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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.I.) 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. 
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fM s th esis  present s an in vestigation  of the errors 
made in  calcu lating the Se sign moments of.' the beams, in  & -.. 
continuous. Irarae5. when th is  frame is  analyse S' in  accorSance 
with a r t ic le  70$ o f th e American Concrete in s t itu te . (AaGpJp} 
sp ec ifica tion s which in  felloweS in  the .Sesighs of m ultip le• 
Ster^ hu llsing  frames^

In Part I  of th is  th es is  the analysis of the frame is  
bases on the -A»c»lo sp ecification s where every' f le e r  i s  
treated insepehsehtlyy as- i f  l i ' were a complete structure' 
in  i t s e l f  it W uhf the--Se-si@n; moments' fo r  the beams of the  
frame are determined,L 'v

In Part % the frame i s  analysed as a sin g le  unit- and 
the .e ffec ts  of a ll-lead ing , combinations are included; Sn- the 
design moments for  the beams* Ihe comparison e f  the moments 
obtained In Part %&. where each floor is  treated as am iso ­
lated  unit* to the- moments, obtained in  part II* where the 
frame i s  treated  as a" unit*. reveals the errors ma.de-when an­
a ly s is  is  based - Sn the- A,0 ,1 , specifications*

Ihe r e su lts  of the two parts show Slaorepameies up. to 
twenty percent .in the design moments* Ihe frame proves to  
be underdesigned i f  analysed according to the A,.O,,I ,  code.



' , STTRGDUGTOT
Object

prim ary objective of t h i s  paper i s  to in v e s tig a te  

the percentage e:3?rdr involved l a  is o la t in g  ope f lo o r  of a 

eontinuous b u ild ing  frame and t r e a t in g  every f lo o r  indepen- 

d en tly , T he.app lica tion  of the moment. d is tr ib u tio n  concept 

provided the most d ire c t  and convenient method in  determin­
ing tills  error.

H isto ry  .

# e  m u ltip le  s to ry  b u ild in g  has been, u t i l i s e d  fo r  

many years in  the build ing  h isto ry*  and was the most success­

f u l  so lu tio n  of the  c e n tra l is a tio n  problem and* a t  the same 

time.* th e  b e s t use of h igh-p riced  land*.

H isto ry  reveals th a t the bu ild ing  m a te ria ls  used* from 

the tim e our an cesto rs  emerged from eaves to  th e  present* 

played d e f in i t e ly  the most, im portant r o le - in  construction*

Hrom the branches and leaves to  s tru c tu ra l  s te e l  and re in -/
forced  concrete , from a r t  and experience to  modern methods 

of analysing  a Structure*,.- the years th a t  elapsed were a 

challenge, to  c re a tiv e  minds*.

' fhe bu ild ing  m aterials used thousands of years ago 

l ik e  stone* brick* wood and many o th e rs  ■-**■ then in  a prim­

i t iv e  form a re  s t i l l  used.
fh© development- Of the converter by-Hehry' Hessemer



in  E n g la n d a n d  of th e  open-hearth Iw naee  hy William 

Siemens in  M enlea between 1800 and 1870'» made p o ssib le  

the production of a w teh i& l whose p ro p e rtie s  could be 

properly bent w ile d  and e&uld be oaa# and ro lled  !Saito da*

sired shapes * lBie new mater M l# k#ew&: a@. st&el# is  one of 
the g rea test achievements M building hi story <= ' S teel has 
contributed a m aterial th a t enables not only speedy strength,- 
r ig id ity  and 'lightness of erections  ̂ but also  rap id ity  of
dem olition# Another m aterial^  equally  im portant  ̂ m s .u sed

■: •.; • ■ .. .. '
by th e  $gyptlone and ^ om nere^ ly  in  the h isto ry  of t&oapi

s tru c tlo n i  Sn. a massive- form and in  the n ineteen th  century 

re in fo rced  w ith  steel*, was adapted as  one o f th e  major 

b u ild ing  materials.*. B iis m ate ria l i s  known a s ' s?coucrete5J? 

and w ith , s te e l  in  t Be1Sody- of th e  Cbhcrete* known as 

^reinforced  concrete**

As f h r  a$- design i s  -concerned* i n ' t w  early ; yearA
' . I :

art and eeperlenoe replaced ob%utatlons * !Bbe ##&t and 

l i n t e l  co n stru c tio n 8 th a t  was s ta r te d  in  Egypt and P e rs ia  

became the most widely uged method of construction,, hater, 

the Simple supported beam Idee* based on the peat and 

I in te i  started  te  grow*, m ultip le story buildings were

li-.' "*)m teiclaie 'a%  methbde. b& A r # L % # % i  ^ o n s t r u b b K ^  
Tby published by fab# Wiiey and
sons* Iho«» HeT* p, W 

