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Abstract:

This thesis presents an investigation of the errors made in calculating the design moments of the beams
in a continuous frame, when this frame is analyzed in accordance with article 702 of the American
Concrete Institute (A.C.1.) specifications which is followed in the designs of multiple story building
frames.

In Part I of this thesis the analysis of the frame is based on the A.C.I. specifications where every floor
is treated independently, as if it were a complete structure in itself. Thus, the design moments for the
beams of the frame are determined.

In Part II the frame is analyzed as a single unit and the effects of all loading combinations are included
in the design moments for the beams. The comparison of the moments obtained in Part I, where each
floor is treated as an isolated unit, to the moments obtained in Part II, where the frame is treated as a
unit, reveals the errors made when analysis is based on the A.C.I. specifications.

The results of the two parts show discrepancies up to twenty percent in the design moments. The frame
proves to be underdesigned if analyzed according to the A.C.I. code.



ERROR INVULVEB v zaenawxm@ owm-waaaa
OF A BUTRDING FRAME
‘FOR DESICN PURPOSES
by

i:’“ﬁiki‘ EQYA@ET "

A *P‘m&I"‘
ubmit%;e& to *Lhe C’i’*aﬁtla’ﬁe t‘;amm:?. tee
| partial fulfiliment of tho requirements
fop *tlza &ég‘?‘ée of
Me:tss‘bw oi’ $€‘ mme m, Gawin. mgmﬁwa e
ab

Montana State (ollegs

Approvedi ,
%i-?';;é"aci; ﬁfajw Depammem; "
2 /é{&xkiﬂ/b/;97
Qnazmair& , REBHMIiAing Commiphee
. : ALLL V.
ﬁé@.ﬁ; Gafaéﬂa‘bz" Pivision ’

B@zemam Mfm”gana
e, 3.9,5




6 9/&

ACKNOtVLEDGVENT
| an indebted to E. R. Dodge, Pb*D., Associate

Professor R. C. DeHart, and Nicholas Baesar, Jr.,
Assistant Professor, all of the Department of Civil
Engineering of Montana State College for their guid-

ance end helpful information.

103019



= B s

TABLE OF CONTEIHTS

ACKNOWLEDGHENT. + ¢ » « » v oon v 6 5 4 4 « o &
LIST OF TABLES: « o« v w0 v v o o w v v 0 x4 s
ABSTRAOT: + s « o v o v v 6 o s v o o b v s u e
TRTRODUGTION
ﬂﬁﬁéﬁﬁ,g SR B A R R ; IS
Historys L A B B e e ow k& #-;
- Imporbance 5 . 4 v 4 6% ¥ oh § ¥ W b sy
PROCEDURE
- Part T

ﬁpﬁﬂiﬁ’iea’f}iﬁnﬁa e. > ® 4 B b e ¥ 8@ 4 L

outline of Procedurs Followed ¢ o & 4
@@Sigﬁ of Slabs . . 5 % & & & 8 ¢ 4 %

Dosign of COlUing + 4 v s ¢ s % 4 % & 4

ﬁ@gigﬁ*ﬁf Beams & o+ 4+ 4 o &« % ¥ 7 5 w ;

Blitiness F&Gﬁdﬁgq_u & & & B v o« w @
Distribution Faobomrs » + « « « + o o
Fimed End Homenbs. »‘g C e e s
, Homent Disteibubiod. . « . v « . 4 .
Part II | |

Anaiysis oF the Frame as & Single Unit.

&@pf@&ﬁhg’¢ s 6 & B ®F 4 & 8 & & e ¥ B e

R

Page

o

'_mv

} m’

1l

15
1%
18
18
- 81
21
a8
- B2
&5

59
59




TABLE - OF OCONTENTS i’
Page

Gﬁﬁﬂiﬁgfﬁmﬁﬁ @ » a2 é' L L ”.ﬁ LA 61\
LITERATURE CIDED AND CONSULTED. o + » + s » - &« 64




m:‘jﬁﬁp
LIST QF TABLES

TABLE NO,  DESCRIPTION . Page
I Design of Roof Elabs Sl and 82 .« 5 « 16
I Design of Slabeg Sl and $2 foﬁ Tloors

L Band 8 v v s+ o o v 5 5 & ¢ 4 o A%
1I1% Design of Columns ¢l through 08, » « 19
£ Design of Columns 9 through QL6 « » 20
v '~ Pized End Moments for Maximum Condi-

%i@l‘lﬁ&u&-u e & & & 4 B B ¢ & B b 26

TE Woment Distribution for Isolated
RQOf K Y s & o o @& B g &4 & 3 6 & U 28

VIL Moment Distribution for Isolabed 3.
Floor; Parb @ o o 4 o 4 0 6 « % » B9

VIIZ Moment Distribution for Isolated %, ‘
Floor, Parb Bs s s v« » o o & ¢ « o B0

ix Moment Distribution for Isolated 2. _
FEOOT; Pavb ¢ o « o 5 % 4 & 6 o P 51

X Moment Distribution for Isolated 2.
Fzﬁﬂrgyaribpayneinpeéﬂ 52

XX Moment Distribubion for Isolabed 1, _
?l?@rg Pard g v o o ¥ s ¢ s 8 4w 8%

. XIT Moment Distribution for Isolated Le
' El@ﬁr, Pﬂf’t bﬁ' & B R * € o » » @ F 54#

XITT Balanced Momends for Frame..V,oadsed.
’ ﬁpa}l M& a & & ¥ & ¥ 3 ') s & a é [ 4{)

XIv Belanced Momenbs for Frame. Loaded
SPQHBGmébsa.qahvunqgg 4}.

