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PREFACE

About this manual This User Reference Manual documents the use
of the MVSS finite element program which was 
developed to assist in the analysis of masomy 
veneer / steel stud wall systems. This program 
consists of the six parts listed below:

• Proprietary and disclaimer information
• File and data manager
• Pre-processing
• Analysis of masonry veneer / steel stud 

walls
• Post-processing
• Case studies

The mathematical basis for this finite element 
computer program was previously submitted to 
CMHC under the title Dejvrdng Better Cladding 
Systems - Theoretical Work.

This manual was prepared by DRYSDALE ENGINEERING And 
ASSOCIATES LIMITED and CHIDIAC ENGINEERING INC. for T.W.J. 
TRESTAIN STRUCTURAL ENGINEERING as part of a contract with 
CANADA MORTGAGE & HOUSING CORPORATION.
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DISCLAIMER

DRYSDALE ENGINEERING And ASSOCIATES LIMITED 
and CHIDIAC ENGINEERING INC. make no 
representation or warranties with respect to the 
content hereof and specifically disclaim all other 
warranties, expressed or implied, including but not 
limited to implied warranties as to the suitability of the 
software to meet all requirements or that the software 
will operate uninterrupted or free of error.

DRYSDALE ENGINEERING And ASSOCIATES 
LIMITED, CHIDIAC ENGINEERING INC., T.W.J. 
TRESTAM STRUCTURAL ENGINEERING AND 
CANADA MORTGAGE & HOUSING CORPORATION 
SHALL NOT BE LIABLE FOR ANY DAMAGES, 
INCLUDING BUT NOT LIMITED TO ANY LOSS OF 
PROFITS, LOSS OF SAVINGS, OR ANY OTHER 
INCIDENTAL OR CONSEQUENTIAL DAMAGES 
RESULTING FROM THE USE OR INABILITY TO USE 
THIS SOFTWARE. THE USER ASSUMES ALL RISKS 
AND RESPONSIBILITIES RELATED TO THE 
RESULTS AND PERFORMANCE OF THE SOFTWARE 
AND MANUAL.

The use of this software implies that the user has read 
this agreement, understands it and agrees to be bound 
by the terms and conditions listed herein. The user 
further agrees that this is the complete and exclusive 
agreement between you, the user, and DRYSDALE 
ENGINEERING And ASSOCIATES LIMITED, CHIDIAC 
ENGINEERING INC., T.W.J. TRESTAM STRUCTURAL 
ENGMEERMG AND CANADA MORTGAGE & HOUSMG 
CORPORATION and that this agreement supersedes all 
prior agreements, written or oral.

TRADEMARKS

IBM, IBM, PS/2 are trademarks of International Business Machines Corp. 
Intel, 80286, 80386, and 80486 are trademarks of Intel, Inc.
Microsoft, Microsoft Mouse, and Ms-DOS are trademarks of Microsoft, Inc. 
HP-GL is a trademark of Hewlett Packard, Inc.
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EXECUTIVE SUMMARY

The MVSS finite element computer program was developed to provide an accurate ana­
lytical tool for studying the real behaviour of masonry veneer/steel stud wall systems.
This User Reference Manual provides detailed description of the program capabilities and
limitations, complete instructions on how to use the program and 4 case studies.

The program includes the following capabilities:

• Two way bending of the brick is considered.
• The flexibility of the steel components (ties, tracks and studs) is modelled.
• Maximum tie strengths can be specified.
• The effect of windows and other openings can be included in the analysis.
• Loads from windows or doors can be distributed to the stud frame or the veneer at 

pre-selected attachment points.
• Various boundary conditions for the brick and the stud (such as comers and intersect­

ing shearwalls) can be specified.
• The cracking behaviour of the masonry can be predicted by program or can be speci­

fied by the user.
• The effect of missing brick ties or the introduction of retrofit brick ties can be studied.
• The structural effects of full or partial pressure equalization can be studied.

A number of "user-friendly" features are included:

• The program contains a finite element mesh generator which relieves the user of a lot 
of tedious input while at the same time retaining the flexibility to handle a wide vari­
ety of wall geometries.

• Data banks have been included with experimentally derived stiffnesses for ties, top 
and bottom tracks (based on the McMaster studies) and stud properties taken from 
product literature.

• The data banks can be added to or amended as required.
• Extensive use has been made of pop-up screens to facilitate data entry.
• Plotting routines have been added to allow the user to see on-screen the input geome­

tries and boundary conditions and output forces, stresses, deflected shapes and crack 
patterns.

• The graphical display can be dumped to either a file or a printer
• Detailed input and output data is also sent to an ASCII file for easy access by any 

standard text editor.



RESUME

Le logiciel de modelisation des elements finis pour placage de magonnerie sur ossature metallique 
a ete mis au point pour servir d'outil analytique precis dans 1'etude du comportement reel de ce 
genre d'ouvrage mural. Le manuel de I'utilisateur donne une description detaillee des capacites et 
des limites du logiciel et foumit les instructions completes sur son utilisation ainsi que quatre 
etudes de cas.

Le logiciel possede les capacite suivantes :

• prise en consideration de la flexion bidirectionnelle de la brique

• modelisation de la souplesse des composants metalliques (attaches, rails et poteaux)

• possibilite de preciser la resistance maximale des attaches

• possibilite d'inclure dans I'analyse I'effet des fenetres et d'autres ouvertures

• capacite de repartir les charges des fenetres ou des portes aux poteaux ou au revetement 
intermediaire selon certains points de fixation preselectionnes

• possibilite d'indiquer diverses conditions aux limites pour la brique et les poteaux (comme les 
angles et les murs de contreventement servant d'intersection)

• prevision par le logiciel ou indication par I'utilisateur du comportement a la fissuration de la 
magonnerie

• etude de I'effet de 1'absence d'attaches a brique ou de la pose en rattrapage de nouvelles attaches

• etude des effets structuraux d'un equilibrage partiel ou complet de la pression

Le logiciel offfe egalement des caracteristiques de convivialite :

• le logiciel contient un outil de maillage d'elements finis qui libere I'utilisateur d'un bon nombre 
d'operations fastidieuses tout en conservant la souplesse requise pour traiter un large eventail de 
geometries murales

• des banques de donnees integrees comportent des donnees de rigidite experimentales pour les 
attaches, les rails superieurs et inferieurs (fondees sur les etudes de McMaster) et les proprietes 
des poteaux (tirees de la documentation sur les produits)

• le contenu des banques de donnees peut etre augmente ou modifie selon les besoins

• on a eu abondamment recours a des ecrans instantanes pour faciliter la saisie des donnees

• des programmes de tragage ont ete ajoutes pour permettre a I'utilisateur de visualiser a 1'ecran 
les geometries saisies et les conditions aux limites ainsi que les forces resultantes, les 
contraintes, les manifestations du flechissement et les types de fissures

• 1'affichage peut etre sauvegarde sous forme de fichier ou etre envoye a une imprimante

• les parametres a traiter et le resultat du traitement peuvent etre convertis en fichier ASCII pour 
ensuite etre facilement consultes par 1'intermediaire de n'importe quel editeur de texte standard



CMHC ft SCHL
Helping to 

house Canadians
Question habitation, 
comptez sur nous

National Office Bureau national

700 Montreal Road 
Ottawa, Ontario 

K1A0P7

700 chemin de Montreal 
Ottawa (Ontario) 
K1A0P7

Puisqu'on prevoit une demande restreinte pour ce document de 
recherche, seul le sommaire a ete traduit.

La SCHL fera traduire le document si la demande le justifie.

Pour nous aider a determiner si la demande justifie que ce rapport 
soit traduit en franqais, veuillez remplir la partie ci-dessous et la 
retourner a 1'adresse suivante :

Le Centre canadien de documentation sur 1'habitation 
La Societe canadienne d'hypotheques et de loqement 
700, chemin de Montreal, bureau Cl-200 
Ottawa (Ontario)
K1A 0P7

TITHE DU RAPPORT :

Je prefererais que ce rapport soit disponible en frangais.

NOM

ADRESSE
rue app.

ville province code postal

No de telephone

TEL: (613) 748-2000
Canada Mortgage and Housing Corporation Societe canadienne d'hypotheques et de logement

Canada
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INTRODUCTION

MVSS Overview

Relevant information to assist in the use of the MVSS, finite element 
computer program, is presented in this manual. The program is written 
in modular form to facilitate its use and for ease of adding new modules. 
MVSS includes both pre- and post-processor and an iterative analysis 
routine to permit cracking of masonry walls and failure of the steel ties. 
It also includes a data bank that can be modified or augmented. The 
data bank is used to store the properties and descriptions of the steel 
studs, steel ties and top and bottom tracks.

A file management system is incorporated in this program so that the 
user can easily list and choose from the existing files. A special pre­
processor is implemented to generate a finite element mesh appropriate 
for masonry veneer steel stud walls.

A graphical interface has been added to the post-processor module to 
display the layout of the wall system, the boundary conditions, the 
deformation of the wall system, the stress contours, the tie forces and 
the crack pattern. Moreover, the graphical display can be dumped to 
either a file or a printer. Only PostScript printers and HP-GL plotters are 
supported.

Analysis of the MVSS Structural System

The rational design of wall systems composed of masonry veneer and 
steel stud backup walls is hampered by use of analytical methods that, 
on the one extreme, contain too many simplifying assumptions to provide 
reasonably accurate information. At the other extreme, use of more 
sophisticated analytical tools imposes such a large time and cost burden 
as to be impractical in all but a few special cases. The MVSS program 
was developed to provide engineers and architects with a sophisticated 
analytical tool that would permit comprehensive and accurate evaluation 
of designs without incurring excessive time or financial costs.

A full description of the theoretical background to the MVSS program is 
available in Defining Better Cladding Systems - Theoretical Work available 
from CMHC. However, the basis for its development will be briefly 
described here. The masonry veneer is modeled as an elastic - brittle 
material using a 4-node non-conforming plate bending element, where 
various edge and support conditions and shapes of openings can be
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included. Using previously verified criteria relating flexural cracking 
strength and crack orientation to the principle stress directions, relative 
to the orientation of the mortar joints, both the initiation and 
propagation of cracks are predicted. Although formation of the first 
crack may be a serviceability concern, it does not constitute a structural 
failure. Therefore the analysis of the gradually changing structure 
(changing as cracks developed) can continue until the stress in some 
other structural elements (i.e. a tie or a steel stud) exceeds its limits.

The attachment of steel stud frame to the structure is formulated in a 
way that allows the translations and rotations occurring in the track 
connections (or other connecting devices) to be included in the modeling. 
End studs can be supported at various points over their length and 
bridging between studs can be introduced at several elevations. Ties 
with selected load-deformation properties are used to connect the 
masonry veneer to the backup wall. Lateral load can be applied to the 
veneer, the stud wall system, or both and loads from windows and doors 
in openings can be distributed to the stud frame or the veneer using pre­
selected attachment points and load distribution systems. The user 
should note that openings (doors, windows, etc.) are assumed to be 
infinitely rigid plates and should be in a separate plane from both the 
veneer and the backup walls. The plate representing the opening can be 
attached to either wall using ties between the corresponding opening 
plate element nodes and wall nodes.

After initiation of the first crack, lateral load is applied incrementally to 
enable the propagation of that crack and the development of new cracks 
to be predicted. Alternatively, cracks can be introduced at the time that 
the initial geometry of the masonry veneer is specified.

The computational method for developing and propagating the cracks 
within the masonry veneer is based on a fixed smeared crack approach. 
This approach reduces the stiffness of the element perpendicular to the 
crack. This usually results in multiple cracks within the finite element 
depending on the number of integration points used. For further 
information, the user should refer to CMHC report Defining Better 
Cladding Systems - Theoretical Work. The user can introduce discrete 
crack in the model by physically separating the elements at the desired 
locations.

A data bank, compiled from Reference 1 to 3# , is included to provide the 
user with typical information on properties of the structural elements.

