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~connections, and of member sizes. Refinement of the member sizes to

ABSTRACT

A computer program is described which performs weight,optimiu

‘zation df fhrégubayfmulti-story frames usingvplastic theory. The

input consists of the frame geometry and the load intensity. ‘The

max imum number of storiés depends only on the computer storage

capacxty Three 1oad1ng cases with corre5pond1ng load factors are.

con31dered vertical loads only, vertical loads combined with 1atera1

IOads from the ;eft, and vertical_loads édm%ined with’latéral loads

ftom thefrigh’t° ;Loads are modified to include pertinent load reduéfionﬁ
critéfia. Wheie combined loads govern the size of members, the ratio

of the capac1t1e§ of individual members is determined by an 1teratlve

procedure using frame*weight‘as the minimized function. Pgovision’is

made for consideration of second-order effects (P-A effects). The out-

put of'the_programﬁconsists of the member forces needed for design of"
# . ; - | : . | . |
¥

i e

'accdunt_for frame instability and conStructiOnal"details_shouldabe“_i,”* M

~ performed to complete the design.

ST .
-
\

Weight comparisons for évframe designed for allowable stresses and

o plastic theory without optimization are presented.




354, 344

INTRODUG

TI0N

AL present, methods?are not available to determine the ratios of

individual member capacities in multi-story frames for greatest

.economy,

e
&

When'a Structure is designed'by'plastic theory, redistri-

butlon of moments due to the succe351ve formatlon of hlnges 1s

assumed ( ) This assumption permlts

‘ %‘plastic_moment balapcing, to specify

moments at any location in the frame

member‘capacities;(z) This'approach

- design of multi-story frames.

The adaptation of computerS‘for
- structural design has been limited.
"'ming,have met with'some‘suecess,( )

for very simple frames with only one

""Theﬁﬁﬁfpdséfoffthié paper is,to

M7developed for optlmum.welght de51gn of unbraced three- bay, regular

'rectangular-plane*building'frames ubing'plastic theory,

h “““ rizontal girders and vertical columns,

continudusly‘frOmvtopvte base without offset,

extending continuously from one side

: i

»,
the de31gner analyst, when u51ng'
'withinjcertain limits the member_
without -prior knowledge of the - .
opens a way for optimum weight ]
optimization in the field of
Attempts to apply linear program-
However, the applications have been
set of loads.

.describe~a cemPUter procedureu

W’A~regu1ar~-

rectangularvélanemfrane_iemdefineﬁwasmone composed exclusively of

and all girdets lines

of the frame to the other, The

frame is assumed to be unbraced so that all resistance to lateral loads,

~sWay,wandwframewihStability“iS“provided“by rigid frame action;

‘and all

connections are assumed capable of developing plastic hinge moments in

3

:all column lines extending .,}gngug_f‘
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(3

connections,

capacities, .

t
(a2

354344

‘the members. The maximum number of stories depéends onlyvon‘the computer
storage capacity; bay widths and story heights may vary arbitrarily, Y
A story is defined as a portion of a‘multi—stbry frame consisting'of

all girders oﬁ a 1eVe1.and the‘colmmns_immédiately below, 'Acceptable

10ad systems;may‘gbnsiSt”of,arEa loadings, concentra;gd;colgmnvloads,
and lateral loads from either direction. Load-deflection (P-A)‘effécts

may be included in the 1°ad’SyStemnby.inéréééiﬁg“thewlater31 1dads; The

output gives member sizes and member forces needed for design of

a

5

Abfief‘desériptioﬁoftheISequeﬁce of operéticns which the computer
program:ﬁe:forms is asfolloﬁs:(_Véﬁgiégih1oads are<applied ﬁéwfhe 
structure anapréliminarymember'éabacitiés are de;ermined, Combined
lateral and vérticalloads are then.apé1ied»and, Qsiﬁg the previqu; .~1;3f
'1oaaing case as a;pafanmméf) a’weight‘fuﬁctibﬁ,rélated to the CéSt bf'. """"" o

‘the fréme,isminimiz‘ed° The sequence of the‘application'of lateral

»3loadsiis-reversed~and-thewdesign-operationfrepeated@ wAll~members arngfwkéee¥f~m~‘

then designed for the most economical arrangement of beam and column

. ’
A .
4
B !
v ~ POV N U
|
o N I . ,
N C ealegil s
R - . ;
)
. o ) .
i - —
! '
N S
v
£
- \
)
— e — -y )»_:‘..u__‘ ———
— — s
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DISTRIBUTION OF LOAD SYSTEMS

TO THE FRAME

The'&ietributieﬁefthe load systemto’theframe'is assumed as
follows: » ‘ '
ii.VFloor.deedandlliveloeds are distribyted through the floer -
SYstem‘to the gikiersnas uniforﬁlj'distributed line loadsv
'ipr'es'cenceetrated<leeds et the cqluﬁn.linee‘
2; Exterior wall dead 1oeds'are'disfribﬁted to each bent as
concenfrated 1oadsateennecﬁion points.of"spandral beems.
B;QLeterei leads of wind,;earéhéﬁake,andee a measure of load-
| deflectioﬁlmomentsafedietribﬁted to each_bént-as concen-

trated loads at the'leVel ef_the girders;

The complete 1oadingsystém'COhéiSféief'thfééﬁléadiﬁg“tasesﬁ

vertical loads only, vertical loads combined with lateral loaé;ffrom -

~“the left, and vertical loads combined with lateral loads from the right. |

In each case live 1oederedﬁction,jis*apéiied,to)the_w0rking‘10ads befoneqwf:wuL,“.ﬂ

emultiplicaticn 4by_~ éhe appropriatevleedm%eegego Loed facters may'vary

arbltrerlly at the dlscretlon of the de51gner (It has been suggested

~

that a load factor of 1 7 be used for vertlcal loads and 1.3 for ' ,

T

,,,,,,, MR S 5 B kTS AT WA B L AT WA TR A W AN ek § bty T AT Y A ST St B RS T

Live load reduction percentages as permitted by the American

»“QStendatds“AssociationﬂSpecificetidn(5)'ere celeﬁlated for each girder

after the uniform dead and live floor loads are comverted to equivalent

vertical loads comblned with w1nd and’ earthqueke) ( ) - “_ f.memgw;w;ﬂggwegﬁeﬁemwg4
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line loads per foot on the girder. ‘Thesefeductions“are limited to

the smallest of the three percentages: | | - | €  4

1. 0.08 times the floor area served in square feet, -

e 2. a formula based on the ratios of dead aﬁd_live load,

A e 5 | | }:
, 43; 60percent. S o o L - 4' | g
: No reduction is pérmitted for roof girders, for areas where the 1ive' i
) Aload‘is greater than 100.psf,or'whereAthe'tributary area of a floor j
‘associatgd'with_a gifder is less than 150.squaré feetoA ﬂ
- Column thrusts due tofiaofiéads are calculated as if thé‘floor‘" ’7
spané were~simply supported at the’columnicentefilinés.Live‘load;“ . |
N reduction percentages for each cglumn aré éomputed'with'Fhe_same limi- j
o Eétions aé Stated.fdr girders,except thatfa~20ﬂpercént redﬁctiqn isi‘.'4-' :} | j
allowed Whén the live.ioad is greatér théﬁAiaﬁ;ééfg. Tﬁe suﬁ’of‘thé R ;
weight df thé exterior walls, and of the?dlﬁmn andwfigépfgofingin L -
.Faintion to the”deadload of Ehe floor_gpgnS'is aééﬁﬁed t6 constitute
- the column deadload,»Thus,the*maximum,réductionof60.percéﬁ£ is-~fwww+¢«~-
. epplied to all but the uppermost colum tiers. .
.
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ASSUMED MEMBER BEHAVIOR

/

For the vertical load case a beam mechanism is assumed to form

under a»unifopmlydistribUted‘design ultimate load (factored working f

R

‘load). The span-is taken equal to the distance between column center
‘lines as shown in Fig. 1. The required plastic moment capacity is |

&

‘then given by: . | | 3 e

LT
.....
.............