XV a Baleanced Woments f£or Fremes Loaded
ﬁpmgmﬁth@oaéwa#i‘d'ﬁﬁ 45‘2




wABﬁﬁ‘Hﬁé
271

yvaz
AVITE
“XIK
X
XX
FRIT
IxXIIT

XXTY

KRVI
VL
EXVIIE

o
LIST OF TABLIES
DESCRIPTION
Baleneed Mam@nta 1@? Frame; Loaded

‘%‘Pa‘nﬁv‘?ﬁﬁouﬁ #qsavvi b_‘ww

Balancdd Momewis Tou Pramwe. Loaded

Span PW# & p & n'§ B ¢ o & & k

Balanced Moments fmwiyﬁamag xaaaeﬂ

Sﬁaﬂ GEle o « 5 5 9 & & % ¢ & % 7

Bal&ﬂ&ﬁd h0mEﬂﬁS for Frame, Loaded
Bpa Ble o s » 5 ¢ & « ¢ % § §

Balaticed Moments for Frame; Logded

Sﬁ&ﬂ KM@ Boe 4 & 4 v o8 & B8 o @ &

Balanged Moments for Fremé; Loaded -

Span Mis v o & v 0 % 5 @ v 4 o4 4

Balaﬁéﬁ&"Mamaﬁmafﬁwﬁ~Eﬁam$¢ Loadsd -

S“}pan ?Esbﬂ 4 & % o § & tir A s e ¥ (ﬁ’

Balanced Mowents for Frame: Loadod

Spa¥ Rﬁ § 08 % o b % % B ¢ §F % K

Qﬂn,i{,q—e'n
'

Balansed Maménts’ f i ﬁf&meg Toaded

- Bpatt 8We 5 & o«

Final Momenbs when,rrama ig
- Dréated ad s Siogle UalE o

5
o

winel Moments whern Peams iz
T?eateé as a 8ingle it « «

Pinsl Moments when FPramé. is
Hreabed as a mﬁﬂ@lp'ﬁﬁiﬁ g 8

a
&
2

o
“‘5?‘
£

Tinel Momenis whety ﬁr%né is ‘

Tysatoed g8 g Single Uﬂiﬁ & 4 s &

Final Yoments wren ﬁramé:lﬁ L
Treated as a Bingle Uolt » » +

Page
45
44

45

- 46

47
48
49
50

51




wlf e
TABLE NG,  DESORIPTION - . .. . -Page

ot . A C T Edd ﬁ@m@ﬂtﬁ f@r me’mm}m P@S‘A'{*lve,_ -
' o ngﬁitl@n K 41 o W ¢ i o EP?

XEL “EAg Moments m Max imum. ?asit:.ve L
S (}on&iﬁi@ﬂs Fre achoe s bowp b 58 -

EEXILT 0 Brmow in Is elatiﬂe-; oG ‘Elsw af 8
P Ermed o5 ) § -’n § 8 ;; I \, é 5§




ABSTRAGT

This thesis presents an investlgation of the ervors
made in caleulating the éeslgm,mﬂmenos of the beems In g .
contindous framé, when this frame is snalyzed In accordance
with article 708 of the Americen wencre bo Tustitute {8.0sTs)
specifications which is lelﬁWéﬁ in ths desigis of multiple
story bullding framess .

In Pard I of this 3hesms the analysis of the freme is
baszed on the ﬁnc Ty SDQQlfieatieﬂﬁ where overy f£ioor is
- treabed | ndepeﬂﬁeuﬁly s 4f 1t were a compliebe structure
Cim ihselm Phud, the demgn mements for the beams of the
frame pre deberminéde

Jo Part IT the frame is analyzed as a single uni% and
the effscts of all loading combinations arée included in: the
design mowénts for the beams, The eomparison of the momentg
obbtained in Payt I, where vach floor is L%eatea ag an isow
lated unltg,, 0 the moments obtained im Part II; where the
frame is treated as a wmit, réveals the orrors made whén an-
alysls is based on the- &ﬁﬁgla specificationss -

he resulis of the two parts shcw discrepancies up to
twenty percent in the design momenbsy The Lrame proves ho
be tnderdesigned if analyzed aeeording He the AsCGels codeyg




O
INTRODUGTION
Objeet | -
mhe'primary objeetive of this paper is to iavestigate
the perceéntage errdr inwolved in isolabing one fléov of al
gontinuous building frame end treating every floor in&epen~
dently, The application of .the moment. distrihuvlan gondept
provided the most direct and aonvenient method in detenmln«
ing this erfrops
ﬂﬂisterg
The multiple story building has beeﬂ utlllzed for
many yéars in the building history, and was the most SUECEss-
fui salutién'af the centraliéaﬁi&n'problam and; ab the same
' time$ the best use of high=priced land,
Hlsmry reveals that the bmlczmg materials used, from
"'the time our ancestors emerged £Tom caves to & $he present,
played &eﬁini%éiy the most important role in comsbrustiom,
From the branches and 1%&%65 to structural steel and reips
forged emncréteﬁ Trom art and experieﬁge t0 modern methods
of anaiyming~a s%ruéture§:tne years thaﬁelépséﬁ wers a
ehallemge B ereaﬁive mindsy
" The buqldlng ‘materials used thousands of years ago
like stome, britk, wood and Hany othefg ws Ghen lﬂ a prim-

itive form -+ apre shill useaa .
The &evewgpmﬁmﬁ-af‘tne converter by Henry Begsomer




