Included Programs for Substitute Frame Analysis by STIFFNESS METHOD

appVersion (4)="1.0.8348.30405" appVersion(—4)="1.0.8348.30405"
Program 1 : Pairing non-diagonal
indices of stiffness matrix

Pair STF (B#):=|nr#:=rows (B#)-1

for k€ [l..(nr#)]

X, =augment (0, 0) 42
Z 8= B B 0 ! =
| #k stack{ #k’ #k—i—l] G — -
Z#
'Program 2 : To find the Stiffness Natrix : Calls Program 1
fdn#=1 if foundatio column base is FIXED ", fdn#=0.75 if foundation column base is PINNED

Find K (L#, T#ye, T# o, T#y oy By, HE o, fdn#) i=| nr :=rows (L#)+1
for j € [1..(nr)]
I#ye Ik, -fdo#  I#,_.
J J J ) .
+ + if Jj=1
H# H# L#
uc J G g i
I#UC 3 I#LC 3 - fdn# I#beam . I#beam .
M# ,:=4-FE - i j<n
#j 4 <H#Uc T T +L# ' T 7 if 1<j<nr
] g J -1 J
J J
I#UC I#LC - fdn# I#beam
J J Jj-1 .
+ + otherwise
By . iF 5,
J J
(STF :=Diag (M# )) ="Create diagonal matrix"
C#:=[1..nr]
(D# :=Pair STF (C#))="Indices of non-diagonal elements"
Clear (7)
for j € [1..rows(L#)]
I#beam
Mo# ,i=2.E.— I |= "Non-diagonal elements"
J L# .
J
[r r := D# 3 ]="Row index of non-diagonal elements"
1
@ E := D# 3 ]="Column index of non-diagonal elements"
2
[STF S = M2# 3 ] ="Assign appropriate M2# to STE"
J o J
[STF e r = M2# 3 ] ="Assign appropriate M2# to STE"
JoJ
STF
[PROGRAM 3 : To find joint moments & ST ] For use with Main Program
Find ST# (2, aa (um), kk) =17 ==[1 . . rows (Z)] (Program 4 : Any function can be passed
jm . :i=aa {Z ] lto this program
J J
4 Arrange(Z#,a(l)):: j::[l..rows(Z#)]
st . :=—kk -jm
J J D, :=a {Z# ]
o J J




'Program 5 Find lower column moments.
Valid even if foundation columns have
equal or diff heights

Find MLC (st, d):=|for j € [1..rows(st)]

a#:=st
J
 —
A#j —a#-d

A#

[Program 6 Calls Program 4]

—_— s

Pair (B#):= nrr :=rows (B#)

1—1
for k€ [1..(nrr)]

YY
Z# = x
k

YYk T 4l
FE(YY):=2#
Arrange (B#, FF (YY))

Program 7
Calls Programs 3,

Main program to find support mome
4, 5 & 6

nts, upper & lower column moments ]

I

b’I

NEW BMM ( ff#, K#, h#,., h# o

Lo IL,fdn#,L#)::

for j € [l..cols(ff#)]
_—

fr# . L#2
15

l .
12

>
nrr :=rows ( fem#) 1 +1

fem# . =
J

for 7€ [1..nrr]

—Yj if j=1
_Jy . =¥ 5, 4df 1< j<nrr
M#j = -1 5 <J<
A =il otherwise
F(Y):=uM#

st :=Find ST# (fem# , F (Y), K#)
stt :=Pair (st)
for j € [l..cols(ff#)]

for k € [1..rows(L)]

stt “E I, — fem# .

B Ik k Ik
Msup - T “Spgan + Ffem#

Jj ok k b

k
B
Ly
-4 -E - fdn#

Col bott# :=
h# e

ML C

o =Find MLC (st , Col bott#)
—_
IC
-E

Col upp# = 4

h# .