M =F wL?/16 T W
e e

Nt

JWhere;Fl = load factor for vertical load case,:

w uniform'working load (k/ft.),

-L

girder span (c-c cOlumns)'(ft.); ~' 'f{;, '“ va ;5 3; j f;»

N . .
X u O e

fJ,,"Statipéequilibrium<requires~that the column be able to resist the

"",girde‘r'end moment MP. This moment is assumed to be distributed equally

above and below the girder line, except ;n'the case of roof girders -

_*JS‘- .

where it must be épplied to the column below. The column end moments I

A

bb‘t‘aine‘d“ “in this manner toge ther with the facto I'Ed'.' column thrust are

equation based on the.

of this section is used as a parameter in future loading cases.
: P _ o _ K

‘  ¢When.1éteré1 loads are applied to the frame, the sum of the end N
. . ; . . ¢ : : \.\\

- moments of all-columns.in a story may be determined from an equilibrium

used to select a preliminary column. The reduced moment capacity, M,., = |

horizontal shear in the story. Figure 2 is a free - - .
body sketch of the columns in a story of a three bay frame. ' The total




by:

horizontal shear3 rH, which must be reSistediBy the columns is given

o . yPA o o - .A .

. where

g ZH@ = a,concentraté&mioad‘equal to the sum of the externél*
horizontal loads .above the story due to earthquake
“loading . % .

'SH = a concentrated load equal to the sum of the external

horizdntal loads above the story due to wind loading;

™
+J
B

a concentrated load équai.to°the horizontal component

7|

exterted by the sum of the column loads on thé story

“'acting_in.the disp1aced position.resultithg from the
'vrelative"stdry sway,
D A = relative‘_story' sway,

~h = istory height,

., For preliminary design pqrposesvthe_sumwof the horizontal shears,

¢

"fZH; can bé‘a53umed‘to;be ?PPliEd ét'thé'gird9r7line and the equilibrium -

© TH+M_/h=0

. imposed on undeformed columns, With all forceShaving a positive
direétionlas shown in Fig, 2, the equilibrium equation is as followss

~_u

% It is not intended here to assume that plastic design is advanced

~sufficiently (1966) to include earthquake effects, but merely to
~ indicate an approach for preliminary design purposes. |
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=~

ilev61,'mu$t be.qual;to the summationéf'thé columh end moments joining
‘these girders. It may be éssgmed ﬁhat hglf-of the moﬁéhts.in an

aﬁetage'stofy occ;r'atthe\tppané Halfat'thébbttom.oﬁéﬁe céiumns,~<
Thé total momentlto beifeéiSted“byfthe girdérsiat a baftiéulariiéveil
is'then equal to theavafagg bf.the sumgmgfthejéélumn moments of the

story above and the stqry below.

ErE (M) e @) J-o @

where ZMg = the sum of the girder end mbmefﬁfg at level n,

: ~<SM§)n-l'

the sum of the¥column end moments above level n;”

3

(EM%)n: the sum of the column end moments below level n. B \\\

‘(_'P

‘flSubStitUting_Eq,(3b)in Eq. (4) an expression"fot Mé is obtained in -

- terms of story heights and horizontal shears

O - YN SOt

s m=s (@ e, ) o)

P _. . o e e e e e e e 4 e e b e e e e e e

If the,girdérlend moments are known, the proportion of .the story s
'monmnt résiéted byuthe°¢olumn éBOve can be determined from .
3 ‘(;}ic){n»‘_l - DEZM, B (6)

‘When 1aterai'loads\are»applied'to the Structure,-each_girdér mQSf
resist moments'céQSEd by gr&vity loads as well as. the lateral load
moments given in Eq,i(S), ‘Usually the load factor for the vertical

‘load case is greater than the load factor used for the case of combined

i




clockwise girder moments.

R C:) B

If the girder capacity obtained in this manner is not sufficient to =

‘the second plastic hinge forms at the left hand end and therefore "is' |

354 .344

o

~_ vertical and lateral loads. The excess moment capacity of ‘thé_;g‘irder

‘can be used to resist the lateral girder moments. Figure 3a shows

the moment diagram fer_a uniformly loaded gi%der, Mﬁm is defined as

\'the.mipimum,plas tic moment required to re's,,,;i.St the working gravity

loads multiplied by load factdr Fz,f uséd,fbr- the combined Ivdaid'case:

&

-
[V o R
. vt . N .. . . N e
.
wlLs. . | -
"w.r.,.”.-;..‘.auy‘.-,‘.,‘.;_4»,‘,\(.M.\‘;HqL.~,‘4f_q‘.;,,4 BEATILALEDCACHIEATHLHCALA AT et (AT

Mom = g IR P M

The dashed lines in Fig. 3a represent the girder moment capacity,
MP’ as obtained from the vertical load case. The unused bending
capacity makes it possible for the girder to redistribute momients 80

that it can resist lateral load moments. Figure 3b shows the maximum

redistribution possible without exceeding MP. The maximum _1atéra1

3

[t

resist the sway moments, additional sway capacity can be ,realized if an

effective load factor F__, greater than F_, is assumed. Figuiﬁes 3¢ and

d show two moment d:i.agra.m’s’possi;blge with larger girders.- In Fig. 3d

| moment which the gircier can resist 'is then the algebraic sum of the

‘the limiting case. For all values of M greater than that shown in

8

}

Fig. _3& the moment diagram will appear §t o be the” same bi.jlt..Wi_th larger

values of actual Mp

\ N
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'/It”should'be‘noted in the sequendeOf'momeﬁtidiagrams'in Fng 3.

U,

that 1) tbe pafébolic porticn of the moment.diagram‘dﬁe,to}the~uniférm1y

digtributed 1oad,lF'w, alwayslhas the s&mE.relative COnfigurationvand

2

Size,QZ)Athe§location of the second plastic hinge is variable and moves . ST

from the cenyer”of the span to the left hand end, 3) the,moment.Mhiﬁ - '\ | o]
. : 5 e k

gradﬁally Changes_fromra‘maximum,counterclockwise mqment‘to‘a'maxmem

~ clockwise moment. = . | o

Figure .4 shows two free body diagrams for a uniformly-loaded

(6) o “ : - R |
r

girder. "

In Figure 4a: S Tl ey L RN A R L o

. ’ ; - H o0 Co e . o . i . . . T ) s uv"‘:, . ) ) . N . i

i Pl (AFM,

In Figure 4b: et |
]

. ,,_ZMO +9 o R - | B e

S Foux 2M. - . . ST e ‘Jf
S o . R S S S R

Jroy S e e s e ] L —

i . ) R 5 : . . . . o
L . oo . Tl o S : : i




354,344 T .

~ Substituting into Eq. (10),

 weEe 22 o ay

~ From Eq. '(9) . |
L2 )
FZWL

(A{l) M

Substituting the value of M, from Fig. 3c or 3d,

| AL | (A+l) = —= —_ -1 | LT e (15)
- I | ). T e N

Since

’Equation (8) beCom@s;

8, [ [F_ T\ ey Ry B T
ST Mo==—=| [z= -1)M A

It F1E‘='4F2 thens‘Mé' = ZMb which is the limiting case shown in =

'_Eig;“3&;““Thewsway”resistaﬁce“bf'é”lbédéd”girdéf”iﬁwféfﬁ§wamfﬁé%IOad
7m%+4{wwfactors can be eXpreSsed'by £w0'equations:

R -EEE f;l ;ﬂ&f‘ 
M =8F | /F, T /16 ,

2

=
l
N
-
il
bxy

,,,,,,,,,




'ﬂgirdgr; kltgisfnot'ﬁeceésgryﬁfor the effective 1oad.factor,iF

~ be thé same er'all girdeis,

lwill.be»contro1led by gravity load alone at 1bad‘factor'F

e e e e g e

~vertical load case. = - -

load case is not sufficient to resist sway moments an effective load

¥

354.364 T g

‘The totalxcapacity of the,girders on a pafticular level to resiSt

‘sway moments is the'summatidhfbf'the‘sway]¢apaéity,Qf,each_individual

e |
to
1E°

- b

[N

_Forfa~cértainfnumber'of1evels below the roof, the girder capacity 

1 The total

q ‘mament'capacity‘of graVity"cOntrolledfgirders oh.a level is given by”

| | F1 IWLZ D | .?- - -
M = il S | | | | 19
™ SFZMFZ bz (19)
Comparison of,Eq.,19_with théfrequited moment capacity given by Eq. 5
will determine for which level gravity load no longer controls@the |
girder design.
~ Consideration of'é;symmefriC'threé;bay franw:Symmetridallyxloadéd "'

shows that under gravity loads the interior columns theoretically are

L

-not required to resist- any moment- - However;'withlateralloadsapplied

the}interior columg§\@@§t'exhibit some moment capacity. Thus, suffi-

cient girder moment capacity does not insure sufficient frame capacity

to resist lateral loads. The distribution of the Sway moments at a

‘level for -ecdnomy is depende.nt on the column moment capacities from thé

"At levels where the excessive girder capacity from the vertical

factor,FlE, can be assumed for two bays and the load factor required'

for the third bay.calculated°




where K = 8

or K=2F_, S E

.fc')r F

3ssee u a3

)
- a9

g effective «10@@

| Us :i.ngj the ﬁdtatiqn @f!Figt. | S‘and_ assumin

factors

~ for spans AB and BC . the._ssmy _rle’sista‘n%ce'girde_r capacity of these bays

‘at level n is given by:

Ty

C Wanlam® Varlna®™ R .

