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CURRENT UPDATES

Versions 1.2 and 1.3 of this software were not published due to the limited nature of
updates in these versions, and because they were made for specific research purposes.
Regarding version 2.0 updates, we have the following:

e In this version, it is possible to define a global work unit system that is used
across all calculations and represent the default units. In addition, it is possible
to define specific input units for each block, which are then automatically
transformed to the global system. In addition, the user can define the units for
result presentation.

e Equation system solving methods have been added. The user can now choose
among LDLT factorization, Cholesky (LLT), LU, or LDU; in addition to the
iteration methods Conjugate gradient and Gauss-Seidel. The default method is
LDLT.

e (Capability to optimize memory size required for stiffness matrix storage. By
default, the software stores a complete matrix, but it is possible to use a half-
bandwidth storing option.

e Capability to calculate support reactions.

e  The structure’s degrees of freedom (DOF) are not determined in the General Data
block (DATOS GENERALES) anymore. The software will calculate them from the
user-defined member types.

o The software allows to release specific degrees of freedom in members.
e (Capability for moving loads analysis.

e (Capability for moving loads database reading and analysis.
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OVERVIEW

The AMER 2.0 software is intended as a companion to the book “Basic Aspects of the
Stiffness Method” (Herndndez-Martinez 2015). The book’s objective is to support
students’ learning of the stiffness method through several examples and exercises of
structures under static load conditions. The software additionally incorporates single or
multiple moving loads analysis, as well as moving loads database reading and analysis.

The software was coded in Fortran95®, which requires the creation of an input data file
containing both structural properties and load conditions for any structure to be analyzed.
The input file is a text file, and it is read according to specific keywords indicating the
software the data type to be read on each section. Therefore, all references to the text file
are identified using Courier New font. Some keywords may appear too long, but the
software requires only the identification of initial characters. For example, for
Materiales (materials) it is only necessary to have the five first characters, Mater. The
required initial characters of each keyword are identified in bold. Additionally, since many
keywords are in Spanish, italic will be used to translate these keywords.

The software does NOT discriminate between uppercase and lowercase letters, and
therefore the words Materiales, MATERiales, MATERIALES, and MaTeRIAIEs are
all the same. Special characters are ignored, so it is suggested to avoid them. It is possible

(13 2

to include user comments in the text file using the character , to improve file

readability. All data after the character “!” will be ignored by the software.

Spaces or tabs are used to separate data, and any number of them can be included by the
user to achieve adequate text file readability. This includes keywords used for assigning
numerical values to variables, and thus all formats such as “A = 17 “A =17 “A= 1”7

and “A=1"” are correctly read as A=1.

The input file may have some optional parameters. Optional parameters are presented in
brackets [ ] to distinguish them from mandatory parameters. The data file created with
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optional parameters must NOT include brackets in the text, brackets are only used to
indicate in this manual that parameters are optional.

There are two ways for running the software:

1. Double-clicking on the icon from Windows®© explorer, and a window will appear
as shown in Figure 1. It is necessary to indicate the input file name (including
extension) and the software will create a results text file with the same name but
with an extension -RES. It is highly recommended to configure your Windows©

explorer to not hide the extensions name files, so that you can see them all.

Figure 1 AMER execution window

2. Using the operating system command prompt. It is necessary to enter the
directory containing the software and input file in the command line, and then
run the program using C:\Users\.\>"Amer 2.0” [input Tfilename]
[results/output filename]. If the results filename is omitted, the
program creates it with the same name of the input file but with extension .RES.

If both filenames are omitted, the screen shown in Figure 1 will be displayed.
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1.1  Execution example by mouse double-clicking

In the execution of the example, it is considered that data file of the structural system to
be analyzed is previously created as specified in this manual and it has been saved in text
format with .DAT extension; therefore, only the execution procedure is presented below.
Also, it will be assumed that the executable program and the data file are in the directory
C:\AMER 2.0\, as shown in Figure 2.

| » Equipo b Discolocsl (C) » AMERZD ~ | 42 | Buscoramim 2o P

Ciganicar = nchau en biblotecs = Campart

&L Dccolocsl (T

MERZA W AMER 20,00
L Archivos de programa

Ejempan 333.dat
| Archaves de peograma (s86)
| Epempta_Z33.40
L HE_Laveriet Prodessonal CMI410_Seres = e
A Mpa_,
i lnte "' zm 3
em "
I MDA e
= Epernpla_322.det
| PertLogs
Gernpha 42L.dat
L Update
3 | Ejempla 422 du
R Ejemplo 423.dat
VAID Samgle Cantents =
Epernpla_531.det
o Ejempho_SiLdnt
emplo_53.
o3 Unidad de BD-FE (D) ]
e 507 MMC (E)

i 11 elementas

Figure 2 Data files and program directory

By double-clicking on the executable AMER 2.0.exe a screen like the one shown in
Figure 1 is displayed. The program requests the name of the data file to be executed, so
the full name must be entered (including the extension). If the file name contains spaces,
the name must be entered in quotation marks (eg: “Ejemplo 533.dat”). Once the
program has been executed, information about the process is displayed, like showed in
Figure 3. To close the window, press the ENTER key (J).
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Calculando reaccione

Calculando fuerzas en las harra:

Tteracione
hiendo uectlil de despl

endo reacciones_en apoyo
Calculandu fuera en las harras

Resultados en archive: Ejemplo_233.res

PROCESO FINALIZADO EXITOSAMENTE

Oprima ENTER para continuar

Figure 8 Information displayed after execution is finished

The results can be consulted in the working directory in file Example_233.res, which

can be opened with software for text editing (see Figure 4).

¢ Equipo » Discolocal (C) » AMER 20D

v EAbric  Grabar  Muevacarpets

| &, Disco lucal (T)

| AMER 20
Aschi

= AMIR 20.exe

depn
e programa —

Ejer

HPach e programa (x85)
pregeama b : " Ejempln_133.dat
HP._Laserlet_Prafessienal CHMI410_Srries / s
[ Ejemple_233 02
e Ejemplo_231.d
jemplo_J3H.dal
NVIDIA : E
| Ejempiln 321.dat
Prrlogs
Ejemplo 322 dat
Updete
u Ejernpl_121.dat
usrivs
Ejempln_427.dat

Sampile Contents g
Ejemplo 423.dat

Ejernpl_531.dal
Ejempln_$32.dat

findows
s Unidad de BD-RE (0x)
50/ MM [E:) -

' fl  AMER 2.0.exe

160 MB

Figure 4 Working directory after program execution
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1.2  Execution example using system command prompt

To open de command prompt, click on the start button and select “All programs” as
shown in Figure 5. Subsequently, in the “Accessories” folder, the system command
prompt is selected as showed in Figure 6.

Im Visual Shudss 2017 »
| Adobe Accbat 1 Pro v
m Werd *
E;l Eacel v
IE Teamiviewes 13
2 LI CMLAL0 Seen

| Cakculadons
i
& o

T iTunes

*  Todosles programes

e ———— Abie unia list

Accesenios
1| Bloc de notes
| Caleuladeea
W Certro de monilidad de Windows
{8) Centro de sincronizacién
B Conectarse a un proyector
B, Conexitr & Bsceitone rermet
3 Eeoutar
24 Dxplorador Bt Windows
1. Grabiadora de sonides
Hictins ripckas
1 Paint
o Panel de entrada matemitica
R Recontes
B Simbolo del stema
1 Tareas miciales
I WordPed
Accesibilided
Herrameentas del witerna
Tablet PC

1 A

Figure 6 Selecting system command prompt
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Clicking on the icon, displays the command line window like shown in Figure 7.

o =

Figure 7 System command prompt

Now, the prompt must be placed in the working directory, which can be done by selecting
the path in the Windows@© explorer as shown in Figure 8, and copying it using the Ctrl

+ C key combination.