#1 Drysdale, R.G. and Wilson, M., "A Report on Behaviour of Brick Veneer / Steel Stud Tie 
Systems", CMHC Publication, March 1989.
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The user may select properties from the data bank or input other 
information as required for the system being analyzed. The use of the 
program is discussed in greater detail in the following sections.

MVSS Limitations

Version 2.1 of the MVSS finite element program has some limitations 
that the user should keep in mind. The load transfer between the steel 
tie and steel stud is assumed to occur at the shear center. This means 
that the analysis of potential torsional buckling of the steel stud must be 
done outside the program. Although the Saint Venant torsional constant 
is required, it is only effective when there is an in-plane load transfer due 
to the presence of horizontal steel stud framing elements.

To include windows or doors in the model, masonry type elements need 
to be used with an artificially high stiffness so that it behaves as a rigid 
member. It can be attached to the masonry veneer or backup wall using 
steel ties as attachment members.

The lateral pressure can be applied to either the masonry veneer or the 
steel stud backup wall. The printed deformation and stress correspond 
to the computed cracking load for the particular stage of cracking. It 
should also be noted that there is a limitation on the number of 
elements, nodes, regions, key points, etc., that can be used to generate 
the model. The user should refer to Table I to check the actual 
limitations.

System Requirements

The hardware items listed below define the minimum operating 
environment for use of the MVSS program

• An IBM PC, PS/2 or 100% compatible computer,
• An IBM VGA Adapter and fully compatible display,
• A mathematical co-processor,
• A minimum of 627 K of conventional memoiy,
• A hard disk,

#2 Drysdale, R,G. and Wilson, M., "Tests of Full Scale Brick Veneer / Steel Stud Walls to
Determine Strength and Rain Penetration Characteristics", CMHC Publication, July 1990, 280 
pages

#3 Drysdale, R.G., and Breton, N., "Strength and Stiffness Characteristics of Steel Stud Backup 
Walls Designed to Support Brick Veneer", CMHC Publication, September 1991, 310 pages.
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• MS-DOS 5.0 or above,
• A Microsoft-compatible mouse,
• A supported printer.

Table I Maximum values to be used with the program MVSS.

Parameters Allowable maximum values
Number of regions 100
Number of material set 9
Number of key points 200
Number of boundaries 50
Number of nodes 270
Number of elements 290
Number of degrees of freedom 1300
Number of cracked elements 50
Number of constrained Nodes 50
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INSTALLATION

Before installing the program MVSS, the user should:

• Create a backup copy of the distribution diskette and store the 
original in a safe place

• Check the README.DOC for any messages. This facility is 
included to provide additional instructions and future 
information on program upgrades.

Backup

The user should make a backup copy of the original diskette before 
proceeding with the installation. The user may do this by using the 
DISKCOPY command available from DOS. This will copy the contents of 
the original diskette, including those in sub-directories, from a source 
disk to a destination disk. Once completed, it is advisable that the user 
works with the backup disk and places the original in a safe place. The 
steps to be followed are:

1. Place original diskette in drive A
2. Place formatted backup diskette in drive B
3. Type C:\>DISKCOPY A: B:

Installing MVSS

The distribution diskette contains several files and they are:

Files Description

MVSS.EXE
*.DTA

*.LBR
*.BIN
BEG.COM, END.COM & 
DISPLAY.COM

Executable version of the Program MVSS 
Data bank for the steel stud, steel ties 
and the track.
Libraries used by the program MVSS 
Printing drivers
Drivers required to display the graphical 
interface.

To install the program MVSS, please follow these steps:
1. The user needs to create two directories, the first one will be used to 

store the program MVSS and the second one will be a working
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directory where the computed data will be stored. This can be 
accomplished by typing:

C:\>MKDIR name of directory
2. Place the distribution diskette in drive B:
3. Type

C;\>B:
4. Type

B:\>INSTALL
5. Enter name of the two directories that have been created including 

device name, i.e., C:\name of directory
6. If you make a mistake, repeat steps 4 and 5.

Once the installation is complete, the user can go to the working 
directory and begin the analysis. The user should note that an 
additional step is required every time a new working directory has been 
created and the steps are illustrated in the setup of the local path.

Setup of the local path

This step is essential for establishing the link between the menus and 
the program MVSS. If this link is missing, a menu will pop up as shown 
below:

MENU

* *
* MESSAGE *
* Path to the program MVSS is defined in FILE *
* CONFIG.DAT. The present working directory *
* does not contain this file. *
* Enter the necessary information to create *
* CONFIG.DAT. *
* *
***************************************************** 
* *
* Enter name of directory xxxxxxxxxxxxxxxxxxxxxxxxxxx

The user must input the correct path where the program MVSS has been 
installed. This step is automatically invoked every time a new working 
directory is created.
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PLOW CHART OF MVSS

The analysis procedure employed in this computer program is identical 
to the first version reported earlier in the CMHC report, Defining Better 
Cladding Systems - Theoretical Work. Improvements in the current 
version relate to cracking of the masonry and the ability to eliminate the 
resistance of steel tie when it has reached its specified capacity [user 
input].

The step by step procedure to be followed to perform an analysis is as 
follows:
1. Upon entry to MVSS, a proprietary screen is displayed. The user can 

either use the mouse to click or enter any key to proceed to the next 
screen.

2. The disclaimer information is presented to inform the user of the 
conditions attached when using this program. The user can either 
click or enter [F10] to continue or fESC/ to exit.

3. By accepting the conditions presented in the disclaimer screen, the 
user can begin to prepare for the analysis. The first step is to open a 
file where all the data can be stored. The user can also access the 
data bank from this menu. To select any of the features, just click on 
it using the mouse or enter the function key associated with it. You 
can hit or enter [F10] to continue or /ESC/ to exit MVSS.

4. Before allowing the user to proceed with the analysis, MVSS checks to 
ensure that the user has opened a new file or retrieved an existing file. 
Once this is confirmed, the main menu is displayed. This menu 
directs the user to the pre-processor, the analysis routines and the 
post-processor.

5. The pre-processor is represented by four menus, namely the 
geometry, the boundary conditions, the applied load and the member 
properties.

6. The analysis routine is represented by two menus, namely the data 
check menu and the analysis menu.

7. The post-processor is accessible using the plot menu.
8. At anytime in the main menu, the user can either hit or enter [F10] to 

save the information before exiting this file. Hit or enter [ESC] to exit 
without saving any of the information entered or computed.

In the following pages, the steps and associated screens have been 
reproduced using various menus. The appropriate information is 
presented to help guide the user through the complete process.
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PROPRIETARY INFORMATION

This menu is intended to display ownership and copyright for the MVSS 
program.

MENU

MUSS
Finite Element Analysis of Masonry Veneer / Steel Stud Uall System

Developed by 
CHIDIAC ENGINEERING INC.

8
DRVSDALE ENGINEERING And ASSOCIATES LIMITED

EF10] - CONTINUE

INPUT DESCRIPTION
[F10] To proceed to next screen
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DISCLAIMER INFORMATION

This menu is displayed to warn users that, even though eveiy effort is
made to ensure that this program is error free, by continuing after this
menu, the user accepts the conditions noted on this screen.

MENU

PROGRAM MUSS
PLEASE READ CAREFULLY BEFORE PROCEEDING

This software has been developed by DRYSDALE ENGINEERING and ASSO­
CIATES LIMITED and CHIDIAC ENGINEERING Inc as part of a contract with 
TUJ TRESTAIN STRUCTURAL ENGINEERING for CANADA MORTGAGE & HOUSING 
CORPORATION . Due diligence has been exercised in its development 
but neither DRYSDALE ENGINEERING and ASSOCIATES LIMITED, CHIDIAC 
ENGINEERING Inc., TUJ TRESTAIN STRUCTURAL ENGINEERING nor CANADA 
MORTGAGE S HOUSING CORPORATION can be held responsible for any errors 
or onissions contained within this software or its docunentation, or 
be held liable for any damage or claims resulting from the use or 
nisapl1ication of this software package.

Proceeding to use this software package Implies acceptance of the above 
conditions and the relinquishment of all rights to claim against 
DRYSDALE ENGINEERING and ASSOCIATES LIMITED, CHIDIAC ENGINEERING Inc., 
TUJ TRESTAIN STRUCTURAL ENGINEERING and CANADA MORTGAGE & HOUSING 
CORPORATION from any damage resulting from the use of this software.

REJECT ABOVE CONDITIONS [ESC] ACCEPT ABOVE CONDITIONS [F10]

INPUT DESCRIPTION
[F10] To accept above conditions and thus proceed with 

the analysis.
[ESC] To reject the above conditions and thus, exit the 

program.
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FILES / DATA MANIPULATION

This menu allows the user to perform various file and data 
manipulations. The user can open a file, or list the files present in a 
directory and then choose the required file. Using the Data Manipulation 
option, the user can add, delete or modify any member information in the 
data bank. The user can only exit the program from this File 
Manipulation menu.

MENU

FKOGKAn FI V S i>
FILE / DATA MANIPULATION SCREEN 

FILE MANIPULATION

LFU OPEN A FILE

IF21 DIRECTORY
DATA MANIPULATION

IF3I DATA MANIPULATION

[ESC! TO EXIT PROGRAM [F10] TO CONTINUE

INPUT
[FI]
[F2j
[F3]

[FIO]

[ESC]

________________ DESCRIPTION________________
This selection will open a menu called Open a File. 
This selection will open a menu called Directory. 
This selection will lead to the data bank where the 
user can modify, add or delete any member 
information.
To validate that either a new file has been created 
or an existing one has been retrieved before 
proceeding to the main analysis menu. If a file 
name has not been specified, an error message will 
appear.
To terminate the analysis and exit the MVSS 
program.______________________________________
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Open a File

This menu permits the user to open a file in any directory available on
the hard disk. If the name of the file has been used before, a warning is
given in case a new file is needed.

MENU

CREATE / OPEN A FILE NAME
IvtvJvtfX W6W SWS-

ENTER NAHE OF FILE TO BE CREATED / OPENED *
CESCI - CANCEL CF10J - VALIDATE

INPUT DESCRIPTION
ENTER NAME OF 

DIRECTORY 
ENTER NAME OF 

FILE TO BE 
CREATED/ 
OPENED 

[F10]

Enter the name of the directory where the file will 
reside.
Enter the name of a new file to be created or the 
name of an existing file to be retrieved.

To validate the above information. If the file is
already present, a warning is given in case a new 
file name is needed.

[ESC] To quit and return to the FILES / DATA 
MANIPULATION menu.
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Directory

This menu permits the user to access any directory in order to inspect its
content. At the same time a user can select and open an existing file in
that directory.

MENU

DIRECTORS
ENTER NAME 
OF DIRECTORY liiiiiil!
EESCI - CANCEL tF103 - UALIDATE

i
=[F13 - OPEN FILE=

INPUT DESCRIPTION
Name of Directory Enter the name of the directory in which a file 

search will take place.
[F10] To accept the above information and display the 

file names present.
[FI] Once the files are displayed, the user can select 

the file and use this key to open it.
[ESC] To quit and return to the FILES / DATA 

MANIPULATION menu.
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Data Bank

This menu permits the user to access the data bank in order to add new
information or modify existing data. The data bank allows the user to
select either steel stud, steel ties or track as the member to be accessed.

MENU

SELECT MEMBER TYPE
I E STEEL STUD B
1 E STEEL TIES 2
1 E TOP/BOTTOM TRACK 2

INPUT DESCRIPTION
Member Type Click on the member type you want to select and 

thus access its data bank.
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Member Data Bank

This menu permits the user to add new members, modify existing ones
or delete an existing one from the data bank. Shown below is the menu
for the steel stud.

MENU

-DESCBIPTION OF S.S. MOMENT OF INERTIA(pii»**4) St. UENANI CONST(mn**4)—»

S
T
E
E
L
S
T
U
D
D
A
T
A

FI - ADD F2 - MODIFV F3 - DELETE F10 - VALIDATE ESC - CANCEL

INPUT DESCRIPTION
[FI] To add a new member to the data bank.
[F2] To modify the properties of an existing member.
[F3] To delete the record of an existing member.
[F10] To validate input and thus store any new or

modified data before returning to the FILES / 
DATA MANIPULATION menu.