AB 16 BC 16

g WF L/Fy - 1) o 0SS F g 4F

= 1E 2

1E

The jrequ.ired 'Svla}; momen't -c?aéacityjof' span CD is '..,

8l

‘The load factor for Span CD is Obtained»by_isolvfﬁ’g Eqgs. -153 and 18b

1E°

o Eg
_(F]_E), = (1.0 + 81.,2) 2F2,‘ |

I

<3

_Kgp
(_F].E)CD 9 2

MgCD

WLCDZ'W"*“”"' 5" i7’_".-l4‘:‘

]

~ The column end moments can then be found by using Eq. 6 and =~ =~

equations of equilibrium at each joint. |

s ' D L T e R T ALt S NG e S R E TR T » )
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As a tésult-of theVQSSUE@tionoﬁgat half of the“m0meﬁts in an.

e iyt

average story occur at the top and half at the bott@m of the columns, w

eavh I@V@E can be dﬂalgned lndep@ndently &nd various cﬁmbin&tiuns of

~

glrder capacities can be lnvestlgated readlly wmthout complete

e,

B R DA

reanalyals of the entire frame, It is ﬂhen posslble to calculate the'

weight as a measure of the cost of the frame for each cambinatlon and

‘<se1ect the case with minimumvweight forfthe,final design._

e,

A |
— ¥
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'THE WEIGHT FUNCTION

It is assumed here that the 'Weight of .a member is proportional = ¢ o
to its moment capacity. Thus, a weight funétiqn is defined in terms

of the maximum 't'e*quirgd moment capacity and the length of each column

—

Cand g"i‘rdefgiﬂ awﬁ story.%

We = C y+Z Ly
SWe=hy (M) »-!;- (Mgmax L) S (23)

where "Mcmaxv = the maximum required moment capacity of a column,

©

~h = story height,

"M - = the maximum required moment capacity of a’.girder,a

e
!

g = girder lehgth. | R

o - . . ) : : P L L emimgmniTET A
AN o , S e
. . N Te

‘Substituting Eq. 6, 18, and 22 into Eq. 23 the weight function is .

expressed in terms of (F ) ., d } .
Xpress A (Fyp)yp and (Foo)e

Figure .6.,]?.8::& sketch '.of ‘the
general shape of the resulting function.

- If the moment capacity for any previous loading of any mémber is 7
greétéf than the ‘moment “capacity for the distribution being considered
its value is substituted in Eq; 23. This substitution tends to flatten. . .. - |

the shape of the weight fu'nctign as shown in Fig. 7.

* A more accurate expression for the weight function is L

| : Mcmax M max

WE =hy —3— +3% L
- | C g g - : e
where d, and dg are the depths of columns and girders, respectively.

v

b




Tt-can be concluded from Fig. 6 'and 7 that a unique minimum value

|

 exists. Minimization of the wéigm function *iﬁ Fig. 6 wilﬁl lead to

“ for 'a‘p’ai,'fticular’ 1oadmg'.case.-',‘.,Miﬁimiz_a_.tion of thévwfeigh‘t' function in

-.'Fig. 7 will lead to the most economical arrangement }for{ ‘a sequence of

S
' o

loadings since member capacities required in previous loading cases

are considered.

e~

3ses6 16

- the most economical arrangement of girder- and column moment capacities - - - -

‘The dashed lines in Fig. 8 represent the inoment capacities of the -

members ob‘taz;.iﬁed from a previous loading case. The minimum value-of
the weight function will have the tendency to distribute moments in a
manner which will utilize available capacity. The solid lines

represent the moment diagram for aﬁ”épplied’ sway moment just equal to

9]

" the given girder capacities. As the sway moment is increased the

additibn&l momentvwvill be distribﬁted in the fo,ll-owing order of
preferencm A
| "1._ To the shortest girder,s?pai.n if 'the adj'acent. columns
have excess moment capacity.
‘2.. To the’gi‘rder. span where excess column moment capacity
',EKists, |

3. To the shortest span.

If additional sway moment is applied to the Story, in Fig. 8, analysis

of the weight function shows that the additional moment will be taken

by the girder in span BC until the moment capacities of columns B and

C are exceeded. Any additional moment will be taken by span AB until

| »t‘he capacity of column A is exceeded. Further moment will be

e S e ST e L

H 5
= RIS TR R et ey

[ERSEEES
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_distributed to span BC only, for economy. For tall framé§ it can be
» aeén.thatvthe requitedvgirder'size'fdr span BC of Fig. 8 can be quite,”‘

large and“thatfthefdi@tributien‘of'moments“for a‘précﬁical'design “

-

‘may“nbt'bé the mqst economical as determined from.thé”Wéigﬁt‘funC?ibn.

fﬁé’assﬁmption1offmaxﬁmumgvalues.for;the[effectiVe'load factors will

not affect the shape of the weight function, but it will reduce the

validity of the weight function to the portion bounded by these maximum
load factor values. This is shdwnpgraéhiéaily”in;Fig,'9;” -.;

It is possible then for the designer to:analee the_frame‘under

vertical loads only, .and using the maximum moment capacities for all

:members as parameters, apply ;gteral loads from the left and detérﬁine

the most econdmical arrangement of the member capacities from the

»Wéight‘functiond~ Lateral loads from the right can then be applied, and

using the previous loading cases as a parameter a new distribution

'.‘\
\
\
\

“determined. A different séQuenCé Ofilogdings-évertical, lateral loads

trom the right"1atera1 1°adS-fr°m the left--may result in a different | o

distribution of moment capacities. The two designs can be compared and -

thejmost5economica1 arrangement used for the final preliminarykdesign.

This approach may not result in the most economical arrangement

possible, but it is judged to be fully adequate for deéignpurposes. o \
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- [P

 Member sizes are chosen for member forces obtained by the procedure

® ‘ . , ) : .
o - » ‘ ) : o - - i B . o . I

 _fQ,, o ..‘described above, Members are ésSumedftoﬁbé adequate1yfbfadéd'to

¢ "\r N

~ preclude out-of-plane and lateral-torsional instability.

~ When the interaction of bending moment and axial force is comsid- =~

ered, ,ﬁhe apprOXimate end moment capacity of a column is taken to be

M =M | " yhen P/P <0.15 - (24a)

pc p , - y = "7 L T =7
M

“pe

1.18 (1-P/P M when. 0,15 < P/B <1.0 S (b))

plastic hinge moment modified to include the‘effectubf o

=
=3
®
H
®
=
I

axial compression, ! S e I

P~ = concentrated axial load,

l-d.
I

axial load corresponding to yield stress level: P=‘A'Fy;.

=
!

‘”Zng = plastic moment capacity of the section,

~Z = plastic “‘S‘eCt’iO_.n mOdl.llu'S o

This is in-accordance with the»gfeSent ATISC Specification for pléétic

design and is valid for columns sdbjectedeo double’qurvature'bendihg.
' The approximation is acceptable for;the‘pufpose‘of preliminary design
since, except for a few upper stories, the critical column design

condition is when the frame is'Subjected'to combined vértic31 and

lateral loads and columns are in double curvature bending.