# L0
in Engiagd; and of the opén;%heari:h furnade by Williem
'SiEEﬁnglinb@mamica between lSSQ‘aﬁa 18?0;Hmaéeﬁp9591blé
the pméu&%ﬁ on of & mwaberisl ?&hase‘ ;;«:fépé*x*@ﬁ;esﬁ éc:'u‘m be
Droperly aonz%all@& and seuld be pos %.aﬂﬂ rﬁiléd into des.
sired shapéss The new mabeiisly lgr.&,gmm as. S,'be,aﬁ.g iz one cai"
the greatest aéhiévemen%s o building hi sé{aei‘y@ Shest has
eontrlbuted a material that aﬁableq not only syeeﬂ; stvenﬂah,
mig"téatv 8.::1(3 1&@;11%@5» of eremmma* bul alm raniéu&y of
dempliﬁmm ﬁnobhar mtemalh aqaallv mpor::azam WA e tissd
bv tha ﬁmtiamg a8 Homays ea:ﬁi‘y in the hi%é}m‘ G GOTw
stpuction, in. a ‘magsive form and in the nineteenth genbudy
, rexnfarued'wiﬁn steel, was adapbed as one of the major
auxl@mng mﬁtélldle Thls maberial 1sfkn@wn as “co&&reﬁe”
snd with gteel in ﬁha’ba&y of the @on@febeg kriows: a8
ﬁ:aamﬁawa& tonereteN,

As Tav as ﬁé*s:r.@n 4a GGﬁﬁ@Yﬂ@ﬂb ia bhe ea:e;*‘i,sr years
axt and exper;iezms mplasae;éi ccmputaﬁw 5. 'The Posh and
Linbel conshruction? that wes started in Beypt and Persia
besgne thE nost widel 1y uged métmd of wnswuc‘tlom La'b‘az,?g:
the simple supporied beam z.éeax,,;‘ pased on the post and
1intel sharbed Lo grow., Multiple shory bulidings were

Te ??Zﬁa‘“emal» B Mmmaa oL zxrsmmmﬁmm ﬁan ﬁ:mmm W
by ﬁ s MeGay: and HiParker; pubk ished by Jobn Wilsy ana
songy MMty Na¥s D 2Y

Be - Ihid pe B
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base& on thesé &imple supporiéd boam wineip"t es ami ‘bhe
otatiaal‘fy determinate atalysis . o

0 the. year 191¢a Ea@rge Aa Monoy devalspaé %he Widﬁm
iy knows Siope peflection Method whileh provided an econom-
‘iaéi &asigm compared to tﬁ,a_g,ﬂs‘gvi@a-ﬁ* ohg i g with the res '
' guired tﬁeareﬁiaal analysis gf the ﬁﬁaﬁlﬁally“EEQS%QBMiﬁ*
ate frame. However, the tedious design, requiring the
© solution of numewous similtanecus Squations, was oo eoms
plicated compared to the analysis of determinate sbrucbures:
A tew *wczluiiqu‘e 5 based on previous thaotrissg, ifﬁl«zé" the Theopy
of Belamation, was introdiucsd by Hardy Uross in 1933, fhis
new 'ﬁ‘esmi‘que p kmown s nThe MNoment Distribublon®was adopied
by the enginesrss '

Then the Ameriden {ﬁa.‘s}_&z"ﬁ:ﬁe nsbitube, with punerous
as sumpbtions, made the amlgmis of & reinforedd dondrete
frame Gompears ahively shorber, and the Awtpﬂ G. Tednced Hhe
work involved in steel desien,

Imporbance

Article 702 of the A.0.%, specificatlons stalgs "l
live lead may be considered o be applied only to the £loor
woder tonsiderabion, and the fay eads of the eolumns nay be
assumed as Fized.? o

The fmporkense of this thesis iz o lnvestigate now

mach grior is favolved in the anslysis of a freme 1f the




frame is designed according te this Artiele Y02 of the
specifications = |
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PROGEDURE
Part I | |

A plen view of & contimuous reinforced condrete
frame is shown in Figy L. The section L+I of this frame
is o be anaiyzed.according te AsC.T. spacifications,
Given loadsy |

Tive load for Roof, 50 pounds per square £oot

Live losd for all other floorsy 150 pounds per

square Foob -
Specifications
fhe 28 day uliimste strength of concrete is
2500 pounds pér squars inch

Two way slabs are 6 be used in the analyeis.
publine of the Procsduré Followed |

By The. thickness of the slebs is debermined

B, Golumng are desisrded

8¢ Beams are desigaed.

In Figs 2 all joints are letteved; columns and
beams aere numbered an@lﬁhathill be referred to-in this
manneP, | ' |
besign of slabe

The design of slsbs for woof end all other floors Is

shown fin Tables T end IT. The two governing fadbors that

have to be given considepation in thé deslgn are as Tollowss
a. The minimum thickness to setisfy deflection




Fig.

ml4-

Si 5/
S
32, »n
51/ J
<
4s 20'- so'—
Ur
Plan View
Section 1I-1
Plan Vview and Section I-1 of the Frame to be

Analyzed.
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fig. s Identification of the Members to be Analyzed.
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TABLE | : PEStGN OF I?00F 3LAO05

S

L. L. r fo p*f

P. L =Ta ps£f osstimt-d
W - 2° 5-20" m- |
t = £20+ 20 _ L 1 3 ~MTfTo
f0-J 72- tsooo
wlirr< M -~o'
t s f-55 in.

Mo m”™n4 Ooe fffcfenfs

Cf co< (. (or .Klom.oldisc.Elje
Ci 1 n 1 1 »(lonf; ,,
n E » M(spOo
M« CWSi
M = 1z.0 in. kips
M2 = 25-4-0 i 1
M4y = 1700 ” ”
P<LS/<jn Mom - | Ay lops

d, I M - 2.42 in.

XKkP
Lire -t = fnclnes

51£ SZ,
57

L.L="0 C

P-L= O ps

W= 100 S= 8 in=-4
- 1 - A_ * oo
to[hveo- &yt 5 fsbm

wlifre K = 5

t = 5-"4 m
Moment coe{-(}cienis

€1 coe.f. (or Necp Mom. erf Conf. EJcjti

c2 i 1 j25 1 2 MicJapon
M = CWSz

Mi1= 2.f4- fn . Kips

M2 - 1-92

P25%¥n Mon m=0.947 in. Kips.
list tr — -3 inc-hts .

in
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TABLE it : PE5I6M OF 5LAO5 Si4 52 Fog FLOORS '1.2.*7.