Sq-, - Ib id  p# S



oil these ,simple supported beam princip les ana the 
s ta t ib a i l r  'deterMnate analysis«,

^a.tb&.y&Q# 1015% &# Maaey Asreloped the wide+.
Slope p a f le o tla #  MetbsA wbiSb pnorl&Q# a& eeabom* 

Io a l assign , eoEtparea to  the pnetiens ones, w ith  the he* 

qu ired th e o re tic a l  an a ly s is  of th e  s t a t ib a l ly  Indetem $n- 

a te  trams.* EdVi/ever<S; the  ted ious design , re q u ir in g  th e  

so lu tio n  of numerous simultaneous equations* was tod- eom* 

p lic a te d  compared to  th e  a%a%sl# Of determ inate structures,* 

A new technique^ based on p re rio u s  theo ries^  lik e ' the lbeory  

of H sianation , was IntrodUoed by Hardy cross in  1958» This 

new technique, Mown a s  wThe Moment H istribU tlon^was adopted 

by the  engineers?

Then the American Concrete institute.* with amorous 
assumptions* made the analysis Of a reinforced concrete
frame comparatively shorter*, ana the  A»l*s*Q* rea&## the
work Inw ired  in  s te e l design?
Importance

A rtic le  VOS of the AWvlo specifications s ta te s  wThe 
l i r e  load may be considered to be ,applied only to the f lo o r’ 
■under consideration*, end the f a r  ends of the columns may be 
assumed as

. #&e'l#erta&&@' of Obin-ObealO' 1# to-investigate how ''
much e rro r  is  involved in  the analysis' of a frame- it- # e



i s  aesigned aocoz-iing to  th is  A rtic le  fGS e f  the 

sp s e if  Ih a t lone ' ' ' ' ■ ■ ■ ■ ■  ' ■ ■'• ■



P a p t a  - ' :

A .pl.aa r i m  o f ■ a  continuous re in fo rced  concrete 

frame i s  shown in Fig* I* $he sec tion  1-1 of th i s  frame 

is  to he am l^zeg  according to  HoCsI 0 sp ec if ic a tio n s  „ 

given lo a d s I
l iv e  load fo r  Roof, 50 pounds per square fo o t

l iv e  load fo r  a l l  o ther f lo o rs^  180 pounds pep

square fo o t . . .

S p ec ifica tio n s
th e  SB day* u ltim ate  strength  o f concrete i s  

250G pounds per square inch.

Wo way s lab s  a re  to he used in  the  analysis* 

o u tlin e  of the Procedure followed

A* $he. th ickness Of the s la te  Ie  determined 

B» OOlumnS a re  designed

O4 Beams ■ are  designed,

l a  Fig* 8 a l l  jo in ts  are. le t te r e d ;  columns and

beams are numbered and they .w ill be re fe rre d  to  in  th is
:

manner#

Design of; . slab#.

The design of slabs for  roof and a l l  other flo o rs fa 

shown fa  fab les % end # »  She two governing fa c to rs  that 

have to  be given consideration in the design ere as follows*
a 6 The minimum th ickness to  s a t i s f y  d e f le c tio n



■14-

-

S i

*

5 /

32,

5 / J /

r

H- 4  S  2.0 ' -  s o '  — 

U r
P lan  View

S e c tio n  I - I
F ig . I  P lan  V iew  and S e c tio n  I - I  of th e  Frame to  be 

A nalyzed.

^
 

—
—

H 
S'

 u
---

--



1 5

X #̂5-

f i g .  s  I d e n t if ic a t io n  of the Members to  be Analyzed.

I



—1 6 »

TABLE I : P7EStGN OF l?OOF 3LA05 5 1 £  SZ,

s i 5  Z

L .  L. r f o  p* f
P. L = T a p5 £ osstimt-d

L . L = ^ O C
P - L =  O p5

VV -  12  °  5  - 2.0 ' m -  I W =  IOO S= 8 in = - 4
t  = [20 + 20 _ ±L I  '3 ^fTfTo 

L / o-J 72- 't s o o o

wlir r< M - ^ o '
t  -s: f -  55 in.