Girder sizes are selected from section economy tables using the
required member end capacities with consideration given to maximum

depths for architectural reasons.
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. DIGITAL COMPUTER PROGRAM

o~

‘»ﬁA*digital computer programhfer a General Electric 225 computer has

| béen developed'to hand1e the extensive calculations iﬁvolved_in'the

‘method described in the previous sections. The program is-written in
~th€'FORTRAN.II language and consists of a main .routine and fiyé sub-
routines. Running time oh“fhe GE 225‘can'be estimated1at one‘halfw._1f A_w.W" 4.¢

minute“perAstory'exéluding the start up time. A brief description of

o o

Ly

the program is as follows. | e . S T EE LT

Input data:

1, Frame Geometry: . S T R T S e

 Bent spacing ) RS

‘5; Span lengths

.Parapetfwallfand story heights | ;;;.[;fgigafv;";"'

Number of stories

 Area dead and live loads =~

'Weight of exterior walls B ““‘f“;f*W**ff f“““f%ffj%fMj?ff44*““"

Estimated weight of columns plus fireproofing

Area lateral loads - A R L I

. Number of stories for which the magnitude of each load .

is applicable
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‘3. Miscellaneous: . - T N

3 .

B Load factqrs;for:eéChloa&ing Case
Yiéidstresses.sfthesteelitoibeUSed , _'T:” ' '; -'“" " . L '4.*
Maximm e ffective load factors T
'MaXimﬁﬁ depth ofﬁgifderé

SeCtion‘properties_needed‘for girder and'COlumn.design.‘

~ Area loads are converted to uniform girder loadings and to column

(5)

thruSts.~lLive 1oad‘reduction‘allowed}by ﬁhe ASA 58.1 = specification

{

- - s applied'to~all,loadings. Girder working load end moments and
~ shears are computed and printed for reference. Lateral loads are CRTTE PR

" convertéed to concentrated loads at the girder lines. Y

" Using the load factor for'tﬁe,verticél-load case, factored girder'_
I - . - I i

‘and column end moments, girder end shears, and column thrusts are e .

: calculated and printed. Equations (24a) and (24b) together with the IR |
. | _ , M o DR

e —-factored column moments and thrusts are used to select preliminary -

~ column sizes from a list of suitable wide flange sections.

e e e e e e e e

Next, the sum of the girder end moments, ZME, required to resist .

° the factored overturning;moments'of the lateral loads from the left are

"*j“”determinedat“ﬁhe‘rodf'level“(Eq.'3);"An'effectiVe‘IéadfactorFiE“éFi“
‘ismassumed for span AB. With one,Variable;(Flé)AB,equal to a c;nstant'
tha weight function becomes a two dimgnsional curve shown in Fig. 11.
‘Since the effeétive load factor for span CD can be expressed as a

. function of the effective load factors for spans AB and BC (Eq. 22) any

) e

~point on the curve can be determined by assuming a value for (F1E nc’ | ~§




y, S

- The maximum moment capacities required for the columns and girders

{

from either load case are usedﬁin.eveluating the weight function.

The'mlnlmum 901nt on the curve is found uelng the procedure.

shown in the”flow\d;egram.in]Fig. 11. The largest effect%/e*load

factor, (FIE)max’ may be selected by the de81gner to limit the 31ze

of girders. The'trial'load faCtor FriS assumed equal to.the average%

"of F, and F | and the slope of the curve in the region of F is
\ min max . | ‘ | o

detefmined by evaluating the weighf'function at F and at F + 0.001.

If the slope is negatlve’,Emin = F, If the slope 1s p051t1ve Emax_=

.'F, The procedure is then repeated us1ng the new value of F of»

in

"F___. When the values of F ;.,and F are‘Within 0.1, Wt (1)'ie~ -
- = " "min T “max a o —

max

assumed to be the minimum value.

(FlE)Ag‘isthen ianemented and'a‘ﬁew‘minimum’Value3for'the'weight‘

‘function is found."This value is then eompared‘to the previdus value,

If the new value-ié larger the procedure stops and a,cbmplete moment

balance-is performed using the load factors from the previoﬁs trial.

value is found.

354°344 . - | ‘ | " o . | . ‘ ., | | ‘ . | .' : m21 ,

If the new value iesmaller,;the procedure is continued until a larger -

USingAcelumn-moments‘bbtained'fromhthe moment balance and the

'appropriatelyﬂfactored'cdlumm=thrﬁ3te;*the~columnﬁsections selected

from the vertical load case are checked and if found inadequatenew‘~

sections chosen.

\\\\\\\\\\
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.................

%and member end momente girder shearss end column thruets are printed:

o for‘reference,

The direction of the 1atera1 1oad is reversed and the welght

T N NS

~funct10n 1is agaln minlmlzed for each story succeselvely beglnnlng at

the roof,' The maximum moment cepac1ty of each member as determlned
frombpreVLOes loadlng caees or as requlred by the cese under consi-

deraﬁion, is ueed for,detemminipgthe‘valueofathe weightifunetion_at
each point alongtﬁe'curyefor’each story}‘ Factoied.member end o R 4

moments, girder shears and column thrusts are printed at each level.

- r ’

Using the,lafgest required moment capacity from any of the
loadings, final girder sections are eelected from a complete list of

availeble'shapes.“'Finaiﬁcolumneeﬁd.gitder‘sizes and the total weight

of the frame are are printed.

- The procedure is repeated with the eeéond‘IOading'sequence:“
;vertical»loads, vertieal'leedS»Cmeined with leteral 1oadstfrom.the,
right, ~and flnally vertlcal 1oads combined with 1atera1 loads from

the left. The weights of the two framesfafe'compared and the confi-

guratlon hev1ng the mlnlmmm'welght is selected as the flnal preli-

minary design.
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‘A’Simplified;flow didgram of the prqgram'is shoWnbin Fig,.IZ,,

¢

This diagfém.QSSentially follows the.gutline'given above and no addi-

tional explanation is deemed necessary, An example design of a twenty-

g

four story th:eegbay frame is inéluded in AppendixfI,VlThis“is the same

g T e e el C e e e e e PN

frame as was designed in Réfs;'ég 8, and 9, Comparison of this designx
with'prelimihary and fiﬁélkdéSigns of the frame using'allowableéstreSS"

design and plastic theory_without'optimizatiOn are presented in

" Appendix II.

Comparison of the three designs in Appéﬁdiceé?i and II shows that

‘ the.weight optimization procedure will result in a significant

i

reduction in the cost of unbraced'multi-storyfframes, The computer e

program can be,USEd;not onlglto speed up the design, but also to ~"‘v53= 

produce a design more economical than by any\other’ﬁethodwavailable;v“iz_WTQQ-w-’

£y
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"CONCLUSIONS

Q)

A oomputer prngrem.wes deV1sed for the’optrmum de81gn of unbtaced
multi-story trhmes using plastic theory. Thisprdgra@.is applicable
'td three-bay ftamesjof any number of stories,'bﬁt withodt ﬁissing
members, The basic theoty 5f themethod'is valid for anyvnﬁmhetuef

“~bays. However, the approach used to determine the minimum value of

———

the weight function must be modified since each additional bay adds

" an additional dimension to the function. Operations Research or non-
'S » '3 ' | / °
linear programming may be used for this purpose.
. / .

/ ’ ) ‘ o LT

f?\ | o // v ; o a L B rrerin e ';;*‘%MT;' Y
L ComﬁerisenOf the de%ign of an example frame using the optimi- B
 zationprqgedure shows/%eight savings of 12,87 over the allowable
S ST -/ " ‘ » : . W LR R
- —- stress method and 6,7% over the plastic method without optimization, == -~ ]

. —_— - e -

4 . - . : ! [ . ) RN

1 . - c .

YR ~ S e . . . re . . . . )

. : : . B e S e e T
) . . Niay . - . .
' y ’ R ——— e
“ . - s ! - o L ¢
S G A S . . .
Iw : TS s me L » )
I . 2 . . N . - '
.
T

. . / : . “ ' .
Further improyements of the program which are -desirable and P
I o | S PP ST s

/ .

“-the weightﬁénction' 4)_refinement of the weight function to include“;;;'

iféthe already selected glrders on a level when determlnlng the third - w;j;j;figx%fwvw-

‘*7¢f glrder 5{ 1nclu31on of P- A,effect 6) methods fot handllng multl bay .

frames,/é) con31deratlpn;of working 1oad,def1ections,t‘
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o3se3s4 ' s

When the sway subaséemblage method of column desigﬁrde@éribed in

Ref, 10 was used to check the member sizes shown in Table 1. It was'fOuﬂd
that‘membet sizes 'in all but the uppermost'stoties are suitable for,a"
N e B o -

 _}_,3, | ,t_final'designo 'DéfleCtion checks showuthatuthe addition of a hori- -

,zontal force equal to two petcent of the. glrder dead and 11ve loads at

| ] |
a level is too conservatlve for estlmatlng the effect of P- A moments, ( ) -

- A one percent horizontal force would produce deflections'Which more

closeiylapproximate those predictedfby the subassemblage method Of’design,u G

Sl L v

The results of the program are to be considered as preliminary and
could be "used as input data for programs which maké“deflectionjestimates:

or check the stability of the'frame as needed for fiﬁéi~design.