[ESC] To return to the FILES / DATA MANIPULATION
___________________menu without saving any changes._______________
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Add, Modify or Delete Properties in the Steel Stud Menu

This menu permits the user to add to / modify the steel stud data bank.

MENU

MENU DESIGNED TO ODD OR MODIFY STEEL STUD PROPERTIES
DESCRIPTION OF STUD 
Moment of Inertia 
St. Uenant Constant

(mm**4)
(mra**4)

FIB - VALIDATE ESC - CANCEL

INPUT DESCRIPTION
Description of Stud 
Moment of Inertia
St. Venant

Constant
[F10]
[ESC]

A label used to identify the entry.
The second moment of the area for the section.
This is the resistance of this section to twisting.

To validate the input and store it before exiting.
To exit without saving.
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Add, Modify or Delete Properties in the Steel Ties Menu

This menu permits the user to add to / modify the steel tie data bank.

MENU

MENU DESIGNED TO ADD OR NODIFV STEEL TIES PROPERTIES
DESCRIPTION OF TIE
Abreuiation
Stiffness

FIB - UALIDATE ESC - CANCEL

INPUT DESCRIPTION
Description of Tie
Stiffness
[F10]
[ESC]

A label used to identify the entry.
The axial stiffness of the tie in N/mm.
To validate the input and store it before exiting.
To exit without saving.
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Add, Modify or Delete Properties in the Track Menu

This menu permits the user to add to / modify the track data bank.

MENU

MENU DESIGNED TO ODD OR MODIFV TRACK PROPERTIES
DESCRIPTION OF TRACK 
Labe 1
Stiffness 11^®11BI11! (N/'mm)

F10 - UALIDATE ESC - CANCEL

INPUT DESCRIPTION
Description of Track
Stiffness
[F10]
[ESC]

A label used to identify the entry.
The shear stiffness of stud to track connection.
To validate the input and store it before exiting.
To exit without saving.
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EXIT

This entry is required to exit the MVSS program and is only accessible 
from the FILES / DATA MANIPULATION menu.

MENU

UARNING 
DO YOU WANT TO EXIT MOSS 
E YES E E NO E

INPUT DESCRIPTION
[YES]
[NO]

To exit the program and return to DOS.
To ignore entry and return to the FILES / DATA 
MANIPULATION menu.

MVSS - version 2.1 User Reference Manual 22



PRE-PROCESSOR MENU

This menu allows the user to select the necessary menu in order to enter
the preparatory information for the analysis. Both the analysis menus
and the graphical output menus are accessible through this menu.

MENU

—* P B 0 G R A N MUSS
MAIN MENU

CFII GEOMETRY CF4J MEMBER TYPE

IF2] BOUNDARY [F51 DATA CHECK

LOAD IFAl ANALYSIS[F3I A P P L I E D

CF7] PLOT

IF18I SAVE INFORMATION[ESC! QUIT

INPUT DESCRIPTION
[FI] To open the menu to enter the geometric 

information.
[F2] To open the menu to specify the boundary 

conditions.
IF3J To open the load menu.
[F4] To open the member type menu.
[F5] To open the menu that will allow the program to 

generate the data in preparation for the analysis.
[F6] To open the analysis menu to select the type of 

analysis.
[F7] To access the plot menu.
[F10] To save both the input information and computed 

results before exiting.
[ESC] To exit the menu without saving any information. 

A warning is given before accepting the entry.
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Input Geometry

This menu permits the user to enter the geometry of the wall to be 
analyzed. The mesh generator requires all of the information listed in 
this menu. The wall is always assumed to be positioned in the x-y 
direction where the x- and y-direction are parallel and normal to the bed 
joint, respectively. The depth of the wall is in the z-direction. The three- 
dimensional analysis is performed using layering, where the masonry 
wall is the first layer and the steel stud backup wall is behind it. The 
plot menu can be used to check whether the layout of the wall has been 
entered correctly.
To include windows or doors in the model, the user needs to use the 
masonry plate element but must modify the properties to reflect a rigid 
behavior. Furthermore, the element for the windows or doors cannot be 
lined up with the exterior face of the masonry veneer and must be 
attached to either the veneer or the backup wall using tie members.

MENU

Region Number
GEOMETRY

Material Set Number

struct,™,, jj ^ O St... JE Wta. O
Member 

Key Point

:£§IAREA

x_coord (mm) y coord (mm)
r 1 11

1!

z_coord (mm)
:

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)

2nd Key Point1st Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

3rd Key Point ;||j|| 4th Key Point 

Number of Elements between
2nd and 3rd Key Point

[ESC! EXIT [F9] DELETE REGION IF10] GENERATE THE MESH

INPUT DESCRIPTION
Region Number A region must be rectangular in shape and is

labeled for reference. Once a region number has 
been defined and saved, the data entry can be 
revisited by just re-entering the region number.

Material Set Since the model can have up to nine different
Number material sets, a label is used to identify the material

set that is appropriate for that geometric region.
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Structured. Member

Key Point

Area

Region Size

IF 10}
[ESC]____________

MVSS - version 2.1

Member type. It should be noted that for each 
material set, the user can define different properties 
for masonry, steel stud, steel tie, etc.
Every region is defined by four key points located at 
each comer. Key points are labeled for reference. 
Again, once a key point has been defined, the data 
entry can be revisited by entering the label number. 
The area is defined by the four key points that 
define the comers of this region.
This informs the program of the number of finite 
elements required to model this region. The first 
entry defines the number of elements between the 
1st and 2nd key point and the second entry between 
the 2nd and 3rd key point.
To save the information.
To exit the menu.
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Example

A simple example is used to graphically illustrate the logic behind the
mesh generator. Assuming that the region is bounded by (0,0) and (1,1)
with a thickness of 0.1, then the corresponding key point entries are:

Key Point x-coordinate y-coordinate z-coordinate
10 0.0 0.0 0.0
15 1.0 0.0 0.0
20 1.0 1.0 0.0
17 0.0 1.0 0.1

The AREA entries are simply the labels used to define the comers of that 
region, i.e.,

1st Key Point
10

2nd Key Point
15

3rd Key Point
20

4th Key Point
17

The number of finite element required to model this region is specified in 
the region size where

Number of Elements between 
1st and 2nd Key Point

2
Number of Elements between 

2nd and 3rd Key Point
4

The above entries will generate the mesh shown below.

3rd Key Point4th Key Point

1st Key Point =10 2nd Key Point =15 
(0,0) (1,0)
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Input Boundary Conditions

This menu permits the user to specify the boundary conditions required 
for the analysis. This information is very important to accurately model 
the actual structural system. The boundary conditions are entered using 
the same general approach as for the geometry. In this case, a line is 
defined using two key points and the depth is noted using the z- 
coordinate. The constraints for all the degrees of freedom, i.e. 
displacement in x-direction, displacement in y-direction, displacement in 
z-direction, rotation about the x-axis and rotation about the y-axis, must 
be specified. The label FIX implies no movement is allowed whereas 
FREE implies free to move. Furthermore, the user has also the option of 
constraining the movements and rotations of any node generated. To 
identify the node number to be constrained, the user must review the 
model using the node number command in the PLOT menu.

MENU

BOUNDARY
Boundary Number
Structure1 
Member

Masonry |pl Wall stud 0 Steel ties 
O Track

Location of Boundary
1st Key Point 2nd Key Point z coord •xvXv:*: .V.V.V.V.V.V.V.V.V.V. (mm)
Constraint

_ 1. O fix J; _ .
in X O FREE|in V O FREE|in Z O FREE||about X O FREE|about V O FREE

Constraint for Node No.
>1. O FIX iDispl. O FIX 

in X O FREE in « O FREE I in Z O FREE 11about X O FREE [about V O FREE

Displ. OFIX [Displ. OFIXjDispl. O FIX 11 Rotation O FIX [Rotation O FIX

Displ. O FIX [Displ. O FIX | Displ. O FIX j | Rotation O FIX [Rotation O FIX

IESC1 EXIT [F51 GENERATE GRID CONSTRAINT IF10] GENERATE CONSTRAINT

INPUT DESCRIPTION
Boundary

Number
Structural

Member
Key Point

Each boundary is labeled for reference.

Member type.

Every boundary is made up of two key points and a 
z-coordinate. These key points must be defined in 
the geometry menu.
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Constraint

Node

[F5J
[F10]
[ESC]

Enter type of constraint for all five degrees of 
freedom. For the masonry, all five degrees of freedom 
are activated namely, displacement in x-, y- and z- 
direction, and rotation about x- and y-axes; for the 
steel studs, the z-displacement, twisting and bending 
are activated (twisting and bending are represented 
by the entry rotation about x- and y- axes, 
respectively): and for the ties and the track only the 
z-displacement is activated.
Enter the node number, if not sure of the actual 
number, use the plot menu to display the node 
numbers.
To save the information for the NODE constraint.
To save the information for the boundary constraint. 
To exit the menu.
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Input Applied Load

The lateral load normal to the wall surface can be applied in any 
combination between 100% to the surface of the masonry wall to 100 % 
to the backup wall. The user does not define the applied load, rather, 
the program calculates the required load to initiate or extend a crack.

MENU

LOAD DISTRIBUTION 
Percent Load Applied to
Masonry ff Steel Studs

CESC1 EXIT CF101 SAVE x Load Applied

INPUT DESCRIPTION
Masonry Enter the percent of the load applied to the 

masonry wall.
[F10] To accept the input and display the load applied to 

the backup steel stud wall.
[ESC] To exit the. menu.

MVSS - version 2.1 User Reference Manual 29



Input Member Type Properties

This menu permits the user to define the member type. For a particular 
material set number used in the input geometry menu, the user only has 
to define the properties that will be utilized by the program. The user 
should note that nine material set numbers are allowed to permit 
variation in properties of each structural member.

MENU

STRUCTURAL MEMBER TVPE 
Material Set Number
Structural Member O Masonry 

O Steel Studs 
O Steel Ties 
O Top Track 
O Bottom Track

[ESC! EXIT [F10] ENTER MEMBER TVPE

INPUT DESCRIPTION
Material Set Number Enter the set number for which the properties need 

to be defined.
Structural Member Select the member type whose properties need to 

be defined for the noted material set number.
[F10] To accept entry and thus open the selected 

structural member menu.
[ESC] To exit the menu.
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Masonry

This menu permits the user to enter the properties of masomy. The 
strengths of the masonry can be defined using either experimental 
results or specified values such as defined in standards.

MENU

MASONRY
Material Set Nunber
Type of Response: O ISOTROPIC

O ORTHOTROPIC
Density of Material:
Modulus of Elasticity: &

—bed Joint
Modulus of Rigidity:
Poisson's Ratio:

•SfffSS

MPa
MPa
MPa

Tensile Strength: // bed joint liHHil® MPa
-bed joint MPa

[ESC! EXIT [FIB] SAME MASONRY PROP.

INPUT DESCRIPTION
Material Set Number 

Type of Response

Density of Material

Modulus of Elasticity 
Modulus of Rigidity

The label is echoed for reference. No entry is 
required since the set number is defined in the 
previous menu.
Enter the behavior of the masonry, isotropic or 
orthotropic. If the behavior is orthotropic, then 
the user must enter the data for both parallel 
and perpendicular direction to the bed joint. 
Bed joint is the horizontal direction (x-direction). 
Enter the density of the material if you want the 
self weight of the masonry to be included in the 
analysis.
Enter the elastic modulus for masonry.
Enter the shear modulus for masonry.
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Poisson's Ratio

Tensile Strength

[F10]

[ESC]

Enter the Poisson's ratio. A value between 0.01 
and 0.49 is accepted. If unknown, use a value of 
0.2.

