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PREFACE 

This  r epo r t  documents and desc r ibes  use of a computer program 

c a l l e d  CFRAME t h a t  can b e  used t o  ana lyze  plane frame s t r u c t u r e s .  It is 

a rev ised  and updated ve r s ion  of U .  S. Army Engineer lqaterways Experi- 

ment S t a t i o n  (WES) I n s t r u c t i o n  Report 0-79-2. 

This  u s e r ' s  guide was w r i t t e n  by Messrs. Joseph P .  Hartman and 

John J. Jobs t  of t h e  U. S. Army Engineer D i s t r i c t ,  S t .  Louis,  f o r  t h e  

Automatic Data Processing (ADP) Center ,  WES. The work was sponsored 

through funds prpvided t o  WES by t h e  M i l i t a r y  Programs D i r e c t o r a t e  of  

t h e  Off ice ,  Chief of Engineers,  U. S. Army (OCE), under t h e  Computer- 

Aided S t r u c t u r a l  Engineering (CASE) P ro jec t .  Major por t ions  of CPRAME 

were developed by t h e  au thors .  However, s e v e r a l  of t h e  p rog raming  

methods used a r e  based on po r t ions  of t h e  GFRAME program developed by 

Robert E. B r i t t a i n  of t h e  U. S. Army Engineer D i s t r i c t ,  Memphis, and on 

po r t ions  of t h e  WILSON 2D-FRAME program developed by W. P.  Doherty and 

E. L. Wilson, Univers i ty  of C a l i f o r n i a  a t  Berkeley. 

Spec i f i ca t ions  f o r  t h e  program were provided by t h e  members of t h e  

CASE Task Group on Building Systems. The following were members of t h e  

t a s k  group (although a l l  may no t  have served f o r  t h e  e n t i r e  per iod)  

during program development: 

M r .  Dan Reynolds, Sacramento D i s t r i c t  (Chairman) 
M r .  J e r r y  Fos t e r ,  formerly Baltimore D i s t r i c t  
M r .  Joseph P. Hartman, S t .  Louis D i s t r i c t  , 
M r .  David I l l ias,  Por t land  D i s t r i c t  
M r .  Sef ton B. Lucas, Memphis D i s t r i c t  
M r .  Jun Ouchi, P a c i f i c  Oce&n Divis ion 
M r .  Pe t e r  Rossbach, Bal t imore D i s t r i c t  
M r .  David Raisanen, North P a c i f i c  Divis ion 
M r .  James Simmons, Baltimore D i s t r i c t  
M r .  O l l i e  Werner, Middle East  Divis ion 
M r .  Gene A .  Wyatt, Mobile D i s t r i c t  

M r .  Seymour Schneider,  M i l i t a r y  Programs Di rec to ra t e ,  and l a t e r  

M r .  George Matsumura were t h e  OCE p o i n t s  of contac t .  D r .  N .  Radhakrish- 

nan, Spec ia l  Technical A s s i s t a n t ,  ADP Center,  WES, was P ro j ec t  Manager 

f o r  t h e  .CASE P r o j e c t  and provided o v e r a l l  guidance. M r .  Paul  K. Senter ,  



P r o j e c t  Coord ina to r  f o r  t h e  M i l i t a r y  Programs work of t h e  CASE P r o j e c t ,  

moni tored t h e  work. M r .  H. Wayne Jones ,  Computer-Aided Design Group, 

ADP Cente r ,  he lped  i n  c o n v e r t i n g  t h e  program t o  t h e  WES computer and i n  

p r e p a r i n g  t h e  r e p o r t  f o r  p u b l i c a t i o n .  M r .  D.  L .  Neumann was Chief of 

t h e  ADP Cente r .  

Commander and D i r e c t o r  of WES d u r i n g  t h e  p u b l i c a t i o n  of t h i s  

r e p o r t  w a s  COL T i l f o r d  C.  C r e e l ,  CE. T e c h n i c a l  D i r e c t o r  was M r .  F. R. 

Brown. 
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CONVERSION FACTORS, NOR-SI TO , ME'EKI 
UNITS OF FEASUREMF 

Non-SI un'iEv of measurement used i n  t h i s  r epo r t  can be converted t o  ST 

(met r ic )  un l t s  a s  fol lows:  

?fuI.tiply By - Ta Obta i rn  

f e e t  0.3048 meters 

foo t -k ips  (force) 1355.818 newton-meters 

inches  2.54 cetrilt imelrers 

inch-kips  ( force)  

k i p s  (1000 I b  force} 

k i p s  ( f o r c e )  pe r  foot 

k i p s  ( f o r c e )  per inch 

k i p s  ( f o r c e j  p e r  s t p r e  foot 

k i p s  ( f o r c e )  per square inch 

pounds ( fo rce )  

pounds ( fo rce )  per  square foot 

pounds (force! p e r  square inch 

icilaaewtoms per meter 

lsilornetaons per meter 

megapa seals 

newt ans 



USER 'S GUIDE : COMPUTER PROGRAM WITH INTERACTIVE GRAPHICS 

FOR ANALYSIS OF PLANE FRAME STRUCTURES (CFRAME) 

1. INTRODUCTION 

CFRAME i s  a general-purpose computer program f o r  t h e  a n a l y s i s  of 
s m a l l  o r  medium p lane  frame s t r u c t u r e s . *  It is intended t o  be a n  
easy-to-use program i n c o r p o r a t i n g  t h e  b e s t  f e a t u r e s  of many similar 
programs, and t o  provide t h e  many a d d i t i o n a l  c a p a b i l i t i e s  r e q u i r e d  by 
a d i v e r s e  group of u s e r s .  

2. PROGRAM SUMMARY 

a. . A n a l y s i s  Method. CFRAME u t i l i z e s  t h e  s t i f f n e s s  method of  
s t r u c t u r a l  a n a l y s i s .  ?he p r o p e r t i e s  of i n d i v i d u a l  members a r e  t r a n s -  
l a t e d  i n t o  member s t i f f n e s s e s  which i n c l u d e  t h e  e f f e c t s  of pinned ends  
p l u s  s h e a r  and a x i a l  deformat ions .  These s t i f f n e s s e s  a r e  combined 
i n t o  a s t i f f n e s s  m a t r i x  f o r  t h e  e n t i r e  s t r u c t u r e  which is  t h e n  mod- 
i f i e d  t o  account  f o r  f i x e d  j o i n t s ,  e l a s t i c  s u p p o r t s ,  and s p e c i f i e d  
j o i n t  d isplacements .  For each load  c a s e ,  a load v e c t o r  is  formed con- 
s i s t i n g  of t h e  e f f e c t s  of j o i n t  l o a d s ,  concen t ra ted  and d i s t r i b u t e d  
member l o a d s ,  and t empera tu re  loads .  The load  v e c t o r  is  modif ied 
t o  a c c o u n t  f o r  t h e  e f f e c t s  of pinned end members and t h e  e f f e c t s  of 
s p e c i f i e d  displacements .  I n  t h e  s t i f f n e s s  method, t h e  j o i n t  d i s p l a c e -  
ments a r e  determined b y  m u l t i p l y i n g  t h e  i n v e r t e d  s t i f f n e s s  m a t r i x  by 
t h e  load  v e c t o r .  

CFRAME uses  t h e  Cholesky decomposit ion method t o  s o l v e  t h i s  m a t r i x  
equa t ion .  The j o i n t  d i sp lacements  are m u l t i p l i e d  by t h e  i n d i v i d u a l  
member s t i f  f n e s s e s  t o  determine member end f o r c e s  and moments, The 
end f o r c e s  a t  r e s t r a i n e d  j o i n t s  are summed t o  determine r e a c t i o n  
f o r c e s  a c t i n g  on  t h e  s t r u c t u r e ,  The end f o r c e s  a r e  used i n  conjunc- 
t i o n  w i t h  t h e  a p p l i e d  member l o a d s  t o  de te rmine  in-span s h e a r s ,  
moments, and d e f l e c t i o n s  f o r  e a c h  member, In-span s h e a r s  and d e f l e c -  
t i o n s  a r e  c a l c u l a t e d  on ly  when ou tpu t  g r a p h i c s  a r e  requested.  F u r t h e r  
d e t a i l s  of t h e  s t i f f n e s s  method may be found i n  many tex tbooks  on t h e  
s u b j e c t ;  f o r  example: J. S. Przmieniecki ,  Theory of H a t r i x  S t r u c t u r a l  
A n a l y s i s ,  McGraw-Hill, New York, 1968. 