[ =l x|
Organizar v ] Abrir Grabar Nueva carpeta = 0l @
X Favoritos Mombre Tamaiio Fecha de modificacién  Tipo =
& Descargas = [ AMER20.exe Aplicacion
B Escritorio | Ejemplo 533.dat Archivo DAT
%1 Sitios recientes | Ejemplo 53¢t Documente de texto
@ OneDrive - Universidad de Guanajuato | Ejemplo_233.dat Archivo DAT
& Autodesk 360 H Ejemplo_233.res Compiled Resoure Seript |
| Ejemplo_234.dat Archiva DAT I
Bl Escritorio __| Ejemplo_321.dat Archivo DAT
4 Bibliotecas || Ejemplo_322.dat Archivo DAT
) Documentos | Ejemplo_421.dat Archivo DAT
& Imagenes || Ejemplo_422.dat 2KB Archivo DAT
& Misica [ Ejemplo_423.dat 2KB Archivo DAT
B Videos __| Ejemplo_531.dat 2KB 0170 Archive DAT i
% Grupo en el hogar =[a i »
Ejemplo_233.dat Fecha de modifica... 03/07/2018 01:06 p.m.  Fecha de creacién: 12/07/2018 10:07 a.m.
Archivo DAT Tamario: 1.69 KB

Figure 8 Selecting de path to work folder

Selecting the command line window, write the “cd” command adding a space, then click
on the upper left corner of the window as shown in Figure 9, and from the displayed menu
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select Edit and then Paste, ending with an ENTER (J), and the screen will be as show
in Figure 10.

, |
s S |2

:idn 6.1.76081]

S rosoft Corporation. Reservados todos los derechos. :
Mover ldezded -
Tamafio

Minimizar

Maximizar

Cerrar

Editar Marcar

Entrar

Predeterminados

Copiar

Propiedades Pegar

Seleccionar todo

Desplazar

Buscar...

Figure 9 Defining the path in the command line prompt

B Simbolo del sistema

Microsoft Windo
Copyright (c> 2

m|

C:vUsers\Dr filejandro Hdez>cd C:“AMER 2.8

C:“AMER 2.08>

Figure 10 Command line prompt on the work folder

Alternatively, the selections of the working directory can be done through the following

commands:

cd \ (moves the prompt to root directory)
cd “AMER 2.0~ (moves the prompt to desired directory)
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This alternative is shown in Figure 11. Finally, as is shown in the same figure, the
execution of the program can be done by typing the following command line and an ENTER

():

“AMER 2.0.exe” “Ejemplo 533.dat” “Ejemplo 533.txt”

Microsoft Wind én 6.1.76011
Copyright <c> soft Corporation. Reservados todos los derechos.

s

G:sUsers Dr Alejandro Hdez>cd ™
C=~>cd “AMER 2.8"
C:“AMER 2.8>"AMER 2.B.exe" “Ejemplo 533.dat" "Ejemplo 533.txt"

Figure 11 Selecting the working folder by commands

This leads the program to read the data file “Ejemplo 533.dat”, which is written in
quotes in this case, because of the space in its name. The results will be saved in a file
named “Ejemplo 533.txt”, having the name in quotations for the same reason. If the
files names do not have spaces in between, the quotes can be omitted. At the end of the

execution, a screen like Figure 12 is shown.
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Memoria uti
Escribiendo matri:

SOLUGION CAS0S DE CARGA ESTATICOS...

Caso de Carga: UNIGO
Escribiendo vector de fue
Resolviendo Gauss—Seide

?.955286E-87
1784

Calculande reaccione
Escribiendo reacciones en ap
Calculande fuerzas en

Resultados en archivo: Ejemplo 533.txt

= PROCESO FINALIZADO EXITOSAMENTE

Figure 12 Execution ending by command line prompt

Once the execution is finished, you can close the window using the exit command, or
simply by clicking on the upper right corner of the window. Finally, in the working
directory you can find the result files, like showed in Figure 13.

| * 5 AMER 20.exe
| Archivas dr programa

Ejemplo 33.dst
Ejempk 53300
HP_Laserlet Professional CMIALD Series :
Fjempdn_T44.dat KH 50 ’ A =
Intel -
£ Fjempln_?33.re5 13KE 1 1 . e Ry |

Archivos de programa (455)

NVIDIA

Liemplo_234.dat
Perflogs

Ejempto_ 321.dat
Update

Ljempio_322.det
Usuarios

Eemph 421 dat

VAID Semple Cantents a
o

AiLedat

Vi
rndaws Ejempia 427, dat
b Unidad de BO-RE %
1} Unidad de BO-RE (%] Fjempln S31.dat
- 50/ MIMC (B
Eiemplo 532.dst
& Autedesk 360
= F e ! I

ER 20.03¢ Fechader 12/07/2012 10:06 a.m.

Figure 13 Files in execution directory
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1 BASIC STRUCTURE OF THE INPUT FILE

The AMER 2.00 software identifies data using blocks as shown in Figure 14. Each block
is indicated by one or two keywords, and Figure 14 represents the basic structure
throughout the input file.

Figure 14 General data structure in the input file

Each data block start is identified using two diagonals “//” and one or more keywords,
as seen on Figure 14. The data blocks can be arranged in any convenient order. Before
the first data block, it is permitted to include lines with any relevant information such as
project name, location, user name, etc., since all of them (before the first data block) will
be considered comments by default. The required data blocks and their contents are:

17
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// Datos generales de analisis. (General analysis data). This block contains
general information: units, required midterm results, solution algorithm, and the
stiffness matrix storage mode.

// Materiales. (Materials). Containing the mechanical properties of materials
used in the project.

// Secciones. (Sections). This block contains the geometric properties of the
structural member sections.

// Nodos. (Joints). Containing joint coordinates and other optional nodal
characteristics

// Barras. (Members). The information contained in this block is member
incidences, member sections, material and member type.

// Apoyos. (Supports) For the structure’s support locations and conditions.

// [Casos de carga]. (Static loads) Static load conditions acting on the
structure.

// [Camiones]. (Trucks). Containing information on the geometry and load values
for truck moving loads.

// [Carriles]. (Lanes). This block is used to define where are moving loads
applied.

// [Bases de datos]. (Databases)- This block is for the analysis of moving loads
using vehicle records (e.g., weigh-in-motion databases).
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2 GENERAL ANALYSIS DATA

2.1 Work Units

One of the most significant changes made in this software version is the analyst ability to
choose the work units to be used, defining force and length units. Table 1 shows available
units. By default, angular work units are radians and cannot be modified, only angular

units can be selected for results report.

Table 1 Type of units available

Force Length Angle

MN  Mega-newton m  Meter rad | Radians

kN Kilo-newton Cm  Centimeter gon Centesimal

N Newton mm Millimeter degrees (gonio)
Kip  Kilo-pound in  Inch Sexagesimal

gra

Ib  Pound ft  Foot degrees

0Z  Ounce yd  Yard
ton  Metric Ton

kg  Kilogram

The work unit definition can be done as shown on Figure 15 (where Fuerza stands for
force and Longitud for length).

// Datos generales de analisis

[Unidades de fuerza=kg Longitud=cm]
Figure 15 Definition of work units

It is also possible to not define the work units, in such a case the user will have to be
careful to use a consistent set of units throughout the analysis to avoid errors. If work
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units are not defined in the Datos generales (General Data) block, but they are
defined in any other block, the specified data units will not be used. Therefore, any time
it is important to use a specific set of work units, they will have to be defined in the
general data block.

2.2 Result output options

There are several options for the intermediate results output, as shown in Figure 16 and
described below.

// Datos generales de analisis

[Reporta datos de la estructura]
[Reporta matrices de rigidez de barras]
[Reporta matriz de rigidez de estructura]

Figure 16 Options for output file

After the block title in Figure 16, each line is described as follows:

e Reporta datos de la estructura. (Report Structure Data) Using this
command, the input data is written in the output file, allowing the user to verify
that the read data analysis is right.

e Reporta matrices de rigidez de barras. (Report member stiffness
matrices). Writes the member stiffness matrices in the output file.

e Reporta matriz de rigidez de la estructura. (Report structure
stiffness matriz). Writes the structure stiffness matrix in the output file.

20
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2.3  Equation system solution algorithm

There are several algorithms for solving an equation system like the one shown in Eq.
(2.1). Those algorithms can be classified in two types: (a) direct solution methods, and
(b) iterative methods.

&, 8, 5
Q, a,, 3
&1 &3 A

a’l,n—l a‘2,n—l Z5)‘3,n—1
_a'l,n aZ,n a3,n

a

a1,n—l

az,n—l

a3,n—1

n-1,n-1

a3,n—1

a
a

n-1,n

nn

(2.1)

The user can choose among six algorithms for solving the equation system, as shown in
Figure 17. The first four are direct methods, (1) LDLT factorization, (2) LLT Cholesky
factorization, (3) LU factorization, and (4) LDU factorization. The two first methods are

for symmetric matrices, while the last two can work with unsymmetrical systems.

