 950 K £t.) | (Mp = 1038 K £t.)

P



4~"7, SDMPLIPIED PROCEDURES (FRAME GHART /~2) USED FOR THIS PLASTIC DESIGHN
_ﬁ_gws BEEN DERIVED AND.PLOTTED, |
g, COase I ( &= vOal)A
i) h = 20 ft,
f & L = 0.1 x60 = 6 ft,-

£ 6
P = 0
From frame chart we geb:

MP - 0 ¢ O 545
T2

M, = 0.0545 x 1.85 x (60)° xW = 363 W ¥ g,
S for W = 3 K/ft, Mp = 1089 K ft.
Try 33 wF 118 (0, 5 1139 k ft.)

i) h = 30 ft.
f = L = 0.1 x60 =z 6ft,
Q= = g8 = 0.2
D = 0
From frame chart we getbs
U = 0,0569
TR
Mp = 0.059 x 1.85 (60)° =W = MW
for W = 3 K/ft. Mp = 1137 K ft.

Try 30 wF 132 which gives (Mp = 1201 K £t.)
b, Cage IT ( o= 0,2)
i) h =" 20 ft’o

£ o6 L = 0.2x 60 = 12 ft.

il

__.;'Epnlz—wé
Qs = 2 s 0.6

D 0

4



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

Lo
WL

M, = 0.0487 x 185 x (60)° x W = 324 W
for W = 3 K/ft. Mp = 972 K ft.
Try 30 wF 116 (Mp = 1038 X £%.)
1i) h 30 ft.
f =z o6l = 0.2x 60 = 12 ft,

Rl

Q:%ﬁ %% = 0.4
D = 0
From frame chart (fig. 4~2) we get:
f%; = 0.0525
T o
Mp = 0,0525 x 1.85 x (€0) =W =z 350W
for W = 3 K/ft. Mp = 1050 K ft.
Try 30 wF 124 (Mp = 1120 K £t,)
¢, Cape III ( oc= 0.3)
1) h 20 ft.
f =¢l = 0.3x60 = 18 ft,

: kil 1.8
Qz"“ﬁ“‘":mgoag

i

D = O
From frame chart (fig. 4~2) we getb:

Eﬁb = 0,444
WL” )
Mp = 0.44h x 1.85 x (60) =z W

H
7
N&j
£
=y

for W = 3 K/ft. Mp = 888 K ft.
Try 30 wF 108 (M_P = 950 K f‘b,)



30 £,

it

h

£ = L= 0.3x60 = 18 £t,
S A R
Q = S % = 0.6

D = O

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

M, .
ﬁz = 0901;87

Mp = 0.0487 x 1.85 x (60)° x W = 324 W

for W = 3 K/ft. Mp = 972 K ft.

Try 30 wF 116 (Mp = 1038 X £t.)

(~8(a) FRAME CHART USED FOR THIS PLASTIC DESIGI.

a. Derivation,

W o= K/ft.
S

Rt £
—t
h
B
[
fig. 4~1(a)
Denoting Q= _L. :
' h \\ MP
Assuming plastic hingss occurring at B, M, N and D [ e
as shown, _
Take Column AB as frse body h
< . R !
e h A o

fig, 4~1(b)



Then take whele frame as free body

ZF%X’O Hg+ Hy, = Up
gl . h
- } WL
Consider member ABM as free body
T = 0 i

LWL (o6 L) # Mp (4 op £) Aipel o 21 e “\3 ]
= = ( ) S et O)”fl@//@ :

My
M z

omd
-

dx

—
o ,
1*31*”7,1"*@)-% WL -»32~ Wa@sz
h

- W, os1 (1= o)
(2+ ) 2 J
AowE e e 3 e e
a I+ £ Q |
Va

Differentigting w.r,t oC

difp _ . - 200 o6 Q) m P :
e aw%y wip {L=o2 )&:«:834 (-e®) o _

= (1=~ 206) (1*06@)”‘(06*062‘)@ = 0
1+6Q-20~26% Q- kQ+e¢?Q = O
x?Qr20-1 =0 ez 5 ([fTra -

Subgtituting the value of o inte Eq. I

2 o¢ (1 =e0) ‘ 2
: WL WL F%_%M_l
3 y D Weﬁq—mﬂm e

. |" i v i o / ™ s " g ” ™
S e S A Y A
WL 4 T+ Q

39

be TFrame Chart: from the above derdvalion a curve can be plotted

between 'Mp  vs @ as shown in fig. 4-2.