- - 

* CFRAME i s  des igna ted  X0030 i n  t h e  Conversa t iona l ly  Oriented Real- 
Time Program-Generating Sys tem (CORPS) l i b r a r y .  ~ h r e e  sheets-  
e n t i t i e d  "PROGRAY INFORM-ATION" have been hand- inser t  ed i n s  i d e  t h e  
f r o n t  c o v e r  oE t h i s  r e p o r t .  They p r e s e n t  g e n e r a l  in fo rmat ion  on 
CFRAME and d e s c r i b e  how i t  can be accessed.  I f  procedures  used t o  
a c c e s s  t h i s  and o t h e r  CORPS programs shou ld  change, r e c i p i e n t s  of 
t h i s  r e p o r t  w i l l  be f u r n i s h e d  r e v i s e d  v e r s i o n s  of t h e  "PROGRAM 
 INFORMATION^^ s h e e t s .  
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: t u r a l  Inpug.  The user  must input  j c  . l oca t ions  and - 
member ioca t fons  and p rope r t i e s .  Au ~ m a t i c  genera t ion  
s lva i l ab l e  to s impl i fy  j o i n t  and member input .  J o i n t s  may 
any combinatiom of hor izonta l ,  v e r t i c a l ,  o r  r o t a t i o n a l  

vement; may be e l a s t i c a l l y  supported; may have a spec i f i ed  displace-  
; :nt ;  o r  may have any combination of these cons t r a in t s .  Members may 
' I < -  &inned (no moment t r ans fe r )  a t  e i t h e r  o r  both ends. Axial deforma- 
t i ons  of members are included; shear  deformations may be included.  
!*'lultiple m a t e r i a l  propertics may be spec i f i ed .  A v a r i e t y  of u n i t s  may 
be used f o r  t h e  above inpe~c. 

c .  Problem S i z e  LimBts, The program is l imi ted  t o  problems with - 
no more than  60 j o i n t s  and 100 members, except on t h e  U. S. Army 
Engineer Waterways Experimenz S t a t i o n  (IJES) computer where only 61 
members may be ~ ~ s c d .  Eveo if a problem is  wi th in  these  l i m i t s ,  i t  
s t i l l  may be too l a r g e  i f  it has a l a r g e  bandwidth. The fol lowing 
equat ion shows the liroits imposecT by bandwidth cons idera t ions :  

(B + k).(NUDF - 19/21 + NDF 1 6500 (3200 on WES) 

where 

NDF = number s f  degrees of freedom (number of j o i n t s  t imes 3)  

NJDP = rlumbcr of uarestsa5aed degrees of freedom 

E = bandwidth, the w:~irnwa numerical d i f f e r ence  between any two 
connected, anres-krra3.n~d degrees of freedom, discounting 
restrazined degrees sf freedom 

d.  ---- Loading Input,  R s5li~gPe load case may conta in  any combination 
of the following: joint Xaadb, concentrated,  d i s t r i b u t e d  and pro jec ted  
member loads ,  and ~ m s s  eeqwxa%rure loads. The program i s  l imi t ed  t o  
15 independent load cases, F4fBeerit a d d i t i o n a l  load cases  may be 
s p e c i f i e d ,  consisting of Eactard combinations of t he  va r ious  
independent load cases. 

e .  Output. Output may consist of any combination of t he  following: 
an  i n p t  da t a  echc of ja in t s ,  cacders, o r  loads;  j o i n t  displacements;  
s t r u c t c r e  reac t ions ;  m b e r  f~:m>re.s grouped by member o r  by load  case.  
Member f o r c e  oettzptzf inelardes d l  end fo rces  and moments a s  w e l l  a s  t h e  
minimum and maximum Fn-sp~x mwats and t h e i r  l oca t ions .  Output may 
be suppressed f o r  se lece~d hdepezdent  load cases  and load c a s e  
combinations . 

f .  Gra2hi.c~. The user my dzsplay the  input  da t a  inc luding  s t ruc -  .-- 
t u r e  geometry, jo.lnt and menaber numbers, j o i n t  and member f i x i t i e s ,  
and appl ied  loads,  The u s e r  may a l s o  d i sp l ay  the  ca l cu la t ed  shea r ,  
momenz, and de f l ec t ed  shape d i z g r m s  of t he  e n t i r e  s t r u c t u r e  f o r  each 
load case.  Shear and mamerrt diagrams of i nd iv idua l  members may a l s o  
be displayed.  



3 .  INPUT DATA DESCRIPTION 

a. Uni t s .  A v a r i e t y  of u n i t s  may be used f o r  inpu t  d a t a .  See 
subparagraph 3f below f o r  a  f u l l  d e s c r i p t i o n  of t h e  u n i t  c a p a b i l i t i e s .  

b. Coordinate  System. The g l o b a l  c o o r d i n a t e  system is a n  o r tho-  
gona l  r ight-hand system. It is used f o r  d i sp lacements ,  s t r u c t u r e  
r e a c t i o n s ,  j o i n t  c o o r d i n a t e s ,  and a p p l i e d  j o i n t  f o r c e s .  

GLOBAL COORDINATE SYSTEM 

c .  Format. Data should be i n  a t ime-shar ing f i l e  w i t h  l i n e  
numbers and a  blank fo l lowing  t h e  l i n e  number. F r e e - f i e l d  format  i s  
used.  Numerical d a t a  must be i n  a n  i n t e g e r  o r  a real number format ;  
llE" fo rmat  is  n o t  pe rmi t t ed .  I n p u t  is l i m i t e d  t o  80 c h a r a c t e r s  p e r  
l i n e ,  i n c l u d i n g  t h e  l i n e  number. 

d .  General  Requirements. Where "list" a p p e a r s  i n  t h e  fo l lowing  
i n p u t  d a t a  d e s c r i p t i o n s ,  i t  r e f e r s  t o  a list of j o i n t s  o r  members t o  
which t h e  p rev ious  i n p u t  d a t a  apply .  The "list" should  be i n  t h e  form 

where "TO" i n d i c a t e s  a l l  j o i n t s  o r  members from t h e  p reced ing  t o  t h e  
f o l l o w i n g  numbers, i n c l u s i v e .  

I n  t h e  fo l lowing  i n p u t  d a t a  d e s c r i p t i o n s ,  c h a r a c t e r s  i n  quota- 
t i o n  marks a r e  a n  i n t e g r a l  p a r t  of a g iven  set of i n p u t  d a t a .  These 
c h a r a c t e r s  must be inc luded  a long  w i t h  t h e  numer ica l  d a t a ;  t h e  
q u o t a t i o n  marks themselves should n o t  be  inc luded .  

Many l i n e s  of s p e c i f i c  i n p u t  d a t a  l i s t e d  below may not  be 
n e c e s s a r y  t o  d e s c r i b e  a  given problem. When an  i n p u t  l i n e  is  not re -  
q u i r e d ,  s imply omit i t  from t h e  d a t a  f i l e .  I n p u t  i t ems  may a l s o  be 
r e p e a t e d  as o f t e n  a s  necessa ry .  For example, s e v e r a l  d i f f e r e n t  s e t s  
of member p r o p e r t i e s  may be i n p u t  us ing  d i f f e r e n t  l i n e s .  

For examples of t h e  above requ i rements ,  s e e  t h e  sample 
problems i n  Appendix A.  



e. Frames and Trusses .  CFRAME can  a n a l y z e  bo th  frames and 
t r u s s e s .  Frames a r e  t h e  more g e n e r a l  c a s e  and may be ana lyzed  by 
fo l lowing  t h e  g e n e r a l  i n p u t  guide  and t h e  sample problems. T r u s s e s  
are a s p e c i a l  c a s e  i n  which t h e  members are pinned a t  both  ends  and 
t h u s  c a r r y  no bending moments. When a n a l y z i n g  a  t r u s s ,  t h e  u s e r  
shou ld  use i n p u t  i t e m  X t o  s p e c i f y  ends  A and B of a l l  members a s  
pinned. S ince  t h e  members w i l l  t hen  provide no r e s i s t a n c e  t o  r o t a t i o n  
of t h e  j o i n t s ,  a l l  j o i n t s  must be r e s t r a i n e d  from r o t a t i n g  by u s i n g  
"FIX R" i n  i n p u t  i t em V I  below. 

f .  S p e c i f i c  I n p u t  Data. 

I. T i t l e .  A t  l e a s t  one l i n e  must be used f o r  a problem t i t l e .  
M u l t i p l e  t i t l e  l i n e s  may be used by p l a c i n g  a n  "*" a f t e r  
each l i n e  of t h e  t i t l e ,  e x c e p t  t h e  l a s t ' l i n e .  

(Can be omit ted i f  c o n s i s t e n t  u n i t s  a r e  used.) 

UE = u n i t s  f o r  t h e  modulus of e l a s t i c i t y  
(a l lowable  u n i t s  are "PSI", "PSF", "KSI", "KSF", "MPA") 

UJ = u n i t s  f o r  j o i n t  coord i t i a teso  This  a f f e c t s  c a l c u l a t e d  
member l e n g t h s ,  i n p u t  moments, and i n p u t  d i s t r i b u t e d  
l o  a d s  
( l l ~ ~ l l ,  l l ~ ~ l l ,  1 1 ~ 1 1 ,  IICMll) 

UM = u n i t s  f o r  member p r o p e r t i e s .  T h i s  a f f e c t s  c a l c u l a t e d  
member moments and s t r u c t u r e  r e a c t i o n  moments 
(111~11, 1 1 ~ ~ 1 1 ,  I I M I I ,  I lc~lI )  

UD = u n i t s  f o r  j o i n t  d isplacements .  Th i s  a f f e c t s  i n p u t  
s p r i n g  c o n s t a n t s ,  i n p u t  d i s p l a c e m e n t s ,  and c a l c u l a t e d  
d i s p l a c e m e n t s  
(111~11, 1 1 ~ ~ 1 1  , t l ~ l l ,  11~~11) 

UF = u n i t s  f o r  f o r c e s ,  moments, and s p r i n g  c o n s t a n t s  
(11~~11, I I K I P I ~ ,  1 1 ~ 1 1 ,  11~~11) 

Key: I N  = i n c h e s  
FT = f e e t  

M = meters 
CM = c e n t i m e t e r s  
LB = pounds 

KIP = k i p s  (1000 l b )  

* A t a b l e  of f a c t o r s  f o r  conver t ing  non-SI u n i t s  of measurement t o  
S I  (met r i c )  u n i t s  i s  presen ted  on page 4. 