S 5 2.
L.L.® /[/~O p>f . — iyo psf
P- L. = 7y p» N dssd me<J P L. = { c\S5 umtrd
w - 227 Ss 20 m - | Y-ls 2.00 S = m=. 4-
t o~ tT-272" o= fn.

fvfointnt coe. fricien?

C1 coef. for Me<®™. Mom af disc.fJcje L co<z(. for Ne”~. Mom .a"f conf tf~e

Ci H iad li i K Can't- n Cg | | Fos « u M :L]Slyp rj
ii i. fos. i i Mie/spon
M - I W 52Z M - ¢cw s 2-
M, = 27~.20 fn. kips M1l % 00 in. kCps
Mi = 4-4 90 ii i = J].8 4 1 A
M N4 yo ii ii
Mom - 5 I"Mn.peo . J?E£5/tjn MorjT — /Sz220 in. pou .
; d =1 M = —.Fz in
d-17 T - A Kb /



b13u
7 fequiremenxs of the sgéelf%eaﬁions

be The minimuﬂ thackuess o satisfy the desigﬁ

moment raquigemaaﬁsu
The design momenbts shown in the tables for ‘the s;abs are
obteined in aceordsnee with the ayeclf;eaticn$@' The max-
imum monments for two adjegent slabs are sompuled basédk
on the moment~eoeffieienﬁs given by the #:0.T. aaée,:
'mhese momenbs are balanaed aasummng that ‘the supﬂmfting
beam betwesn the two aﬁgaaenh slabs ﬁak@s @nawthirﬁ of
the unbatlanced mement anﬂ tha memalnxﬁg %wé»thzr&s bal«
anded based on the $tiffﬂeps of ﬁha slabes
bDesign of Oolumns*

With the ﬁeﬁeﬁmlned %hiekness of slabs a very Qiose' #
a@prﬁximatmou of the laaﬂa oh ﬁhe eclumns Qf $he Frame is made,
These loads and ﬁhe aeslgg Qf the caimmns are shown in Tables
ITE ang Iyg_ ALY ¢oltumms are doslgned hased on axial Ipade
ing aém&i%ianéh The &imsﬁSiQns of colunmus Gl %hraugh C4
- are debermined by the 120 square indhes minimum ares requlire-
méﬂt of the apecifxcationsn The d¢mensioﬁs Gf Solumns Cb
thronghlclﬁ afhbr'balng'deﬁermined, basea én the loads,
are awblﬁrar%ly xnareaaea two Inches lR gach direaﬁian te
sa%msfy the bena;ﬁg msmegts¢ The ﬂes&gn,thomgh not a thops
ough one, is satmafaatory far bhe - purposaé @h@ neve ﬁbjéﬁﬁ'

bﬁiﬂg o deﬁermlna the atlffﬁes; of the ﬂqlﬁmﬂs ngeéea in
the analysis, : .
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TABLE 11l : PESIGN OECOLUMNS GI- G8

Loacis on d Loads on C5

Roof 5}ah Si 24 I. Floof- Slot? s 45
Assumed Bi in Assumed B4 Z
Assumed ci'irders 3.0 Assumed nirdcrs 4
1 d |.f Loadt FEor Cl 50
07 z

have short column 20 8? K

LA - N Assumed |?= .0l
j 10 i-=1Z | ~IGaforSLrf “ry ba IZ col

assumed p = .01 Carrymcj tap. Jao A 84

N = A[-1gff t ."~zfyp ] = dooA CS Wtnhcol Ac CF
Recjii'ired A= Az m dimensions increased Z inches in
Min. £o(. clinkns/on5 lo'alZ bcNi  directions do accofinT forbendino
NLA N(I ?-.03 4) Mom
N= 72* »ldd col. UsG 1ZzX14Z for Gs % CS

Rtaumzd A=-2-e0Jo=455 in
d Tl fo CA
UG IloVIZ 7or Gland c4

Loads on CZ Loads on Cqo

wwop eki,s Sixsz. 52 N A Floor Silaho 51 SZ Bol*
Assumecf girders F Assumed  BA Z
Assumed Bl J BZ Lf Assumed direfers 4
CZ l. CG >
58 IC Load for GZ F®
Cf identical ic 4t My 10wz o7 =

Min ArGd required by Specs. \20 Lon® @1 N= ifl - 14K

Use 10k I2" for CS a. GN Assumed  p=. .025 |
Retjuiracl A — 114 -s0. 94 - 1Zi n

C7 idendicgl fo Ce
(dsz 1Zz2 14 Zfor GG f C7



TAOLE v. PESIGNOF COLUMNS
Lood™ on C9
Load) for Cf
Loads “Yom 2. Floor
] K
As>umt p = .0Zi
Assumfe Sborf Column
M= A ( 40 ¥ 556,)
Rfecjuirtd A = 15% ¢Y. in
clz idfenli'‘col fo C9
dsE |4\ for C9 onJ Caiz
Uogda on CIO
Loods for 06 6o N
Loads from Z.Floor lc7
176 K

Assume p= .o2y
Assume skord column
M= A (”"40 ®4100)

Recyuired A = 187 sep m
cm iden"fiCd Ao clIO
Use 19™ 17" for cio X cu

C9-ClJ/e
Loads on C15
LoaJs for co 154K
Looda from -l Floor 55
189 K
Assume p - .o0Z2Y
Assume 5liort Column