Enter the value of tensile stress at which the 
masonry will crack. For orthotropic behavior, 
tensile strength parallel and perpendicular to the 
bed joint are required.
To save the information and return to the 
previous menu.
To ignore entry and return to the previous 
menu.
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Steel Stud

This menu permits the user to enter the properties of steel studs. A data 
bank has been included for the moment of inertia and St. Venant 
constant. The user is expected to ensure that these values are correct 
before proceeding. The values can be changed by entering new ones 
either here or in the data bank. Only the latter will become a permanent 
record.

MENU

STEEL STUDS 
Material Set Number 
Type of Steel Stud: ;
Modulus of Elasticity:
Shear Modulus:
Poisson's Ratio:
Moment of Inertia:
Saint Uenant Constant:

:X;X:X;X;X;:v^

:£vVv:::v;X:v:: I
Ml) Iia a

nPra
i>in~z

[ESC! EXIT [F51 S.S.Bank [F10] SAUE S. STUD PROP.

INPUT DESCRIPTION
Material Set Number

Type of steel stud

Modulus of Elasticity 
Shear Modulus 
Poisson's Ratio

Moment of Inertia

The label is echoed for reference. No entry is 
required since the set number is defined in the 
previous menu.
Enter the type of steel stud for identification 
purposes.
Enter the elastic modulus for the stud.
Enter the shear modulus for the stud.
Enter the Poisson's ratio for the stud. 0.3 is a 
typical value.
The value according to TYPE OF STEEL STUD is 
echoed. The user can modify this value by typing 
a new one.
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St Venant Constant The value according to TYPE OF STEEL STUD is 
echoed. The user can modify this value by typing 
a new one.

[F5] - S. S. Bank By invoking this command, the user has access 
to the stored steel stud data bank, from which 
the user can select a section using [F10] or ignore 
the data set by selecting [ESC]. The properties 
will be echoed onto the menu once a set has been

4!
[F10]
[ESC]

selected. All entries can be changed.
To save the information before exiting.
To exit the menu without saving the information.
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Steel Tie

This menu permits the user to enter the properties of the steel ties. The 
maximum tie force can be used to define the maximum value after which 
the tie will offer zero resistance. Again a data bank is included here 
based on experimental tests. The user is expected to exercise 
engineering judgment before adopting any value.

MENU

'STEEL TIES'

Material Set Number 

Type of Tie.

Stiffness: | N/nm

Maximum Tie Force: ^ V? ' KM

[ESC! EXIT [F5] Bank CF10] SAUE TIE PROP.

______ INPUT_______________________ DESCRIPTION_______________
Material Set Number The label is echoed for reference. No entry is

required since the set number is defined in the 
previous menu.

Type of Tie Enter the type of steel tie for identification
purposes.

Stiffness The value according to TYPE OF TIE is echoed.
The user can modify this value by typing a new 
one.

Maximum Tie Force Enter a value greater than zero if you want to
limit the capacity of the tie. Once this capacity is 
exceeded, the tie force is reduced to zero.

[F5]-Bank By invoking this command, the user has access
to the stored steel tie data bank, from which the 
user can select a tie using [F10] or ignore the 
data set by selecting [ESC]. The properties will be 
echoed onto the menu once a set has been 
selected. All entries can be changed.
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[F10]

[ESC]

MVSS -

To save the information and return to the 
previous menu.
To ignore the entry and return to previous menu.
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Top Track

This menu permits the user to enter the properties of the top track. The 
track is assumed to offer lateral resistance and is modeled using an axial 
spring. The data bank included here is based on experimental tests. 
Tlie user is expected to exercise engineering judgment before adopting 
any value.

MENU

TOP TRACK
Material Set Number
Type of Top Track: .V.

iw.vXv.v.vXv.v.vX'. .'.V.V.V

Stiffness.' 1.V.’.V.V.V.V.V. H/nm

[ESC] EXIT CF51 BANK CFiBl SAVE TRACK PROP.

INPUT DESCRIPTION
Material Set Number The label is echoed for reference. No entry is

required since the set number is defined in the 
previous menu.

Type of Top Track Enter the type of top track for identification
purposes.
The value according to TYPE OF TOP TRACK is 
echoed. The user can modify this value by typing 
a new one.
By invoking this command, the user has access 
to the stored top track data bank, from which the 
user can select a section using [F10] or ignore the 
data set by selecting [ESC]. The properties will be 
echoed onto the menu once a set has been 
selected. All entries can be changed.
To save the information and return to the 
previous menu.
To ignore the entry and return to the previous 
menu.

Stiffness 

[F5] - Bank

[FI 0]

[BSC]
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Bottom Track

This menu permits the user to enter the properties of the bottom track. 
The track is assumed to offer lateral resistance and is modeled using an 
axial spring. The data bank included here is based on experimental 
tests. The user is expected to exercise engineering judgment before 
adopting any value.

MENU

BOTTOM TRACK 
Material Set Nunber ff 

Type of Bottom Track 
Stiffness N^iw

[ESC! EXIT [F51 BANK [F10] SAME TRACK PROP.

INPUT DESCRIPTION
Material Set Number

Type of Bottom 
Track 

Stiffness

[F5] - Bank

[F10]

[ESC]

The label is echoed for reference. No entry is 
required since the set number is defined in the 
previous menu.
Enter the type of bottom track for identification 
purposes.
The value according to TYPE OF BOTTOM TRACK 
is echoed. The user can modify this value by 
typing a new one.
By invoking this command, the user has access 
to the stored bottom track data bank, from which 
the user can select a section using [F10] or ignore 
the data set by selecting [ESC]. The properties 
will be echoed onto the menu once a set has been 
selected. All entries can be changed.
To save the information and return to the 
previous menu.
To ignore the entry and return to the previous 
menu.
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DATA CHECK MENU

This menu is used to generate the mesh, the boundary conditions and 
the load for the finite element analysis. Every time the program MVSS is 
used, the user must run the data check, i.e. generate the mesh and then 
merge the finite element model. Moreover, this menu must be used after 
any modification if it is to be included in the analysis.

MENU

DATA_CHK

EXIT

GENERATE

______ INPUT__________________ DESCRIPTION________________
GENERATE To generate the mesh, boundary conditions, load,

and material properties.
MERGE To merge the data so that all the regions form the

model to be analyzed.
EXIT To exit the menu.___________________________
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ANALYSIS MENU 
Perform Analysis of Wall

This menu is used to call the analysis routine. The various levels of 
analysis available are; compute the load to initiate the first crack, 
propagate a crack and define a crack pattern. It is preferred that the 1st 
CRACK command be used first before using the CRACK PATTERN one.

MENU

1st CRACK

NEXT CRACK

EXIT

CRACK
PATTERN

INPUT__________________ DESCRIPTION________________
1st CRACK To compute the load that will cause initiation of the

first crack in the masonry wall. This entry opens a 
menu that displays the computation process.

NEXT CRACK To compute the load that will either cause the crack
to propagate or initiate a new crack. This entry 
opens a menu that displays the computation 
process.

CRACK PATTERN This feature allows the user to define a crack
pattern in order to expedite the analysis. The entry 
is as shown in the Crack Pattern in Wall menu.

EXIT To exit this menu.
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Crack Pattern in Wall

This menu permits the user to specify a crack pattern in order to 
expedite the analysis. Before using this feature, two steps are required; 
the user must identify the elements that will be cracked and the 
orientation of the crack. The user must then establish a crack pattern in 
order to minimize the required entries. This is best illustrated using an 
example: If elements 3,6,9,10 and 15 are to be cracked, then one can 
note that there are two series, the first between elements 3,6, and 9 
which increase by an increment of 3. Their entry is 3 for the first 
element, 9 for the last element and 3 for the increment along with the 
orientation of the crack. The second series is between elements 10 and 
15 which increase by an increment of 5. Their entry is 10, 15 and 5 
along with the orientation of the crack.

MENU

First Element g§
Last Element 
Increment . |§|
Orientation O Hor 

O Uer 
O Dia 
O Dia

izontal 
tical 
qonal / 
grona 1 S

Proc 
the 

----1
eed
ana!
mm

uith
Lysis
i-------

More Input 
is required

mm

INPUT DESCRIPTION
First Element

Last Element

Increment

Orientation 
[F5] More Input is 

required
[FI 0] Proceed with 

the analysis

Enter the first element of the series of element to be 
cracked.
Enter the last element of the series of element to be 
cracked.
Enter the increment between two successive 
elements in the series of elements.
Enter the orientation of the crack.
To save the current entry and wait for more entries 
before proceeding with the analysis.
To save the current entry and then proceed with 
the analysis.
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Computation Display Menu

This menu permits the user to monitor the progress of the analysis with
the option to interrupt it and if needed stop it. This screen disappears
when the analysis is complete.

MENU

PERFORMING ANALVSIS FOR STEP No. 

Element Type Element No.

Block No. Equation No.

To Interrupt Hit [ESC]

INPUT DESCRIPTION
[ESC] To interrupt the analysis. A warning message is 

given before accepting entry.
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PLOT MENU

This menu controls the post-processing features of the MVSS program. 
It permits the user to plot the geometry, the boundary conditions and the 
results. Also, it allows the user to look at the model from outside in or 
inside out.

MENU

PLOT

PRINT

EXIT

RESULTS

INPUT
GEOMETRY
BOUNDARY
RESULTS
PRINT

EXIT

________________ DESCRIPTION________________
To open the Display Geometry MENU.
To display on the screen the boundary conditions.
To open the Results MENU.
This print command will first open the PRINT 
MENU and then will only print the boundary 
conditions if selected next.
To exit the plot menu.___________________________
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Display Geometry

This menu permits the user to display and or print the geometry of the 
wall.

MENU

PROGRAM MOSS

INPUT DESCRIPTION
ELEMENT 
ELEMENT No. 
NODE 
FUP

PRINT

EXIT

To display the finite element mesh.
To display the element number.
To display the node number.
To examine the model from inside out. This allows 
the user to see the mesh from both sides. This 
command also allows the user to plot the stresses 
at the exterior and interior faces of the masonry 
veneer wall.
This command, once activated, can be used to print 
the finite element mesh, element number, or node 
number by selecting them after accepting entries in 
the PRINT menu.
To exit the Geometry Display menu___________
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Results

This menu permits the user to plot the deformation, the stress contours,
the crack pattern and the tie forces for every analysis step number. A
step number refers to the analysis step number and is employed to allow
the user to plot the results for intermediate stages of crack development.

MENU
wv.v.v.v.v.v

•.v.v.v.v.vXvl'. ■tt.v.v.vMv.v PROGRAM MUSS K 1
STEP No.

DEFORMED

STRESSES

TIE FORCES

CRACK

PRINT

EXIT
RESULTS

INPUT DESCRIPTION
STEP NUMBER Enter the step number to be plotted. The step 

refers to the analysis step number. The total 
number of steps is displayed for reference.

DEFORMED To display the deformation of the wall. Two options 
are available; the deformed mesh or both the 
deformed and undeformed mesh.

STRESSES To plot the stress contours for the masonry veneer 
wall only. Stresses in the x- or y-direction or the 
shear stress can be plotted. It should be noted that 
x-direction is parallel to the bed joint and the y- 
direction is normal to the bed joint. The FLIP 
command in the display geometry menu can be 
used to plot the stresses at the exterior and interior 
faces of the masonry wall.

TIE FORCES To plot the tie forces.
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CRACK

PRINT

EXIT

To plot the crack pattern and orientation along with 
the load that will cause the next crack.
This command will first activate the PRINT menu. 
The information to be printed is selected thereafter. 
To exit the Results menu.
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PRINT MENU

This menu, once chosen, permits the user to print the display onto a file 
or a printer. After activation of this command, the next input will not be 
displayed on the screen but rather is either copied to a file or send to a 
printer. This menu is activated every time the user selects the PRINT 
command.