N = newtons 
KN = kilonewtons 

PSI = pounds per  square inch  
PSF = pounds per square f o o t  
KSI = k i p s  pe r  square inch  
KSF = kips  per  square f o o t  
MPA = megapascals 

Notes: Any combination of u n i t s  may be spec i f i ed .  A l l  out- 
put inc ludes  u n i t s  l a b e l s  i f  t h i s  l i n e  is entered.  

I f  t h e  u n i t s  l i n e  is  omit ted,  t h e  program assumes 
t h a t  c o n s i s t e n t  u n i t s  a r e  used throughout and no 

I n  add i t i on  t o  t h e  above u n i t s  which may be spec- 
i f i e d ,  s eve ra l  u n i t s  may n o t  be changed. A l l  
r o t a t i o n a l  u n i t s  must be r ad i ans ,  except as in- 
d i ca t ed  i n  t h e  member load descr ip t ion .  c o n s i s t e n t  
u n i t s  must be used f o r  temperature and t h e  
c o e f f i c i e n t  of thermal expansion. 

111, Master Control,  N J  NM NLC E POI 

N J  = number of j o i n t s  (60 max) 

NM = number of members (100 max, 61 max on fJES) 

NLC = number of independent load  cases ,  no t  inc luding  load 
case  combinations (15 max) 

E = d e f a u l t  va lue  f o r  
modulus of e l a s t i c i t y  

POI = d e f a u l t  va lue  f o r  
Poisson ' s  r a t i o  

Note: The shear  modulus G = E / [ ~ ( ~ + P o I ) ]  . The va lues  
of E and P O I  a r e  used f o r  a l l  members except when 
item X I 1  below is used t o  change t h e s e  va lues  f o r  
s p e c i f i c  members. 
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I V .  J o i n t  Coordinates .  JN X Y ,  J N  X Y ,  . . . 3 
\ J N  = j o i n t  number 

X = X c o o r d i n a t e  

Y = Y c o o r d i n a t e  

Note: Any number of j o i n t  c o o r d i n a t e  s e t s  may be grouped 
on a s i n g l e  l i n e .  J o i n t s  need n o t  be i n p u t  i n  
numerical  o rder .  However, a f t e r  a l l  j o i n t  i n p u t  
and au tomat ic  g e n e r a t i o n  i s  complete ,  j o i n t s  must 
have numbers from 1 through N J ,  c o n s e c u t i v e l y .  

V. Automatic J o i n t  Generat ion.  "GJ" J N A  JNB I N C R .  

(Can be omit ted i f  no j o i n t  g e n e r a t i o n  is  des i red . )  

J N A  = beginning j o i n t  number 

J N B  = ending j o i n t  number 

I N C R  = j o i n t  numbering increment  
1 

Note: J o i n t  numbers J N A + l  (INCR) , JNA+2 (INCR) , . . . are 
genera ted  a t  equa l  s p a c e s  between J N A  and JNB, J N A  

I and J N B  must be p r e v i o u s l y  d e f i n e d .  More t h a n  one , I I G J "  command may be g iven  on a s i n g l e  l i n e .  

Example : 
17 19 21 23 25 
0 * 9 

"GJ"  17 25 2" g e n e r a t e s  j o i n t s  19,  21,  and 23 a t  e q u a l l y  
spaced p o i n t s  between 17 and 25. 

V I .  J o i n t  F i x i t y .  "FIX X" l i s t ,  "FIX Y" l i s t ,  "FIX R" l is t ,  
"FIX KX" KX l i s t ,  "FIX KY" KY l i s t ,  "FIX KR" KR l i s t  

"FIX X", "FIX Y", "FIX R" i n d i c a t e  complete  f i x i t y  f o r  X,  
Y ,  and R m o t i o n s  of l i s t e d  j o i n t s  

"FIX KX", "FIX KY", "FIX KR" i n d i c a t e  a n  e l a s t i c  suppor t  
f o r  X, Y ,  and R d i s p l a c e m e n t s  

I KX, K Y ,  KR = s p r i n g  c o n s t a n t s  of t h e  e l a s t i c  suppor t  

l i s t  = l i s t  of j o i n t s  t o  which f i x i t y  a p p l i e s  

Note: The above i n p u t  may be grouped on a s i n g l e  l i n e  o r  
on  m u l t i p l e  l i n e s .  The "list" i s  of t h e  form J N A  
J N B  J N C  "TO" J N D  . . . , where "TO" i n d i c a t e s  a l l  
j o i n t s  between and i n c l u d i n g  JNC and JND.. S u f f i c i e n t  



j o i n t  f i x i t y  must be s p e c i f i e d  t o  make a l l  
segments of t h e  s t r u c t u r e  s t a b l e  aga ins t  X ,  Y ,  and 
R motions. Other po r t ions  of t h i s  l i n e  may be 
omitted. D i f f e ren t  sp r ing  cons tan ts  a t  d i f f e r e n t  
j o i n t s  may be s p e c i f i e d  by repea t ing  "PIX KX1', etc. ,  
a s  o f t en  as required.  No more than 20 d i f f e r e n t  
magnitudes may be s p e c i f i e d  f o r  WE, f o r  KY, o r  f o r  
KR (60 t o t a l ) .  

V I I .  Specif ied J o i n t  Displacements. "SD" DX DY DR l i s t  

(Can be omitted i f  no s p e c i f i e d  displacements a r e  desired.) 

DX = spec i f i ed  displacement i n  +X d i r e c t i o n  

DY = spec i f i ed  displacement i n  +Y d i r e c t i o n  

DR = spec i f i ed  r o t a t i o n  i n  +R d i r e c t i o n ,  i n  rad ians  

l i s t  = list of j o i n t s  t o  which displacements apply 

Note: Displacements t o  be s p e c i f i e d  a s  zero should be 
ind ica ted  i n  t h e  j o i n t  f i x i t y  input  ( i tem VI). 
When a zero is  included i n  t h e  spec i f i ed  j o i n t  
displacement i npu t ,  t h e  zero is  ignored. No more 
than 20 s e t s  of spec i f i ed  displacements may be 
included. 

Example: "SD 0. -1.5 0. 17'' would i n d i c a t e  t h a t  j o i n t  17 
had a  s p e c i f i e d  displacement of -1.5 i n  t h e  Y 
d i r e c t i o n ,  bu t  t h a t  i t  was s t i l l  f r e e  t o  move i n  

I t h e  X and R d i r e c t i o n s .  

V I I I .  Member Incidences.  MN SNA JNB, MN JNA JNB, . . . 
(Can be omitted i f  a l l  members can be au tomat ica l ly  
generated; s e e  i tem IX.) 

HN = member number 

J N A  = j o i n t  number a t  end A of member 

JNB - j o i n t  number a t  end B of member 

Note: Any number of member incidences may be input  on a 
s i n g l e  l i n e .  Members need not  be input i n  numerical 
order.  However, a f t e r  a l l  member input  and 
automatic genera t ion ,  members must have numbers 
from 1 t o  NM, consecut ively.  

IX.  Automatic Member Generation. "GM" MN J N A  J N B  N I N C M  INCJ 



(Can be omi t t ed  i f  no member g e n e r a t i o n  is d e s i r e d . )  

MN = member number of f i r s t  member g e n e r a t e d  

JNA = j o i n t  number a t  end A o f  MN 

JNB = j o i n t  number a t  end B of M 3  

N = number of members t o  be genera ted  ( i n c l u d i n g  t h e  
f i r s t )  

INCM = member number increment  

I N C J  = j o i n t  number increment  

Note: T h i s  command g e n e r a t e s  members Mf7, MN+1 (INCM) , . . . . 
The end j o i n t s  of t h e  genera ted  members a r e  J N A ,  
JNA+~(INCJ) ,  e t c .  

14 17 
"GM 7  11 1 2  3 4 3" g e n e r a t e s  members 7 ,  11, and 15 by 
add ing  m u l t i p l e s  of 3 t o  t h e  end j o i n t s  s p e c i f i e d  f o r  
member 7. 

Pinned End Members. "PIN A" l i s t ,  "PIN B" l i s t  

(Can be omi t t ed  i f  no pinned end members are presen t . )  

l is t  = l i s t  of members which have a p i n  (no moment 
t r a n s f e r )  a t  end A ( o r  end B) of t h e  member 

Note: These commands may be on s e p a r a t e  l i nes  o r  combined 
on  a s i n g l e  l i n e .  

Member P r o p e r t i e s .  I A AS l i s t  -or- Zero B H l i s t  

I = moment of i n e r t i a  

A = a x i a l  a r e a  

AS = s h e a r  a r e a  

l is t  = l ist  of members t o  which p r o p e r t i e s  a p p l y  



Zero = 0. 

B = r e c t a n g u l a r  member wid th  

H = r e c t a n g u l a r  member d e p t h  

l i s t  = l i s t  of members t o  which p r o p e r t i e s  app ly  

Note: Repeat t h i s  l i n e  as o f t e n  as n e c e s s a r y  up t o  a 
maximum of  40 d i f f e r e n t  member p r o p e r t i e s .  I and 
A o r  B and H must have non-zero values .  AS may be 
d i f f e r e n t  from A. I f  AS i s  s p e c i f i e d  as ze ro ,  
s h e a r  de format ions  a r e  n o t  cons idered  by t h e  program. 
B  and H a r e  u s e d  t o  c a l c u l a t e  member p r o p e r t i e s  i f  
t h e  f i r s t  d a t a  i t e m  is a zero.  Then, I = BH 112, 
A = AS = BH. 