// Datos generales de analisis

[Solucion
[Solucion
[Solucion
[Solucion
[Solucion
[Solucion

Factorizacion
Factorizacion
Factorizacion
Factorizacion

LDLT]

Cholesky]

LU]
LDU]

Gradiente Conjugado [Tolerancia=*] [itol=*] [itmax=*] ]

Gauss-Seidel [Tolerancia=*] [itol=*] [itmax=*] ]

Figure 17 Definition of equation system solution algorithm

The last two solution algorithms are iterative, namely (5) Conjugate gradient method and

(6) Gauss-Seidel method. For using iterative methods, the values of some additional

parameters are required:

21
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e Tolerancia (Tolerance). After each iteration the error is assessed, and the
iterative process stops when the error value is under a defined tolerance threshold
for convergence. If no tolerance value is defined, a default value of
tolerancia=1x10" is used.

e Error assessment criterion. The parameter itol defines the error assessment
criterion to be used among the eight options shown in Table 2. All eight options
are valid for the Conjugate Gradient method, while for Gauss Seidel only options
1 — 4 are valid. The default option is number 3.

Table 2 Error evaluation creteria

itol Error assessment criteria

1 error = “{X}(n) “ —”{X}(n_l)

(D)
1

2 emor={x”

2

R )
4 error=[[Al{x}~{b],
)

o emor=[ir],

P emor=[iag],

s emor=[ig,

e Maximum number of iterations. I'tmax=* defines the maximum number of
iterations, after which the analysis stops regardless of the reached accuracy. If
no value is defined by the user, default are 2n for the Conjugate Gradient method
and 20n? for Gauss-Siedel, where n is the number of unknown variables in the
system.

If no solution algorithm is defined by the user, the software will use LDL" factorization
by default.

22
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2.3.1  LDLT factorization algorithm

If the coefficient matrix shown in eq. (2.1) is symmetrical, it can be expressed as shown
in eq. (2.2)

[A]=[L][D][L] (22)

If the coefficient matrix has order 4, the eq. (2.2) can be developed as follows

all a21 a3l a41 1 dll 1 I21 |31 I4l

a21 a22 a32 a42 _ IZl 1 d 22 1 I32 |42
L1 d 11, | @3

a31 a32 a33 a'43 31 32 33 43

ay ap, a3 dy |41 I42 |43 1 d44 1

a, - > Ldyl, i=1,2,3n
lo=— k2 lj—j+1i+2,n

Once the equation system is factorized, the solution can be found using;:

i1
y; =b, _Zlikyk}i =12,3n
k=1

X, ./ > Ikixk}i =n,n-L,n-2,.-1

bi k=i+1

23
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2.3.2  Cholesky factorization algorithm

If the coefficient matrix in eq. (2.1) is symmetrical, it can be expressed as:

[A]=[L][L

Which, if the matrix is order 4 means:

ay 21 8y 8y I11

8y 8y 85 8y _ |21 |22

8 qp 8 A |31 |32 |33
8y 8, 8 Ay |41 |42 |43 |44

aji _zlikljk

I R A LA

Thus, the solution can be found applying the algorithm:

i-1
by _Zlik Y
yi: kl:l i:l,2,3"'n
Yi— Z Iki Xy
X = k=i+1

|11 |21 |31
Izz I32

I33
i=1223-n

i=n,n-1n-2---1

(2.4)
|41
e (2.5)
|43
I44

24
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2.3.3 LU factorization algorithm

The coefficient matrix shown in eq. (2.1) may be expressed as:

[A]=[L][V] (2:6)
Which for a matrix of order 4 means:
all alZ al3 a14 1 ull u12 u13 u14
aZl a22 a23 a24 — IZl l u22 u23 u24 (2 . 7)
a31 a32 333 a‘34 I3l I32 1 u33 u34
a; 8p Qy Ay |41 |42 |43 1 Uy,

i j=i+1i+2,---n;i=12,3,---n
U =y — Ul fk=i+1i+2,-n

And the equation system solution is found by:

i1
yi =b _Zlijyi}i =123 n
=1

25
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2.3.4  LDU factorization algorithm

The coefficients matrix shown in eq. (2.1) may be expressed as

[A]=[L][P][V]

Expanding eq. (2.8) for an order 4 system results in

a, &, a; a, 1 dy

aZl a22 a23 a24 — |21 1 d22

a31 a32 633 a34 |31 |32 1 d33
a41 a42 a43 a'44 |41 |42 |43 1

dii =q; — Ilk dkk Ui
k=1
i-1
aij - Iik dkk Uk]
k=1
U; = q
Kk .. . .
- J=1+1i+2,i+3:--n
a;; _lek dkk Uy
I-- _ k=1
n
Kk

1 u12 u13
1 u,
1
d44
i=12,3---n

Once the system has been factorized, the solution can be found with:

bi - Iikyk
=kt U j=123...n
Yi d

X=Y-> uikxk} i=nn-1n-2---1

k=i+1

26



User Manual AMER 2.0 Universidad de Guanajuato

2.3.5  Conjugate Gradient algorithm

The conjugate gradient algorithm used in the AMER 2.0 software is:

1. Calculate {r}, ={b}-[A]{x},

2. {p},={r},

3. For i=1 2 imax

{r},x{1),
[Al{ P} <{p},

2. (Kia=1x); ra{p),

3. {rhi, ={rh —a[Al{p},

3.4. Evaluate convergence. Terminate if met.

{rlxirh,
R T

3.6. {p}i+l:{r}i+1+ﬂ{p}i

3.1. a=

27



Universidad de Guanajuato User Manual AMER 2.0

2.3.6  Gauss—Seidel Algorithm

The Gauss-Seidel algorithm is:

. Take initial values from solution vector
2. For k=1, 2, 3 ... kuax
2.1. Update the solution vector with:

i-1 n
(k+1) (k)
bi—Z;aijxj - ;x|
=

x(D = 7 i=12,3--n

a

il
2.2 Evaluate convergence. Terminate if met.
2.4  Storing the structure’s stiffness matrix

There are in the software two options for the storage of the structure’s stiffness matrix,
namely:

e Almacenamiento completo. (Full Matriz storage). This is the traditional way,
storing the entire stiffness matrix.

e Almacenamiento semiancho de banda. (Half-bandwidth storage). Takes
advantage of the stiffness matrix dispersion property by skipping null elements,
optimizing storage space

Figure 18 shows how to select a desired storage option. It is suggested to define only one
storage option; in case two options are defined, the latter will prevail. The default storage
option is the full matrix one. As a result, if no storage option is set, the software may use
more RAM memory space and take longer than using the second option.
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// Datos generales de analisis

[Esquema de almacenamiento: Completo]
[Esquema de almacenamiento: Semiacho de banda]

Figure 18 Storage option definition
2.4.1  Bandwidth storage

A bandwidth storage scheme allows space optimization using the fact that, under the
main diagonal in any column, all elements beyond p rows are zero; and also, in any row

all elements beyond ¢ columns are zero, as shown in eq. (2.9)

q
I a, a, al,q+1 1
aZl aZZ
: a
[A]=" . e (2.9)
a0, . : q
’ an—l,n—l an—l,n
L an,nfp an,n—l ann B
p
where:

p = inferior half-bandwidth a; =0 if i> j+p
g = superior half-bandwidth a; =0 if j>i+q

Since not zero elements are located inside a band of known width, the matrix elements

are stored in a matrix with n rows and p + ¢ + 1 columns as shown in eq. (2.10)

In this way, the elements from the full matrix A(7,j) are stored in the matrix A(a,ﬂ)

using:
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a=I
B=1+p+(j-i)
Ay &y & g
ay ay, Ay T a2,q+2
a'p+1,l a'p+1,p+1 a'p+1,q+ p+1
[A]=| : : (2.10)
: : anfqyn
an—l,n—l an—l,n
_an,n—p an,n—l ann i
p q

The previously explained storage scheme is used with the algorithms LU and LDU, since

in these cases the coefficient matrix is not necessarily symmetrical.

2.4.2  Half-bandwifth storage

Using the symmetry property of the stiffness matrix, it is only necessary to store the main
diagonal and elements below it, as shown in eq. (2.11)
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a,
aZl a22
[ A] =l a,.., CH, (2.11)
an—l,n—l
_a'n,n—p T an,n—l ann i

This storage scheme is used with the factorization algorithms LDLY, LLT, as well as
iterative methods (Conjugate gradient and Gauss-Seidel).