MENU

= PRINT - MENU = 
Drivers

O Encapsulated Postscript 
O HP-GL Plot

OUTFILE
O File O LPT1 O LPT2

ESC CONTINUE

INPUT DESCRIPTION
Drivers Select the type of printer. At present only two, 

devices are available, PostScript printers and HPGL 
plotters.

Outjile Select the route of the outfile, Options are LPT1, 
LPT2, or a file.

CONTINUE Enter to accept entry.
[ESC] Enter to exit the print menu and return to the 

previous menu.
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CASE STUDIES

Two case studies are provided in this User Reference Manual to 
demonstrate the use and capabilities of the MVSS program.

Case 1-A
Problem Description
The MVSS wall shown in Fig. Cl-1, corresponds to a wall tested at 
McMaster University which was 5.2 m long constructed with 2.6 m high 
studs and 2.8 m high veneer. For test conditions, the actual vertical 
span of the veneer was 2743 mm and the actual horizontal span was 
5181.6 mm. The veneer thickness is 90 mm and 92 mm studs are used. 
Since the wall is assumed to be symmetric, only half of the geometry is 
needed for the analysis. The properties used for the analysis are given in 
Table II.

Table II: Geometrical and mechanical properties for case study 1.

Masonry Veneer Modulus of Elasticity, Ep 
Modulus of Elasticity, En 
Poisson's Ratio
Modulus of Rigidity, Gxy 
Tensile strength normal to 
bed joints
Tensile strength parallel to 
bed ioint

28 000 MPa
20315 MPa
0.2
9663 MPa
0.73 MPa

4.37 MPa

Steel Stud Backup 
Wall

Modulus of Elasticity, E

Shear Modulus, G
Poisson's Ratio
Moment of Inertia, I
St. Venant Constant, J

200 000 MPa

80 000 MPa
0.3
310092.4 mm^/stud 
290 mm4/stud

Steel Tie Axial stiffness 300 N/mm
Bottom Track Shear stiffness of bottom 

stud to track connection
1070 N/mm

Top Track Shear stiffness of top stud 
to track connection

489 N/mm

The procedure to generate the finite element model and perform the 
analysis is outlined below:
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Figure Cl-1 This sketch illustrates the as-built conditions of the 
MVSS wall used for first case study.

355.6
5 @ 406.4 = 2032 203.2
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symmetry
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x = 0 for key point coords y = 0 for key point coords

ELEVATION - STUD AND TIE CONFIGURATION SECTION - STUD AND BRICR 
VENEER
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Define Geometry
Before proceeding with any entry, the user is encouraged to sketch the 
geometry of the wall system to ensure compatibility of node locations 
between the brick veneer and the backup wall.

Generate the masonry veneer wall
To ensure compatibility of nodes between the two layers, the wall 
geometry is sub-divided into nine regions. The number of regions is 
based on the changes in either the geometry of the masonry veneer or the 
backup wall. This is best described by following the logic explained here. 
The input for each region is shown in the next nine screens.

Screen-1
Region Number

GEOMETRY
Material Set Nunber

Structural 
Menber ||

Masonry
Steel stud Vert.

O Steel stud horiz. 
IQ Steel ties

"O Top Track 
'O Bottom Track

Key Point

AREA

x_coord (mm)
aJS

iflltliliil

y_coord (mm)
llllilliis
lliiiiliii
IIMM!

z_coord (mm)

i:ii
NOTE

Thickness of 
Masonry uall = 
Max(z_coord) - 
Min(z coord)

1st Key Point . t 2nd Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

3rd' Key Point |!i 4th Key Point 111
Number of Elements between 
2nd and 3rd Key Point 1

The user must enter or select [F10] to save input before defining the next 
region.

Screen-2
Region Number

GEOMETRY
Material Set Number

Structural fiif! Masonry |ijii!|; Steel stud horiz. O Top Track
Member O Steel stud Vert. Steel ties O Bottom Track
Key Point

ilsi
AREA

x coord (mm) y coord (mm)

" ' IS
z coord (mm) NOTE

355,680 0,000 Thickness of
Mllliii!!! Masonry uall =oa cltEKt Max(z_coord) - 

Hin(z_coord)
1st Key Point 2 2nd Key Point 9 3rd Key Point §|$! 4th Key Point §tfg 

Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point S 2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region.
Screen-3
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Region Number |||^i
GEONEIRV

Material Set Number |i

Structural |||| Masonry Steel stud horiz. lop Track
Member fHll Steel stud Uert. Steel ties Bottom Track
Key Point

■
AREA

x coord (mm) y_coord (mm) z coord (mm) NOTE
Thickness of 
Masonry uall = 
Max(z_coord) — 
Min(z_coord)

1st Key Point 9 2nd Key Point jfH! 3rd Key Point i|j| 4th Key Point 118 
Region Size
Number of Elements betueen Number of Elements betueen
1st and 2nd Key Point ! 1 2nd and 3rd Key Point fill

The user must enter or select [F10] to save input before defining the next 
region. If the user wishes to check the generated mesh, go to DATA 
CHECK menu to generate the actual finite elements then go to the PLOT 
menu to display the geometry.

Screen-4

Region Number
Structural
Member
Key Point

GEOMETRY
Material Set Number

Steel stud horiz. ■ Q Top TrackMasonry
Steel stud Vert. |i§| Steel ties ii! Bottom Track

x_coord (mm)

355.680

yjcoord (mm)

AREA
1st Key Point 4 2nd Key Point 

Region Size
Number of Elements betueen 
1st and 2nd Key Point

zcoord (mm)

e.8B»

NOTE
Thickness of 
Masonry uall = 
Max(z_coord) - 
Min(z coord)

3rd Key Point 4th Key Point 11
Number of Elements betueen 
2nd and 3rd Key Point

The user must enter or select [FIO] to save input before defining the next 
region.
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Screen-5
Region Number 'Mg

GEOMETRV
Material Set Number $

Structural Masonry Steel stud horiz. ||^ Top Track
Member lUl Steel stud Uert. O Steel ties |.^|| Bottom Track
Key Point z coord (mm) NOTE

Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z_coord)

1st Key Point ; ,3 2nd Key Point !, 10 
Region Size
Number of Elements between 
1st and 2nd Key Point S

3rd Key Point HI 4th Key Point Hf
Number of Elements between 
2nd and 3rd Key Point !i§if$

The user must enter or select [F10] to save input before defining the next 
region.

Screen-6____________

Region Number $
GEOMETRY

Material Set Number 1
Structural |£!f Masonry O Steel stud horiz. O Top Track
Member IHl Steel stud Vert. 0 Steel ties 0 Bottom Track
Key Point

ISm
z coord (mm) NOTE

Thickness of 
Masonry wall = 
Max(z_coord) — 
Min(z_coord)

1st Key Point fH 2nd Key Point 14 
Region Size
Number of Elements between 
1st and 2nd Key Point 1

3rd Key Point ipl 4th Key Point ill
Number of Elements between 
2nd and 3rd Key Point 4

The user must enter or select [F10] to save input before defining the next 
region.

Screen-7

Region Number 7 
Structura 1 Masonry

GEOMETRY
Material Set Number

Member 
Key Point

Steel stud Vert. O Steel ties 
y_coord (mm)

O' Steel stud horiz. |iHl Top Track
ilil Bottom Track

MA’ 'SSS
IlillMilH

2nd Key Point .5 3rd Key Point
AREA

1st Key Point j|
Region Size
Number of Elements between 
1st and 2nd Key Point

z_coord (mm) 
B>888

:■ 80*088

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)
4th Key Point

Number of Elements between 
2nd and 3rd Key Point
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Screen-8

The user must enter or select [F10] to save input before defining the next
region.

Region Number
GEOMETRV

Material Set Number

ssS1™1 S sssrstaa |i!!§! Steel stud horiz. 
O Steel ties

Top Track 
Bottom Track

Key Point
5
m

x_coord (mm)
lllteiliiB

2387^88

y_coord (mm)

2743,20b

z_coord (mm)

mm
AREA

1st Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

1001830
iiiii

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)

2nd Key Point |$§ 3rd Key Point HH 4th Key Point
Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region.

Screen-9

Region Number
GEOMETRV

Material Set Number
Structural !H| Masonry

Hii Steel stud Uert.Member 
Key Point x_coord (mm)II

1 ss iti h”Iz- § sstSrs.*
z_coord (mm)

%
AREA

1st Key Point if 2nd Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

y_coord (mm)

If
3rd Key Point

II
1 ■

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)
4th Key Point

Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region. The masonry veneer geometry has now been generated and can 
be checked using the DATA CHECK menu to generate the mesh and then 
using the PLOT menu to display it.

?
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Generate the steel stud backup wall
Because the steel stud backup wall has a different geometry, it needs to 
be entered accordingly. Six regions are needed here to represent the 
overall geometry of the backup wall. The input is as follows:

Screen-10

Region Number
GEONETRV

Material Set Number
Structural O Masonry
Member |§jf| Steel stud Uert. O Steel tiesst“.stud 8 Kt™ C,L*
Key Point

21
m’ 23

AREA

x coord (mm)
-.J-SE

= "KB
y coord (mm)

lai.eea
z coord (mm)

258,80s258,800

IliMil

NOTE
IhicRness of 
Masonry wall = 
Max(z_coord) — 
Nih(z_coord)

1st Key Point 2nd Key Point Hi 3rd Key Point |2g 4th Key Point 24
Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point 1 2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region. The z-coordinate represents the centerline of the steel stud. For 
improved graphical display, it is recommended to artificially increase the 
spacing between the two layers.

Screen-11

Region Number §|jj|
GEOMETKV

Material Set Number ifj
Structural l§lf Masonry Steel stud boriz. O Top Track
Member Hff Steel stud Vert. lUj Steel ties . Q Bottom Track
Key Pointm

i! ■
$8Bk

AREA
1st Key Point

x coord (mm) y_coord (mm)TBH
liiSl

z coord (mm)
ilHsililSro

2S0.B08

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)

m 2nd Key Point 3rd Key Point HI 4th Key Point
Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point Iflt 2nd and 3rd Key Point i|g|

The user must enter or select [F10] to save input before defining the next 
region.
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Screen-12
Region Number

GEOMETRY
Material Set Nunber

S2"'*1 :S ssHtrf M=rf. § is: n;",,oM2'
i lop track 
I Bottow Track

Key Point
fj
'i

x_coord (mn)
9.m9

. 355.688

y_coord (mn)' as
^REA

1st Key Point !$2$f 2nd Key Point 
Region Size
Nunber of Elements between 
1st and 2nd Key Point

z_coord (nn)

is
2S8:088

111
NOTE

Thickness of 
Masonry wall = 
Nax(z_coord) - 
MinCz coord)

3rd Key Point Hi 4th Key Point |ig
Number of Elements between 
2nd and 3rd Key Point 4

TTie user must enter or select [F10] to save input before defining the next 
region.

Screen-13
GEOMETRY

Region Number „ 13 Material Set Number |
Structural Masonry O Steel stud horiz. 'Q Top Track
Member lUi Steel stud Uert. O Steel ties O Bottom Track
Key Point

iff
US:

x_coord (mm)
87,

AREA :-X*XvWvXvXW7S

y_coord (mm)
^•122B3 *208

Mllliilil

z_coord (mm)
■' SUB258
II

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
MinCz coord)

S 2nd Key Point Hf 3rd Key Point 4th Key Point HU
Region Size

1st Key Point g|g?
Number of Elements between 
1st and 2nd Key Point

Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region.

Screen-14

Region Number §gj$i
GEOMEIRV

Material Set Number
Structural
Member
Key Point

las

Masonry
ii§ steel stud Vert.

Q Steel stud horiz. O Top Track
mm Steel ties O Bottom Track

AREA

x_coord (mm)

'ii

y coord (mm)yyx*>:A*—

2692.488

z_coord (mm)
«S'!S2P

II §b;S

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
MinCz coord)

1st Key Point W$k 2nd Key Point |2| 3rd Key Point 
Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point 1 2nd and 3rd Key Point

4th Key Point |28
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The user must enter or select [F10] to save input before defining the next
region.