X I I .  M a t e r i a l  P r o p e r t i e s .  "E" E  PO1 l i s t ,  "E" E  POI l is t ,  . . . 
(Th is  l i n e  can be omi t t ed  i f  t h e  d e f a u l t  v a l u e s  a r e  
s a t i s f a c t o r y . )  

E  = modulus of e l a s t i c i t y  

POI = Poisson ' s  r a t i o  

l i s t  = l i s t  of members t o  which m a t e r i a l  a p p l i e s  

Notes: The p r o p e r t i e s  s p e c i f i e d  f o r  l i s t e d  members over- 
r i d e  t h e  d e f a u l t  v a l u e s  g i v e n  on t h e  Master  C o n t r o l  
l i n e .  

The s h e a r  modulus G = E/ [ 2   POI)]. 

I n  a d d i t i o n  t o  t h e  d e f a u l t  m a t e r i a l  p r o p e r t i e s  
s p e c i f i e d  on t h e  Master  Cont ro l  l i n e ,  a s  many as 
20 m a t e r i a l  p r o p e r t i e s  may be s p e c i f i e d ,  a l l  on 
one l i n e  o r  on s e p a r a t e  l i n e s .  

X I I I .  Load Case Cont ro l .  "LOAD CASE" LCN NPLS NDLS NCLS NJLS 
NTLS T i t l e  

LCN = load  c a s e  number 

NPLS = number of p r o j e c t e d  load  s e t s  f o r  t h i s  load c a s e  

NDLS = number o f  member d i s t r i b u t e d  load s e t s  

NCLS = number of member c o n c e n t r a t e d  load s e t s  

NJLS = number of j o i n t  load sets 



XIV. 

NTLS = number of temperature load s e t s  

T i t l e  = load case  t i t l e  

Note: Load case  numbers must be unique p o s i t i v e  i n t e g e r s  
but need n o t  be consecut ive nor be i n  increas ing  
order .  I f  NTLS = 0,  i t  may be omitted. I f  NTLS = 
NJLS = 0, they  may both be omitted. I f  NTLS = NJLS = 
NCLS = 0,  e t c . ,  they may a l l  be omitted from the  
da t a  and w i l l  have d e f a u l t  va lues  of zero. The 
load c a s e  t i t l e  i s  op t iona l ,  bu t  i f  a  t i t l e  is  used 
i t  must begin with an  a lphabet ic  cha rac t e r  and may 
be a s  long a s  des i r ed  ( l imi ted  by t h e  80-character 
l i n e ) .  One Load Case Control l i n e  must be included 
a t  t h e  beginning of each load case ,  except  load 
case  combinations. No more than  15 independent load 
cases  may be spec i f i ed .  For each load case ,  input  
i t em X I I I  and a s  app ropr i a t e  i tems X I V ,  XV,  X V I ,  
X V I I ,  and X V I I I  immediately fol lowing item X I I I .  

Member Projected Loads. XY P l i s t  

(This  l i n e  i s  omitted i f  NPLS = 0.) 

XY = "X" o r  "Y", d i r e c t i o n  of load l i n e  of a c t i o n  

P = magnitude of pro jec ted  load 

l i s t  = l is t  of members t o  which load s e t  a p p l i e s  

Note: A p o s i t i v e  P r e s u l t s  i n  a  load a c t i n g  i n  t h e  
p o s i t i v e  X o r  Y d i r e c t i o n ;  a  nega t ive  P r e s u l t s  i n  
a  load i n  t h e  negat ive  X o r  Y d i r e c t i o n .  A uniform 
pro jec ted  load i s  appl ied  t o  t h e  e n t i r e  l eng th  of 
t h e  member. 

Example: "Y -2.5 4 5" 

XV. Member Di s t r ibu ted  Loads. LA PA LB PB PHI l ist  



(Do t h i s  NDLS times; t h i s  l i n e  i s  omitted i f  NDLS = 0.) 

LA = d i s t a n c e  from end A of member t o  beginning of 
d i s t r i b u t e d  load 

PA = magnitude of d i s t r i b u t e d  load a t  LA 

LB = d i s t a n c e  from end A of member t o  end of d i s t r i b u t e d  

PB = magnitude of d i s t r i b u t e d  load a t  LB 

PHI = a n g l e  load makes with no member, i n  degrees 
- - - -- -- - 

l i s t  = l i s t  of members t o  which load s e t  a p p l i e s  

Note: Any number of d i s t r i b u t e d  load s e t s  may be appl ied  
t o  a given member t o  adequately represent  any com- 
p l ex  load. Sign conventions a r e  i d e n t i c a l  with 
those  shown below f o r  member concentrated loads. 
I f  PA = PB, and LA = 0, and LB i s  g r e a t e r  than t h e  
l eng th  of t h e  member, then  t h e  program s e t s  LB = 
l eng th  of member. This permits easy input  of 
uniform loads  f o r  d i f f e r e n t  length  members. 

Example: "5. 1.5 7 *  1.0 -30. list" 

-30 DEGREES b 

X V I .  Member Concentrated Load Set. NL L1 P1 PHI1, L2, P2, PHI2, . . . , l i s t  

(Do t h i s  NDLS t imes;  t h i s  l i n e  is omitted i f  NCLS = 0.) 

NL = number of concentrated loads i n  the  s e t  

L1 = d i s t a n c e  from end A of member t o  load 

P1 = magnitude of load 

pH11 = ang le  load makes with normal t o  member, i n  degrees 

l i s t  = l is t  of members t o  which load s e t  a p p l i e s  



Note: NL must n o t  be g r e a t e r  than  5. The member load s i g n  
convent ion shown below i s  used f o r  both concen t ra ted  
and d i s t r i b u t e d  member l o a d s :  

MEMBER LOAD SIGN CONVENTION 

Example: "2. 5. 10. 0. 9. 8. -30. l i s t"  

X V I I .  J o i n t  Load Se t .  PX PY M l is t  

(Do t h i s  NJLS times; t h i s  l i n e  i s  omi t t ed  i f  NJLS = 0.) 

PX = f o r c e  i n  +X d i r e c t i o n  

PY = f o r c e  i n  +Y d i r e c t i o n  

I4 = moment i n  +R d i r e c t i o n  

l i s t  = l i s t  of j o i n t s  t o  which l o a d s  a p p l y  

X V I I I .  Temperature Load Se t .  ALPHA DT l i s t  

(Do t h i s  NTLS t imes ;  t h i s  l i n e  i s  omi t t ed  i f  NTLS = 0.) 

ALPHA = c o e f f i c i e n t  of the rmal  expansion 

DT = change i n  t empera tu re  from b a s e  t empera tu re  
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l i s t  = l is t  of members t o  which temperature load a p p l i e s  

Note = Consistent temperature u n i t s  must be used f o r  ALPHA 
and DT. 

X I X .  Load Case Combination. "COMBINATION" LCN LCNl C 1 ,  LCN2 C2, . . . , T i t l e  

(This  l i n e  i s  omitted i f  no load c a s e  combination is  
des i r ed  .) 

LCN = load case  combination number 

LCNl = number of f i r s t  independent load case  t o  be - .  
combined 

C 1  = s c a l e  f a c t o r  t o  be appl ied  t o  loads  of LNG1 

T i t l e  = load case  combination t i t l e  

Notes: The word "COMBINATION" may be abbreviated a s  "COMB". 
Load case  combination numbers must be p o s i t i v e  
i n t e g e r s ,  unique even wi th  r e spec t  t o  independent 
load case numbers. However, combination numbers 
need no t  be consecut ive nor  be i n  numerically 
increas ing  sequence. The load combination t i t l e  
i s  op t iona l ,  bu t  i f  a t i t l e  is  used i t  must begin 
with an  a lphabet ic  cha rac t e r  and may be a s  long a s  
des i r ed  ( l imi t ed  by t h e  80-character  l i n e ) .  The 
appl ied  loads f o r  each s p e c i f i e d  load case  a r e  
mul t ip l ied  by t h e  s p e c i f i e d  s c a l e  f a c t o r  and a r e  
summed t o  form a load case  combination. This 
combination is  then handled by t h e  program a s  i f  
i t  were another  independent load case. Note t h a t  
spec i f i ed  displacements a r e  not  a f f ec t ed  by load 
case  combinations. Therefore,  c a r e  must be taken 
when i n t e r p r e t i n g  t h e  r e s u l t s  of ana lyses  which 
inc lude  both s p e c i f i e d  displacements and load 
case  combinations. 

Any number of independent load cases  may be com- 
bined i n t o  a new load case  combination. No more 
than 15 load case  combinations may be spec i f ied .  
Each s p e c i f i e d  load case  and combination w i l l  be 
solved independently. 

Example: "COMBINATION 7 2 1.0 3 -0.5 MAINTENANCE" 
Load case  combination number.7, maintenance, 
would c o n s i s t  of t h e  appl ied  loads of load 
case  2 minus ha l f  t h e  appl ied  loads of load 
case  3. 