Formula derived for this frame chart:

1) When Q=0  (D=0) = ‘Tw,rktpsx/f} L+ 7 ]
2) When Q> 0 (D=0) | | i
i R S RV - - | §
—2 = “=g5 (SR -1 peal) | L D(wL?/2)
0,07, WL v/, TFQ . . ) \f‘/ L \V,_Ji X
N . ! ; )
T i _
L \\ V
i \\\\ } )
0.05| T~
- \\ _—
WLZ ;
0.04 —
G'*QB 7 v | L i l ' b1 ! oo f 3 [ F gt i i
G 0.1 0.2 0.3 GRS 0.5 0.6 G.7 0.8
Q
Fig. 4-2 : FRAME CHART

07



4~8(b) SELECTED SECTIONS
The pogsible iightesﬁ WF sections obtained by two different procedures
for three different cases with W = 3 K/ft. have been tabulated in
table 4-3.
Tllustrative examples For the Case o= 0.1
h = 20 ft | W = 3 EK/ft.
By employing the mechanism method we get:
Mp = 1122 K ft.
| By using simplified procedure we get:
Mp = 1089 K ft.
From AISC (Rolled beams properties for Plastic Design) Try 33 wF 118

Reactions ¢an be found easily:

Vi = Vg = L. W(QL) = 1 WL = 1 x3x60 = 90 Kipsg
4 2 2

VU, = 2, = 2x90 = 180 Kips

Hy,

11

Hp = Mp = 1122 = 30,61 Kips
K” 20
Thus maximun axisl force abt middle column.

8. Check for axial force at middle column Py for 33 wF 118 section

R

oo cantbe-found from tables P, = Vg = 180 = 0.157>0.15
' S Py E 1145
e
33 wF 118 is inadequate.
Try 33 wF 130 From table, Py = 12,63 Kips

P = T - / 5 3
-y Lad G - 180 " 001»}'25 <O~J—5 OoI{o
Py ‘1’5‘; 1263

b. Check for shearing stress, Max shear = Vy = 50,61 K

Vo = ..50,61 - 2.78<<18KS1 0.KXK TUse 33wl 130
N G TEPR: B P



=9 TABLE Z~3
LIGHTEST WF SECTIONS FOR THE TWO-SPAN PIN-BASED
 GABLE FRAME SELECTED BY PLASTIC DESIGN
W= 3 K/ft.
Parameters Mechanism Method Simplified Procedure Reagtiéns_ i “ Check for Axial Force
R : {Kips) - at Middle Column
| /3 Selected | Selected - ' |2 =gl Aew
Mp | Lightest| M | Lightest| Hy = Hp| Vy, = Vg| Vo || P, (K) P, 5
(K f£t.), Section 7 (E £4.)] Section L & T v Yy "%"éo"lﬁ
1l 1162 |z0wr 132 1137 |sowr 132| 38.80| 90 |180 | 1281 | 0.1402 | 0.k
0,1 , ’ | 37.9 |
2|l 1122 I33wF 130 1089 |33 WF 130f 50.61] 90 {180 | 1263 | 0.1425] 0.K
50,45
1| 1086 |30 WF 124 1050 |30 wr 124] 36.20] 90 |80 | 1203 | 0.1495 | 0.k
2 I S '
0.2 ' 7 : 22,00 ] Ao .
1.t 1020 {33 WF 130 972 |33 WF 130§' 51.00] 90 {180 | 1263 | 0.1425 | 0.K
> 2L A |
10l 1020 |33 WF 130 972 |33 wF 130] 34.00] 90 ligo | 1263 | 0.1425 | o.x
2 | 4
0.3 340 » -
AL 933 133 WF 130 888 133 WF 130} 46.651 90 1180 || 1263 | 0.1425 | 0.X
3 |
LYYAY)

z7



CHAPTER V

SUMMARY AND CONCLUSIONS

5-1, SUMMARY

L two~span pin-based steel gable frame was ahalyzed both by elastic
and plastic methods and briefly designed for its critical section assuming
agbraight connection and constant section throughout.

In the case of eiastic analysis end moments for two values of solumn
height in conjunction with three different values of roof rise assuming
gonstant vertical and wind loads, 'The elastic analysis was carried out
by the method of moment distribution., The plagtic analysis of the said
. frame with the mentioned conditions was expedited by employing mechanism
:méthoda and simplified procedures.

The final results obtained by both methods were tabulated in Table
5=1l. At first glance, the benefits achieved by plastic design may be
summarized ag,

L. Time saving:

The computations involved in the analysis devised by plastie
methods are simple and brief compared with those by elastic methods.