N=AC ™0+ 560)
Required A = 210 ~din
di(y -fo CIn
Use I(c\ 27" for- cis f

idenfical

cie

Loods on Cl4

Loads for Clo <7
loads from d. floor G9

ZA-F ~
Assume p= .0255

Assume sliorf Column
N= A[ Ao-¥40f)
Regjivi'red A = ZMT s™-in

@14

C¥

Ciy idenfical i~o

Use 17L (9 for Ciy
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Design of Beamst |
There s ho direet mebhod by which the dimensions of
the beams cen be determined. The besh and most convenlent
onte is to assume the dimensions and; afler the apnalysis is
complete, chetk the aSpumﬁﬁ-dlmﬂﬂﬁlﬂnﬁé CWith the follows

ing tenbative heam dimensions in inches

Bl and B% 10 ¢ 18
Ba - : 8 x 15

B, B6, BY, B9, BLO and BLR 18 x 24 |
85, B8 and BLi 10 x 34

The analysis is waede by Moment Digtrivubtion applied to
isolated fleors: The ipformabion needéd is as followss

As Sbiffness fapbors for all members

B, Distridusion factors for all joimbs

C. Fixed end moments for all beams.
gbifiness factorss |

The stiffness faeﬁor, commonly known as kevalugy is
the ratio af the moment of Inertis to the length of the
menber, ‘Thus k for membe? AB eqaals , '

kap & Tap/lug # Té‘”“bh%, # ‘““I? 10 = 185/20 x 18 =

20,2 in®

The gtiffness factor for all fhe members ave given below,
obbained as the shiffness factor for AB was Gompufea in

the éxample




BL and B3 | 20,48
B2 L 25,1
61, 62, C5 and G4 12
B4, B6, BY, B9, BLO and Bl2 ‘ 6%
:Bﬁw,Bag‘aﬁ& BLL 25,8
65, G6, 07 and (8 | 288
69 and CLR | BE.6.
¢10 end G1i 5142
" C1B and §l16 | ' 5445
012 end 015 81,0
pistribubion Pactors: |
Based op the stiffness factor k obbtained in ﬁﬁﬁ pree
ﬁedigg paragraph,; the Qistrib&tion facfers for all ﬁemhamﬁ
&t all joints are determined as followsi
The distwibutlon Tachors for the member B4 al the
joint ® is ifﬁé where =K ﬁ%p?as@gﬁavfhé sum.ef'thﬁ k

=K - : "
values for all members meebing et the Joint, or the diss

tpibution fachor B4 at joint £ 18 ié’*ﬁga,e';fév = b,
In a similar way, disteibubion faetops for all mems

vers at ell joints were determined end are given bhelow:

0\ -




Joint  Member qug% Membor DT

oL B7%
B2 43
B3 22

ga . 124
a8 -

88 149
€12 814
¢16 88%
BLS 449,
‘BiZ  50%
g1l 25
015 569
Bl 114

10 e N N P R R P R e R e R W B
20
Lo Xl
nunhEarEERBEEReaeoMin ooty
2
ot
o
o
L#13
S

To simplify the moment distrilutlion provess when symmebris
cal loading conditions exist and sinoe the floors ars
*symmétéical“ﬁanother set of distribubion fastors aré abs
tained for the interior joints. The ezberior joints do-not -

differ &b alls

~B, “WIHZoTy of Hodorh Biesl SEFUCTUFes,” VoLs il DY Ly Be
gigﬁﬁéﬁg published by the Macmillen 00«, Ne¥e pPelife
A '




%
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sired .%Lfaximm. ;megm ats ﬁﬁ?feﬁeﬁ& parby of *a:-;‘ﬁzsf sEPUGTUre,
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end woments For all mewbers tn Table V?
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end :m’amen*ﬁa ape dzswfibuwa m Tablles VL umoaga :?'aﬁ“;,

Tor overy asale:med fl@efe{, shown in 1?‘.:.@;0 3, eam&p‘i, fog
the ool where live load eamsﬁa e omitted from aﬁsr span; twe-
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Wﬁll be azcafefzfaﬂ t0o as ﬂemai;me mﬁmenbm ‘

.,‘:ha sigﬂ donvention :qub,mgeﬁ. In balancing moments is
arbitrarily ¢hosens, A clockiwise moment 1s. given a- Treign,
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will be of he}'ﬁ» fm de"aermmmg whethen & mamem: ig po&iw
tiva o naéwﬁ,‘ai«?éﬁ ﬁefamamg Bo the a‘bw@ mamgt’apm

T pard | M of momeinh ﬁisism‘bm Lonsg ‘the Yonding oot
ditions ave so chosen to give meximiu positive moments




-26-

"MfHE V - FixEP EMp MOMENTS Fof MAXIMUM Oo NP ITIONS

FEM. "or 9/

. AN N 1 —
c JI&tu | I% 168 xZo”x iz

ly.O0O inch- kijzs
_ X 67a20 aZclx1Z =

= 7 2.7.00
- 96
0 -Lwlz - X 98x Zo XZo2X12 - 212 0. 00
96 %
F.E.M C*p 0 .00 in- k/in>s
F.EM for 9w

a Lwlz = l[Z 127 *<s2* 12- = 8. Oo m- k/+5

XIVila =-L
g 9

X872 '2 = 20. 80
U cH, !
G d WIZ == _L TOx 8x Szxl12 = 16.00
96 96 7
4<5U me-rl FEM = g0 Oc in- ki'j>6
F.E M for 94-
cl 1IZ wl?r=-L_ 2Fo x Zo-2X|% -r loo. OO Tn-?iL 54
i 4
b -EwWl2 - X 67X Zoazo2x12 = 52 7.00 .-
96 % AbSFOO in.K.
C A Wiz = 170 x Zox 202x 12 = KWfO-00
F.EM. - \V\VJf.o0o0

in-Kips
9 ?

| T = i<2 1ZOX SzXiZz = 7.7P in-lops og
+ b
b L w r - X 67 X8x8zx Iz c 20, 80
96 96
4-0.00 assumed
c X Wiz - X itoxSxs”xun 47 .00
96 96
A550mt-J F-E.(1 - 60. 00 in . kif>»

FE M for 97 <ng 810 5dmE dS F.E.M for P4
F.E.M for- 90 end P If Name- as FEM for pF