t  -  f  fi v 2o -  .^L-I ,z  * 1̂ . ? ° °L IO J 72- V 5 OOO
w Li fe re  Kl = 5" £>'

t  = 5 - ^ 4  m

Mo m^n4 Ooe f f f c f e n f s M o m e n t  c o e { - ( } c i  e n i s

Cf co< (. (or . Klom. o ldisc .EJ<je
C1 11 n 1 '1 » (!onf; „
 ̂ It n  M ((JspO 0

C 1 c o e . f .  (or Necp Mom. erf Conf. E J c j t i  

C  2. i\ 11 j?c>5 11 11 MicJapon

M «  C W S i  
M = I Z . I O  i n . kips

M = C W S z
M1 = 2 . f 4 -  fn . kips
M2 -  1 - 92M 2 = 2.5-4-0 ii 11

M -j = 1 7.0  0 „ „

P < L S / < j n  Mom - I Ay lops P2.51*Jn Mon ■= 0 . 9 4 7  in. kips.

d ,  I M -  2 . 4 2  in .
X Ik. P -  i in '

Li  ̂6 ~ t  = fnclnes l i s t  tr — -3 inc-hts .

#



- I ? -
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S I 5  2 .
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xl K b  /
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requirem ents of the sp e c if ic a tio n s  

P_e minimum th ickness to  s a t i s f i ' th e  design

moment: requirem ents.
f

The design moments shown In the ta b le s  fo r  the s lab s  are  

obtained in  accordance w ith the sp e c if ic a tio n s . The max­

imum moments fo r  -two ad jacen t s lab s  are computed based 

on the moment c o e f f ic ie n ts  given b y  th e  JU-G,1» code.

These: moments are balanced' assuming that W ' supporting 

beam between the two adjacent slabs takes one-third of 

the unbalanced moment and the remaining twc^thirds bal* 
aneed based on the s t if fn e s s  of the slabs,

00sign of Columns?

With the determined' th ick n ess  of slabs- a very close ' /

approximation of the loads on the commas of the frame la  made. 

These loads and the aesig#  of the columns ere show# in  Tables 

111 ana # 4 . a l l  columns ere  .designed'.based on e x la i load" 

lng conditions* The dimensions of columns Cl through 04 

a re  determined by the ISO square inches minimum area  .require­

ment of the sp ec if ic a tio n s^  The dimensions, of Columns OS' 

through 01#/ a f te r  being determined* based on the load s, 

are arb itrar ily  increased two inches in each d irection  to  

sa t is fy  the bending .moments  ̂ The design,though not a tho#f 

ough one, la  satisfactory , fbr the purpose, Th* mere object 
being to  determine the s t if fn e s s  o f the columns needed In 
th e  a n a ly s is .
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M = A ( 4o ¥ 556,) N = A C  4̂-0 + 5 6 0 )
Rfecjuirtd A =. 15"*7 ŝ j. in. Required A- =■ 2.10 ^ cJ. in. 

dl(y idenf ica l  -fo Cl^CI 2 idfenli'co I fo  C 9

d 5 E | 4 \  for C9 onJ C 12. U s e  I ( c \  17' for- c i 5 f  c i 6

Uoqda on CIO Loods on C I 4

Loods for 06  69 ^ Loads f o r  Clo <7

Loads from Z .Floor I C 7 loads from d. f l o o r  G 9
I 7 6 K- Z4-F ^

Assu me p -=. . 0 2 y Assume p=  .0255

As s u me  skord column Assume 5 Iiorf Co l u m n
M =  A- (  ̂4o +■ 400) Nl = A [ A-o -¥ 4 o  f )
Recyuired A = 187  sep m Reejiui're-d A = Ẑ -T s^ - ’in

Ciy 1 denfica I i~o CL 14-cm i den "fi Cd/ Ao c IO
Use 19^ 17" f o r  C I O  Jf. C U Use 17L (9 f o r  C 14- Ciy



Design of Beamsi

Theye i s  no direct method fttf which the dimensions of 

the  haems can he determined* flie hash end most convenient 

one i s  to  assume the  dimensions; and* a f te r  the  analysis, is. 

completes check the assumed, dimensions * With the follow*- 

Ing te n ta t iv e  he am dimensions in  inches

BI and B8 ID & 18

B8 8 % 1#

E&, B&, B9* #9* BlO and 318 18 % 8&

3$ , 3 8  and B l l  10  % M

The an a ly s is  i s  made hy Moment D is trih h tio n  applied to  

iso la te d  floors*  The information- needed i s  as follows*

4# S tif fn e s s  fa c to rs  fo r  a l l  members 

B« D is tr ib u tio n  fa c to rs  fo r  a l l  jo in ts  

Ge Fisted end moments fo r  a l l  beams*

■Stiffness fa c to rs  I

The s t i f fn e s s  fa c to r , commonly known as k*values is.

the ra t io  of the moment of in e r t ia  to the leng th  of the

member* Thus Ic f o r  member AB equals
I  ' I  '

%A& * 3^A & 3 * * "3 #  AG 2  l$S/&0 % 18 *
80,0 in&

The s t i f fn e s s  f a c to r  f o r  a l l  th e  member#, are given below* 

obtained as: the s f lffn e sS  fa c to r  fo r  43 was. computed in  

the example



F=BSr--

Member .