M

oe = Find MLC (st , Col upp#)

)

M

MUCC I LCC

augment (Msup ,

[Program 9 Sum of Upper & Lpwer Col Moments]

Sum_Col M (M#):=|7 := [ 1..rows (M#)]

A#j ::|M#j l|+|M#j 2|

Program 8A MAX ABSOLUTE VALUE
Nested Array of Diff Sizes

|

Max Abs (M#):=|for ;€ [1..(rows(M#))]
tmp::M#j

—
Z# 5 ::Max[|tmp|]

Z#

'Program 8B Min ABSOLUTE VALUE
Nested Array of Diff Sizes

|

Min Abs (M#):=|for ;€ [1..(rows(M#))]
tmp::M#j

—
Z# 5 ::Min[|tmp|]

Z#




Program to find SF, Max Span Moment and Distance to Max Span Moment

(PROGRAM 10 : For any Loading Case Find SF,
Max Span BM, X max
Param (M#, £#, L#):=|for j € [1..rows(f#)]
W, :=f# ,-L# |,
J J J
E M#
— J
Vi ,:=0.5W 6 —| ———=
J J L#
J
V2 :—{W L — Vi ]
J J
2
(™)
max_span ,::_ . f# +M#_7
b 1
Vlj
X max |, 1= ——
- J f#
J
[Vl \%% Mmax_span Ximax]

Beam load

SF LHS of beam +ve for plot

SF RHS of beam -ve for plot

max_span 2. f Max span moment on beam

V1

vi Dist to location of Max span moment
f

X =
from LHS of beam support

max

MAX ABSOLUTE VALUE
Nested Array of Diff Sizes

Disabled

Abs_Array (M#):=|for j€ [l . .(rows (M#))]

me::M#j
—_—
7 # 5 := | tmp|

Z#

[PROGRAM 14 : Extract ALL Max Span BMM]

S

Somin M Ees )= o cols(res)

1
for j € [1..rows(res)]
A , :=res
J 7 1(nc-1)

[Program 16 Arrange Support moments]

Arrange M Supl (M#, n):=|nc:=rows (M#)

j:=[1..nc]

Al

—T
j::col M#n , J

(PROGRAM 11 : Calls PROGRAM 10 : Find SF, Max Span BM & {PROGRZ—\M 12 : Extract All SFF]
X max for ALL Loading Cases
= J Calc SF (res):=|for je [1..rows(res)]
Find All (M#, ff, L#):=|for j € [1..rows (M#)] A  :=res
j b
M case , :=M# |, 1{1..2
- J J[l..rows(L#)] ) [ ]
if j=1
B , :=Param (M case ., ff ,, L# B:=A
b - b b =5y
B else
B::stack{B, Aj]

{Program 13 To round By Hean Giraud]

Round (U, n):=trunc (U)—mod (trunc (U), n)

[PROGRAM 15 : Extract All x—max]

_— 5

X Max (res):= nc :=cols (res)

1
for j € [l..rows(res)]
A  :=res
J 1 nc




[Program 17 : BMD for Any Case. Calls Program 16]

BMD Any (m# sff, L#, ff, n

sup ’/

case r M )= | 514 :=col ( sff, 1)T
ml# :=Arrange M Supl (m# l]

sup !
for j € [1..rows(L#)]
|x# .::[0,0.ZOm..L# ]
J J

Clear(7)
for j€&€ |1..rows|(x#
)

A | :=|mi# —sfl# Cx# + ff
J case ncase nb B ncase 2
ap 2 J
*t n, A&
kNm
m
[Program 18 : BMD for ALL Case. Calls Program 16]
BMD All Cases (m#sup , sff, L#, ff] :=|n:=0
for j € [1..cols(ff)]
for k€ [1..rows(L#)]
n:=n-+1
A := BMD Any (m#sup, sff, L#, ff, 7, k]
T
A

Cordinates of Max Span Moment for all Cases - For Plotting

[Program 19 : Cordinates of Max Span Moment for all Cases - For Plotting]

Get L (L#):=|j:=[1..rows (L#)]
0 if ji=1

A#j = Z[L#[l..(j —l)]] otherwise

[Program 20 : Cordinates of Max Span Moments for a single Case]