4. OUTPUT DESCRIPTION 

Output examples a r e  p resen ted  i n  Appendix A. 

a ,  Inpu t  Data Echo. The u s e r  may s p e c i f y  t h a t  a n  i n p u t  d a t a  echo 
o f  j o i n t ,  member, o r  load d a t a  be included as p a r t  of t h e  ou tpu t .  The 
j o i n t  d a t a  echo i n c l u d e s  c o o r d i n a t e s ,  f i x i t i e s ,  and s p e c i f i e d  d i s p l a c e -  
ments  of each j o i n t .  The member d a t a  echo i n c l u d e s  t h e  end j o i n t s ,  
member l e n g t h s ,  s e c t i o n  p r o p e r t i e s ,  and pinned ends ;  pinned ends  a r e  
i n d i c a t e d  by a  minus s i g n  p reced ing  t h e  a p p r o p r i a t e  end j o i n t  numbers. 
The load d a t a  echo i n c l u d e s  a l l  j o i n t  and member l o a d s ,  t empera tu re  
l o a d s ,  and load c a s e  combinations.  

b. J o i n t  Displacements.  T h i s  ou tpu t  c o n s i s t s  of t h e  X, Y ,  and R 
d isplacements  of a l l  j o i n t s .  The R d isplacement  is  i n  r a d i a n s .  

c .  Member Forces .  Member f o r c e s  a c t  on t h e  end of t h e  member, 
w i t h  t h e  fo l lowing  s i g n  convent ion:  

Member f o r c e  o u t p u t  c o n s i s t s  of a l l  t h e s e  end f o r c e s ,  t h e  j o i n t  numbers 
a t  each end of t h e  member, and t h e  magnitude and l o c a t i o n  of t h e  
a l g e b r a i c  maximum and minimum in-span moments. The l o c a t i o n s  of t h e  
moment extremes a r e  i n d i c a t e d  by p r i n t i n g  t h e  d i s t a n c e  from end A of 
t h e  member t o  t h e  l o c a t i o n  of each extreme. Member f o r c e s  may be 
grouped by member o r  by load c a s e  o r  both. Grouping by member w i l l  
c a u s e  t h e  f o r c e s  f o r  one member, f o r  a l l  load  cases, t o  be o u t p u t  
consecu t ive ly .  Grouping by load  c a s e  w i l l  c a u s e  t h e  f o r c e s  f o r  a l l  
members, f o r  a s i n g l e  load  c a s e ,  t o  be o u t p u t  c o n s e c u t i v e l y .  See 
Appendix A f o r  a n  example of member f o r c e  grouping.  

d. S t r u c t u r e  Reac t ions .  The p r i n t e d  r e a c t i o n s  a r e  t h e  +X, +Y, 
and +R d i r e c t i o n  f o r c e s  a c t i n g  on  t h e  s t r u c t u r e  a t  any f i x e d  j o i n t .  
Reac t ions  have t h e  same s i g n  conven t ion  as a p p l i e d  t o  j o i n t  loads .  For 
example, i f  t h e  t o t a l  a p p l i e d  load  i n  t h e  X d i r e c t i o n  is  500, t h e  t o t a l  
r e a c t i o n  shou ld  be -500, s o  t h a t  t h e  sum of a l l  f o r c e s  i s  500 - 500 = 0. 

5. GRAPHICS 

a .  General .  Both inpu t  g r a p h i c s  and o u t p u t  g r a p h i c s  a r e  a v a i l a b l e  
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a s  p a r t  of CE'RAME. The program a s k s  whether  e i t h e r  of t h e s e  w i l l  be 
used d u r i n g  each run. The g raph ics  are a v a i l a b l e  o n l y  on  a Tek t ron ix  
4014 t e r m i n a l  o r  on a  4014-compatible t e rmina l .  The i n p u t  g r a p h i c s  
s e r v e  o n l y  t o  d i s p l a y  d a t a  which have p rev ious ly  been saved i n  a n  
inpu t  f  f ie.  Graphics cannot  be  used t o  c r e a t e  inpu t  d a t a .  The out- 
put g r a p h i c s  may be used o n l y  t o  d i s p l a y  c e r t a i n  r e s u l t s  of a success- 
f u l  a n a l y s i s .  These r e s u l t s  inc lude  s h e a r s ,  moments, and d e f l e c t e d  
shapes  f o r  each load  case.  Examples o f  g r a p h i c s  d i s p l a y s  a r e  included 
i n  Appendix A. 

b. Inpu t  Graphics.  

I. Command Summary. 

D = d i s p l a y s  a l l  members 

N = d i s p l a y s  members; a l s o  numbers j o i n t s  and members 

F = d i s p l a y s  members; a l s o  i n d i c a t e s  t h e  f i x i t y  of j o i n t s  
and members 

A = a l l  of t h e  above 

L n  = d i s p l a y s  load  c a s e  "n" superimposed on t h e  frame 

E  = e x e c u t e s  t h e  a n a l y s i s  

S = s t o p s  t h e  program 

11. Procedure. Once i n p u t  g r a p h i c s  have been r e q u e s t e d ,  t h e  
remaining program c o n t r o l  q u e s t i o n s  must be answered. The 
program w i l l  t h e n  p r i n t ,  i f  r eques ted ,  a n  i n p u t  d a t a  echo 
of j o i n t  and member d a t a  b e f o r e  r e q u e s t i n g  a n  i n p u t  
g r a p h i c s  command. The program w i l l  c o n s t r u c t  t h e  reques ted  
d i s p l a y  and t h e n  awai t  a n o t h e r  command. Any command may be 
g iven  a t  any t ime u n t i l  e i t h e r  a n  E  o r  S command i s  given.  

111. D Command. D r e s u l t s  i n  a  d i s p l a y  of a l l  members. A s c a l e  
s i z e  is  c a l c u l a t e d  s o  t h a t  t h e  d i s p l a y  w i l l  n e a r l y  f i l l  t h e  
screen.  The d i s p l a y  i s  o r i e n t e d  s o  t h a t  +X is t o  t h e  r i g h t  
and '+Y i s  t o  t h e  top  of t h e  sc reen .  T h i s  b a s i c  d i s p l a y  is 
used f o r  a l l  of t h e  i n p u t  g r a p h i c s  d i s p l a y s .  

I V .  N Command. N r e s u l t s  i n  a  d i s p l a y  similar t o  D b u t  adds 
all j o i n t  a n d  member numbers. 

V. F Command. F r e s u l t s  i n  a  d i s p l a y  s i m i l a r  t o  D bu t  adds 
j o i n t  and member f i x i t y  symbols and e l a s t i c  suppor t  v a l v e s .  
Pinned ends a r e  i n d i c a t e d  by a  smal l  c i r c l e  n e a r  t h e  



a p p r o p r i a t e  end of each member. The fo l lowing  symbols a r e  
used t o  i n d i c a t e  v a r i o u s  combinations of j o i n t  f i x i t y :  

FIXITY 
SYMBOL X Y R  

777- ............................. * * * 

The fo l lowing  symbols a r e  used t o  i n d i c a t e  t h e  l o c a t i o n s  
and  magnitudes of e l a s t i c  s u p p o r t s :  

V I .  A Command. A r e s u l t s  i n  a d i s p l a y  combining t h e  f e a t u r e s  
of a l l  t h e  above commands, D, N, and F. 

V I I .  L n Command. L n r e s u l t s  i n  a d i s p l a y  s i m i l a r  t o  D bu t  
adds  t h e  a p p l i e d  l o a d s  f o r  independent  l o a d  c a s e  "nu. The 
load  d i s p l a y  i n c l u d e s  j o i n t  l o a d s ,  member d i s t r i b u t e d  and 
concent  r a t e d  l o a d s ,  and  member t empera tu re  changes. The 
loads  are drawn t o  s c a l e  and magnitudes a r e  p r i n t e d  
a d j a c e n t  t o  t h e  load  symbol. 

V I I I .  E Command. E r e s u l t s  i n  e x e c u t i o n  of t h e  a n a l y s i s  and out-  
p u t  p o r t i o n  of CFRAME. 

I X .  S Command. S s t o p s  t h e  e x e c u t i o n  of CFRAME and  r e t u r n s  
t h e  u s e r  t o  t h e  normal t ime-shar ing mode. 



c. Output Graphics. 

I. Command Summary. 

L n  = s p e c i f i e s  t h e  load c a s e  t o  be used f o r  subsequent 
d i s p l a y s  

D = d i s p l a y s  t h e  d e f l e c t e d  shape of t h e  frame f o r  t h e  
p rev ious ly  s p e c i f i e d  load c a s e  

V = d i s p l a y s  a s h e a r  diagram f o r  t h e  e n t i r e  frame 

M = d i s p l a y s  a moment diagram f o r  t h e  e n t i r e  frame 

= d i s p l a y s  agram f o r  memb 
f o r  t h e  p rev ious ly  s p e c i f i e d  load  c a s e  

S = s t o p s  t h e  output  g r a p h i c s  

11. Procedure.  A f t e r  p r i n t i n g  a11 r e q u e s t e d  ou tpu t  d a t a ,  t h e  
program w i l l  r e q u e s t  a n  ou tpu t  g r a p h i c s  command. The f i r s t  
command should be L n  t o  s p e c i f y  t h e  load  c a s e  f o r  subse- 
quent  d i s p l a y s ,  u n t i l  a  d i f f e r e n t  l o a d  c a s e  is s p e c i f i e d  
by a n o t h e r  L n  command. A f t e r  t h i s  i n i t i a l  command is 
g i v e n ,  t h e  program w i l l  t h e n  prompt f o r  ano ther  command, 
w i l l  c o n s t r u c t  t h e  reques ted  d i s p l a y ,  and w i l l  g ive  a n o t h e r  
prompt. Any command may be g i v e n  i n  response t o  any prompt 
un t i l .  t h e  S command is  g i v e n ,  

111. L n  Command. L n  s p e c i f i e s  t h a t  subsequent  d i s p l a y s  w i l l  
use  o u t p u t  from load c a s e  "n", which may be any indepen- 
d e n t  load  case o r  any load  c a s e  combination.  Th is  l o a d  
c a s e  i s  used f o r  a l l  d i s p l a y s  u n t i l  a  d i f f e r e n t  load  c a s e  
i s  s p e c i f i e d  by a subsequent L n command. 