BI and B3 80*2

PB ' 88,-1
a l ,  48% G8 and 04 18

84, 86* B?* 89, 810 and BlB 67

B&, 89* and B ll 83 (['0

06% 06* G# aa& 08 8&#a

09 and OlB B2,&

010 and o i l 61*8
* 015 and 016 54,5

014 and 015 81*0

D is trib u tio n  factors'?
B&sed 6%, the  s t i f fn e s s  factcxs? k obtained in  the pre-> 

Seding paragraph? th e  d is tr ib u tio n  factors fo r  a l l  member# 

a t  a l l  jo in ts  a re  determined as fo llo w s i

fhe d istrib ution  fa c to rs  fo r  the member Bi* a t.th e  

jo in t  ® i s  ^ 4  where represents the sum of the k
T E

values for a l l  members meeting at. the j o i n t ,  or the dis*  

tribution  factor M  a t jo in t $ i s  , **

In  a s im ila r  way, d is t r ib u tio n  fac to rs  fo r  a l l  mem­

bers  a t  a l l  jo in ts  were determined and a re  given belowt

C V  .



3:oint Member lo in t

• ■- A 01 B 04 S7^
A Bi . B BB

. B BI . * BS - . ' SB#
• B B# . a  . B8 48$&

B' (58 ' G OS 88#
’ S-' Ol B; '04 18#
. % Y „ <3!5 . I ds - 88#

M S BB . $ 6#
. f. BA & . BG SS#

02 G OS %Wa
. f . OB # 07 ^ IS#

BB 0 BB 19#
- % OB # 08 19#

a  ' 09 W GlS 86#
■ K B? B9 ' . 65#

■B B? .M- B9 W
% OB M ' 07 14#
B 019 M Oil SI#
I Be M B8 14#
P OO t 018 81#

•P 019 S 016 SS#
P BlO T B18 44#
a BlO e '813 SO#
B GlO « O il 80#
B 014 8 OlS 06#
n BH a  ' BH 11#

To sim plify  the niomelit d is tr ib u tio n  praoess when symmetri-r 

d s l loading conditions e x is t  # d  s ince  the f lo o rs  are 

^symmetricai^^another s e t  of d is tr ib u tio n  fa c to rs  a re  ob* 

ta in ed  fo r the in te r io r  jo in ts , ih e  e x te r io r  jo in ts  do n o t  

d i f f e r  a t all*

“̂ W eo ^r b f  Modern Vo X r^ f7 ^ y ™ 1 7 ^ ^
arintef,# published by the Macmillan Oo*, • pp,ll& * 
119*



do in t Member> - '■• 1 IsM- Member

. B BI o • SB 46$6
B ■ CC C- OS

. 'B . BB O B8 1 #
■ E ’ B4 # BC OGg

E CC .0 o s . W
E OS O CV 80#
E #& 0" BC 10^,

% cy M BC 44$&
E 06 M CV I B f a
% . ClC M CU SS#

. % 38 M #8

R - m o m& 08$
B CIO B C ll 84$
B Cl4 ^  ' Cls 88$
B m i B BH c $ -

Fixed Snd Moments"'

th e re  a re  th ree  p a r ts  combined to  g ife  th e  to t a l  

fixed  end moments

a»: Fixed Snd moment due to  dead load of the beam'

Th  . Fixed End moment' due "to'Sead ■ load o f slab -per 

AnO+I* sp eo ifio a tions a r t ic le . #15.