2.5  Joint renumbering

Regardless of joint numbering assigned by the user, the software internally numbers joints
consecutively according to their appearance order in the data file (See section 5). This
may not be the most efficient method in terms of the stiffness matrix storage, because it
may increase the matrix dispersion. To reduce this problem, the algorithm of (Cutchil &
McKee, 1969) may be used for optimizing joint numbering. To activate this option the
user must use the line shown in Figure 19.

// Datos generales de analisis

[Renumera nodos]

Figure 19 Joint renumbering command

In case the joint renumbering option is used, the only noticeable effect for the user will
be the modification of the order in which joints are listed. Results and assigned joint
numbers remain unchanged.
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If the joint renumbering option is not activated, the data file order is preserved (see section
5). Evidently, this option is useful only if a half-bandwidth storage option is selected,
because in a full matrix storage option this is almost irrelevant.

2.6  Sign convention for member results
There are two ways in which acting member forces are presented:

e Convencion de signos de resultados: Ejes locales. (Convention
of signs for results: local azes). The forces positive signs are defined by the local
reference coordinate system, as in Figure 21.

e Convencion de signos de resultados: Fuerzas internas.
(Convention of signs for results: Internal forces). The forces positive signs are
defined by their effects on members, as in Figure 22.

Figure 20 shows how to select any of the two systems. The local reference system is the
default option.

// Datos generales de analisis

[Convencidon de signos en resultados: Ejes locales]
[Convencién de signos en resultados: Fuerzas internas]

Figure 20 Definition of sign conventions for member forces
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Figure 21 Positive directions of forces in local reference system
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Figure 22 Positive directions of forces according to internal forces
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3 MATERIAL PROPERTIES

Figure 23 shows the materials data block. As many materials as needed can be defined.

// Materiales [Longitud=cm] [Fuerza=kg]
Material=Acero E=2100000 [G=789473.68] [W=7850.0]
Material=Concreto E=221359.4362 [v=0.2]

Figure 23 Material properties definition

As can be noted in Figure 23, units can be defined at the start of the block, length and
force Longitud=*, Fuerza=* (substitute the * for any of the correspondent units
shown in Table 1). If units are not defined in this data block, it is assumed data have the
same units defined in the general data block.

For each material, the following information is required:
e Material name. A name for identification data must be assigned, this can be
done using the command MATERIAL= followed by one word with no spaces, 30
characters max. length

e Elasticity modulus. Defined after E=

e Shear Modulus. Defined after G=. Or the value of the Poisson ratio v=.

e Volumetric weight. Defined after W= .
If the shear modulus or Poisson’s ratio are included, the contribution of shear forces to
the total displacements will be considered. Up to this program version, material’s

volumetric weight has no effect on the structural calculus.

If Poisson’s ratio is defined, the shear modulus will be calculated according to eq. (3.1)

Go_E (3.1)
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4 SECTION PROPERTIES

The member section properties are defined in this data block. As shown in Figure 24, the
line defining the block may include length units [Longitud=*] (substitute the * for any
unit in Table 1).

// Secciones [Longitud=cm]

Seccion=10cm2 Tipo=General [A=12] [ly=123.4] [1z=12.3] [J=12.3] [Fy=1.2] [Fz=1.2]
Seccion=20x45 Tipo=Rectangular b=20 h=45 [A=*1L1y=*1[1z=*]1[J=*1[Fy=*1[Fz=*]
Seccion=50D Tipo=Circular D=50 [A=*1L1y=*1[1z=*]1[J=*1[Fy=*1[Fz=*]
Seccion=30R Tipo=Circular R=30 [A=*1L1y=*1[1z=*]1[J=*1[Fy=*1[Fz=*]

Seccion=W16x36 Tipo=I d=23 bf=17.8 tw=0.75 tf=1.1 [A=*1L1y=*1L1z=*103=*1[Fy=*1[Fz=*]
Seccion=H16x36 Tipo=H d=23 bf=17.8 tw=0.75 tf=1.1 [A=*]1[1ly=*]1[1z=*]1[J3=*]1[Fy=*1[Fz=*]

Figure 24 Section properties definition

For each section, the following definitions are to be used:

e Section name. Defined through the command Seccion= (Section) followed by
one word with no spaces, max. 30 characters long.

e Section type. Defines the shape of the cross-section area, allowing the software
to calculate its geometric properties. For this, use the Tipo= (Type) command
followed by a section type showed in Table 3.

e Section dimensions. Section dimensions are defined accordingly with section
type. Required dimensions for each section type are detailed in Table 3.

e Geometric properties. For the General type section, the user must define the
values of: Cross-section Area (A=), z inertia (1z=), y inertia (ly=), torsion
constant (J=), y shape factor (Fy=), and z shape factor (Fz=). If any variable is
not defined its value will be considered zero. In any non-general shape type, any
of these properties can be defined and the software will not calculate its value and
will use the user-defined value.

In the following sections the different section type parameters are explained, as well as
their local reference systems.
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Table 3 Section types and dimension parameters

Section shape Tipo (Type) Dimension parameters
General General or G -
Rectangular Rectangular or R b, h
Circular Circular or C R or D
I I or IR or W d, bf, tw, tf
H H d, bf, tw, tf
Rectangular Hollow OR or PTR b, h, t

4.1  General type sections
General type sections GENERAL (or G) allows the user to define the geometric properties:

e Cross-section area, A=*

e Inertia moment around y axis, 1y=*
e Inertia moment around z axis, 1z=*
e Torsional constant, J=*

e  Shape factor for shear on y axis Fy=*

e Shape factor for shear on z axis Fz=*

The section properties refer to the member’s local axes, and the section is defined in the
shaded areas on Figure 25..
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Figure 25 Local azxes for a member

In a General section all parameters are optional, and any not defined value will be
considered zero. This could lead to a singular stiffness matrix, making the analysis
unsolvable.

4.2  Rectangular type section

If the section type is Rectangular (or R), the required parameters are section width
b=* and section height h=* in concordance with local axes z and y as shown in Figure
26. The software will then calculate all geometric properties according to eqs. (4.1) to
(4.5). The [ constant in eq. (4.4) is obtained from Table 4.

A=bh (4.1)
bh®

I = —-—— 4-2

= (+42)
b*h

Iy :E (43)

J = pb°h (4.4)

f,=f,=1.2
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Figure 26 Rectangular section geometry

Table 4 B values for torsion constant in rectangular sections

h/b s

1.0 0.141
1.5 0.196
2.0 0.229
2.5 0.249
3.0 0.263
4.0 0.281
5.0 0.291
6.0 0.299
10.0 0.312
oo 0.333

Optionally, the user may define the value of every parameter, as in a general type section.
Any parameter which has a user-assigned value will not be calculated by the software.
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4.3  Circular type section

If the section type is CIRCULAR (or C), the section diameter must be specified using D=>*,
or the radius R=*, as shown in Figure 27. All properties are then calculated with eqgs. (4.6)
to (4.9).

A=zr? (4.6)
art
Iy = IZ ZT (47)
art

J="—+— 4.8
> (48)

10
fy =f, =—=1.111111111 (4.9)

9

Figure 27 Circular section geometry

As in any other section type, parameter values can be defined by the user instead of
calculated.
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4.4 1 section type

For an I, (IR, or W) section, the required parameters are shown in Figure 28. These are
total height (d=%*), flange width (b¥=*), web thickness (tw=*) and flange thickness
(tF=*). All other section parameters are calculated using eqs. (4.10) to (4.15)

Y

Figure 28 I section type geometry

A=dt,+2(b, -t,)t, (4.10)
Lo [ (b L) a-t, Y
TR flz ~+(by —tw)tf{ ZfH (4.11)
3
dt? t; (bf_tw)
|, =—qp L W
y 12+ 5 (4.12)
J=2,t} +(d -t )t; (4.13)
A
f ~— 4.14
 ~ar (4.14)
;o L2A (4.15)

7 2bt,
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4.5 H section type

An H section type is basically an I section type rotated 90°, as shown in Figure 29. As a
result, for the calculation of inertia moments egs. (4.11) and (4.12) are exchanged, as well
as for shape factors in egs. (4.14) and (4.15).

-
w

.4
+

d
Figure 29 H section type geometry

4.6  Hollow rectangular section

When section type is defined as rectangular hollow PTR, the parameters required are total
width (b=%*), total height (h=%*), and thickness (t=*), as shown in Figure 30.