2. Materisl ssving:

The comparabive results of selected sections shows that an average
of 20% material could be saved by employing plastic design.

3. Load factors:

May be predicted with more accuracy than is possible from safe
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TABLE 5-1

THE RESULTS OF THE COMPARATIVE DESIGHNS FOR A TWC-SPAN PIN-BASED
F

GABLE FRAME BY THE ELASTIC AID PLASTIG&METHODS
g Blastic] Plastic Moment Shape Factor Mp '2 +3 » 3 1 |# Save | % Sav-
y E gs iel P d 7 ape_Fac ozﬂﬂ7 | Sections Selected by ing of | ing of
IMoment | Mp (K £t.) : v . lwt. by |wt. b
Parameters) My : - Simpli- ' - Simpli~| | Simpli- Si&pli~ Meéh¥y
/3 1 Mechanisn i fied |Mechanism} fied Elastic Mechanism Jfied fied | anism
o< _ (K £t.)] Method . Method | Method Method | Method Method Method  |Method | Method -
. . {g . d
1 1=967.0 1161,0 | 1137.0 1.3190 1.180 36 WP 194 36 WF 132 | 30 WF 132! 31.9% | 31.9%
0.1l 2
1 -275,0 | 1122,0 | 1089.0 | 1,285 | 1.245 | 36 WF 182| 33 WF 130 | 33 WF 130| 28.6% | 28.6%
- :
3 .
1 |-854.0 | 1086.0 | 1050.0 | 1.270 | 1.230 | 36 WF 170| 30 WF 124| 30 WF 124| 27.1%| 27.1%
0.2 2 i
1 {-728.0 | 1020.0 972.0 { 1.40 1.340 | 36 WF 150 | 33 WF 130| 33 WF 130| 13.4%| 13.4%
3 - '
_L1 =770 1020,0 972.0 1.320 1,260 | 36 WF 160 33 WF 130] 33 WF 130 | 18,7% 1 18.7%
0.3 2 -
Ll i-716 933.0 888,.0 1,30 1.235 | 37 WF 150 33 WF 130| 33 WF 130} 13.4%1| 13.4%
3 ‘
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Weight Saving In Per Cent

Fign 5"3
WEIGHT SAVING CHART
with respect to parameters
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unit stress at working load, and alge a very uniform factor of safetby
will result.
3. DTLUEICE OF PARAMETERS
bFrom the results obtained by two different methods of analysis it was
shown that, plastic design is welght saving and time savingo Figure 5=-3
clearly indicates that the per cent of weight saving varies with different
combination of pafameters,

Thus, the full benefits of plastic design in this particular case
are gregter when the " p¢% roof rise to gpan rabic is low, while they are
lower when thisg ratio is largs,

Furthermone, for the same roof rise, if the # B " column height %o
sgan ratio wou1d give more saving when 1t is high as compared to a low
order ratio. |

These conclusions are based upon a collapse mechanism due to verticsl
load only. In brief we can say parameters play a vital role in weight

saving,

&ele  GONCIUSION.
Yet this is not the conclusive proof that plastic &esign is feasible
in all cases, becagse it is still in.an experimantal stage and has the
following limitations: |
1. Uncezrtainties of loading might result in fatigus failures,
2. MAcouracy of design loads in representing present actusl loads
and possible fubture incresmse in magnitude and nature of 1o§dingp
3. The superior type of fabrication is reguired in the shop and the
field‘so that the “dueﬁili%y"'wbich is consildered in the plaétic theory

‘ conc@pts?mayfnot be dmpalir and with loss in gtrength.
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4o Monumental structures, where a greater margin of safety is re-

quired.

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

Othef carrosive inducing environments.

While in the elaétic analysis it i asgumed thalt no yielding takes
place. It is desirable to check the following points that favor the
plastic method.:

La Corfectness;Lthat is"the. suitable margins of safety for all parts

of structure under critical conditions.

2. 8implicity; when a convenient method is required for analysis,

3. Adaptability; the flexibility in the extension and application

of,the.methqd.td unuaual struchures.,

Ao Blastically designed‘structures in ideal conditions should

" possesgs the uniform variation of z-sectlon corresponding to the moment.

Further research in the area of plastic design will broaden its appli-
gation to:multiwstory strucfures; trusses, etc. Though the efficiency of
either‘méthod is entirely dependent upon the problem and the designer,
however, the judgement evaluation in its applicability would yield better

results,
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