A i e

* ThlS semi- -graphical method is con51dered at present (1966) to be bl ;
. the most rigorous for plastic design of multi- story frames., U
o ‘ . P-A effects are included and the max1mum strength of the structure P !
| , L even though it may- occut before tha\formatlon of a mechanism, is . -
‘ | con31dered | A |

Y
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APPENDIX I

[

SR  EXAMPLE FRAME

Thextwenty~four story three-bay frame in Fig; 13 is used to
“illustrate the method, Thi's is the same frame as was designed in
Ref, 4 and 9,

" Dead loads are based on assumed weights for 5-in, reinforcédN 

-~

- concrete slabs, plaster ceilings, fireproofing, and the weight of

| %j steel system members, A constant wind pressure was assumed, A hori-

.. .. zontal force, equal to two percent of the g{faérfdead'and live loads

‘at a'leVel, was added to the-wind'fqrce’at each 1ével to include the

E)/

effect of P- Amoments, (The total wind pressure in the design'was
37.9 psf, which included P- Aeffects). = L e
For the sake of comparison with designs in Ref. &4 and 9,
~ % A-36 steel was used for all girders and for all columns above the

eleventh level. A-441 steel was used for .the remaining column seqtipns;;' -

Maximum;effectiVe 1oad factoré of’5,5;'19,5;‘5.0‘Were assumed.fq;.'. . ;’ Aﬂ

 Bay?AB;/Bay BC, and Bay CD, respectiVelyg“ Additional'reduction in thé,x”° :f*“*“

’ weight of the girders could bé obtained if larger effective load factors<:5“__;;

had been assumed in Bays AB and BC.

~ Table 1 shows final girder end éolumﬁ SeCti0ns“together with   _Qﬁ;;, ;*

weight tabulations.,-
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APPE NDIX 11

. COMPARISON WITH OTHER METHODS
l "Tgb1esf2‘énd 3 show the finelfcqlumnfang4éirder‘éizes for the
example frame‘ofaéppendixtl designed by'allowable;Stress method and
by plaetic method witheut optimizatlon (o) The load assumptlens,
‘anlu&ing the horizontal force to produce the effect of Pw& moments

and the eholce of. steel were the same as forjthe frame of Appendix 1.
Ea " . h ) ;f

Figure 14 shows graphicaily a cvmparlsen of glrder weight ealumm -

;TW81ght end total WElght of the frame by the three deeign methods. A -
_“savings of 12 8% can be realized using the proposed method over
allowableestress design and 6.7%Mover the plastic design methcd without

 optimizacion.

It is to be noted that the comparison of the design example of
| l‘.Appendix I an& the design u81ng plastic method Without 0pt1mlzat10n

*(Table 3) would be- more favorable if clear Span were used in the design

example This assumpticn‘wes used to obtain the girder sections in A

h

fﬁatle 3y and it reduces the requ1red moment capacity (and weight) For

. girders with a sllght increase AAAAAA lnmthe required moment capacity of thelrmffffiﬁi

colUmns°
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(144F298)

-3¢

[,(@@554§3>- f“‘-~ -

11 do . 18WF50 R T N e e I o
_ 12.  2WF68 = do - 27WF84 .o Tl ;
13  24WF68 . . 18WF55 = 24WF9% e -
14 do . 21WF55 27WF94 A
15 - 24WF76 - 21WF62 - do
16  do - do - 30WF99
17 - 24WF84. - 21WF68 o do
18 -~ do ‘ “do - 30WF108.
19 27WF84  do | do o
20 - 26WF94 - 24WF68 . 30WFlle - !
21 27WF94 = . do  do - .
22 ~ do . do . 33WF118 = |
23 - do - . - 24WF76 -~ do =
24 30WF99 do do k

A36 and Ab4l Steel | . T - |
A36 VY5 R I ]
| (Columns in Parenthe31s) - |

f

s0.2T ¢
25T . 85,0T
74.7T . 8.0T

- Girder Wt.
Column Wt.
WMTOta1° We.

o oo . . ‘ |

oA n

Tabl@ 2 Member Sizes of Example Frame Designed by S -
) All@wable Stress Method | S




7777777

Tier

1-3
3-5
- 5-7
7-9
9-1

11-13

H

© 1315
15-17
17-19

19-21
21-23
23-25

Level

Col'a

12WF-.40

12WF 58
L4WF 78

14WF111l
- 14WF127
( L4WF136)

(L4WF142)

(14WFLl67)
~{14WF211)
(LLWF246)
- (14WF287)
(14WF314)

Bay AB

14B26

16WF36

do
'do~
-do

16WF45

do

18WF50

" do |
21WF55
do
21WF62
do
21WF68
do

| 241F68

- do

- 2LWF76

do.
- do

2WF8L

do

- do-
. 27WFB4

124F 58

- 14WF 78
- 14WF111
- 14WF127
(L4WF142).

(14WF167)
- (14WF193)
(14WF237)

12WF 40

(14WF264) -

(14WF314)
(14WF342)

.; g;. ‘;”'

GIRDERS

- Bay BC

' 12%11.8
© 12B16.5

do
do
16B31

. do

18WFS0

do
21WF55
do
21WF62
do

21WF68

16WF40

do

do -
24WF76
do
do

2LWF68

24HFBL

do

WEIGHT

27WF84 ‘

12WF 79
14WF111

GOI'C "'

 120F 58

(14WF193)

(L4F246]

(L4WF398)

(l4WF211)

(14WF314)
- (14MF342)
~ (14WF370)

Bay CD

- L6WF45

18WES55
do

. do

do
do
~do -
-do
do

- 2IWF55

do

do

-~ 21WF68

-do

 24ures

do

o do_"WHMWGﬂﬁMQm‘“ .
- 24WF84,.Ai,wﬁylgﬂfgifﬂff;;;jﬁfQQf‘;Lf;f;3m,¢

do
do

. 2wFe2

 Col D

12WF 58

L2WF 79

-  14WF111
. 14WF136
© 14WF158

140F136
14WF158

(1L4WF202)

(14WF158)
(14WF184)

(14WF246)

(L4WF314)

“(L4WF320)

(14WF287)

--------------

=31

A36.and ALh41 Steel

A36 YA

KColumns in Parenthe81s)

ﬂ”

834 T

l-'Girder Wt.*
Column Wt.
_Total Wt.

B B

Bonon
£ O
£ 08

M3 -3 -3
rm

(o)
W
o]

*. v;.‘.

| Table 3 Member Sizes of Example FrameiDe31gned by'f‘v_” S
Plastlc N@thod Wlthout Optlmlzatlon = ;;Q;;j_‘
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 APPENDIX ITII

"COMPUTER PROGRAM D ESCRIPTI.ON

" FORTRAN Siatements

';“fnbtéd in Display A, . = -

- The complete listing of the FORTRAN II program described'inythiS' 

\ﬁaﬁer is‘shown in Display A, Sufficient explanation haa"been addea'to

enable the designer, who is expected to be familiar with the FORTRAN

language, to follow the logic of the program,’

».

;,The:core stOrage capacity of the GE 225, the éqmputer for which thé‘7

program was developed, was not sufficient to permit the.stdrage of the

N - - i, — I
E ,Aii&:‘ L ﬂ
Tlye

: entire:program and the necessary data, A”SyStem called CHAIN was used

to alleviate this deficiency. CHAIN permits_the std%agé of sections of
a.programHOn magnetic tape, FEach section or "link" is placed in core

storage as required for execution of the program, Values of the vari-

ébles'aSéigned.to'CGMMON stqragé aré_nbt affected;by-the‘executiqn of

individual links. Several changes in the program statements’ are

‘necessaryif sufffbient core capacity‘is éVailable-to store the program

'in its entirety (about 10,000 locations). These revisions have been

t

»'1he'program'éan also be modified for designing a frame of any

‘number of stories by changing the array specifiéatioﬁs following the

COMMON and DIMENSION statements.
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Data Preparation"

' The input data is arrangedfinfthé"fOllowing m@nﬁér: ”“

1, fFramefnumber (must be positive if the program is to be

. o executed);4_f”H < . R ) e I

—

2. Frame geometryp"

: ?