YA
-
h 5
z
t > &
+
+—

b

Figure 30 Rectangular hollow circle

Section properties are calculated using eqs. (4.16) to (4.21)
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A=bh—(b-2t)(h-2t)

bh® (b-2t)(h-2t)’

‘12 12

I
Y12 12

_bh (b-2t)’(h-2t)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)
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5 JOINT COORDINATES

The format for entering joint coordinates is shown in Figure 31. In the data block title,
the units can be chosen after Longitud=* as defined in Table 1. The joint number is n
(integers numbers only), followed by the coordinates in a cartesian three-dimensional
space. The joint numbers do not have to start from 1 or follow a sequential order.

// Nodos [Longitud=m]

n=100 x=0 y=0 2z=0
n=110 x=0 y=10 z=1.5

Figure 31 Joint coordinates data format

Once the node identification is assigned, the global coordinates of each node are entered
in the X direction (x=%*), Y direction (y=*) and Z direction (z=*). For two-dimensional
structures, the values of the non-existent axis (for example Z) can be omitted and they
are taken as zeros by default.
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6 MEMBER PROPERTIES AND INCIDENCES

The parameters for defining a structural member must be as shown in Figure 32:

Member identifier. As in the case of joints, member numbers are entered
through n= in integers numbers. No specific order or sequence must be followed.
Initial joint. Indicated by 1= number of initial joint.

Final joint. Indicated by J= number of final joint.

Material. Using Material= followed by the name of a material as defined in
the material data block.

Section. Assigned using Seccion= followed by the name of a defined section
type.

Member type. This parameter defines the degrees of freedom for analysis.
Member types are shown in Table 5. The parameter is entered after Tipo= .
Releasing degrees of freedom. Since it is possible that member types do not
adequately model the degrees of freedom required by the user, specific DOF can
be released using the command Libera, listing later the DOF to free, as shown
in Figure 32.

// Barras

n=10

i=20 J=30 Material=Acero Seccion=20x45 Tipo=Viga

[Libera][dxi][dyi][dzi][gxi][gyillgzi][dxj]1ldyj1[dzj1[gxi1l9yi1l9zil

Figure 32 Member data

Table 5 Member types and associated DOF

Member type Type definition Associated DOF
Truss Armadura or A dxi, dxj
Beam Viga or V dyi, gzi, dyj, gzj
Crid Reticula or R dyi, gxi, gzi, dyj, 9xj, 9zZj
2D Frame Marco2 or M2 dxi, dyi, gzi, dxj, dyj, 9zj
3D Frame Marco or Marco3 dxi_, dyi_, dzi_, gxi_, gyi_, gzi_,
or M3 dxj, dyj, dzj, gxj, gyi, 9zj
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When releasing specific DOF, the stiffness matrix is updated as follows:

[kT=[k]—{ke b k" {k. } (4.22)
where:
[k]= Member stiffness matrix with released DOF.

[k]= Original stiffness matrix (without released DOF).
{k.} = Column vector from the original stiffness matrix, corresponding to the DOF

to be released.
k' = Inverse of the element in the diagonal of the original stiffness matrix

corresponding to the DOF to be released.
{k,} = Row vector from the original stiffness matrix corresponding to the DOF to

be released.

As a result, the perfect embedding forces of the member are modified with:

(FEP'} = {FEP} —[k]? (4.23)

where:
{FEP'} = Modified embedded forces vector
{FEP} = Original, perfectly double-embedded member force vector.
[k]= Original stiffness matrix for an embedded member

FEP = Force vector value corresponding to the DOF original double-embedded
member.

k, = Element in the diagonal of the original matrix corresponding to the DOF to
be freed.
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7 SUPPORTS

The initial line in the supports data block may contain the units to be used, as shown in
Figure 33. To define supports, the required parameters are:

e Joint identification. Defined using n= follow by the identifier of the joint to be
a support.

e Full restriction. If the support has a full restriction to any DOF, this must be
indicated with dX, dy or dz for linear displacements on the global axes X, Y and
Z respectively; and for angular displacements use gX, gy or gz.

e Partial restriction. If the joint has a partial restriction, use the value of the
stiffness (spring constant) using KDx=*, KDy=* KDz=* for linear displacements
in the global axes directions X, Y and Z respectively; and with KGx=%*, KGy=>* or
KGz=* for angular displacements. For linear stiffnesses use units of force/length,

and for angular stiffnesses use units of force-length/angle.

Figure 33 illustrates support definitions. Full or partial restrictions not defined are
considered unrestricted.

// Apoyos [Fuerza=ton] [Longitud=cm]

n=+ [dx] [dy] [dz] [ox] [9y] [0z] [kax=*] [kdy=*] [kdz=*] [kox=*] [kay=*] [kgz=*]

Figure 33 Support data definition
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8 STATIC LOADING CASES

Definition of loading cases allow the solution of static load cases acting on the structure.

Also, intermediate results for each loading case can be reported to an output file. Figure

34 shows all options available in the loading cases definition, which are defined below.

// Casos de carga estatica
Caso=Carga_Muerta

[Reporta
[Reporta
[Reporta
[Reporta
[Reporta
[Reporta

vector de fuerzas]

vector de desplazamientos]
desplazamientos nodales]
calculo de fuerzas en barras]
reacciones en apoyos]
Resultados de barras = 1 2 5]

[Unidades de resultados [Longitud=*] [Fuerza=*] [Angulo=*]]
[Cargas en los nodos [Longitud=*] [Fuerza=*] ]

[Ca}gas en las barras [Longitud=*] [Fuerza=*] ]

Caso=éarga_Viva

[Reporta
[Reporta
[Reporta
[Reporta
[Reporta
[Reporta

vector de fuerzas]

vector de desplazamientos]
desplazamientos nodales]
calculo de fuerzas en barras]
reacciones en apoyos]
Resultados de barras = 1 2 5]

[Unidades de resultados [Longitud=*] [Fuerza=*] ]
[Resultados de barras = 5-8]
[Cargas en los nodos [Longitud=*] [Fuerza=*] ]

[Ca}gas en las barras [Longitud=*] [Fuerza=*] ]

Figure 34 Definition of static loading cases
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To define a static loading case, the following information is required:

e Caso=Loading_case name. The loading case name must be a single word,
with no spaces, 30 characters max. length.

e Reporta vector de fuerzas (Report forces vector). With this command the

software writes the load case force vector in the output file.

e Reporta vector de desplazamientos (Report displacements vector). With
this command the software writes the load case displacement vector in the output
file.

e Reporta desplazamientos nodales (Report node displacements). With
this command the software includes all de nodal displacements in the output file,
ordered in columns by displacement type.

e Reporta calculo de fuerzas en barras (Report member forces
calculation). Including this command, the products of members stiffness matrices
by joint displacements, for perfect embedding forces (FEP), and the final forces
in the global system are reported in the output file for the load case.

e Reporta reacciones en apoyos (Report support reactions). With this
command the software includes the support reactions for the load case in the

output file.

e Unidades de resultados (Result Units). Defines units for presenting loading
cases results. Units indicated in the general data block are used by default if no
new units are specified here.

e Resultados de las barras (Member Results). Results of all members are
reported by default. If not all member results are required, there are two ways of
requesting a list: 1) making a list of all the member names to be presented, as
shown in (Caso=Carga_muerta in Figure 34). 2) indicating a range of member
numbers to be listed (initial-final) as shown in (Caso=Carga_Viva, Figure 34).
Both ways can be used at the same time.
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e Cargas en los nodos (Joint Loads). Defines the start of the joint loading
data block. The units may be defined; if omitted, the units defined at the general
data block will be used. Section 8.1 details how to enter joint loads.

e Cargas en las barras (Member Loads). Defines the start of the member
loads block and may have a separate unit system. Accepted load types are
concentrated, uniformly distributed, or triangularly distributed.

8.1 Joint loads

Figure 35 shows how to enter joint loads. The loads can be concentrated forces in the
global coordinate system X, Y and Z. First, load node must be defined using n=*, then
the commands Fx=* Fy=* y Fz=* are used to enter forces, or moments with Mx=*,
My=* and Mz=*. As in previous cases, if no force value is defined, it will be considered

zero.