Screen-15
Region Number

GEOMETRY
Material Set Nunber li

Structural O Masonry O Steel stud horiz. G Top Track
Member |^|i| Steel stud Vert. G Steel ties Q Bottom Track
Key Point

m

AREA

x coord (mn)
m

?62.«08

coord (mm)
2641.680

z_coord (mm) NOTE
Thickness of 
Masonry uall = 
Max(z_coord) - 
Min(zcoord)

1st Key Point 34 2nd Key Point f|i 3rd Key Point Hi 4th Key Point !|$ 
Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point iiiii 2nd and 3rd Key Point ii|ji

The user must enter or select [F10] to save input before defining the next 
region. At this point, the geometry of both the veneer and the backup 
wall have been generated. The user can select the Data Check menu to 
generate the mesh and then the PLOT menu to display it.

Generate the steel ties between the veneer and the backup wall
The steel ties must be generated to coincide with nodes previously 
generated for the masonry veneer and the backup wall. For display 
purpose, ties are connected from the exterior face of the masonry veneer 
to the steel stud centerlines. For this example, two regions are needed 
and are shown next.

Screen-16

Region Number iiliS
GEOMETRY

Material Set Number :!£

ess-1 •§ asnu 2 is;
Key Point

m
m

AREA

x_coord (mm)
a.000

m

y_coord (mn)----
283.280

•iiS:

z_coord (mm) NOTE
Thickness of 
Masonry uall = 
Max(z_coord) - 
Min(z_coord)

1st Key Point S 2nd Key Point liH 3rd Key Point HI 4th Key Point 126 
Region Size
Number of Elements between Number of Elements between
1st and 2nd Key Point 1||| 2nd and 3rd Key Point f§§I

The user must enter or select [F10] to save input before defining the next 
region. Key Points previously defined can be re-used but not redefined 
since this will alter the previously defined geometry.
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Screen-17
GEOtlETRV

Reg-ion Number Material Set Number
Structural $§$1 Masonry 
Member 0 Steel stud Vert.
Key Point 

132

Steel stud horiz. 
® Steel ties

lop Track 
!|1|| Bottom Track

III
AREA

1st Key Point ||$$ 2nd Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

x coord (mm) y coord (mm) z coord (mm) NOTE

2387x680
mmmm

Jii
is

Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z_coord)

11

3rd Key Point HI 4th Key Point Hi
Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region. At this point, the geometry of the veneer, the backup wall and 
the steel ties have been generated. The user can select the Data Check 
menu to generate the mesh and then the PLOT menu to display it.

Generate the bottom track connection to steel stud backup wall
The bottom track is represented by a spring at each stud and the step 
required to generate their geometry is shown next. For the purpose of 
display, the springs are given an arbitrary dimension.

Screen-18

Region Number HI
GEOMETRY

Material Set Number 1;
Structural ipi Masonry 0 Steel stud horiz. Q Top Track
Member 0 Steel stud Vert. 0 Steel ties <® Bottom Track
Key Point

AREA

z coord (mm) NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)

1st Key Point fi! 2nd Key Point Hi 3rd Key Point * 4th Key Point 112
Region Size
Number of Elements between 
1st and 2nd Key Point

Number of Elements between 
2nd and 3rd Key Point ilfl

The user must enter or select [F10] to save input before defining the next 
region. The z-coordinate value of 400 mm, is the arbitrary dimension 
added for plotting purposes.
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Screen-19
GEOMETRY

Region Number Material Set Number
Structural Q Masonry 
Member O Steel stud Uert.

sHi Steel stud horiz. M 
m Steel ties |1

Top Track 
Bottom Track

x_coord (mm) y_coord (mm)
' 181.688
11

Key Point
wm

M

1st Key Point 2nd Key Point
Region Size
Number of Elements between 
1st and 2nd Key Point

18i;688

z_coord (mm)
S-jg2S8.808
408.008

3rd Key Point

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z_coord)
4th Key Point §§!

Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region. At this point, the geometry of the veneer, the backup wall, the 
steel ties and the bottom track have been generated. The user can select 
the Data Check menu to generate the mesh and then the PLOT menu to 
display it.

Generate the top track connection to steel stud backup wall
The top track is represented by a spring at each stud and the step 
required to generate their geometry is shown next. For the purpose of 
display, the springs are given an arbitrary dimension produced by using 
a z-coordinate value of 400 mm..

Screen-20

Region Number |i20
GEOMETRY

Material. Set Number
Structural O Masonry 
Member ilj;!: Steel stud Uert.

Hi Steel stud horiz. |i£ii Top Track 
1 Steel ties m Bottom Track

Key Point
28

ii!

x_coord (mm)
8.880

StSS
■HiSttliOREO

1st Key Point 
Region Size
Number of Elements between 
1st and 2nd Key Point

y_coord (mm) z_coord (mm)
358.008
ssII

NOTE
Thickness of 
Masonry wall = 
Max(z_coord) - 
Min(z coord)

2nd Key Point ||$: 3rd Key Point 1:45 4th Key Point 46
Number of Elements between 
2nd and 3rd Key Point

The user must enter or select [F10] to save input before defining the next 
region.
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Screen-21
Region Number

B GEOMETRY
Material Set Number

Structural O Masonry 0 Steel stud horiz. # Top Track
Member Q Steel stud Vert, ill Steel ties gp; Bottom Track
Key Points

AREA

x_coord (mm)
WIM*

JjmSn

y_coord (mm)Si z_coord (mm)
iiliw
ss

NOTE
Thickness of 
Masonry uall = 
Max(z_coord) - 
Min(z_coord)
4th Key Point !$j$i1st Key Point ill 2nd Key Point HI 3rd Key Point 

Region SizeNumber of Elements betueen Number of Elements betueen
1st and 2nd Key Point 4 2nd and 3rd Key Point i

The user must enter or select [F10] to save input before defining the next
region. At this point, the geometry of the veneer, the backup wall, the 
steel ties, the bottom track and the top track have been generated. The 
user can select the Data Check menu to generate the mesh and then the 
PLOT menu to display it. Figure Cl-2 displays the complete finite
element mesh.

Figure Cl-2 Finite element mesh of masonry veneer and steel stud 
backup walls.
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Define Boundary Conditions
The veneer will have two boundary conditions, one at the bottom using 
the simply supported conditions and one for the right side due to the 
symmetric boundary conditions. Because the tracks are modeled as 
springs, two boundary conditions (considered to be fixed) are needed to 
constrain the free end of the spring. The input for all the boundary 
conditions is shown below:

Screen-22
BOUNDARY

Boundary Number §i:§|ij

Structural HP Masonry f®!: Wall stud IHii Steel ties 
Member O Track
Location of Boundary
1st Key Point f|f| 2nd Key Point |ii z_coord 8.008 (mm)
Constraint

Displ. ® FIX iDispl. O FIX iDispl.OFIX I I Rotation O FIX (Rotation ® FIX
in X O FREE] in « ® FREE| in Z ® FREE| |about X ® FREE |about V O FREE

Constraint for Node No.
Displ. O FIX IDispl.OFIX IDispl.OFIX I (Rotation O FIX (Rotation O FIX
in X O FREE | in V O FREE (in Z O FREE ((about X O FREE (about ¥ O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary is along the line of symmetry of the 
masonry wall.

Screen-23
BOUNDARY

Boundary Number i||:|f
Structural :||S|! Masonry |§§| Uall stud iHtj Steel ties 
Member O Track
Location of Boundary
1st Key Point 1 2nd Key Point 1|| z_coord 8.008 (mm)
Constraint

Displ.® FIX (Displ.® FIX (Displ.® FIX |(Rotation O FIX (Rotation ® FIX
in X O FREEI in V O FREE(in Z O FREE|(about X ® FREE(about ¥ O FREE

Constraint for Node No. IS
Displ. ® FIX (Displ. ® FIX (Displ. ® FIX | Rotation O FIX (Rotation ® FIX
in X O FREE I in ¥ O FREE (in Z OFREeJ about X ® FREE (about ¥ O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary simulates the simply support base of 
the masonry wall. At the intersection of boundaries (including line of 
symmetry), the constraint for Node No. entry can be used to ensure 
accurate boundary condition. This entry is shown in Screen-23 and the 
user must enter or select [F5] to save the Node No. input.
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Screen-24
BOUNDARY

Boundary Number i|^
Structural Masonry |i<§|: Wall stud Steel ties
Member <S> Track
Location of Boundary
1st Key Point Hi 2nd Key Point Hi z_coord 488,808 (mm)
Constraint

Displ. <3> FIX iBispl. (S> FIX (Displ. ® FIX I[Rotation ® FIX [Rotation ® FIX
in X O FREE | in V O FREE [in Z O FREE 11 about X O FREE [about ¥ O FREE

Constraint for Node No.
Displ. O FIX [Displ. O FIX [Displ. O FIX | [Rotation O FIX [Rotation O FIX
in X O FREE | in V O FREE| in Z O FREE [ |about X O FREE [about V O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary is mainly to constrain the free end of 
the spring used to model the track resistance.

Screen-25
BOUNDAHV

Boundary Number Hil
Structural llil Masonry llH: Wall stud Steel ties
Member Hi Track
Location of Boundary
1st Key Point Hi 2nd Key Point HI z_coord 488,800 (mm)
Constraint

Displ.® FIX [Displ.® FIX [Displ.® FIX |[Rotation ® FIX [Rotation ® FIX 
in X O FREE | in V O FREE | in Z O FREE J | about X O FREE j about « O FREE

Constraint for Node No.
Displ. O FIX:[Displ. O FIX [Displ. O FIX |[Rotation O FIX [Rotation O FIX 
in X O FREE jin ¥ O FREE|in Z O FREE11about X O FREE|about V O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. At this point, the entry of the boundary conditions is 
complete. The user can select the Data Check menu to generate the 
mesh and then select the PLOT menu to display it. The boundary can be 
plotted by selecting the Boundary key from the PLOT menu. Figure Cl-3 
displays of the boundary conditions generated .

MVSS - version 2.1 User Reference Manual 61



Figure Cl-3 Plot of the Finite element mesh and boundary 
conditions.
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Note
The circles and arrows represent rotational and translation degrees of 
freedom, respectively. The horizontal and vertical line inside the circle 
represents the rotation about the x- and y-axis, respectively. Only the 
constrained degrees of freedom are shown.
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Define the Applied load
There are two options available in applying loads to the model. The load 
can be applied fully to the surface of the veneer wall, fully to the backup 
wall, or in any combination. In this example, the load is applied only to 
the veneer. The input is straight forward as displayed below.

Screen-26
LOAD DISTRIBUTION 

Percent Load applied to 
Hasonry i§j§t Steel Studs

The user must enter or select [F10] to save input.

Define the Material Properties
The properties have been defined at the beginning of this example and 
they must be entered accordingly. The user must first define the 
material set number and then define the properties of the structural 
members that have used the set number during the generation of the 
model. The input for the masonry is shown next.

Screen-27
STRUCTURAL MEMBER TVPE 

Material Set Nunber i
Structural Member (D Masonry 

O Steel Studs 
O Steel Ties 
O Top Track 
O Bottom Track

The user must enter or select [F10] to open the masonry menu.
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Masonry
Screen-28

MASONRY 
Material Set Number
Type of Response:

Density of Material:

O ISOTROPIC 
© ORTHOTROPIC

■HMHI ks-'n-J

Modulus of Elasticity: // a M0W.8 MPa
—L- bed joint iliiiiiliii MPa

MPaModulus of Rigidity:
Poisson's Ratio:
Tensile Strength: // bed joint 

—•—bed joint ■■ms*8.73800 MPa

To save the information, the user must enter or select [F10]. The same 
process needs to be repeated for the steel stud, steel ties, and the bottom 
and top tracks.

Data Preparation
Before performing the analysis, the regions specified must be generated 
by invoking the command GENERATE in DATA CHECK MENU. Once 
this is done, the user must integrate all the regions together using the 
MERGE command located in the same menu. Exit using [F10] key.