Get_Pts# (x max#, M span#, L#):=|for j € [1 .. TowWs (ximax#)]
x max# |
P = J

Get I M span# |
et L (L#) L =
J m m . kNm

[Program 21 Calls Program 20 for Cordinates of All cases]

Pts_All Cases (x max, M span, L#):=|for j €& [1 . .rows (xﬁmax)]

A  :=Get Pts# {X max 5 M span
F = - L

j,L#]

[Program 22 : To find dist to each support from LHS]

F(L#):: n#:=0
for j € [l..(rows(L#)—l)]

X[(j +n#)..(J +n#+l)]::ZL#[l..(j)]

n#:=n# +1




[Program 23 : X cordinates to plot xupport moments]

Sup_Xcord (L1#):=|nr :=rows (L1#)

for k€ [1..nr]
stack (0, L1#) if k=1

C s=
stack[O,F(Ll#), E Ll#] otherwise

@

[Program 24 : Get BMD Cases]

Find BMD Cases (bmd, L#, £f):=|nr :=rows (L#)

for j € [1..cols(ff)]

n#j ::(j -nrf(nrfl))

T
A . :=eval | bmd .
J [n#j..(j-nr)]
A
[Program 25 : Plot BMD for a given CASE]
Plot BMD (n#):=|for j€ [l..(rows(L))]
T Get L (L)
A | :=col|BMD , 1+ —
b n# m .
J J
T
B _ :=col |BMD o 2
bi n#j ]

D

C ,:=augment (A4 ,, B _
J J J

D , :=augment col{C ., l] , col{C ., 2]
J J 1 J 1

[Program 26 : Find absolute values of nested Msup and etc.]

Find Abs (M#, x_cord):= —

—
—

a# = |M#|
b# :=sys2mat (mat2sys (a#))

augment (x_cord, b#)

[Program 27 : Arrange Support Moment values & X cordinates]

Arrange M Sup All (M#, x_cord):=

X T
for j € 1..cols{M# ]

T
Aj::col[M# ,j]

B ,:=Find Abs {A X cord]
P L 5

[Program 28 : Labels to plot]

Plot_Labs (X#):=

for j € [1..rows(X#)]
if j=1

A# .::varZStr[X# ., l]
J _72

B# :=eval [augment {X# 7 A# Iy 6, "red"]]

else
A# | :=var2str(X# . ,1
J J 2

B#

B# :=eval [stack [B# , augment {X# Iy A# g 6, "red"]]]




[Program 29 : Arrange SF values to PLOT] [Program 30 :Labels to print SF wvalues on SFD]

Arrange SF (x#, sf#):=|sfl:=col(sf#, 1) Plot Labs SF (M#):=|nr :=rows (M#)
sf2:=col (sf#, 2) a#:=col (M#, 2)
= >
it r=avement (sl 242 a#:=var2str [round(a# ,2), 1]
sff ::sys2mat(mat2sys(sff)) aa# [ nr]::6
3 ::[1. .rows(sff)] bb# T T
x# sff [1..nr]

B# , :=augment | —

j " TYN 4 augment (M#, a#, aa#, bb#)

[Program 31 : Labels to print SF zero x cordinates on SFD]

Find Labs ZeroSF (X#):=|nr :=rows (X#)

-
X
a#:=var2str [round [—#, 2], 2]
m

b 8=
#[l..nr] 6

e= "redl'
.nr]

#
c [1.

d 8=
#[l..nr] L
X# + Get L (L)

augment [
m

, d#, a#, b#, c#]

'Program 32 : Find max value of nested
MMsup matrix

Find Max Abs (M#):=|a :=sys2mat (mat2sys (M#))

Max[Max(a)]

Plotting Column Moments Unlike BMD and SFD, plotting Column Moments is reatively difficult, The main reason is that both
Column Moments and the Column locations have to be plotted on the X-azis. Hence, Column moment
values are divided by total length of the horizontal beams. Then these values are converted to strings
and plotted at the proper locations for both upper and lower columns.