.6* Fixed End moment due to  l iv e  load  on the  f lo o r  

per AsCeIo sp ec lfio a tio n a  a r t i e l e  815*

Fixed end moments fo r  roof member' w ill  always in­

clude a l l  th ree  p a r ts ' a s  l i r e  load cannot be om itted«

4» 1Wixed End Moment C oeffle lenfa  $$%■ Beams o f Uniform.
Cross Section** by &, Ce sterling, C ivil Engineer
lng vol* 4» Wa 1C* PBf C48KC#f



fW  a ll  otbse floor members the ■ SM momemta w ill

e l# #  aHcw&9b1&'%%% P@#*9*#11 W. lboiudea o# G&attoa
o p .tw ' ^Baisiena #o&88 te  Beoa&ee d,#

$lee& at pee#'# of etmetWOf
These t&&e$ pa## #3# #embiae& t& g&# f&#&a
eaa moments f e e  e i$  Wmhem i& fa b le  %

iassi SleiSsstisaE
.

fo  Obtaib-Ibe. a# e i0 &. memebta' g e r  %b# 'beams, th e  fix ed  

e%a 'memehte &fe aistflbhted lit fables tweegh jcscg&t.
IRXwB ;4&%nsâgr'dLarO#&gpk*aa\â3j6*33&& eh#r% 3# f ig ,  - 04 gxgx&etel; f #

th e  roof .whebe- 1 1 #  load, 0abbot h e  om itted ,from @#y a# h #  WO- 

o p era tio n s of. b a le se ib i m # e # #  ane- performed:* f t  ie  1#» 

portent to  note th a t  ffom new on moments producing compress 
slon -at the  top and- tension  at. th e  bottom of a beam w il l  be

referred to as .positive- moWnt#*. Jitomonts prohuolng.
..- ■ ' ■ . ■ ......................

- tW a |#  at.-%&' t # -  oh# WHWA Hf- s #W&
w il l  be re fe rre d  to  as negative moments^

The sign  convention followed in  balancing moments is. 

a r b i t r a r i ly  oho sen c A clocM’is e  moment is . given, a ■ ^+8Bigng 

and a eounteroiooln-vi.se moment^ a **' sign,, These..signs 

w il l  be of ,help in  defermtining whether 6 moment is ' po#&,
Mre.- or negative^'- referring He- the ab e#  .paragraphs - -

.'. . . • -

fn -part th@ lee# n g  he#*
d ltio n e  a re  so chosen to  give mam.lmW& positive moments
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TA0LEVII: MOMENT PI5T i? I (I TlOW FO lZ ISOL.fl.TE17 3  . FLOOR

PAgT o(:

A %

«>
BA BK E F F E FL FB F a
I 2 Z Z 66 ? 9 20 11 I O

+ I 42 -h2 78
-117? 
+ 77?

+ / '7 ?  
+ 3 87

F — 4- o

- 4  yo -  900 -3 o  + — C (e> - 1 «32

-I- <72 + loo + 29# + (A9
-  4A -  88 -  30 — f -

+ T + I O + 2 9 + I?
-  4 -  9 — ^ — 2 _  1

-+ I + I + 2. i-72.9 - 3 3 ? -1 8 4 -2 0 6

+ 200 + 569 -?6  9

K I-

r
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E F
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- 4 o

+  Z Z ? 4 " ^ 0 ( . 4  6 . A L . +  ? 2 5

- 7 2 ' -  ( 2 - 4 Z . — 2 . 2 . 0 - 4 - 8 0 - I f ^

4  8 ? f  / 7 7 < 4 8 8

-  2 - 0 -  9 9 - ' 3 - z s > -  7
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+  2 8 6 + ? 9 4 - d  8 2 .
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+ 9 o  8 - 2 3 4 . - J t o 1- I 6  4 -

'
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I 9
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+ I

+287

K
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+ iFo
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+ I 

+780

KL
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+ F4F

- 27 
+  17
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+ Z

-F7 I
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/ J ^ r

F 6 H

LK LF LR LM M L Md MS MN NM M 14 N T41 ' 4 71 14. 14 /4 3 ) 41 79 19 24
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in  the exterion beam ana at the; same time give maximum 

negative Bioments in  the, ©xtevion beams,; where the extern 

iqr-beams meet the e x te r i# ' ' ee%##s^

in  p a r t  # a  loading: eena itiahe , a re  ekeeen to 

give maximum negative moments for both exterior ana in* . 

ter io r  beams where both beams m eet. the in te r io r . ooInmnw

#h@ ma&dmwm p o sitiv e  momonts are obtained by eimpi# 

s ta t ic s  .from, the balencea end moments' obtained "in part 

’a" and the loads on.the beams* Won example# to  Obtain 

the p o s it iv e  moment &# bn& # m # t 8'"Wre

.#69 inch  k ip s  &t B .and W  l n # k # a  a t  p%#»