Caso=Nombre_caso
6argas en nodos [Fuerza=*] [Longitud=*]
n=* [Fx=*] [Fy=*]1 [Fz=*] [Mx=*] [My=*] [Mz=*]

Figure 35 Joint loads data input

8.2 Member Loads

8.2.1  Concentrated Loads

Figure 36 shows the definition of concentrated loads on members. First, the member
identification number (N=*) must be entered, then the applied load according to local
coordinate axes (Fy=*), and finally the distance from the member’s initial joint (a=*).
Figure 37 can be used as reference to define data on members.
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Caso=Caso_carga

Cargas en barras [Longitud=*] [Fuerza=*]
n=10 Fy=-10 a=1.5
n=10 Fy=-12 a=3.5

Figure 36 Input parameter for concentrated member loads on local y axis
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Figure 37 Parameters for concentrated member load on local y axis

The example showed in Figure 36 implies that two loads are applied to the member
number 10, the fist load of 10 is applied at 1.5 of the initial node, the second load of 12 is
applied at 3.5 of the same initial node. So, it is considered that two loads are applied at
the same member. The negative sign of forces indicate that they act in the opposite
direction to the local axis y.

To properly consider these forces on the analysis, member type must include y linear
displacement (Dy) and angular displacement around z (Gz), in local axes. In other words,
these loads CANNOT be applied in a member defined as Tipo=Armadura ( Type=Truss).
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Forces at the extreme nodes are computed according eqs. (4.24) to (4.25)

2
m, = fy% (4.24)
a’b
m, = —fy? (4.25)
nb+mh+mﬁ
f, S (4.26)
fya—miz—mjZ
f, = - (4.27)

In an analogous way, concentrated loads can be applied to member with respect to local
axis z, as indicated in Figure 38.

Caso=Caso_carga

Cargas en barras [Longitud=m] [Fuerza=ton]
n=20 Fz=-20 a=2
n=21 Fz=-2 a=3

Figure 38 Input parameter for concentrated member loads on local z axis

Parameter input data are referred to Figure 39. When concentrated loads are applied on
member respect to z local axis, the member must have active DOF for linear displacement
on z axis (Dz) and angular rotation respect to y axis (Gy).
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Figure 39 Parameters for concentrated member load on local z axis

8.2.2  Uniformly distributed loads

For the definition of uniformly distributed loads, use the parameters shown in Figure 40.
The load definition includes member identification (N=*) where the force will be applied,
value for the distributed load (Wy=*, referred to y local axis), distance from initial node
(a=*), and distance from final node (b=*). The positive direction of the applied force is
according to local axes, as illustrated in Figure 41. If multiple loads are defined on the
same member, loads are added, as well as their effects on the member and the structure.
Figure 41 can be used as reference to define input data of uniformly distributed loads
acting on y local axis. Input data for uniform distributed loads are based on scheme
showed in Figure 41.

Caso=Caso_carga
Cargas en barras [Longitud=*] [Fuerza=*]

n=15 Wy=-3 a=0.0 b=1.5
n=15 Wy=-5 a=1.5 b=0.0

Figure 40 Definition of uniformly distributed loads on members
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Figure 41 Definition of parameters for uniformly distributed loads on local y axis

Forces at extreme nodes are computed according to egs.

m,, :%{L?Z((a+c)z —az)—%((a+c)3 —a3)+%((a+c)4 -a’ )} (4.28)
m,, :—%[%((aJrc)g—a3)—%((a+c)4—a“)} (4.29)
b+~ |+m, +m,
- Wyc( + 2?_+m +m w0
c
- wyc(a+23— m, —m,, )

Distributed loads respect to z local axis can be applied to the members, replacing Wy by
Wz and using Figure 42 as reference.
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Figure 42 Definition of parameters for uniformly distributed loads on local z axis

To apply distributed loads on z axis, the member must have active de DOF of linear

displacement on z local axis (Dz) and rotation around y local axis y (Gy).

8.2.3  Triangular loads

Figure 43 shows the input data that must be entered to define ascendant triangular loads
on members in direction of y local axis. Load definition must include member identification
(n=%*), maximum value load (Tay=*), distance from initial node to the beginning of the
load (a=*), and distance from the end load to final node (b=%*).

Caso=Caso_carga

Cargas en barras [Longitud=*] [Fuerza=*]
n=20 Tay=-10 a=0.0 b=2.5
n=20 Tdy=-10 a=2.5 b=0.0

Figure 48 Input dada for triangular loads

Input data for triangular ascending loads are based on scheme showed in Figure 44.
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Figure 44 Parameters for ascending triangular load on y local direction

To define descending triangular load data on members acting in direction of y local axis,
only Tdy data type must be specified, as showed in the second line load data in Figure
43. For triangular descending load, data are based on scheme showed in Figure 45.

i
Y1 7;{!/ Nodo

?
Z

B
/ a & b
z +—)
[}
1 l
T T

Figure 45 Parameters for descending triangular loads on y direction local azis

The forces at end nodes for triangular ascending loads are computed according to egs.
(4.32) to (4.35).
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Tay c

m, = oo [10a” (3b+2c) + ¢ (10a+5b + 2c) + 20abc | (4.32)
T,C
M= [10b* (3a+c)+c* (15a+10b+3c)+40ah | (4.33)
T,C ( Cj
a+— [+m,+m,
2 3 !
f, = . (4.34)
TyC)(b+2c
2 3 —m;, _m]z
f, = - (4.35)

Similarly, triangular loads can be applied with respect to z local axis direction on members,
changing Tay or Tdy by Taz or Tdz respectively, using as reference Figure 46 for

ascending triangular load, and Figure 47 for descending triangular load.

]:l prt
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Figure 46 Parameters for ascending triangular load on z local axis direction
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Figure 47 Parameters for descending triangular load on z local axis direction
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9 TRUCKS FOR MOVING LOAD ANALYSIS

Figure 48 Truck data input

To use live moving loads (e.g. truck loads), the user must define the layout for such loads.
Each truck will be defined as follows:

e Truck name. After the command Camion= assign a truck name, which is a
single word, no spaces, 30 characters max length. It is optional in the same line
to include the units to be used.
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e Truck loading layout. Enter number pairs indicating distance (from truck first
axle) (x=*), and load value (Fy=%*). The loads are assumed to be applied in the

y member local axis (see Section 8.2.1).

For example, Figure 49 shows the data input for truck named T3-S3 and Figure 50 shows
the layout for truck named T3-S2-R4. Both trucks data input is defined in Figure 48.

——— Camion T3-S3
48.5 ton

3.5m 12m 425m 12m 12m

Figure 49 T3-S3 truck load layout

Camion T3-S2-R4
72.5ton

:
g

_+840ton «— (@

LS

OO0
:

+840ton «—
+8401ton «—

2 1ga0ton «— ®

+5.30ton «—
_T840ton +—

N
3——8.40 ton €—

_T840ton =

2m

w

Mo
3
w
o
3

4.25m

Figure 50 T8-S2-Rj truck load layout

2

2
o
3
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Once the trucks layouts are defined, where and how those loads are applied must be

defined. This is explained in next section.
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10 LANES FOR MOVING LOAD ANALYSIS

// Carriles
Carril=Nombre _carril_1
Barras que definen el carril =1 2 3 4-10
[Unidades de resultados [Fuerza=*] [Longitud=*] ]
[Barras para resultados = 8 10 14-20]}

Camion=Nombre_camion [Longitud=*]
[Direccion=Avanza Incremento=*]
[Direccion=Regresa Incremento=*]

Camion=T3-S3 Longitud=cm
Direccion=Avanza Incremento=1
Direccion=Regresa Incremento=5

Camion=T3-S2-R4  Longitud=cm
Direccion=Avanza Incremento=2

Carril=Nombre Carril_2

Figure 51 Definition of moving live loads lanes

The lane definition for moving loads indicates the software which structural elements will
be loaded and how truck loads must be applied to the structure. The loading path is
defined through structural members, as shown in Figure 51, and explained below.

e Carril=Nombre_carril_1 (Lane=Lane_name_1). This assign an
identification name to the lane; one word with no spaces and 30 characters max
length.

e Barras que definen el carril=* (Lane members). A list of member
number on which the truck loads will be applied. The list number sequence
represents the truck advance. It is recommended that the truck advancement
coincides with the local members coordinate system. The numbers in the list can
be separated by spaces, (i.e.: 1 2 3, Figure 51) or indicating ranges with a hyphen
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(i.e.: 4-10, Figure 51). In the example shown in Figure 51 the lane is defined by
members 1 to 10.

e Unidades de resultados (Result units). Used to define the units in which
results of moving loads analysis will be displayed. Since it is optional, if units are
not defined the software will use those units defined in the general data block (see
section 2.1).

e Barras de resultados (Result members). Indicates for which members
results will be reported. A member list must be defined, with the same
considerations as for defining a lane. For example, in Figure 51, members selected
for displaying results are 8, 10, and 14 to 20. If not indicated, results for all
members will be shown.

e Camion=* (Truck). Defines the truck to be applied as loading on the lane. The
truck should be defined in the truck data block (section 9). Length units may be
indicated as well for the truck step (increment for running the truck over the
members). Afterwards, the user must indicate (a) direction for truck circulation
Direccion=Avanza/Regresa (Direction=Forward/Backward), and (b) the
step at which the truck will be moving Incremento=* (Step=7*). For example,
in Figure 51, it is defined that truck T3-S3 must move forward at a step of 1 cm
(as shown in Figure 52), and backward 5 cm per step (as shown in Figure 53).