3. Areaylbadings LT | ~ IR D - s

4, Weight of extegior wai1éwé;éicolumﬁs élus fireproofing - | 4

| A | » 4 o Y . &
‘5, Wind preésure
6. Load factpré /:’
7. quumn section properties (83 sections are requifed in_qrde;W; H.’

of increasing weight).

8. Yield points of steel to be used for éolumn design fnot more

. than threé) .. o B ’ | , J

9, "Méximum effective load factors for girderxdesign, 

10, Girder section properties (221 sections required in order of

increasing weight,

11, Yield points of steel to be used for girder design (not moréf

than thfee);A - o o . ‘ 3  B .

r o 12, Maximum girder depths., .
- . 13, ‘Frame number (negative to stop the program). i |

The number of storiés forwhich‘each piecerf data,is,appligable¥J;Lf  ;“i‘  £

is also included as input, Linear medsurements are assumed to be in- oo

 feet; area loadings, weight of exterior walls, and wind pressure in =~ = o t

pounds“pex Square foot; weight of columns plus fireproofing-in'pounds S '""f

| | L | .
per foot. Column and girder section properties required are: nominal |
depth, in., weight, 1b/ft.; plastic section modulus, in. |
. - | | ‘ ﬁ

1

|

. L

:!1', -

I
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4

The program is organlzed in such a manner as to allow the de31gner .

at hlS dlscretlon to vary the story helght and 1tems 3 4, 5 9, and

12 at eech storyl The maximum number of,steel yield pointe (items(B"

’ and 11)'whieh‘méy be,qsed'in a given desién isAtéree for_coluﬁnsaﬁd.fflf‘\, -
three for gifdefs° However, if'the\input'daeaufor the yield point of - i
coluﬁnslis.441,09 the‘program.w111 con31de£ the first 56 columns at a = °
yleld p01nt of 50.0 ksi, the. next 12 at 46 0 ksi, and~the,laSt-15>at~ -~ .~‘A:
42 0-ksi, These etresses correspond to the yleld points allowed by the i
ATSC Spe01flcat10n for A441 steels, (7) |
¥

Dlsplay B lists the order of the 1nput data and.glvee the acceptable ;

~ FORMAT. Dlsplay C showe a set of data cards for a ten story frame | §
Display D shOws part of the Output+for~the data Of.Display C. \Qfxg‘\ 5
fo %
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; 'wa?mtdﬁgv N ASTY DEQrAa AC MlITY QTnRV THQFFeQﬁV FRAMES
- S B - O BY T.M, WU@QAVo_lFMYGH wMiVEQ%I?V

LaC

. c _A; . Qurpfpfﬁarfﬁ\ ng AHQ\V pTNLMQ?ﬂNQ ‘ ‘
"l:i].i.‘ﬂe‘;v\! ~ﬁ[(jglr‘l?{,cp.\l|,[4]QAL,.M(\W[3)90[gi EISIQF(3]9FM[3396[14]
T ) My «erDu 3], =291, Pr25, %lgﬁfd1oﬂcr$lpadﬁﬁrd? SUMLLI41
- .‘ ' )M R s ]4"{[ [{ﬁ) Trd]p)(‘ Fs$1, ]’(,5 7]9\,(61 AnL[3) 41 f?§]9uLLt\5]
AR "Us\q.'! ‘AA@C’“’\OL(' o IF o F1oF2oFYoF1IMAX,G IRGAPo@IRRE@pGMCQGMCﬁ.BﬁYJBJJ
. -f”“M?N AN NS PR U NA'!PA;IPHT°MYMCQwFNDDNTMNﬂ M?MN?DXQXCOL'
e e A“ﬁanxmrm Irrq)ﬂﬂd[’°le7l9??si'”lF?ﬁgdieﬁw Le |
u o _ Ny ~) - Mral Qo M!JToﬁnérvr $ 7 SNSPEC TR, TEMPUYT . .
o RQUTwalEREE NtLv,’Vfﬂiiaerﬂ1oXMPr1il [Tfinﬂ] Svr41| T
;wsﬁ,ffap,.  FunIvALEhCE‘[NIE?]oWleii] .
SRR - INPuT FNAW” NUMBER ANd EXIT IF NEGAT[VE .
w-'L”",'”f'.”_?ffi”iil‘:"rn“'n) , NI _ R
o 1dp £ObMaT [140] I
y Fo1~M12,3,3

2 ﬂAll EXTT s | o
e Imch/ﬂUTF! FRAMF rch:Tuv’fng NIMENSIONS IN FT,]
YT 3 aFaNTI01LNS, 5L v KTk, 3 PUR R

vﬂ~iimn1"0~MﬂT r'1n,4F1ﬂ 2/F10.21
IR PRINT 102, M, NS, ‘ |
: CAND FNSMAT [A3M1 PREI'TMIMARY P ASTIC D:qten 0F. MHLT! SrnRv THREE BAY F
- 1aArFE NO,,T8//7/7%X,14HFRAME SEOMETRY// ~
L. p2aM aUMEER nF_CTﬂQVFQ,,YA// 15K AQFNT aPACING..F A.2,4H FT./7/,1 .
. oRINT 13%, fYIIKJ.K:1,31,:uu o .
Cbme o 4135 FORMAT [23H SPAN | FMGTHE.,  RAY AR, F6¢954H FT./
LR TR | 17Y, | - ’ AHAAY RN .FA.,2,4H FT./
1N, S ~ GHRAY CN.FA.2,4H FT.// oL
o INH - chQv uFtGHT:. PAHAPFT NALL F15. 2, 4H rT |
T wj)=n LN S S
oL = |
. _.'“_ ﬁ() Q0N Kes=9, 4.' . o : . o - . o
~a}4§15f}wj.¢uﬂptrK]:ﬂ,nw;g;;w;;;;;g;A-*Z#lffw;~ggg;~u_;;g;;;;;,,j,Lfm;gfwgwg;w,,
QN RQUSATR)ENLUN e
nn ga 1=1 NS R I ¢;5J; ;, ‘u;ﬁg;if"ﬂ: vg1;~* -}"731 w* 11~.
o B0 PFEADN 133,HIIY,
‘“*fazx,rnkw T IFI0.2,T101
1J=Jd.+J S
R PDRINT 134", 'J, py']~‘ u-/‘;%;;W:w-“_ﬁ5:Mfwat“;3>-”‘”_.,,A. _wr_”» 7“'€“M
- S 133 FORMAT [1/X: | |  , .‘i8H_STURT§SLl6’4H TO 513}F7.2’9H FT.)
B A0 Tr 48 e | T -
S a9 AT =HIT-1 S s
o 48 f‘ 0 T ‘ M l ' “' L ” R ‘};7;}'7"117'1?3 e """LL.T.'.'.:.‘.'_'IIZ';'.'.'..".i;f.i_';;I;.'_'f;.:.‘_'.'_‘_.‘.';';.'.;';’;ZT.'.'_',';"' iy - »
c . INEUT ~0351NG;QEAUWANﬂWLIVEﬁTDAns, NO Or IFVFIQ APPL!PABLE
. PRINT 136 | :
S 1Rk TOiMaAT [onH1L NORKYNP |.0ANS/7 /7Y%, 16HA, PYRHFR |oanq/ .
o l19x, FOH[PER (AT, 1er REJICTION RY ASA ASR.11//7 | T
2 13.  QraF ~1QRcR., 27X, ,D74BAY AR RAY RC RAV (o 1 1
ﬂn 4= K21,§ . , B “ | )
| ALH Y =RSevL [K)
A5 N LIva=ATKY /20,

b

NS

o

' Display A FORTRAN Program Statements '

[ SR S
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16
121

110

111

113

10
11
12

14
13

114

N0 B ®=1,3 T &

—Pfl, e =PI, KY+Whi rKy -

WEL |

"N o2 H > IS

TF f’«JJ117 17,14 - Ll e e e

Q‘:..s '! B ?4_ 0 ft*JL' [K] 'ﬁ 215 rK] g“ 1 ?] ™ R P a L
1J=J. .-an | N |

oouyTenT dﬂH«FNG LoAars

TF [T“i]ﬁ A,R e -

DRIMY liﬂe?pJJ N | |

F0MAT [ 9-  LEvELS L1z, aH TO » 13]