Perform the Analysis
Select ANALYSIS MENU in order to perform the number crunching. It is 
recommended that the 1st CRACK key be used first.

Results & Discussion
Once the analysis is complete, the results can be seen using the PLOT 
MENU. For the load that initiates the first crack, the results in the form 
of stresses, tie forces, crack pattern and cracking load are displayed in 
Figures Cl-4 to Cl-6. It should be noted that these results correspond 
to the state of stress prior to the initiation of the crack. Table III gives 
the maximum stud forces and deflections, and the maximum tie force 
before and after full propagation of the first crack. Figure Cl-7 displays 
the location of the second crack along with the magnitude of the applied 
load that can cause its initiation.
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Table m Summary of the maximum stud and tie forces at the 
initiation of the first crack and second crack.

At the initiation of the 
first crack (1.44 kPa)

At the initiation of the 
second crack (8.04 kPa)

Maximum Stud 
Bending (kN m)

0.15 2.59

Maximum Stud Shear 
Force (kN)

0.76 4.19

Maximum Tie Force 
(kN)

0.58 2.39

Tie Number 119 116

Figure Cl-4 Stresses normal to bed joint, MPa (at 1.44 kPa load 
just prior to cracking).
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It should be noted that (+) is compressive stress and (-) is tensile stress.
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Figure Cl-5 Tie Forces, kN (at 1.44 kPa load just prior to cracking).

A
f 0*

y y-yy^yv

yyy yyv

yy y yyy ^

y
TIE FORCES (kN) FOR STEP No. 1

It should be noted that (+) is compressive force and (-) is tensile force.
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Figure Cl-6 Location and load for initiation of first crack.

Initiation of 
First Crack

Cracking Load is 1.44

Both the crack location and orientation are plotted. The user should 
remember that the output deformations, tie forces and stresses are 
responses to the cracking load of 1.44 kPa.
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Figure Cl-7 Location of fully developed first crack and location 
and load for initiation of second crack

Smeared First Crack

\

Crocking Lood is 8.04 kPa

Initiation of 
Second Crack
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Output file
An ASCII output file with the extension '.OUT is also generated during 
the analysis. The user can edit the file using any text editor such as 
EDIT that is included in DOS. A sample copy is printed next.

************************************************************************
* *

* FINITE.ELEMENT ANALYSIS *
* OF *
* MASONRY VE.NEER/'STEEL STUD SYSTEM *
* *

* by *
* CHIDIAC ENGINEERING Inc. & Drysdale Engineering & Asso. Ltd. *
* *

************************************************************************
* M.V.S.S,. ver. 2.1 Last Update : December, 1993 *************************************************************************

★★********************************************************************** 
GENERAL INFORMATION
TOTAL NO. OF ELEMENTS NEL = 133
NO. OF NODES NNOD = 251 ..

★★a*********************************************************************
MATERIAL PROPERTIES- OF MASONRY WALLfc***********************************************************************
MATERIAL SET NUMBER = 1
TYPE OF RESPONSE ORTHOTROPIC
MOD. OF ELASTICITY PARALLEL TO BED JOINT 0.2800E+05 MPa
MOD. OF ELASTICITY NORMAL TO BED JOINT = 0.2031E+05 MPa
MODULUS OF RIGIDITY 0.9663E+04 MPa
POISSON RATIO 0.200

************************************************************************
PROPERTI.ES FOR THE FAILURE CRITERION ********************************** ****************************************

TENSILE STRENGTH PARALLEL TO BED JOINT = 4.370000 MPa'
TENSILE STRENGTH NORMAL TO BED JOINT = 0.730000 MPa

************************************************************************
MATER I. AL PROPERTIES OF

********************************************
STEEL STUDS ****************************

MATERIAL SET NUMBER 
MODULUS OF■ELASTICITY 
POISSON RATIO 
MODULUS OF RIGIDITY

= 1 
= 0,2000E+06 
= 0.300
= 0.8000E+05

************************************************************************
BANDWIDTH MINIMIZATION PERFORMED ************************************************************************

MVSS - version 2.1 User Reference Manual 69



ELEMENT BAND WIDTH WAS CHANGED FROM 57 TO 25

************************************************************************ 
NODAL CONFIGURATION

************************************************************************
degree of freedom in

NODE X-CORD Y-CORD X Y z RY RX
(mm) (mm)

1 0.000000E+00 0.000000E+00 0 0 0 0 1
2 0.000000E+00 0.203200E+03 1 1 1 1 1
3 0.355600E+03 0.000000E+00 0 0 0 0 1
4 0.355600E+03 0.203200E+03 1 1 1 1 1
5 0.762000E+03- 0.000000E+00 0. 0 0 0 1
6 0.762000E+03 0.203200E+03 1 1 1 1 1
7 0.116840E+04 0.000000E+00 0 0 0 0 1
8 0.116840E+04 0.203200E+03 1 1 1 1 1
9 0.157480E+04 0.000000E+00 0 0 0 0 1

"10 0.157480E+04 0.203200E+03 1 1 1 1 1
11 0.198120E+04 0.000000E+00 0 0 0 0 1
12 0.198120E+04 0.203200E+03 1 1 1 1 1
13 0.238760E+04 0.000000E+00 0 0 0 0 1
14 0.23 8760E+04 0.203200E+03 1 1 1 1 1
15 0.259080E+04 0.000000E+00 0 0 0 0 1
16 0.259080E+04 0.203200E+03 0 1 1 0 1
17 0.000000E+00 0.812800E+03 1 1 1 1 1
18 0.000000E+00 0.142240E+04 1 1 1 1 1
19 0.000000E+00 0.203200E+04 1 1 1 1 1
20 0.000000E+00 0.264160E+04 1 1 1 1 1
21 0.355600E+03 0.812800E+03 1 1 1 1 1
22 0.355600E+03 0.142240E+04 1 1 1 1 1
23 0.355600E+03 0.2 03200E+04 1 1 1 1 1
24 0.355600E+03 0.264160E+04 1 1 1 1 1
25 0.762000E+03 0.812800E+03 1 1 1 1 1
26 0.762000E+03 0.142240E+04 1 1 1 1 1
27 0.762000E+03 0.203200E+04 1 1 1 1 1
28 0.762000E+03 0.2 64160E+04 1 1 1 1 1
29 0.116840E+04 0.812800E+03 1 1 1 1 1
30 0.116840E+04 0.142240E+04 1 1 1 1 1
31 0.116840E+04 0.203200E+04 1 1 1 1 1
32 0.116840E+04 0.264160E+04 1 1 1 1 1
33 0.157480E+04 0.812800E+03 1 1 1 1 1
34 0.157480E+04 0.142240E+04 1 1 1 1 1
35 0.157480E+04 ■0.203200E+04 1 1 1 1 1
36 0.157480E+04 0.264160E+04 1 1 1 1 1
37 0.19812QE+04 0.812800E+03 1 1 1 1 1
38 0.198120E+04 0.142240E+04 1 1 1 1 1
39 0.198120E+04 0.203200E+04 1 1 1 1 1
40 0.198120E+04 0.264160E+04 1 1 1 1 1
41 0.23 8760E+04 0.812 800E+03 1 1 1 1 1
42 0.238760E+04 0.142240E+04 1 1 1 1 1
43 0.238760E+04 0.203200E+04 1 1 1 1 1
44 0.238760E+04 0.264160E+04 1 1 1 1 1
45 0.259080E+04 0.812800E+03 0 1 1 0 1
46 0.259080E+04 0.142240E+04 0 1 1 0 1
47 0.259080E+04 0.203200E+04 0 1 1 0 1
48 0.259080E+04 0.264160E+04 0 1 1 0 1
49 0.000000E+00 0.274320E+04 1 1 1 1 1
50 0.355600E+03 0.274320E+04 1 1 1 1 1
51 0.762000E+03 0.27432 0E+04 1 1 1 1 1
52 0.116840E+04 0.274320E+04 1 1 1 1 1
53 0.157480E+04 0.274320E+04 1 1 1 1 1
54 0.198120E+04 0.274320E+04 1 1 1 1 1
55 0.23 8760E+04 0.274320E+04 1 1 1 1 1
56 0.259080E+04 0.274320E+04 0 1 1 0 1
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57 0.000000E+00 0.101600E+03
58 0.00000 0E+ 0 0 0.203200E+03
59 0.355600E+03 0.101600E+03
60 0.355600E+03 0.203200E+03
61 0.762000E+03 0.101600E+03
62 0.762000E+03 0.203200E+03
63 0.116840E+04 0.101600E+03
64 0.116840E+04 0.2 032 00E+03
65 0.157 480E+04 0.101600E+03
66 0.157480E+04 0.203200E+03
67 0.198120E+04 0.101600E+03
68 0.198120E+04 0.203200E+03
69 0.238760E+04 0.101600E+03
70 0.238760E+04 0.203200E+03
71 0.OOOOOOE+OO 0.812800E+03
72 0.000000E+00 0.142240E+04
73 0.000000E+00 0.203200E+04
74 0.000000E+00 0.264160E+04
75 0.355600E+03 0.812 800E+03
76 . 0.355600E+03 0.142240E+04
77 0.355600E+03 0.203200E+04
78 0.355600E+03 0.264160E+04
79 0.762000E+03 0.812800E+03
80 0.762000E+03 0.142240E+04
81 0.762 000E+03 0.203200E+04
82 0.762000E+03 0.2 64160E+04
83 0.116840E+04 0.812800E+03
84 0.116840E+04 0.142240E+04
85 0.116840E+04 0.203200E+04
86 0.116840E+04 0.2 64160E+04
87 0.157480E+04 0.812800E+03
88 0.157480E+04 0.142240E+04
89 0.157480E+04 0.203200E+04
90 0.157480E+04 0.264160E+04
91 0.198120E+04 0.812800E+03
92 0.198120E+04 0.142240E+04
93 0.198120E+04 0.203200E+04
94 0.198120E+04 0.264160E+04
95 0.238760E+04 0.812800E+03
96 0.23 8760E+04 0.142240E+04
97 0.23 8760E+04 0.203200E+04
98 0.23 8760E+04 0.264160E+04
99 0.000000E+00 0.269240E+04

100 0.355600E+03 0.269240E+04
101 0.7 62 000E+03 0.2 69240E+04
102 0.116840E+04 0.2 69240E+04
103 0.157480E+04 0.2 69240E+04
104 0.198120E+04 0.269240E+04
105 0.238760E+04 0.269240E+04
106 0.000000E+00 0.101600E+03
107 0.3 55600E+03 0.101600E+03
108 0.7 62000E+03 0.101600E+03
109 0.116840E+04 0.101600E+03
110 0.157480E+04 0.101600E+03
111 0.198120E+04 0.101600E+03
112 O'. 23 87 60E+04 0.101600E+03
113 0.000000E+00 0.269240E+04
114 0.355600E+03 0.2 69240E+04
115 0.762000E+03 0.269240E+04
116 0.116840E+04 0.269240E+04
117 0.157480E+04 0.2 69240E+04
118 0.198120E+04 0.2 69240E+04
119 0.238760E+04 0.269240E+04

************************************

0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 111 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0

********************************
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ELEMENT CONFIGURATION ********************************************************************** * *

ELEMENT NODE NUMBERS THICK INERTIA J
(mm) (mm**4) (mm**4)

1 1 3 4 2 90.000
2 3 5 6 4 90.000
3 5 7 8 6 90.000
4 7 9 10 8 90.000
5 9 11 12 10 90.000
6 11 13 14 12 90.000
7 13 15 16 14 90.000
8 2 4 21 17 90.000
9 17 21 22 18 90.000