27

Fig. 3 Isolated Floors for Design Purposes
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in the exterior beam and ot the same ﬁime‘giveymaximam
negative mﬁmea%s in the exteriop baamsg whers the axﬁegw
iow bems meed *c.he éuferior aaiwmm _

In 3;;33?'%; Wy the Ta&éing emﬁmﬁiéﬁv are eh%e:xl o
give mammum negatm*e noments for bobh exterior as**rl Rk -1
Borler beams where both beams mee® the interior column.

e mamimmm,pas{ﬁiva moments are ebbained by simple
statics fvem the balanced end moménfe obbalngd in part
‘a? aﬁﬁ %bé loads on. %hé beaﬁsg ?bﬁ‘@ﬂﬁmﬁiéﬁ ta‘aﬁﬁaiﬂ
bhe maz 1mﬂm.paa1%lme momen% k) Eésﬁthw aﬂﬂ'mﬂm&nbu
#5360 lhch kips ob Bend 789 inch kips ab Ly bodh proe
dueing tenswn at the Hops Bg,r baking moments around L
the reachbion ab. B is deteimined, and hy taking mortenbs ,
ot the aen%aw‘oﬁ vhe beem, the pogitlve momend is aéﬁ%ﬁm*l
ined, This posidive moment ab %hg4§§ﬁ%érﬁef the beem f§
763 inch kips and for all practical pupposes is=ﬁhalméx$

imum positive moment in the bean,




-t

The maximum positive moments for the interior heams
are not consldered; ‘because the interisr beams;. ‘heving a
shorh spap of eight feet, will never produce posibive
moments 0 be the govehuing désign moments for the besms,

Both maximtm positive amd negabive mements fow all
beams given in inches kips are ghown below and the design
mements are ¢chosen which will determine the beam dimensions.

Beam Max.Neg.Mom: Max.Posit.Mom. Dosien Mom,.

Bl 526 G 615 y

B2 294 - - 894

BS 528 | 615, 618

Ba 820 %63 820

BS 551 - 351

B6 820 . 765 820

B7 981, 658 ¢51

B8 254 - 254

B9 951 _ 558 951

B0 1052 555 1052

B11 £08 ' - 208
. Bl2 1053 - B33 1082

The design moments for thé beems are uséd in the fole
lowing desigu whepe %ﬁe él@%erminei dimensions are come
parsd with the assumed ohnes, -

_ Desigo Moment M = % fekibd® where £ = 0445 £,
k% 0440, § ® 0,87, b is the widbh of tho besm and 4 is
tha‘&isfanﬁelﬁo the center of welnforeing steelﬁ
, "B‘am Bl assumed dimensions - 10 = ‘“;0,,8;

ME 615,000, b % 11, a% « E1000 4. 16.6 1n,




»ﬁfﬁ;

' Baam.Bg assumed dlﬂensaana 8 x 185 -
I 4 s Ca e
M = 294,000, b * 8, d® = ~§539%Q 5 4% 1846 dn.

‘Beam B4 sssumed dimensions 42 x 84
¥ & 82Q§660$ ? = 18, aa.a §§g%9%3 S od e 18.9 im
Beam Bﬁ aseumed dimemsions - 10 x 34
s 42 & BL000 4w 1m.4 in
M= BSL, 000, b # 10, d wzg%mgﬂ 5 48 184 in,
Beam BY asﬁumﬁd.ﬁimsﬁs%ona - . Az x 24
| M = 951,000, b % 12, 4% = 3%,%3?%% d & 201 in.
Eeam.BS\asgﬁmed dlmensmcns loﬂx_:lé ”
M = 254,000, b & 10, &% = é%é.‘?-%ﬁ d £ 11,9 in,
Beam B1O aséumed dimensions 12x 24

- 2 . 1,052,000 4 =2 57.9 fn.

M= 1052,000, b # 12, a® = LBROES, 4 = 2l.2 dm
.Beam ‘Bll assumed dimensicns o= 1z
ME 208,000, b £ 10, a8 = B, 4 = 10,8 n.

Beam BB iﬂentical to Bl

Beam 86 fdentical to B4

Beam B9 iﬁentical 1o} B?

Beam B 18 1dentlcal te B10a

& sﬁudy of the requlwed beam dimensions shcws that
theg@ dimensions.are f@ﬁ all practlcal purvoses very elase
t@ the assumed ones$ as the 9&” dimensions -are only the

distanee o the cen%er of rainfOreement an& net the teﬁal
“‘depth of the beams.. The assumad dimamsions wili be uSQd

'in the second part of the-paper'wh@ra the frame:is




enalyzed as a singls u;zi%-wq,

B8
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PART IT ‘
Anslysis of tho Frame as a Slagle Unib

Approach
.‘gg convenient loads are assumed such that, applied

to GﬂQFbeam at a time produde fixed end mowents équal
%o 1000 ingh pounds snd if these fixed end moments are
balenced separabely for the enbire freme, the balanced
momonss for fixed ond momefbs @f.any magnitude can be
computed at any place in ﬁhe'frame ﬁy'pxaportibﬁg

SuchAfixéﬁ end moments sre agsumed, and the final
balanced moments are indicated in Tables XIIT through
| XXIV, Baspd on the Fesults, the final maxiium negative
moments for the beams are dbtained by combining specific
favorable loading cén&i%iéns in Pableg XXV Ghrough XXIX.
Also, the end moments, whieh in turh will give maximum
positivefmﬂmenﬁs by simplelstaﬁi¢s-aé showi éﬁ pége 35
are obbained by eombining desireble loeding conditions
in Tables XXX and XXXT, It is obvious Thai for every
beanm three maximwm moments are com@ute&« twc negatlve
at %h@ %wo onds and a pm&iﬁi?e mumemt very ¢lose 6 Lh@
'aentera E@W@Vﬁf, agaln positive moments for the %nﬁe
ior boams are smltted as in the first part of uhe anal&
yais,

in=Tabie~XK$ﬂvﬂﬂﬁh'is a summafy of the resﬁl%ﬁ‘hf
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TABLE XXV : FINAL MOMENTS WUEN FRAME ISTtfEATED AS A SiNe LE UNIT