CPRINT 49 Wl LTKI . K=1,3]9 QEWDLEKﬁewnissl | -

FORMAT [R{M9 HWNRXING lvVE LOAD, IR, /SQ.FTos7X - .3F8 2/

1 %X WQRKTING DFAT | 0AD, IR./SQ.FT.,7% | .xr@ 21

M) 7 K=9,3 A | T o . |

.“LLiWTzerleﬂﬂsiﬁﬁﬂﬂ,
7Nl [« 1 =Wr L [KY2RS 79000, S S

PRINT 192, W LIX9,Ks1,3) . e o

FORMAT [26H  WNRKING | TVE LAAD, KIrT..12X ot J%FR.2)

anDqu lIvc LOAND nFnurT!CN o R I

IF 11-116,9,10 - ~"w';
TF.rhiLtV1»AA111'11‘° N T B
FPIArK]1=150.1 9.9,12° .7'~f.f"‘(aggx[;;”  1f"_T?”]fJ[§}*
Dl*l- DRaATKY | R I TV S
ALLO%TKI=10d.e[wn TK1+WI I [K11/4, xx/wlLrK)
TF [RIK)=ALLAWFK1113,13, 14 ,
RI¥TaALLrWIKY
PF.(% IK?=60.118’1€ 18
R[K)=40, o T e e T N e e
an TN 15 ’“W*WW'*“; m”*”ng““f7f7ff1 ‘fgfffﬁff* fif; ”
°r¥)=n.on 0 T
Ofl,4k1=[1,0=R[K])/110. 1ww||r<s O LN e |
_MORTINUF S f H,;J~-w,;,%,,m_ -‘fﬁ¢,.Mﬁﬁw,f;f_ww"uu
0UTPUT GIRNER Lnanc ' o e

/\ Ll e s [ P U S

"leuT 114, [RIK)sw=1, 3]9[9(79K]9K 1, 3]:[NDL[K1.K=1,3]

FORMAT [384 PER CENT REDUCTION OF L7VE LOAD ,3F8,2/
=0 NFT WNRKING | TVE 1 Can, W/FToﬂBX'-.~.-*¢€ 2/

2 L 26H  WORKTNG NFAP LOAD, K/FT. 412X ,ZFR.2)
no 109 K =1,3. | | S e

o

'” 117

[ *:”::,‘_“”17 .

.on
46

47

11R F

1 7H 1 EVFL,QY,7RMAMENTS, 40X, = GHSHEARS/

21

TTPRINTTLUT L IPTT KT, Ke1, 11

FOKMAT [97H  ToT4a) WORKTNG lnAn._K/FT Cos1x LxFe.2 /1
/0 Tr 45 | § e

DT, 1=PIf=1.KY - 0 e T
nO 47 K=1,3 B AU DT SRR R SR
CTIIo%1=WPL PKYRXLIK1 /2, S S — e
TIToked)zWl LIKToYI TKY/ZD, \'-:;,g”,wr. “g,Tg¢;/W”_ -legw'
ﬁﬂ'TTNUF - | _
| cutpnT wnﬁwvwr | 0AR PIPDFQ MAMENTS AND SHEARS
PRINT 1qr

POt _TR6Hl A.  GIGNER MOMFNTS AND SHEARS//

2 Qx,/?anY AP BAY AT RAY CNs 14X,6HBAY ABs12X,60RAY RCH

Dlsplay A (Contlnued)

\

Uﬁﬂuﬂﬂwﬁsi,BATM@ “ﬁ”ff*‘L4ﬁiifjij:f“;”f”“f;@ff“f:ww¢f WfWWWWMWW%MWW




s
| 0.2 L e .

23
22
120

o~

190
1

AR IL S

=1, .%Tﬁf»ﬂiffgjfuf}lff  _V :f :LﬁjJ_'~ i
'=¢rz,Av¢erK1/2.ju“7”f5*fﬂw w“; ??7“?f>f?*§ffL;¢;j f"

.rtﬂ‘_q]okni[9wK] - f“."  .'J :gf’hé““;5‘

_wr!,.y«vrpﬁuswylrﬁl/n ' S T ﬂ-'~"gQ 3;f;:: ;;Q;¥%;i5jj"Qﬂf

1?”979?Pf' K'p“‘133]0rUfK].K-1p6] S
V7,308 1, BX,STFIr 1.F8 AN - e
v IMET 'PTQJT 313 LiT,RtnR uAllg; ﬁOLUMNSj
. CHTPHT Sadve - PRI
JRYMY 17c A
FORMAT (5641 - r,

34 | EVRILQ,7X, Gupean 10AD,14 X, 1QHFQTIMATED nFAn IOADI

ORI

2 12X 1AHEXTEPINR WAL LS, 7Y,24H0F £ UMN + FIQEPRﬁﬁFTN”//l *;;@;]

CAl C\ll_ATE ngan lﬁAP POleA TunHSTS

o . ? fewe -9 .
. : c e
[ o

42
127

130
43

52

BN EWNLE

THLE T 31T e e
TN ETI L, 24T (1 e 7Mwwﬁf: ﬁvTr" :;~~}T fiﬁMﬁm

dJ=a : R S e
NN 44 =4, uq o | . N R
43.43,42 _
PEAN 127, WA L,Cni,
FORMAT

FORMAT [14,4+ TC 13, ro 9 AH PSF, ron 2 6H lQIFT1
YOO = H[t1ar00/11nn
'F r"-1] 82,52,

2 1+XCNI T

.........

TIL, 01T ,10+X0n +PUHaWAl | vKS/Z1000 . JERFPEE
Tr, 11—Tr1.41+¥Cﬂ|+°wH*uA|t~99/100n

AN TR 4y

TII,31=Tr1r=-1,31+717, 11+Tf7 21+XC0|

. ' N ' . . . v S . . R YR~ - IR "‘ . . EEREE . - . . - . B - . . - . e :.‘ R e : . : N I .
" ; R - . . TR i ot £ R 4 e, in S S MR S o A 55t U AT b s erE e 7 et 2 e Wb e A T T AL R o S e A R R o e
-35 3 'l i / - -
| -
) . bt - " ,
. ‘ ) : ‘
5 . . N

'AND FIREPROOFING

rnuqu THRUSTS /77 | N ‘ihjff”“”V“

FANL2, Tem S P T e e e
MNENREN I S '- ,, T S
ORINT 130, 7,.J, WalL, el et S

TI,41=Tr1.37 | A R

TI1.212T11=1,27e7175 11+xrn|+7[t 2 T I T

'\n RA
T[!;wl-rry-1
YWaAl 1 =WAl | «RC /1911,

o CA'F”'ATF TATAL rniuMw,LOAP~TM¢LMDEaLIVE yn£n’npnucrjnwy"
N0 A0 [=1,NS \\\ R R

F r1-11 613561,862 X

K]*Tff Kl+¥’ﬂ|*“[l 11~XMA‘Lﬁww;;;wﬁghm%@ﬁmgphwgg;;“M .

TI1,11=Tr1,11+70+4,5) N L __:& +j;‘, /*__ ;f¥”””

SUMLE r11=Tr1.%) - =2

.'mﬁq

TR TAYET I, 7

CSUMLELIK)=TI1, K+u1+T[1,K+4,

2 N0 A4

TI1,31=T11,41+T(4,7) o s NCIL : _ Pt

") AT K=2, 3
TELo®1=Tr1, K1+T (1, K+61+Tf1 (+4,

1) Tr -6 - S . _A,;_.,_4,_,_,,:_,‘;;_4;,* ~ M

K ﬂ 9 A . ._ . . ‘ " . -, e ' ' i,.,»‘ o . ,,.‘ .. - ":,,. e —— : '. -

AN Tr O LAR L ARL,BRLAT LK T
T [TPT,5)=AILT1114R, AR, Q —

Q MR 11 1=S11M Sl [15eT1 1.51 . W@- *__.uhmw L~,,_-_ﬂ\, S

IR AT A ]-cuwar1'r¢ar1]/9 ' .
n"nN T~ 75 | . R

QHn||r1"unl|[11+ RilaTrY, 5, | | B L o =
| ’ . ‘ \,...:w-v.uz«---"\' e s L e Lt

Display A (Continued)  N
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47
R
74

L ;ff'ﬁﬁ
a0

79

86

'R1
. AR5
. = ~"w".“7 $°¥MWB4

T T T

e L e T g,
- 82

71

-
76
78
79
. k4

40

1
2
3

_‘___ T ._.V,l»u e v...‘.,u;_....,.‘..;_- ey - ..k__l,.,f <‘] 4 n

iibz

4.