(hieing tension at the tqpt By taking moments around p 

the reaction  a t . S i s  determined} and by taking moments 

at the oe&tap of tko bean# the p o s it iv e  # m # t  i s  &#&#*- 

!Md* This p o sitiv e  mommt a t  the O m tero f the b ea m #  

V6S inch kips and fo r  a l l  praetioal purposes i s  the max* 

imw p o sitiv e  moment in  the beam,*



The mozimm positive morneate the laterlo# %eem$
a#e &ot OOBeWfea* beeauee the ln tefier  beapte, hevlag a 
shert span of eight feet  ̂  w ill never pro t o e  positive
momenta to be the gpveWn&ag # a l #  moment* for the teama*

Both mazimtim positive ana negative moments for. a l l
beams given, in inehes kips are. show below an# the design 
moments are Ohosen whieh w ill determine the beam dimensions

Beam Maz0 NegoMom0 Maz0P o s itoMom0

Bi 8B8 518 f' ■' % 618
BB 894 ■wPr 894B8 88G 618 618
B4 889 V68 886BS 881 » 551
BO BBO 768 886
B? 981 688 951
m 884 <=,. 854
B9 981 688 961
BlO 1058 688 1058
BH BOB 898
BlB 1058 BG8 1088

The design moments fo r  the beams a #  need- in the fo l­

lowing design where the determined dimensions are com­
pared'with the assumed ones.*

Design Moment M # § fokjbd2 where f  c “ ' 0*4S f  ?o , 
k % O0 40 j, I # b is  the width of the beam and d is
tha distance.to the center of reinforcing steel*

’ Beam Bi assumed dimensions 10 t  10
M * $18 , 090* b a  11 , #8 % $ # IGyQ in<



Seam BS assumed damans 1021s .

M & 294,000 , b « B, ds  •« 294,000
196 t>

Beam-' B4 assumed dlmensio'jis
b # i s ,  d& *» SSOjgOOOI  * BSO,000 u . w  v*. -  ~ p ^

Beam. B5 assumed dimensions:

4 * 13*6 in* {

"12  %' '24 ■

L t  d * 18+? la* 

10 % %4

% *  6$i,ooo,: b ^ 1 0 , a^  -  $
■Beam Bi? assumed .dimensions

M * 951,000, %/* 12, ds  +» s

Beam BB assumed dimensions
.

M * 854*000, b S 10» df * 2% 00p, ^

Beam BlO assumed dimensions
I nOSB4OOO

4 & 15*4 in ,
L:

' .12 % 2:4

d 2  80*1 in .

10 %. ;i4 
a .* 11,91%,

12 z  24 

a -  - SI * 2 in , 

10 % 14 
a -  10 ,3  in .

M * 1052,000, b # 12, #

Beam BH assumed dimensions 

M S 208,000, "b #' IG 9 d2 s 

Beam BS id e n tic a l to  Bi 

Beam B0' id e n tic a l to  B4 

Beam B9 id e n tic a l to  B?

Beam B. 12 id e n tic a l  to  B10,
r ' * ‘ • ■

A .study of the r equired beam dimensions shows that; 

t h e p  dimensions',are fo r  a l l  p ra c t ic a l  purposes very close 

to  the assumed .ones.*,- as the  »a» dimensions -are only the

d istance  to  the c e n te r  o f reinforcem ent and not the to ta l  
depth of th e  beams, ■ The assumed dimensions; w il l  be used