[Program 33 : X cordinates to plot Column moments]

Col X (L1#):=|nr:=rows (L1#)
for k€ [l..(nr—l—l)]
0 if k=1

c kT E Li# otherwise
[1..(k-1)]

€
[Program 34: Plot Column Moments] [Program 35: Stack relevant matrices]
Plot Col M (Mi#, M2#):=|7 ::[1 . .TOowWS (Ml#)] STACK (M#):=|nr :=rows (M#)
B ,:=stack(row(MI1#, j), row(M2#, )) for j€ [1..nr]
J if j=1

B::row{M#j, 2]

else
B::stack[B, row(M# Iy 2]]




[Program 36: Io plot UPPER Column Moments ]

Plot UP Col M (M#, L#, n#,6 H#, 6 N#,6 SC#):= Mty
N# » ——T

% _ kNm Col X (L#)

me et ™ } : SC# - L# m

m
Yye por I=matrix (rows (L#)+1, l)
B Col_X (L#)
Mlucibot =augment ™ ’ N - Yucﬁbot
Mzuc_bot o= augentt (Xuc_bot . N# - Yuc_bot]
Muc_bot := Plot_Col M (Mluc_bot , Mzuc_bot)
Vluc_bot = Mluc_bot
Col X (L#) N#-H#
V2uc7top i=augment [ ™ ’ -
Vuc_top := Plot_Col M (Vluc_bot , V2uc_top]
f n#
kNm Col X (L#
_—_— .(—0_5).1\]# J,.#
ue_top } : SC# - L# m
m
H# -

Y o S22

uc_top m
Mluc_top o= augentE (Xuc_top v Yuc_top ]

B Col_X (L#)

M2uc7top = augment ™ ’ Yucﬁtop
M := Plot Col M (Ml M2 ]

uc_top = = uc_top ' uc_top

uc_connect 5= Pllet Col (Mluc_top 4 M2uc_bot]
stack (Muc_bot v Vuc_top v Muc_top o Muc_connect )

[Program 37: Io plot LOWER Column Moments]

Plot LOW Col M (M#, L#,6 n#,6 H#,6 N#,6 fdn,6 SC#):= ME
N# « ——
% - kNm Col X (L#)
Be ek ™ 2 : SC# - L# m
m
Yie pot =matrix (rows (L#)+1, 1)
_ Col X (L#)
Mlucibot i=augment ’ N - Yucﬁbot
M2uc_bot 5= augiemiE (Xuc_bot . N Yuc_bot )
Muc_bot := Plot _Col M (Mluc_bot , Mzuc_bot)
Vluc_bot = Mluc_bot
Col X (L#) N#-H#
VZUQEOP i=augment - g -
Vuc_top := Plot _Col M [ Vluc_bot , Vzuc_top]
M# n#
kNm Col X (L#
—-(—0.5)~N#+# if fdn=1
2 :[ SC# - L# ] m
X 8= _—
uc_top m
Col X (L#
# otherwise
m
H# -
Y 8= M
uc_top m
Mluc_top 5= augiemiE (Xuc_top v Yuc_top ]
_ Col X (L#)
MZucﬁtop i=augment m ’ Yucﬁtop
Muc_top := Plot _Col M [Mluc_top , 2uc_top)
uc_connect 5= Pllot_Col I (Mluc_top v Mzuc_bot ]
stack (Muc_bot 4 Vuc_top o Muc_top v Muc_connect ]




[Program 39: Convert Top Col Moments to strings]

[Program 38: Convert Top Col Moments to strings]

n#, M#):= col (M#, 1) i MStr2, . (n#, M#):=
at = kNm at = kNm

Mstr2, o | col (M#, z)n#

_—
b# :=var2str [round(a#)]

_—
b# :=var2str [round(a#)]

[Program 40:To plot labels in column BMD]

Plot_Pts (nn3, Ml#, M2#):=| A# := Plot_Labs_SF (MI1#)
B# := A#
C# = M2#
for j € [l. .rows(B#)]
|B# 53 = C# 5
B#