!126

- 25§
27

L gy

TE rI 71-A'lyﬂa17« 73,74
crnQirqv-qu |[4?¢T T, 7‘
w” ﬂ'l]‘PUMA741¢\¥K?/?

6Nt 78 z S
cu%.-r41-quw||r4n¢ anﬁvrv v
nnoYe 792 -' N B AR RS SN TR
LA S I SRTIAS 1-41 L r k 91 -' in 7 q R ,1'] ;. IR SR R L

,uﬂl-;K1=un||r%a¢ RqﬂT770K¢1]

 nq T g7
.~UM9'!KI—SWMDLr%ﬂ¢TrV Kezy~
FTTrlo%+41-A1 LK A9 Qﬂuﬁﬁ'e'

SHHLY FR Y= QNM!L(4?¢ Hﬂ@Tff Keda)
30 TN 8% o

‘H“erKi QHWDL(KQ¢TFT K49

TE I+ (K1=.621 R4,70,72

a0 Tr-89
TFTRrIKY=-,401 RZ,72,7%

TF TenMarKI=15001 70,970,791
AMIKI=N_ N | -
nn T 72
>r!wv=.nnOAwQUMArK1

tF rentxy-aLi owtern  7a, 76.77
MIKI=ALIOWlY) | -
TFIRCTIK)=,A0) 72, 79.7a

,DFfK1:.6ﬁ . ‘ g
_T[T ”]-Trf K%*QLMIIfK1+f1 q DPTK‘

-f"f)"TH\HJF
~ANTTHUR |
onTPNT POLHM\ THDHQTQ
PRINT 128

-4

44H CTARY : Ol A
FORMAT T17,F10,1,3F9. 11 -

PRINT1?2

164 ler PRFQSUREl

Ag=n

AN D4 1-1,ns e S
TF [1-00125,95,24 /?;;;:1
RFEAD 124, WIND,.
FOKM‘T {FL0.25110]

QU“ATK1-¢U4AFKI¢FATK 11+ArK11/?.7"

;'g:AlLﬁ [K1=(QUMRI [«1+TI T, K|1’4 31/SUHRL[K)

JeSUMALIK]

/.

!

FARMAT ‘[ ///741Hn ARAVITY 1 AAYS [N PﬂIUHNq OF FRAMF RASED/
| Ny - 27H0ON TRIRUTARY ARFA OF FILONRS/
10X, thrwnnKr\" | NANS YN KTPRSY/7

> S oL R
PRINT 14“9 IV-TTVT K]oK 494]01 1. MQ’ ‘
Inpyr « It DHEQQHRF/OJTPUT NIND qHEARS‘

FNAMAT [Z2HL . D, WIAD LOADS AND SHEARS//

. D//)

INENN
- PRINT 1'3”w Todd,rni) R o :
EalRMey a5y - LEVELb.l4 4H To ,13 SH - ,r4

TNz NP eSS
TF [T<11 27,927,211
ALV =[PuH+HT1Y /9 1*JTANNL409N0

7N T 24
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APPENDIX IV -~ S

NOMENCLATURE T

A - = ratio of girder end moments, area of section

distribution factor o

Yo

o
b .
)]

b
(]

load factor for vertical loadg

oy
0

°load factor for vertical loads combined.with lateral ‘,;‘faffff I

lbads‘.

bry
"

effective load factor

"
I

. = yield stress
y oo T TEEEE
‘= story height

"

IR T e PP | - “

L ‘ e

|
M
==
1

' }aqgnceptrafed load equalhto the suﬁof”thefexternalv..;Mfggg;;px ﬁﬁ_“

ot et

5
T

- horizontal loads above a story

ZH = a concentrated load eqUal-to_the:sum4ofﬂthe externalnﬂ_Q ;§ ;,ﬁi°ﬂ  f_‘%

—

. horizontal loads above a story due to'earthduake loading‘

a concentrated load equal to the sum of the extermal ~ |

}
ng ; 
N

; f§ ¥”_  ;"  ;f' "horizontal loads above a story due to wind 1oading

K- f A  f5f:ratib‘of lateral load moment capacity of‘a unifonm1Y_; })?;ggﬁjf“

* loaded girder to the working load moment (wL%/16). . - |

'ﬁfmifgj““f; 77f?““3Pan 1ength o m ,zf, ¢ummf.:mf,Wmm¢wﬂw¢ *“;’f“ ff”1 5 ,5f3gfj;m.ﬁn}

‘M, = girder end moment = L e e L

'”*55*““ ”Mhiﬁ = minimum girder end moment T

gy Uy USRI S VO I RSP YO

 r.plastic.moment”modifiéd,to include the effect of axial

w2
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I .._.A.._,A._,n..-!:;n...4.%",-_'1;_.'.7'__“.u_;.‘__'-:.... ‘,_ - —— '_;-‘j:“d __-Wcompres Sion S e e e s

o] L




[P

Wt

klI

i

‘minimum plastic moment

summation column end moments at a level

summation girder end moments on a level

number of stories from top

I i [ 0 ]

'aiial lda&j

axial force corresponding. to yield stress level FYA
vertlcal reactlon

dlstrlbuted 1oad per unit 1ength

vweight function;

lbéatiqn of~Second~p1astic hinge of girder subjectéd to

-~

gravity plus sway moments
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PRV T
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relative lateral deflection of'éf§t6riﬁjﬂm...w--f
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Compute member.Workingfloadsg,ff_flAvu;;;;wmmm'
Include live load reduction.

- way
CALL CASE 1 SUBROUTINE

Compute factored member forces' .h

—~-for -vertical loads only,

‘ " optlmlze

CALL.COLUMN SUBROUTINE

| CAsE1l SUBROUTINE
CALL CASE 2 SUBROUTINE | .

ﬂ ~ CASE 2 SUBROUTINE

Compute factored member forces
for lateral loads from left
combined with vertical loads-—

- CALL COLUMN SUBROUTINE
CALL MD SUBROUTINE |

for lateral loads from rlght |
combined with vertlcal loads—-

CALL. COLUMN SUBROUTINE
'CALL MD SUBROUTINE
CALL GIRDER SUBROUTINE

optimize, S e e

Compute factored member forces T
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1 | GIRDER SUBROUTINE
— ‘Select girder sizes and output . .} :
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COLUMN SUBROUTINE
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RETURN | |

S _MD SUBROUTINE J]w.,:im~o.

: Perform complete ‘moment -balance, - {-—

Output member end moments,
: RETURN
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Figure 12 Simplified Flow Diagram
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CviTa |
| T‘he : aﬁthof was"b‘orny 1n 'D.nbt;nqnj'.e;kvlgwa, on May 2213 194(\54, i:he | fir'St -
SDn of’ .,Raymo"gdng’;w and Laura B;.cf ~B'{_[(urray,,‘ He was mar;"riéd t‘cJ'g‘]‘.\i;argﬁare’t’-A,
‘Schrodt inljune,11964, f.,J '
,' _»;A’fter g;:a_duating ’fA‘ron’i St M;i:y‘é ngh School, Waﬁerthb,,_v'.‘[owa , ‘iﬁn
May, 1958, the author enrolled in the Engineeﬁriﬁgtéollneige, Iowa‘i’ St'a't_e
‘Unive;:'s‘ity, »Amesf,v Iowa."'" He compléted the requirements ;Jof the De‘part_meht.
of “Civil Engineering and received the degree of Bachellc;r of Sgiehce in
— C1v11 Engineering in.May\z, .1*9@62, He was\ _the.n( employed.by Pit.ttégﬁrgh;-Des
Moines Steel‘C;ompany, Dés Moinés, Iowa, In Septenbér, 1964 he joined the
- staff ()f‘ the Departmentdf'Civil Enginee}iﬁé,wll.ehigh Uni\‘iér;ityh_as" a.
teaching assistant. During the summer of 1§6She was employed in the
Ereci;icin Départment of Béthl;erhem-‘ Steel Corpqrétion. |
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