FINAL MOMENTS Foa BI

LOADCON Final Moment Ac A Final Momeni At 6
Bl i5 69-0 =- 292.00 -LL s&/p. -+ 740.00
1CO loo
B% -L =t 4.p Ja- p - 4+ Ho.90
/00 loo
- 69-0 = - 17.00 10 670 -
|8b 100 ! 6700
B4 = - 70.p U . 1177 = T I&G4o
1& 1177 100
BL, T32 = -+ 11.77
- 37100 NTfW-KIPs + 701 17
FINAL Moments FOR EZB py SyiTi mefrv
Ar D + 57/ oo Ar Cc - 707.17
Fnal Moments FOR 52
load on Final wloment Ar e Final Moment At C
Bi c - - 778 00 LLc = T 1l0.
oo " 100 P xQ
52. JZJ. fo. - - 57.00
ITHJ P 3y. 00 100
63 LL Gp + HO. 00 J2_ eyo = +375.0
100 loo
fOO n7ns: =+ 11.77
-L- So = 1. Go 80 -+ 1.Co
100 loo
BT 72 - 1kl

INCH- K IfS - 2 96,. 59¢ INCH- KIS +296.97



TABLE XXVi
Load on Finatl Momen
BI
JOO
B? GTO
100
54 45'G 1y-y
100
57
5U Lfod IiTT
57 o NT
69
INCH - KIPS
Ac
LOAD ON  finat M om .
81 Al GTo
loo
1A0
54 &7 1772
too
B9 88.7 flo
100
67
B o L 7T
100
inch - ki ps

FINAL MOMEN rs> WHEN FRAME

b 3-

4

AT E Final
sr —91.00 _
loo
—— 1.7 -5 G0
00
= - o ilL 127T
777 g L
80
too
- - 572. 20
a 5 4 20 2Ai_ lll?.l'
100
- M7T
lob
= 749-00 INCH - K iP S
BG J¥ Symmt”irv
M + 749 00 Ar
S?
Ar F F a M o m
=t .. z 9.20 Li- GTo
loo
—_— 7. 80
100
= - 718.00
« _ 2. 10 88.7 Ao
100
2™ |/7T
too
-LL H77
130
= — 12 90
- 3iA-. ®0 IN-KIPS

=

F

STREATEP ASA SINGLE unNIT

Moment At F

—-T 2 £>.00
+ 19.To
-+ 790.00

% + 4 7.00

927.90

+ ?18.00

+ ,2.90

916.60
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iABLE XKyil m FINAL MOMENTS WUEn FRAME 15 TREATED AS A SINGLE UNIT

final MOMENTS Poe B7

LoaP ON Final Moment At I< Final Moment "t L

El iil_ 670 -+ 44-70 1JL s.70 A t-fo
400 100 -
B5 wg— 6.70 = - 4 .30 3-1 670 = + 20.20
100 loo
M 7 1177 = - 62.20 Zj-t- M [? = -T 27- 00
loo 100
B.C. -1 17 rr-f- 12.. PO
100
B7 5T-9 iitF = - @&fj8 .00 7% iitE = + 922.00
loo [
BE o> &o =, — s .10 *41S flo — 4 33.20
00 loo
Bf ! nrr = - 1. rr
700
Blo r 2 u?7s' = - e,1 20 3.8 1177 = 4 41.2.0
loo 100
Bl12 «Q 11758 =r 9. 40
/00 S —
IN-K-1PS - 810.87 IfJ-KiPS 4 4olj,4-0
final Moments Foe 09 SyPimedTy

KI +810. 87 At M —404j. 40
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TAGLE XIOm FINAL MOMENT”A WWFN FRAME 15 TgEATEP AS A SINGLE UNIT
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table MiXx : Final momentawwen frame is

Final moments for 810

LOAD ON Final Moment FoR BIO AT P

Tinal Moment

B7 1175

- - . 80 1-1. 1177
too 100
89 gL- 1177
6i0 8 117E - - 77 5.00
[00 100 1177
B/I 30-4- 1177
loo
INCH- - KI PS - 83 8.80 /W-KiPS
final moments for B 12. by Symmeiry
AT T + 858.80 At S

FINAL moments For. Bil

Load on Final moment Fod BH AT R.

Pinal Moment
B 4 e4- |, 77 = - e}
100
B 6, 141.. h 77
100
£7 u-8- 17f
IDC
ES J-21. 80 —_ — 1.00 6 o
too |DO
£9 8 1177 -c- — 9.4-0
loo
B-i 0 <3.9 h 77 =— 16/1.00
100
ai i 99.6 80 T — O =00 936 80
100 100
& 12. 13.9 M7f
10 a
INCH -Ki Pd - . 10

4

TREATED AS A SINGLE

+

unit

T 10~0-00

-+ 24.4-0

1/01.4-0

For Bh At S

-C + 4.70
= -h 9.40
= + l.oo
=T 1J.00

C-V I(ojmo®

2-75.10



TA 8 LE XXX

Foe. BI
LoAP ON
Bi
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Moment At A
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+ +.fo
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4 Qlg4.