The T3-S2-R4 truck moves only in 2 cm steps forward.

The resulting force envelopes are reported for each defined loading lane. In case force
envelopes are required for each individual truck, separated lanes must be defined and
apply individual trucks on each one.
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Figure 52 Truck moving forward

Position

Figure 58 Truck moving backward
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11 MOVING LOADS ANALYSIS USING A DATABASE

// Bases de datos
Barras que definen el carril = 201-217
[Unidades de resultados [Fuerza=*] [Longitud=*] ]
[Barras de resultados = 302-309 400-409
[Calcular envolventes de fuerzas]
[Reporta reacciones en apoyos]

Base=C:\...\BD1l.csv [Fuerza=*] [Longitud=*]
Direccion=Avanza Incremento=*
Direccion=Regresa Incremento=*

Base=C:\...\BD2.csv [Fuerza=*] [Longitud=*]
Direccion=Regresa Incremento=*

Figure 54 Data input for moving load analysis using WIM database

To perform live loads analysis when truck data is stored in a database, the following
parameters must be defined:

e Barras que definen el carril (Lane members). Member list on which
the loads will be applied (same list structure as in section 10). For the example
shown in Figure 54 loads are applied on members 201 to 217.

e Unidades de resultados (Result units). An optional line indicating the
units to be used for results output. If omitted, result units will be those indicated
at the general data block (section 2.1)

e Barras de resultados (Result members). Defines for which members results
will be reported. Use the same structure as indicated in section 10. By default, all
member results are shown.

e Calcular envolventes de fuerzas (Calculate force envelopes). To
calculate envelopes for all forces, including those in the database and for each

individual truck in database. By default, only the maximums for resulting forces
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are obtained. Also, extreme forces (maximum and minimum) for each member
and each vehicle is reported.

e Reporta reacciones en apoyos (Report support reactions). Report the

extreme values (maximum and minimum) of forces at structure supports.

e Database file. Database name, using Base=file_name. A complete file access
path is required if the database is not in the same directory as the software. In
the same line indicate units Fuerza=* (Force=%*), Longitud=* (Length="%);
and afterwards one or two lines containing moving direction
Direccion=Avanza/Regresa (Direction=forward/backward), and step
moving increment Incremento=* (Step="%).

11.1 Database format

The truck database must be in a .CSV (comma-separated values) file that can be opened
using Microsoft Excel© software, as shown in Figure 55, containing data on a maximum
of 50 columns:

e First row is for headings. From row 2 on, there are data on weights and axe
distances.

e Column 1 (A). Number of vehicle axles

e Columns 2-26 (B-Z). Weight per axle, ordered from axle 1 to 25. Nonexistent
axes will have EMPTY cells. A zero value is assumed to be mistaken and the
vehicle will not be considered,

e Columns 27-50 (AA-AX). Distances between axles, 1-2, 2-3, 34, .. 23-34,
24-25. Nonexistent axe distances must be in empty cells.

All the units including weights and axle distances are indicated to the software as shown
in Figure 54. Data showed in Figure 55 corresponds to T3-S3 truck (Figure 49) and T3-
S2-R4 truck (Figure 50).

The results will be presented in several files with .RES extension. One file for each
database for member results (DBFilename — barras.res) and another one for each
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database if support reactions are required (DBfilename — reacciones.res) where
the respective results are detailed for each member and vehicle defined in database.
Additionally, in general output file, extreme force values will be reported for all databases,
for members and reactions, if that is required.

] HE 9 @ Camiones SCT.csv - Excel

Archivo  Inicio Insertar Disefio de pagina Férmulas Datos Revisar Vista Programadaor Ayuda PRUEBA DE CARGA ACROBAT EQUIPOD

¥ Cortar _ H ! ;
] Cy — N . 2 ab T -
.‘i Calibri 11 A A 7 2 Ajustar texto General - "

b B Copiar - Formato  Dar formato Estilos de | I
egar ., NKS- B- &-A- Combinary centrar = $ - 000 09 ormato ar formato Estilos de | Ing]
+¥ Copiar formato < ° condicional - como tabla~ celda~

Portapapeles & Fuente () Alineacion & Nimero Estilos

AK9 A 5

A B C D 3 F G H 1 J Al AB AC AD AE AF AG AH
AXLES AX_WTL AX_WT2 AX_WT3 AX_WT4 AX_WTS AX_WT6 AX_WT7 AX_WTS AX_WT9| AX_SP1 AX_SP2 AX_SP3 AX_SP4 AX_SP5 AX_SP6 AX_SP7 AX_SP8

5 6.5 975 | 9.75 7.5 7.5 7.5 3.5 12 425 | 12 12

9 5.3 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 3.5 12 425 12 32 12 32 12

w R W N

Figure 55 Database file viewed through Microsoft Excel®
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Appendix A EXAMPLE OF DATA INPUT FILE FOR 2D TRUSS
ANALYSIS

This appendix shows the data input file for a plane truss corresponding to example 2.3.4
showed in the e-book “Aspectos Bésicos del Método de Rigideces” (Basic Aspects of
Stiffness Method) (Hernandez-Martinez, 2015) It is noted that the referred book is
currently only available in Spanish; nevertheless, the English reader could use the book

(freely available at http://www.di.ugto.mx/GEMEC/) and infer the examples from the

figures and numbers

Example 2.3.4 from book: Aspectos basicos del método de rigideces
Plane truss analysis

Units: Force = ton (metric ton)
Length = cm
// Materiales Fuerza=kg Longitud=cm IMaterials

Material=Acero E=2100000

// Secciones Longitud=cm I1Sections
Seccion=5_cm2 Tipo=CGeneral
Seccion=10_cm2 Tipo=CGeneral
Seccion=20_cm2 Tipo=General

> > >
110l
[oNe}

// Datos generales de analisis IGeneral data
Unidades de fuerza = ton 1 Work units
Unidades de longitud = cm
Escribe datos de la estructura
Escribe matrices de barras
Escribe matriz de estructura
Solucion por Factorizacion LDLT
Esquema de almacenamiento en Semi-ancho de banda

// Nodos Longitud= I Joints
n=1 x=0 y=0
n=2 X=3 y=0
n=3 x=3 y=2
n=4 X=6 y=0
n=5 X=6 y=4
n=6 X=9 y=0
n=7 X=9 y=2
n=8 x=12 y=0
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// Barras

PRPRPPOONOUORMWNE
- -

S5S333 3333333353
[ T L L e I e (I
WNFO

// Apoyos
n=1
n=8

~NOOUARADMDMWWNNERRE

L S S S S Y S S S T = =
L L T 1|
OONN~NOUUBRDMWWN

Dx

// Casos de carga
Caso = Unico

Reporta
Reporta
Reporta
Reporta
Reporta

Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero
Material=Acero

Cargas en nodos

Seccion= 5_cm2
Seccion=20_cm2
Seccion=10_cm2
Seccion= 5_cm2
Seccion=10_cm2
Seccion=20_cm2
Seccion=10_cm2
Seccion=5_cm2

Seccion=10_cm2
Seccion=20_cm2
Seccion=10_cm2
Seccion=5_cm2

Seccion=20_cm2

1 Members
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura
Tipo=Armadura

1 Supports
Dy
Dy
1 Static load case
vector de fuerzas
vector de desplazamientos
desplazamientos
calculo de fuerzas en barras
reacciones
n=1 Fy=-2 jLoad for DOF restricted (support)
n=3 Fy=-4
n=5 Fy=-4
n=7 Fy=-4
n=8 Fy=-2 [!lLoad for DOF restricted (support)
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Appendix B EXAMPLE OF DATA INPUT FILE FOR BEAM
ANALYSIS

This appendix shows the data input file for beam analysis shown in Example 4.2.3 of the
e-book “Aspectos Bésicos del Método de Rigideces” (Basic Aspect of Stiffness Method)
(Herndndez-Martinez, 2015). It is noted that the referred book is currently only available
in Spanish; nevertheless, the English reader could use the book (freely available at
http://www.di.ugto.mx/GEMEC/) and infer the examples from the figures and numbers.