in  th e  second p a r t  of th e  paper where the frame, i s



am iyged. ae a s ing le  u n it ,



& 3 9 -

BAB# I&

M a ly s is  mg, Frame as  a ^inglS  IM it

MproaQh
, convenieiit; loads are assumed stiela th a t p applied, 

to  one "beam a t a time produce, fixed  end moments equal 

to  1000 i&tih pounds and i f  these fix ed  end moments' are  

halanded sep a ra te ly  fo r the  e n t i r e  frame, the "balanced 

moments fo r  fixed  end moments o f any magnitude can he 

ooMUted at any p lace  in  the frame "by proportion=,

such, fix ed  end moments are assumed^ and the  f in a l  

balanced moments are  ind ica ted  in  Tables %li% through 

ZZiy. Based on the r e s u l t s ,  the  f in a l  maximum negative 

moments fo r  the beams are obtained by  combining sp ec if ic  

favorable loading conditions in  Tables 2£l? through XXlZl 

Also, the end moments, which in  tu rn .w il l  give maximum 

p o s itiv e  moments by simple s t a t i c s  as shown on page 35 

are obtained by combining desirab le  loading conditions 

in  Tables tg $  and XIXl»; I t  is  obvious th a t  fo r  every 

beam th ree  maximum moments a re  computed | two negative 

a t  the two ends and a p o s itiv e  moment Very, OlOee to  the 

cen ter.. However, again  p o s itiv e  moments f o r  the  in te r s  

lo r  beams are  em itted as in  the f i r s t  p a r t of the  anal­

ysis*
In  Table XlXS which is  a summary of the r e s u l ts  of



T A 9 L E  Xll l  ;  S A U W e E C T M O  M E N T S F O R T N E  F R A M E .  L O A J > £ J >  S P A M  ; A 0

A 0 C CI
A E A g 0  A 0 F f?C & e C G C R P C P U

7 7 6 7 9 6 2 2 4 2 4 2 2 2 3  6 6 3 3 7

-1000 41000

+4 5 5 ’ —4fr5* + 06 JT - J 14 -55"! - 1 6 9 +  7 0 + 9 9 +21 -21

E K G U
E A E K E F F E F P P L F G G F G C G M G H H G H P H  N
12 2 2 6 6 IT? I O 18 I 9 ( 9 I O 1 8 f 5 <£?G> 12 2 2

+201 - 6 3 - 1 3 8 1 4 i - 1 3 3 + 4 7 +  4 y + 12 + 2 9 - I O - 3 i T 2 -  7 + 5

K L M N

K E K P K L LK L F L C L M M  L M G M 5 M  NI N M N H N T

19 2.6 f f Al I 4 9  I 14 - ( 4 I 4 5  I 4  I 1 9 2 6

<
4

- 2 6 + 8 +  18 - 5 + 17 -10 -  4 — 4- +  2 + 2

P Z S T

F K PvV P R R F R U R K R S S  R S M S Y 5 T T S T M - T 2

2  I 9 ? 44- 5 o 2 9 9 6 , 11 I I 2 5 5 6 5 0 4 4 2  I 5  F

W X Y Z LJP77 7? ////V
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TAflLE KIV : flALAWCEI? M O M E N T S  FOK TWE F R A M E .  L O A P B P  SFAM'. f ld .

9 ________________ & P
A E A 0 0  A f ? F g c c e G G C R P C P H

7 7 6 9 9 6 2 2 4 2 4 2 2 2 9  <6 6 5 9 7

- I O O O +1000

-88 +88 +424 + 2 8 4 - 7 0 8 i - zob - 2 8 4 — +24 -88 +  88

E IC G H

E A EK E F FE F e F L F G G F G C G M G H H G H P H  N
12 2 2 6 6 r ? IO i 8 I 9 19 I O 1 8 <<>0> 12- 2 2 .

- 3 2 + 21 + 11 - 7 6 +127 - 3 4 - 1 7 +  17 - 1 2 7 + 3 4 4-7 &> -  Il + 3 2 - 2 /

K L 4 M N

K E K P K L LK L F LR LM M  L M G M 5 M  M N M N H N ' T

19 2 6 ff 4 1 I 4 9  I 14- 1 4 I 4 5  I 4  I 5 5 1 9 Z  G

+ 1 -  5 - 4 + -13 +  7 +  13 -  7 — c? 4- 4- -  7 + 5

F E S T

FK FvV PR R P -RV R K R S S  R 6  M S Y S T T S T H ~ r z .
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F o R  6  9 b y  s  y  tr> t n  c i r y

M o m e n t  A t  n| M o m e n t  A t  M

4 15 _  8 9 7 .

F o e  B 12  f  y  s y m m f c f r y

M o m e n t  A t  T M o  M E N T  A r  5

-V 7 7 0 .  60 -  9 9  5". 50
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table xxxji : G e e o e  in 5o l AT IN G ONE TLooR of- A F E A M E ,