IV.  D Command. D r e s u l t s  i n  a d i s p l a y  of t h e  d e f l e c t e d  s h a p e  
of t h e  frame f o r  t h e  c u r r e n t  l o a d  case .  The s c a l e  f a c t o r  
f o r  d isplacements  i s  determined a u t o m a t i c a l l y  by t h e  
program, and a  b a r  s c a l e  is  inc luded  a s  p a r t  of t h e  
d i sp lay . .  

V. V Command. V r e s u l t s  i n  a d i s p l a y  of t h e  s h e a r  diagram 
f o r  t h e  frame f o r  t h e  c u r r e n t  load  c a s e .  The s c a l e  f a c t o r  
f o r  s h e a r s  i s  determined a u t o m a t i c a l l y  by t h e  program, and 
a b a r  s c a l e  is  included a s  p a r t  of t h e  d i s p l a y .  

V I ,  M Command. M r e s u l t s  i n  a d i s p l a y  of t h e  moment diagram 
f o r  t h e  frame f o r  t h e  c u r r e n t  load  case .  The s c a l e  f a c t o r  
f o r  moments is  determined a u t o m a t i c a l l y  by t h e  program, 
and a b a r  s c a l e  is inc luded  a s  p a r t  of t h e  d i s p l a y .  



V I I .  I m Command. I m r e s u l t s  i n  a combined d i s p l a y  of s h e a r  
and moment diagrams f o r  member "m" f o r  t h e  c u r r e n t  load  

, c a s e .  Each member h a s  a  s c a l e  f a c t o r  f o r  s h e a r s  and 
moments which is computed a u t o m a t i c a l l y  and is  used f o r  
a l l  load  c a s e s  f o r  t h a t  member. The o r d i n a t e  and a b s c i s s a  
of t h e  s h e a r  and moment diagrams i n c l u d e  l a b e l e d  s c a l e s .  

V I I I .  S Command. S s t o p s  t h e  execu t ion  of t h e  ou tpu t  g r a p h i c s  
and ends  t h e  e n t i r e  CFRAME r u n .  
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APPENDIX A: SAMPLE PROBLEMS 

Note: These problems were r u n  on t h e  Boeing Computer S e r v i c e s  CDC 
CYBER 1 7 5  system. 

Sample Problem 1 

W12X40 

E=29000 KSI 

I 
I 

SIN, 

I n p u t  Data 

NOTE TJHT THE UNITS COWD HAS BEEN OMITTED 
THEREFQRE CONSISTENT UNITS ARE USED AND 
NO UNITS LABELS APPEAR I N  THE @UTPUT 



ENTER DATA F I L E  NGME--7 CHARS MAX 
I? CFR2S1 

DO VOU UANT TO USE INPUT GRAPHICS, OUTPUT GRfiPHICS ? 
ENTER 2 ANSWERS ( '#IN) 

I:>N N 
DO YOU UANT OUTPUT 
WRITTEN TO THE TERRIML, FILE, OR BOTH 7 
ENTER T F OR B 

I ? F  
ENTER PRINT F I L E  NAflE--7 CHARS MRX 

I>CFR201 - - - . . . - - - 
DO YOU UFMJT AH INPUT ECHO OF 
JOINT MTA, PlEflBER DATA, LOAD DATA 3 
ENTER 3 WiSMRS ( Y / H  -. 
DO ~ O U  WNT THE OUTPUT TO INCLUDE 
DISPLACERENTS, 
REACTIONS, 
MERBER FORCES GROUPED BY LOAD CASE, 
RERBER FORCES GROUPED BY PfERBER 7 
ENTER 4 ANSWERS (V IN)  

I > Y  Y Y M 
DO YOU UONT OUTPIJT FOR ALL LOAD CASES? 
ENTER Y OR N 

I >Y 
iour~vr FILE SAVED- C F R ~ O ~  

.I01 CP SECONDS EXECUTION TIRE 
C>OLD,CFR2Ol 
C>LIST 

RUN DATE * 82/09/08, 
RUN TIME 12.34.38. 

---------------- +IXITY---------------- 
JOINT X Y X Y R  KX KY KR 

SPECIFIED DISPLACEMENTS 

JOINT DX DY DR 

1 -.5880E+08 

1 88X RERBER DATh t X X  

END END 
HENBER A B LENGTH 1 fi AS 



I tt* LOAD CASE 1 

REFIBER LCI PCI LB PB ANGLE 

2 8.80 -6250E-01 180.08 .6250E-81 8.80 

JOINT FORCE X FORCE Y RORENT 

2 .5800E+Bi 8.  8 

1 LOAD CASE 1 

JOINT DISPLWERENTS 
JOINT DX DY DR 

M B E R  END FORCES 

PEtSBER JOINT FIXIAL ROPIENT 
SHECIR FWENT EXTREHA LOCATION 

STRUCTURE REClCTIONS 
JOINT FORCE X FORCE Y RORENT 



Hand S o l u t i o n  

0.75 K/FT 

ALL MDIBERS = W12 x 40 

E = 29,000 k s i  

DIVIDE TEIE PROBLEM INTO 3 CASES, SOLVE, THEN ADD THE RESULTS. 

, CASE I = PINNED SUPPORTS WITH DISTRIBUTED LOAD ONLY 

CASE I1 = PINNED SUPPORTS TJITH LATERAL LOAD ONLY 

CASE I11 = SPECIFIED DEFI.ECTION AT LEFT SUPPORT, NO LOADS 
I 

CASE I - BY MOMENT DISTRIBUTION 

4EI . 3EI +4EI 
*DISTRIBUTION FACTOR = I<,, 5 K1 + K2 = -  7 - --  - 4/15 t 3/12 + 4/15 - 

=.516 
L2 L1 L2 

P I N N E D  E N D  J k F I m D  END 

.516 .484 

-14.06 

+ - 3.63 

9.13 8.56 

-+ -1.18 

. 6 1  .57 

+ -.08 

.04 .04 

-9.17 9.17 

DIST. FACTOR* 

F. E. MOMEXT 

,484 ,516 

14.06 

-6.80 -7.26 

4.56 '+ 

-2.21 -2.35 

.30 4 

-. 1 5  - . I 5  

.02 4 

-9.16 Ft-K 9.18 
1 



CASE I (CONT) 

CASE I1 

5K APPLIED LOAD WILL BE REACTED EQUALLY AT EACH SUPPORT 

M = RL = 2.50 x 1 2  = 30  FT-K 

CASE I11 

REPRESENT THIS CASE AS A SYMMETRICAL CONDITION WITH R1 = -R3 = -P 
AND WITH .25" DEFLECTION ON EACH SIDE OF THE FRAME E, 
AS SHOWN BELOW 

, SYM. 



CASE I11 (CONT) 

WHERE 0 = 3 OF BEND OF TOP BEAM 

ML; 
0 = -  = ---- PL1L2 

E I E I 

P = 
EIA - - 29000 x 310 x .25 

= .785K 2 
L ~ [  (L1/3) + L21 1 4 4 ~  (48 + 90) 

M = PL = .785 x 1 2  = 9.42 FT-K 

R1 = -R 3 = 
-. 79K 

HAND SOLUTION RESULTS vs CFRAME ( i n  p a r e n t h e s e s )  

R1 = ..76 - 2.50 - .79 = -2.53K (-2.52K) 

R2 = 5 .63  - 4.00 = 1.63K (1.62K) 

R3 - - - .76 - 2.50 + .79 = -2.47K (-2.48K 

R = 5.63 + 4.00 = 9.63K 
4 (9.62K) 

M = (-9.17 + 30.00 + 9.42) 12 = 363 IN-K (363 IN-K) (30.25 FT-K) 



Sample Problem 2 

1K/FT 

14" X 14" COLUMN 

E=3500 KSI 

Input Data 



ENTER Dt F ILE  NAfIE--7 OJARS PlAX 
I> CFR2S2 

DO YOU [ - TO USE INPUT GRflPHICS, OUTPUT GRAPHICS 7 
ENTER 2 NERS (Y/N) 

X>N N - -  .. 
DO YOU L.. ? OUTPUT 
URIfTEN THE TERHINAL. R FILE, OR BOTH 9 
ENTER T OR B 

T > F  -- .  
ENTER PRXi'lP F ILE  NAPE--7 CHARS FICIX 

I>CFR202 
DO YOU W T  AN INPUT ECHO OF 
JOINT DATA, BERBER DATA, LOAD WIT6 3 
ENTER 3 MSMEBS (V/M) 

It>$' Y Y 
DO vou URNT THE OUTPUT TO XPMCLUDE 
DISPLACEREMTS, 
REACTIONS~ 
PIEHBER FORCES GROUPED BY LOAD CASED 
MEflBER FORCES GROUPED BV PIEREMBER ? 
ENTER 4 ANSWERS (Y/N) 

I > V  V Y N - - 
DO ?ou GANT OUTPUT FOR ALL LOAD CASES? 
ENTER Y OR N 

Y ,V - r 
IOUTPUT FILE SAVED. CFR202 

e l 5 9  CP SECONDS EXECUTION TIRE 
C>OLD, CFW202 
C>LISf 
I t - % - X - ~ - ~ - t - ~ - % - ~ - x - x - % - % - x - t  
.Pf?06RflR CFRAME U02.08 14JUL82 
X-t-PI-8-8-X-t-8-X-8-8-t-X-t-t 

RUM DATE 82/09/68. 
RUN TIRE 12.37.41. 