"END MoMENT'5 pof MAKimum Positive

Conditions
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+ J4o0.00

+ 2-0. SO
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— l. 80
inci-Klips 4 494.. 0o
MomEnt Ar P
+  2-4.00
5. 80
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4t 790. OO
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Moment At C
—494.00
MoM EKT At G
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TABLE X<XI

FOR. &7

Lo AP ok

B-1

B3
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Iwciv - ki PS
FoR B IO MOMENT
B4
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INCM -Ki P5
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Moment At
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Ni (fccf

— (00(0.1 5

At F7
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FoR 69 by sytetnciry

Moment At

Foe B 12 fy
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n|
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MAXIMUM
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M oment At L
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2,4. 80
4 995. FO
Moment At M
_ 897.
Mo MENT Ar 5

- 99 5. 50



-59-
table xogi . Geeoe in 501 ATING ONE TLOOR of- AFEAME

Moment At Percent Moment At Percitnt fOSITWE Moment ~Bcent
B eam Left End Error Rii-MI En} EBEOR- Error
Bi 314- 928 f$
x Bl 371 14 909 4.5 704 13
Bz 294- 294- ~
*B2. 294 7 294 7 B
225 Ji4 415
%B? ~o 5 4. T 371 14 704 13
34. 444 8zo0 74,3
+ B4 749 u.3 9273 .z 444 18-Z
3?i 331 — -
<ey 314 1. 1 514 l2 1 _
820 444 743
* 34 927 11. 2 749 I. 5 444 10. Z
B7 482 931 438
*B7 8 1o 13.8 1043 10.5 444 1.0
as 234 234 _ _
# PB Si7 Zo 3'7 Zo B —
69 931 487 438
* 69 1045 lo-S 610 1S- 8 444 1.0
Bio jse 105 7, ES 3
? Sio S3& 4.0 1101 35 390 3
BH ZoS Z0 8 _
« PU 233 i7- 8 253 178 _ —
Blz 1032. 78 8 533
4 BIZ 11Ol 33 838 440 330 3 1

* Tnese MoMieNTS AlI?E THE " ONES OBTAINEP wwen Twe

wA» ANALY Z-EP AS A CONTINUOUS STRUCTURE
NnoT E - Moments in INCU -KIPS

FRAME



Bl
Part I and Part LI, thsltﬁree moﬁ@nts for each beam ob-
tained by h@%hfme#héds ars vebulated and the discrep~
an¢ieg Eeﬁwegn the mcmeﬁﬁs ob@ainéd'bylﬁhe two methods
are exprested és:pefgénﬁ errors based on the values
obtained by Parh Zsigfwhich is assumed to be more age

curdbe,




- GONCLUSIONS

In apalyzing a-cenﬁiﬁuqus ffame; a number of ase
gumgtieus have ta be mades The'aséumptionQ made.are
of major 1mp&rtanee %hroughcuﬁ the analysis, epd thé
flﬂﬁl regulbs musﬁ be inaerpreﬁea on the basis of ﬁhese
assumptionue

- In, Eqr% X the assumntiens made could be summarize&

a8 followss ' - | —

L The live load was colisidered to bé‘appgigﬁﬂ
only to the floor under consideration, end
the far ends of the columns wepe eséuned as
fixed, _ '

Be The frems under considepation was analyzed
in two dimepsions while aé%aally a sonltinuous
£fams.is a threesdimensional sbruehurs,

3 Slabg were Lo have né;afﬁ@@ﬁ~oﬁ the rigldiby
of the Lmam@g )

4o Carry=oven fa@tors-ware taksn aF ane*halfo

Bs - Bistributaen £a¢§®r5¢weme based on the St%ﬁﬁé
ngsy of regtangular mémbéﬁég

By Si@esway was Gmlﬁ%@ﬁq

V?, Footindﬁ were reabed as flK@ﬁs

By ﬁn&qual séﬁ%lemenﬁ ﬁf Wouﬂéatlens was Om&btgda




=5 |
9y Plastie flow was nob aona;&er&da
 These semd agsumpblons were used in Part I exmceph
Tor the £irst one, whiech was substibubed by atbusl cons
ditionsg, Thaxeﬂaia@ the results sﬁ@w the exror off the
fivss asgumpﬁiaﬁ,"made.inﬁanaxyzing,%he'fﬁéms acgording
to the A.Cele spéﬁifi@ations@

The résults undoubbedly would beﬂinflusﬁﬁea by.ﬁhe
gotual goﬁéiéiéns if these ﬁaﬁ&i@ian; were o replace
the assumed onesy  Thisg in~ﬁafﬁg roqilres the investl
gatlon of the roet of the assumptimns am@ thedy eff@cﬁ
ofi the flﬂal wesulﬁbm Rowever$ the- aﬁmber of im@éﬁermm
inate f&éﬁ&ﬁ& is o large thaty thn aaalysis uhough nod
lmpa&sible@would-bg 8 Tery @ampl;aahe@.ape¢

The @zréfs computed show dfserepancies up b0 twenty
peréenﬁlin»sﬁme parte of the sﬁﬁuéﬁureﬁ"an& these dis«
¢repaneies are 1ot immaterinl, bub there is one ma jor
factor to be glven consideration before @eaahiﬁg‘any
eonaiusiané‘fromfthése resuly s;

The allowable $tresses given by bhe spealfzeatianﬁ
are used when all %he assump%lans made dgree meh the
eneslusedy-vﬁ‘&a enalysis follows bhe ape@ificaﬁians@
These allbwabie styesééé make provisions for the assumed




-‘I‘i&‘i‘i&

A study of Labla X;&?IX s‘haws th&iz 'ime maments cbw
‘hﬁ:med by the amlysis in Pert II ars greater; mzh eme
exception, than the moments found 131, Part Is’ Howev;si:,-g,
thié.doés not négessarily mean ﬁha'i’s the beanm diraensibﬁs
have to be thanged, ‘a?esr'iﬁ all frames were to be afalyzed
by the more exact method f@?ﬁ;iéwéﬁ in Pazt IT, the allows
amé stresses of the Syecifi‘éa%iénﬁ would Have been Mg
ified apcordingly and _p:zfomm& iné‘zseasfﬁd/@/ﬁfh‘igh# in
ﬁemag would bEing '?aza'@-bzaﬁﬂiﬁs gloser 6 the pesilbs obs
tained by the mebhod f‘aﬁ;‘lo&veﬁ in Pai:"x?ﬁ: Is
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