Example 4.2.3 from book: Aspectos basicos del método de rigideces

// Datos generales de analisis 1 General data
Unidades de longitud=cm fuerza=ton
Escribe datos de estructura
Escribe matrices de barras
Escribe matriz de estructura
Solucion Factorizacion Cholesky
Esquema de almacenamiento en semi-ancho de banda

// Materiales I Materials
Material=Conc_fc250 E=238.751963

// Secciones Longitud=cm 1 Sections
Seccion=25x60 Tipo=Rectangular b=25 h=60

// Nodos Longitud=m 1 Joints
n=1 x=0
n=2 x=3
n=3 X=7
n=4 X=9

// Barras 1 Members
n=1 i=1 j=2 Material=Conc_fc250 Seccion=25x60 Tipo=viga
n=2 i=2 Jj=3 Material=Conc_fc250 Seccion=25x60 Tipo=viga
n=3 i=3 j=4 Material=Conc_fc250 Seccion=25x60 Tipo=viga

// Apoyos 1 Supports
n=1 Dy Gz
n=2 Dy

n=3 Dy
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// Casos de carga
Caso = Unico

I Static load case

Reporta vector de fuerzas

Reporta vector de desplazamientos

Reporta desplazamientos

Reporta calculo de fuerzas en barras

Reporta reacciones en apoyos

Cargas en los nodos Fuerza=ton Longitud=m

n=2 Mz=-7
n=4 Fy=-10

Cargas en barras Fuerza=ton Longitud=m

n=1 Wy
n=2 Wy

-2
-3
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Appendix C EXAMPLE OF DATA INPUT FILE FOR 2D FRAME

ANALYSIS

This appendix shows the data input file corresponding to Example 5.3.3 of the e-book:
“Aspectos Bésicos del Método de Rigideces” (Basic Aspects of Stiffness Method)
(Hernéndez-Martinez, 2015). It is noted that the referred book is currently only available
in Spanish; nevertheless, the English reader could use the book (freely available at

http://www.di.ugto.mx/GEMEC/) and infer the examples from the figures and numbers.

Example 5.3.2 of book: Aspectos basicos del método de rigideces
Example 3 — Plane frames

// Datos generales de analisis
Unidades fuerza = ton
Unidades longitud = cm
Escribe datos de estructura
Escribe matrices de barras
Escribe matriz de estructura
Solucién Gauss-Seidel

Esquema de almacenamiento completo

// Materiales Fuerza=kg Longitud=cm

Material=Conc_*¥c200 E=197989.898732

// Secciones Longitud=cm
Seccion=Columna Tipo=Rectangular
Seccion=Trabe Tipo=Rectangular

// Nodos Longitud=m
n=1 x=0 y=0
n=2 X=6 y=0
n=3 x=0 y=4
n=4 X=6 y=4
n=5 x=0 y=8
n=6 X=6 y=8

// Barras
n=1 1i=1 j=3 Material=Conc_fc200
n=2 i=2 j=4 Material=Conc_fc200
n=3 i=3 j=5 Material=Conc_fc200
n=4 i=4 j=6 Material=conc_fc200
n=5 i1=3 j=4 Material=Conc_fc200
n=6 i=5 Jj=6 Material=Conc_fc200

b=55 h=55
b=25 h=40

Seccion=Columna
Seccion=Columna
seccion=Columna
Seccion=Columna
Seccion=Trabe
Seccion=Trabe

1 General data

I Materials

1 Sections

1 Joints

1 Members
Tipo=M2D
Tipo=M2D
Tipo=M2D
Tipo=M2D
Tipo=M2D
Tipo=M2D
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// Apoyos 1 Supports
n=1 Dx Dy Gz
n=2 Dx Dy Gz
// Casos de carga estaticos 1 Static load cases
Caso = Unico
Cargas en los nodos Fuerza=ton 1 Loads on joints
n=4 Fx=2
n=6 Fx=3
Cargas en barras Fuerza=ton Longitud=m ! Loads on members
n=1 Wy=-1
n=3 Wy=-1
n=5 Wy=-2
n=6 Wy=-3

Reporta vector de fuerzas I Optional results
Reporta vector de desplazamientos

Reporta desplazamientos nodales

Reporta calculo de fuerzas en barras

Reporta Reacciones en apoyos
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Appendix D EXAMPLE OF DATA INPUT FILE FOR GRID

ANALYSIS
This appendix shows the data input file for Example 4.13 of the book “Analisis Estructural
con Matrices” (Structural Analysis with Matrices) (Rojas-Rojas & Padilla-Punzo, 2009).
Unfortunately, this reference is not freely available; however, figures for this example will

be included in a future version of this manual.
Example 4.13 - Analisis Estructural con Matrices

// Datos generales de analisis ! General data
Unidades de Fuerza = ton ! Work units
Unidades de Longitud = cm
Escribe datos de estructura
Escribe matrices de barras
Escribe matriz de estructura

// Materiales Fuerza=ton Longitud=cm 1 Materials
Material=Unico E=221 G=88

// Secciones Longitud=cm 1 Sections
Seccion=25x50 Tipo=General 1z=260416.666667 J=178906.25
Seccion=20x50 Tipo=General 1z=208333.333333 J=98000

// Nodos Longitud=m 1 Joints
n=1 x=0.0 z=0.0
n=2 x=0.0 z=3.0
n=3 x=4.0 z=3.0
n=4 x=4.0 z=0.0

// Barras I Members
n=1 i=1 j=2 Material=Unico Seccion=25x50 Tipo=Reticula
n=2 i=2 j=3 Material=Unico Seccion=20x50 Tipo=Reticula
n=3 i=4 j=3 Material=Unico Seccion=25x50 Tipo=Reticula

// Apoyos I Supports
n=1 Dy Gx Gz
n=4 Dy Gx Gz

// Casos de carga
Caso=Unico
Reporta vector de fuerzas 1 Optional results
Reporta vector de desplazamientos
Reporta desplazamientos nodales
Reporta reacciones en apoyos
Reporta calculo de fuerzas en barras

Cargas en las barras Fuerza=ton Longitud=m ! Loads on bars
n=1 Fy=-5 a=1.5 b=1.5
n=3 Fy=-5 a=1.5 b=1.5
n=2 Wy=-2 a=0 b=0
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Appendix E EXAMPLE OF DATA INPUT FILE FOR 3D FRAME

ANALYSIS

This appendix shows the data input file for example 4.14 of book “Anélisis Estructural
con Matrices” (Structural Analysis with Matrices) (Rojas-Rojas & Padilla-Punzo, 2009).
Unfortunately, this reference is not freely available; however, figures for this example will
be included in a future version of this manual.

Example 4.14 - Analisis Estructural con Matrices

Marco 3D
// Datos generales de analisis 1 General data
Unidades de Fuerza = ton 1 Work units

Unidades de Longitud = cm

Escribe datos de estructura ! Intermedia results
Escribe matrices de barras

Escribe matriz de estructura

// Materiales Fuerza=ton Longitud=cm 1 Materials
Material=Unico E=158 G=47
// Secciones Longitud=cm 1 Sections

Seccion=25x50 Tipo=General A=1250 1z=260417 1y=65104 J=178906
Secci6n=30x60 Tipo=General A=1800 1z=540000 1y=135000 J=370980
Seccion=30x30 Tipo=General A=900 1z=67500 ly=67500 J=114210

// Nodos Longitud=m 1 Joints
n=1 x=-5 y=4 z=0
n=2 x=0 y=4 z=0
n=3 x=0 y=4 z=6
n=4 x=0 y=0 z=0
// Barras I Members
n=1 1i=1 j=2 Material=Unico Seccion=25x50 Tipo=M3D
n=2 i=3 j=2 Material=unico Seccion=30x60 Tipo=M3D
n=3 i=4 j=2 Material=Unico Seccion=30x30 Tipo=M3D
// Apoyos 1 Supports

n=1 dx dy dz gx gy gz
n=3 dx dy dz gx gy gz
n=4 dx dy dz gx gy gz

// Casos de carga 1 Static load case
Caso = Unico
Reporta vector de fuerzas
Reporta vector de desplazamientos
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Reporta desplazamientos nodales
Reporta reacciones en apoyos
Reporta calculo de fuerzas en barras

Cargas en barras Fuerza=ton Longitud=m ! Loads on members
n=1 Wy=-6
n=2 Fy=-15 a=3
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