CFRARE S W L E  PROBLER 2 

I t$$ JOINT D N A  88% 

---------------- +x#ItV----------------- 
JOXHT X Y X Y R  KX KY KR 

----Fv---- -- KXP/IN---- IN-KIP/RflD 

1 ttt MEMBER DATA X t t  

END END 
REflBER A B LENGTH I A AS E C 

F f  IN884 X NW2 I NDt2 KSX KSP 

li? - 00 
90.00 
18.00 
10. (So 
ae . eo 
20. hfo 



1 t X t  LORD CASE 1 DEAD LOAD 

PROJECTED 
REMBER DIRECTION LOAD 

KIP/FT 

5 Y -.3000E+01 
6 Y -.1088E+01 

fiEnBER L P ANGLE 
FT KIP DEG 

5 5.00 .1508E+82 0.08 

JOINT FORCE X FORCE Y flOflENT 
KIP , KIP FT-KIP 

1 LOCID CASE 1 DEAD LOAD 

JOINT DISPLWEflENTS 
JOINT DX DY 

I N  I N  

REMBER END FORCES - - 
MORENT 

PlERBER JOINT AXIAL SHEAR MOMENT 
KIP 

EXTREflA LOCATION 
KIP IN-KIP IN-KIP I N  

STRUCTURE REACTIONS 
JOINT FORCE X FORCE Y flORENf 

KIP KIP IN-KIP 

------------------.------------- 
TOTAL -.1680E+82 ,9508Et02 

C> 



Sample Problem 3 'r 
INPUT DATA FILE ( C F R 2 S 3 )  

DATA 
GROUP 
I 00100 CFRAME SAMPLE PROELEM 3 %  

00110 THREE STORY FRkME 
I1 00120 KSI FT IN IN KIP 
I11 00134 19 28 2 2~030. .s  
I V  00140 1 0, 0, 5 40, 0, 19 30, 3 5 ,  

00150 16 0 .  3 6 ,  15 40, 24, 10 40. 12. 
V GO160 G J  1 It 5 GJ 1 5 1 GJ 6 1C 1 GJ 11 15 1 GJ 16 IT 1 
V I  00170 FIX X 1 TO 4 FIX Y 1 2 3 5 FIX R 2 FIX KR S700. 3 

00lSO FIX K Y  700. 5 6 FIX K% 500. 11 FIX t<Y 20000. 4 
V I I I  00170 1 6  $7 15 27 6 12 2 3  11 17 
LX 002GO GM 1 1 6 14 1 1 GM 15 6 7 4 1 1 

00210 GH 19 11 12 4 1 1 GM 23 16 17 3 1 1 
X 00220 FIN A 27 2E PIN F 10 TO 14 26 27 2'Z 
X I  00230 76.3 5,61 06 1 TO 14 

OG240 156. 6a47 0, 15 TO 22 
00250 5 6 . 9  4,41 0, 23 TO 25 
00250 2,4F 9 ,SG 0, 27 16 

X I 1  04290 E 30000, .3:!. 13 TO .?A  
X I 1 1  00290 LOAD CASE 4 1 2 VERTICAL LOADS 
X I V  06270 Y -1.6 15 TO 22 
XV 00300 0, ,7 10, i.3 0, 23 24 25 

00310 0, ,446 13.42 ,445 50,ic 25 
X I 1 1  OF370 L O A D  CASE 2 1 2 1 2 1 MIXED LOADS 
X I V  1)(1330 X .4 1 3 5 8 11 
XV 00340 2 .  .4 6. .4 20. 17 16 

00350 3. 0. 8. -,3 0, 17 18 
XVI 00360 2 3 , 3  2 ,  -30. 6.7 3 ,  0, 23 34 
X V I I  0037G 3. 0. 0, 10 13 

00380 0. -5. -19. 19 
XVIII 00370 ,OC I O O O A ~  50. 28 33 
X I X  00400 COMkINATION Z 4 1, 3 1 a 5  
X I X  00410 CilMB 14 4 -75 2 -,5 COME, LOADS 

ENTER DATA F I L E  NAME--? CHARS MAX 
I?CFR2S3 
DO YOU WANT TO USE INPUT GRAPHICS, OUTPUT GRAPHICS ? 
ENTER 2 ANSWERS (Y /N)  
I > Y  V 
ENTER TERMINAL SPEED (30,120,960, ETC 1. 
I>i20 
DO YOU WANT OUTPUT 
WRITTEN TO THE TERMINAL, A FILE, OR BOTH ? 
ENTER T F OR B 
I > F  
ENTER PRINT F I L E  NAME--? CHARS MAX 
I>CFR203 
PRINT F I L E  ALREADY EXISTS 
DO YOU WANT TO WRITE OVER I T  (Y/N) ? 
T \ V 

 YOU WANT AN INPUT ECHO OF 
JOINT DATA, MEMBER DATA, LOAD DATA ? 
ENTER 3 ANSWERS (Y/N 
I > Y  Y Y 
DO YOU WANT THE OUTPUT TO INCLUDE 
DISPLACEMENTS. -, 
REACTIONS, 
MEMBER FORCES GROUPED BY LOAD CASE, 
MEMBER FORCES GROUPED BY MEMBER ? 
ENTER 4 ANSWERS (Y /N)  
T > V  V N V 
l i o ' vou"wA~~ OUTPUT FOR ALL LOAD CASES? 
ENTER Y OR N 
I > Y 



'r > CFRRflE SGflPLE PROBLEfl 3 
THREE STORY FRARE 

A l l  



Example Problem 3 - Load Case No. 4 



T lo Ct 

Example P rob l em 3 - Load C a s e  No. 2 



1 > CFRt?ME SAMPLE PROBLEM 3 
THREE STORY FRAME 

83/81/10. 12.19.51. ' 



CFRARE SAMPLE PROBLEn 3 
THREE STORY FRAPIE 

LOAD CaSE 4 UERTICRL LORDS 83/01/10. 12.19.51. 

4 



?>  CFRQi'lE SAMPLE PROBLEM 3 
THREE STORY FRAPlE 

83/01/10. 12.19.51. 
LOAD CASE 2 I I I X E D  LOADS 

"E" COMMCWD EXECUTES THE ANALYSIS 



@WF;UT FILE SAVED= CFRSg3 

ENTER @UTPUT GRAPHICS CC~MP~AND 

"L 4" PLUS "D" C@MMANDS 

'r > CFRAIIE SRIIPLE PROBLEn 3 
THREE STORY FRAtlE 

- .0662 I N  DEFLECTION 
LOAD CASE 4 UERTICRL LOADS 83/01/10. 12.19.51. 





> CFRAME ShMPLE PROBLEn 3 
THREE STORY FRAME 

IIEnBER 24 

IIOnENT DIACRCIR 

0. LOFID CCISE 4 
P .* 1 

60. 88. 1 2 0 ' ~ C I ~ *  44.83 IN-KIP 

06. '\ "*ti* -129.4 IN-KIP 

5D CASE 4 VERTICAL LORDS 83/01/18. 12.19.51. 



"L 2" PLUS "V" C@MMANDS 

1 > CFRAnE SAMPLE PROBLEM 3 
THREE STORY FRAflE 

0 = 3.474 K I P  SHERR 83/01/10. 12.19.51. 
LOAD CASE 2 fiIXED LOADS 



k> CFRANE SAMPLE PROBLEN 3 
THREE STORY FRAME 



"D" C@MMAND 

'r > CFRWE SAmPLE PROBLER 3 
THREE STORY FRAFlE 

- 1 0 2 4  I N  DEFLECTION 83 /61 /10 .  12.19.51- 
LOAD CASE 2 PlIXED LORDS 





"L 3" PLUS "M" CgMMANDS 

'r > CFRAME SAMPLE PROBLEn 3 
THREE STORY FRAME 

313.1 IN-KIP PlOflENT 83/01/10. 12.1b.51. 
LORD CASE 3 



CFR6RE SAMPLE PROBLEn 3 
THREE STORY FRAIIE 



"L 14" PLUS "D" COMMANDS 



Sample Problem 3 Output File (CFR203) 

*-*-*-*-*-*-*-*-*-*-*-*-~-*-* 
PROGRAM CFRAME V 0 2 t 0 0  1 0 J A N 8 3  
*-*-*-*-*-.g-$-*-*-*-*-*-*-*-* 

RUN DATE = 5 3 / 0 1 / 1 0 +  
RUN T I M E  = 1 2 + 1 ' 7 + 5 1 e  

CFRAME SAMPLE PROBLEM 3 
THREE STORY FRAME 

*** J O I N T  DATA *$$ 

------------------ FIXITY------------------- 
J O I N T  X Y X Y R  K X t<Y 

----FT---- ---- K R 
K I F / I N - - - -  I N - K I F / R A B  



b** MEHBER DATA t b *  

END END 
MEMBER A H LENGTH 

F T  

#bX LOAD CASE 4 VERTICAL LOADS 

PROJECTEII  
MEMBER DIRECTION LOAfl 

K I P / F T  

MEMBER LA PA LH P  B  ANGLE 
F T  I < I P / F T  F  T  K I P / F T  DEG 

G 
K S I  

. 1 1 1 5 E S 0 5  
8 1 1 1 5 E t 0 5  

l l l S E t 0 5  
, 1 1 1 5 E t O 5  
. 1 1 1 5 E t O f i  
* 1 1 1 " J t O C J  

1 1 1 5 E t 0 5  
* 1 1 1 5 E t 0 5  
. 1 1 1 5 E t 0 5  
. 1 1 1 5 E t 0 5  
. 1 1 1 5 E t O 5  