Moment At Percent Moment At Pe R c t N T fosiTWE Moment ^Bcent

B eam Le f t  End Error Riii-MT E nJ> EB EoR- Error

Bi 314- 9 2 8 f $
x BI 371 14 909 4.5 7o4 13

BZ 294- 294- - _
* B 2 . 2 9 4 .7 294 . 7 _ -

?2S JI4 4 I 5

% B? ^o 5 4.  T 371 14 7o  4 13
3 4 . 444 8 z o 74,3

♦ B4- 749 U . 3 9 Z 3 I/. Z 4 4 4 18- Z
3?i 331 — -

< ey 314 II. I 5 1 4 I 1. I _

820 444 743

* 34 9Z? 11. 2 749 II. 5 4 4 4 10. Z

B7 482 9 31 4, 38
*B7 8 1 o 13.8 1 0 4 3 10. 5 4 4 4 1 . 0

as 234 234 — -
# PB Si 7 Zo 3'7 Zo _ —

69 931 4 8 Z 438
* 69 1045 I o - S 6 10 1 S- 8 4 4 4 1.0

Bio j  s e 105 7, ES 3

? Sio S 3 & 4 . 0 IIOI 3. 5 3 9 0 3. I

BH Z o S Zo 8 _

« PU 2 3 3 i7- 8 2 5 3 1 7 8 _ —

BlZ 1 0 3 2 . 78 8 53 3

4 BIZ I I O I 3 3 8 3 8 4 • 0 3 3 0 3 . 1

* Tnese M O M i e N T S  Al ?  E T H E  " O N E S  O B  T  Al  N  E  P W W E N  T W E  F R A M E

VV Ai» AN AL y Z-EP AS A CONTINUOUS STRUCTURE

N O T  E - M ome n t s  in IN C U - K l P S



Part I  asicl Part Pp6 the three morneatg for each he am ob­

tained by both methods are tabulated and the d iscrap- 

ancles between the moments obtained by the two methods 

are expressed as perdent errors based on the ta lnes  

obtained by Part I I 6 which is  assumed' to be more ao« 

curate „



Zn analyzing a continuous frame, a number of as­

sumptions bare to be made.. The assumptions made are 

Of major impeftaiide throughout the  analysis-;,, and -the 

f in a l  r e s u l t s  must be in te rp re te d  on the b a s is  of these

assumptions^ -
In  f  a r t  - I . th e  assum ptions made Could be summarised . 

•as follows: .
Xn The l i r e  load, was considered to  be applied . 

Only to the floor under consideration* ana 
the  fo r  ends Of th e  columns .were .assumed as 

fixed#
B9. The frame under considera tion  was- analyzed 

in  two dimensions w hile a c tu a lly  a continuous

frame is e three-dimensional structure#
8*. giabs were to bare no e ffe c t  on the rig id ity

of th e  frames:
dtt Garry-o^er factors ware take# as one-half s 
5». ■ Distribution factors-; were based on the s t i f f -  

nee# of rectangularamd&bers,'
Ay eidesway was o # t , t# 4 ;  -
y , Footings were t r e a te d 'a s  fix ed .

8* . B#lUal settlemenb of foundations was. omitted,



9f ,tflOw nett considered^

These eame aeew&tio&B were uae& &a P a r t 3% 6%oe#t

fo r  the f i r s t  one, which was su b s titu te d  hy ac tu a l eon- 

a itio n ss  Therefore? th e  r e s u l ts  show th e  e r ro r  o f the 

f i r s t  assumption made. in  analyzing the  frame according 

to  th e  -AeOvXo spec ! f lo a t  Ions,

The r e s u l ts  undoubtedly, would be in fluenced  by th e  

ac tu a l conditions i f  th ese  conditions were to  rep lace  ' 

the assumed ones'^ . Thie-,* in-tur% :. req u ires  the l n r e s t l f  

gation ' of the ,fee t-o f 'th e : assump'tiO'ne--add th e i r  " e ffe c t 

OE -the f in a l ,  results.^ Howerer., .̂: the- hW hef of indeterm * 

In a te i fa c to rs  is- so la rg e  th a t' the, ana ly sis  though no t 

impossibles-wou ld  be a very complicated one«

. The e rro rs  computed show d iscrepancies up to  twenty 

percen t in  ■ some p a r ts  of the  structure-* and th ese  dis* 

CrepanCies are- n o t' immaterial;* .but there-■ i s  one major , 

f a c to r  to  be. given consideration  befo re  reaching ■ any 

conclusions.from  th ese  results*
The allowable stresses given by-the specifications 

are  used when -.all the' .assumptions' .made agree with the 
ones used* i f  Ihe analysis- follows- the specifIcationsx 
These allowable s tresses  make provisions for the' assumed 
Conditions*



A ' study of Table 3CI2E1I ,shoT/s. th a t  the ■ moment s obr- 

tai&@8 ty  th e  an a ly s is  in  P a r t '#  a re  greater.#,'w ith one 

except io n -/th an  th e  moments Tornid in  P a rt I /  SoweYer4, 

t h i s .does not n e c e ssa rily  mean, th a t  the "beam dimensions 

have to be ehangea, ear if  a i l  frame m re to  be analysed 
by th e  more exact method, followed, in  Bart. H 4Z the .allows 

able s tre s s e s  of the  sp e c if i  ea t ions would have been .mod­

i f ie d  aeeordingly end -probably in e reaSOdsAvhich#. in  

terms'^ would b r ih $ 'th e -h e sn ite  e la s e r  to  the r e s u l t s  eb& 

ta in ed  by the  method followed in  Part. I*
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