1 1 1 5 E t 0 5  
. 1 1 1 5 E t 0 5  
e 1 1 1 5 E t O 5  

1115EtOCJ  
I 1 1 1 5 E f O 5  
* 1 1 1 5 E t 0 5  
e 1 1 1 5 E t 0 5  
+ 1 1 1 5 E t O 5  
+ 1 1 1 5 E S O 5  . i i l " J t O 5  
* 1 1 1 5 E t 0 5  
* 1 1 2 8 E t 0 5  
. 1 1 2 8 E t 0 5  
4 1 1 2 8 E t 0 5  
e l l 2 8 E f 0 5  
~ l l l " J t 0 5  
. 1 1 1 5 E t 0 5  



*bS LOAD CASE 2 M I X E D  LOADS 

PROJECTED 
MEMBER D I R E C T I O N  LOAD 

K I F ' / F T  

MEMEER 

MEMBER 

LA PA L B F B 
F T 

ANGLE 
K I P / F T  F T K I F / F T  11 EG 

L P 
F T  ' K I F  

ANGLE 
DEG 

J O I N T  FORCE X FORCE Y MOMENT 
K I P  I < I P  F T - K I P  

MEMBER ALFHA DT 

$t'# LOAD CASE C O ~ ~ B I N A T I O N S  t$$ 

LOAD LOAD CASE FACTORS 
CASE 4 2 



JOINT 

LOAU CASE 4 VERTICAL LOADS 

JOINT DISPLACEMENTS 
11 X D Y 
IN IN 

0. 0 I 

0. 0. 
0. 0, 
0. -.1947E-02 
e3849E-03 0, 

-.5720E-02 -,2512E-01 
-*5263E-02 -,3084E-01 
-.5013E-02 -.3583E-01 
-.4875E-02 -.3641E-01 
-*4S17E-02 -,197SE-01 
1B179E-02 -.3?46E-01 
a1346E-01 -*4669E-01 
-1622E-01 -,577FE-01 
.1FlOE-01 -.5594E-01 
,221OE-01 -,330EE-01 
.1561E-O1 -.4249E-01 
e1542E-01 -,5181E-01 
-1095E-01 -, 6620E-01 
.6456E-02 -.5944E-01 

I \ STRUCTURE REACTIONS 
I JOINT FORCE X FORCE Y 

KIF' KIP 

............................... 
TOTAL .5734E-03 r16SOES03 

I 

DR 
RAD 

,3364E-03 
0, 

* 6655E-04 
,8550E-04 

-,1973E-03 
-,5577E-03 

e 3301E-04 
-*4803E-04 
-.6944E-04 
,7030E-03 

-,5770E-03 
-+1193E-04 
-$4047E-04 
-.1588E-03 
.1416E-02 

-+1671E-02 
,3797E-03 
-.9263E-04 

+ 1464E-03 

MOMENT 
IN-#IF 



JOINT 

JOINT 

L O A D  CASE 2 MIXED LOADS 

JOINT DISPLACEMENTS 
)S X D Y 
IN IN 

0 .  0. 
0 .  0. 
0 * 0 .  
0 .  1946E-04 

e1063E-03 0.  
-2281E-01 -.5037E-02 
e2840E-01 -,3LOlE-02 
q3424E-01 -.8917E-03 
3647E-01 + 3643E-03 

,3647E-01 -*6713E-02 
e1836E-01 - 8  1210E-01 
,2513E-01 -*4347E-02 
+3247E-01 -.1176E-03 
e3620E-01 r1460E-01 
~4380E-01 -r1335E-01 
,5701E-01 -11335E-01 
,9436E-01 -*4006E-02 
e8917E-01 -.1577E-02 
e8398E-01 e3599E-02 

STRUCTURE REACTIONS 
FORCE X FORCE Y 

KIP KIP 
EfOMENT 
IN-KIP 

-------- 
TOTAL 



JOINT 

JOINT , 

------- 
TOTAL 

LOAD CASE 3 7 

JOINT DISPLACEMENTS 
D X DY 
IN IN , 

0 0. 
0 1 0. 
0. 0, 
0. -.19ia~-o2 
~5471E-03 0 ,  
a2349E-01 -.3268E-01 
,3732E-01 -,3335'E-01 
+4634E-01 -.3717E-01 
e4923E-01 -,3506E-01 
,5283E-01 -.2985E-01 
e3646E-01 -*5761E-01 
,5114E-01 -$5322E-01 
16492E-01 -.5956E-01 
17640E-01 -.5375E-01 
,676OE-01 - t5310E-01 
.1011Et00 -.625lE-01 
.1577Et00 -.5782E-01 
,I 447Et00 -. 6856E-01 
*1323Et00 - *  5554E-01 

STRUCTURE REACTIONS 
FOFZCE X FORCE Y 

KIP KIP 
MOMENT 
IN-KIP 



LOAD CASE 14 COMB+ LOADS 

JOINT DISPLkCEMENTS 
JOINT D X DY 

IN IN 

STRUCTURE REACTIONS 
JOINT FORCE X FORCE Y 

I( I P KIP 

............................... 
TOTAL .1486Ef02 r1156Ef03 

MOMENT 
IN-IIIP 



MEMHtR END FORCES 
L O  AS1 MOMENT 

MEMBER CASE J O I N T  A X I A L  SHEAR M 0 El E 14 T EXTREHA L O C A T I O N  
li I P K I P  114-KIP I N - K I P  I N  





57.60 
120, GO 
43.20 

120,oo 
ef- 
J J  t 30 

i20,oo 
c.0.00 

120,oo 
64 r80 
0.00 

45.60 
o., 00 

60, 00 
0,OO 
67 20 
0.00 





APPENDIX B: SUMMARY OF BASIC INPUT DATA 

1. T i t l e  

2. UE U J  UM UD UF 

3. N J  NM NLC E  POI 

4. J N X Y ,  J N X Y , .  . . 
5. "FIX X" l i s t ,  "FIX Y" l i s t ,  "FIX R" l i s t  

6. MN JNA JNB, MN JNA J N B ,  . . . 
7, "PIN A" l i s t ,  "PIN B" l i s t  

8. I A AS l i s t  

9. "LOAD CASE" LCN NPLS NDLS NCLS NJLS T i t l e  

10, XY P  l is t  

11. LA PA LB PB PHI l i s t  

12. NL L1 P1 PHI1, L2 P2 PHI2, , . . , l ist  

13. PX PY M l i s t  

Commentary : 

1. The t i t l e  o r  any t e x t  d e s c r i p t i o n  o f  t h e  problem. 

2. U n i t s  f o r  t h e  modulus of e l a s t i c i t y ,  j o i n t  c o o r d i n a t e s ,  member 
p r o p e r t i e s ,  j o i n t  d i sp lacements ,  and f o r c e s .  

3. The number of j o i n t s ,  members, and independent  load  c a s e s  and 
d e f a u l t  v a l u e s  f o r  t h e  modulus of e l a s t i c i t y  and Po isson ' s  r a t i o .  
The s h e a r  modulus G = E/2 ( 1 + ~ 0 1 ) .  

4. The j o i n t  number and t h e  X and Y c o o r d i n a t e s .  Any number o f  
j o i n t s  may be p laced  on a  s i n g l e  l i n e .  

5. S p e c i f i e s  ze ro  X, Y ,  o r  R d i sp lacement  f o r  t h e  l i s t e d  j o i n t s .  

6 .  The member number end t h e  j o i n t  numbers a t  t h e  A and B ends  of t h e  
member. Any number of members may be placed on t h e  s i n g l e  l i n e .  

7. S p e c i f i e s  a p i n  (no moment t r a n s f e r )  a t  end A o r  B of t h e  l i s t e d  
members . 



8. The moment of i n e r t i a ,  a x i a l  a r ea ,  and shear  a r e a s  f o r  t he  l i s t e d  
members. I f  AS = O., s hea r  deformations a r e  not  included. Use a s  
many of t hese  d a t a  l i n e s  a s  required. 

9. The load case  number, number of projected load s e t s ,  number of 
member d i s t r i b u t e d  load s e t s ,  number of member concentrated load 
s e t s ,  and number of j o i n t  load s e t s  f o r  t h e  s p e c i f i e d  load case ,  
followed by a load c a s e  t i t l e .  

10. The d i r e c t i o n  of t h e  pro jec ted  load ,  followed by t h e  load 
magnitude. U s e  NPLS of  t hese  l i n e s .  

11. The d i s t ance  from end A of t h e  l i s t e d  members t o  t h e  s t a r t  of t h e  
d i s t r i b u t e d  load,  load  magnitude a t  t h e  s t a r t ,  d i s t a n c e  from end A 
t o  the  end of t h e  load ,  load magnitude a t  t h e  end, and angle  t h e  
load makes wi th  normal t o  t h e  member. Use NDLS of  t hese  l i n e s ,  

12. The number of concent ra ted  loads on each l i s t e d  member, d i s t a n c e  
from end A of  t h e  member t o  each load,  magnitude of each load,  and 
angle each load makes wi th  normal t o  t h e  member. Use NCLS of 
t h e s e  l i n e s .  

13. Spec i f i e s  t h e  X and Y f o r c e s  and the moment appl ied t o  t h e  l i s t e d  
jo in t s .  Use NJLS of t h e s e  l i n e s .  Return t o  l i n e  9 f o r  each new 
load case. 

NOTE: Each l i n e  must begin wi th  a  l i n e  number and a  blank, Items i n  
quota t ion  marks must be inpu t  e x a c t l y ' a s  shown, without t h e  
quota t ion  marks. Numbers must be input  as i n t e g e r s  o r  r e a l  
numbers. Refer t o  t h e  main t e x t  of t h i s  r e p o r t  f o r  s i g n  
conventions, f u r t h e r  commentary, and f u r t h e r  c a p a b i l i t i e s ,  