10 18 22 23 19 90.000
11 19 23 24 20 90.000
12 4 6 25 21 90.000
13 21 25 26 22 90.000
14 22 26 27 23 90.000
15 23 27 28 24 90.000
16 6 8 29 25 90.000
17 25 29 30 26 90.000
18 26 30 31 27 90.000
19 27 31 32 28 90.000
20 8 10 33 29 90.000
21 29 33 34 30 90.000
22 30 34 35 31 90.000
23 31 35 36 32 90.000
24 10 12 37 33 90.000
25 33 37 38 34 90.000
26 34 38 39 35 90.000
27 35 39 40 36 90.000
28 12 14 41 37 90.000
29 37 41 42 38 90.000
30 38 42 43 39 90.000
31 39 43 44 40 90.000
32 14 16 45 41 90.000
33 41 45 46 42 90.000
34 42 46 47 43 90.000
35 43 47 48 44 90.000
36 20 24 50 49 90.000
37 24 28 51 50 90.000
38 28 32 52 51 90.000
39 32 36 53 52 90.000
40. 36 40 54 53 90.000
41 40 44 55 54 90.000
42 44 48 56 55 90.000
43 57 58 0.310E+06 0.290E+03
44 59 60 0.310E+06 0.290E+03
45 61 62 0.310E+06 0.2 90E+03
46 63 64 0.310E+06 0.290E+03
47 65 66 0.310E+06 0.290E+03
48 67 68 0.310E+06 0.290E+03
4'9 69 70 0.310E+06 0.290E+03
50 58 71 0.310E+06 0.290E+03
51 71 72 0.310E+06 0.290E+03
52 72 73 0.310E+06 0.290E+03
53 73 74 0.310E+06 0.290E+03
54 60 75 0.310E+06 0.290E+03
55 75 76 0.310E+06 0.2 90E+03
56 76 77 0.310E+06 0.290E+03
57 77 78 0.310E+06 0.2 90E+03
58 62 79 0.310E+06 0.290E+03
59 79 80 0.310E+06 0.290E+03
60 80 81 0.310E+06 0.290E+03
61 81 82 0.310E+06 0.290E+03
62 64 83 0.310E+06 0.290E+03

SPRING
(N/mm)
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63 83 84
64 84 85
65 85 86
66 66 87
67 87 88
68 88 89
69 89 90
70 68 91
71 91 92
72 92 93
73 93 94
74 70 95
75 95 96
76 96 97
77 97 98
78 74 99
79 78 100
80 82 101
81 86 102
82 90 103
83 94 104
84 98 105
85 2 58
86 17 71
87 18 72
88 19 73
89 20 74
90 4 60
91 21 75
92 22 76
93 23 77
94 24 78
95 6 62
96 25 79
97 26 80
98 27 81
99 28 82

100 8 64
101 29 83'
102 30 84
103 31 85
104 32 86
105 10 66
106 33 87
107 34 88
108 35 89
109 36 90
110 12 68
111 37 91
112 38 92
113 39 93
114 40 94
115 14 70
116 41 95
117 42 96
118 43 97
119 44 98
120 57 106
121 59 107
122 61 108
123 63 109
124 65 110
125 67 111
126 69 112
127 99 113
128 100 114
129 101 115

0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06 
0.310E+06

0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.290E+03 
0.2 90E+03 
0.290E+03 
0.290E+03

0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.3 00E+03 
0.300E+03 
0.3 00E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.3 00E+03 
0.3 00E+03 
0.3 00E+03 
0.3 00E+03 
0.300E+03 
0.300E+03 
0.3 00E+03 
0.300E+03 
0.300E+03 
0.3 00E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.3 00E+03 
0.3 00E+03 
0.3 00E+03 
0.3 00E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.300E+03 
0.107E+04 
0.107E+04 
0.107E+04 
0.107E+04 
0.107E+04 
0.107E+04 
0.107E+04 
0.489E+03 
0.489E+03 
0.489E+03

0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.OOOE+OO 
0.000E+00 
0.OOOE+OO 
0.OOOE+OO 
0 . OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0 . OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO 
0.OOOE+OO
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130 102 116 0.489E+03
131 103 117 0.489E+03
132 104 118 0.489E+03133 105 119 0.489E+03

No. of degrees of freedom = 580 
Size of bandwidth = 125 
Size of Stiffness = 31135

************************************************************************ 
SOLUTION FOR STEP No. 1

★a****************************************************************'******
LOAD APPLIED

***********,************,/r,><r*********,**’****************************iic*,rff*****

ELEMENT FX FY FZ MX MY
(N) (N) (N) (N.mm) (N.mm)

1 0.00000E+00 0.00000E+00 0.18064E+05 0.10706E+07 0.61178E+06 
0.00000E+00 0.00000E+00 0.18064E+05-0.10706E+07 0.61178E+06 
0.00000E+00 0.00000E+00 0.18064E+05-0.10706E+07-0.61178E+06 
0.OOOOOE+OO 0.00000E+00 0.18064E+05 0.10706E+07-0.61178E+06

2 0.00000E+00 0.OOOOOE+OO 0.20645E+05 0.13984E+07 0.69918E+06 
0.00000E+00 0.00000E+00 0.20645E+05-0.13984E+07 0.69918E+06 
0.00000E+00 0.OOOOOE+OO 0.20645E+05-0.13984E+07-0.69918E+06 
0.00000E+00 0.OOOOOE+OO 0.20645E+05 0.13984E+07-0.69918E+06

3 0.00000E+00 0.00000E+00 0.20645E+05 0.13984E+07 0.69918E+06 
0.00000E+00 0.OOOOOE+OO 0.20645E+05-0.13984E+07 0.69918E+06 
0.00000E+00 0.OOOOOE+OO 0.20645E+05-0.13984E+07-0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07-0.69918E+06

4 0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07-0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07-0.69918E+06

5 0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07-0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07-0.69918E+06

6 0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07 0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05-0.13984E+07-0.69918E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.20645E+05 0.13984E+07-0.69918E+06

7 0.OOOOOE+OO 0.OOOOOE+OO 0.10323E+05 0.34959E+06 0.34959E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.10323E+05-0.34959E+06 0.34959E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.10323E+05-0.34959E+06-0.34959E+06 
0.OOOOOE+OO 0.OOOOOE+OO 0.10323E+05 0.34959E+06-0.34959E+06

8 0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07-0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07-0.55061E+07
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9 0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07-0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07-0.55061E+07

10 0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07-0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07-0.55061E+07

11 0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07 0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05-0.32119E+07-0.55061E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.54193E+05 0.32119E+07-0.55061E+07

12 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

13 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

14 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

15 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

16 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

17 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

18 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07.

19 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

20 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

21 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

22 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07
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0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.00000E+00 0.00000E+00 0.61935E+05 0.41951E+07-0.62926E+07

23 ' 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

24 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+0.7-0.62926E+07

25 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

26 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935.E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

27 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

28 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

29 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

30 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0-. OOOOOE+OO 0 . OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

31 0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07 0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05-0.41951E+07-0.62926E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.61935E+05 0.41951E+07-0.62926E+07

32 0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07 0.31463E+07' 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07-0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07-0.31463E+07

33 0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07-0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07-0.31463E+07

34 0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07-0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07-0.31463E+07

35 0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07 0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05-0.10488E+07-0.31463E+07 
0.OOOOOE+OO 0.OOOOOE+OO 0.30968E+05 0.10488E+07-0.31463E+07
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36 0.OOOOOE+OO O.OOOOOE+OO 0.90322E+04 0.53531E+06 0.15295E+06 
0.OOOOOE+OO O.OOOOOE+OO 0.90322E+04-0.53531E+06 0.15295E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.90322E+04-0.53531E+06-0.15295E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.90322E+04 0.53531E+06-0.15295E+06

37 O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06-0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06-0.17479E+06

38 O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06-0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06-0.17479E+06

39 O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06-0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06-0.17479E+06

40 O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06 0."17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06-0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06-0.17479E+06

41 O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06 0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05-0.69918E+06-0.17479E+06 
O.OOOOOE+OO O.OOOOOE+OO 0.10323E+05 0.69918E+06-0.17479E+06

42 O.OOOOOE+OO O.OOOOOE+OO 0.51613E+04 0.17480E+06 0.87397E+05 
O.OOOOOE+OO O.OOOOOE+OO 0.51613E+04-0.17480E+06 0.87397E+05 
O.OOOOOE+OO O.OOOOOE+OO 0.51613E+04-0.17480E+06-0.87397E+05 
O.OOOOOE+OO O.OOOOOE+OO 0.51613E+04 0.17480E+06-0.87397E+05

************************************************************************
ELASTIC DEFORMATION ************************************************************************

NODE X Y Z . RY RX
(mm) (mm) (mm)

1 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.1.9 76 E-02
2 0.1922E-16 0.1925E-16 0.3 998E+00 -.5992E-05 0.1950E-02
3 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.1973E-02
4 0.1980E-16 0.1189E-17 0.3992E+00 0.1948E-05 0.1948E-02
7 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.1981E-02
8 0.2194E-16 0.7990E-18 0.4008E+00 0.5659E-05 0.1956E-02
9 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.1993E-02

10 0.1712E-16 0.4895E-17 0.4034E+00 0.6570E-05 0.1969E-02
11 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.2006E-02
12 0.1220E-16 0.8682E-17 . 0.4059E+00 0.5661E-05 0.1982E-02
13 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.2015E-02
14 0.6486E-17 0.1154E-16 ' 0.4078E+00 0.3637E-05 0.1991E-02
15 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.2020E-02
16 0.1997E-17 0.1272E-16 0.4088E+00 0.5787E-06 0.1996E-02
19 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO 0.2020E-02
20 0.OOOOE+OO 0.1648E-16 0.4088E+00 0.OOOOE+OO 0.1996E-02
22 0.8805E-16 0.2505E-16 0.1507E+01 -.1481E-04 0.1630E-02
23 0.1278E-15 -.2377E-16 0.2354E+01 0.1330E-04 0.1146E-02
24 0.1223E-15 -.1316E-15 0.2922E+01 0.7691E-04 0.7548E-03
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25 -. 2029E-16 -.3437E-15
27 0.8639E-16 0.1197E-17
28 0.1301E-15 -.1877E-16
29 0.1272E-15 -.7264E-16
30 -. 8864E-17 -.1582E-15
37 0.8052E-16 0.3964E-17
38 0.1232E-15 0.1511E-16
39 0.9503E-16 0.2003E-16
40 0.1008E-16 0.1218E-15
42 0.7150E-16 0.2407E-16
43 0.1039E-15 0.6004E-16
44 0.6842E-16 0.1005E-15
45 0.1765E-16 0.1661E-15
47 0.5576E-16 0.4386E-16
48 0.7912E-16 0.1027E-15
49 0.5844E-16 0.1590E-15
50 0.1762E-16 O'. 1775E-15
52 0.3383E-16 0.5859E-16
53 0.5184E-16 0.1335E-15
54 0.4655E-16 0.2105E-15
55 '' 0.1876E-16 0.3333E-15
57 0.6337E-17 0.6663E-16
58 0.2042E-16 0.1478E-15
59 0.2493E-16 0.2483E-15
60 0.1782E-16 0.3938E-15
67 0.0000E+00 0.6083E-16
68 0.0000E+00 0.1528E-15
69 0.0000E+00 0.2504E-15
70 0.0000E+00 0.3813E-15
72 -.7028E-16 -.373 OE-15
74 -.5863E-16 -.172 8E-15
78 -.4173E-16 0.1353E-15
80 0.2097E-16 0.1880E-15
82 -.1029E-16 0.1788E-15
84 -.1965E-16 0.3319E-15
86 0.1550E-16 0.4100E-15
90 0.0000E+00 0.422 IE-15
91 0.0000E+00 0.0000E+00
92 0.0000E+00 0.0000E+00
93 0.0000E+00 0.0000E+00
94 0.0000E+00 0.0000E+00
95 0.0000E+00 0.0000E+00
96 0.0000E+00 0.0000E+00
97 0.0000E+00 0.0000E+00
98 0.0000E+00 0.0000E+00
99 0.0000E+00 0.0000E+00

100 0.0000E+00 0.OOOOE+OO
101 0.0000E+00 0.0000E+00
102 0.0000E+00 0.0000E+00
103 0.0000E+00 0.0000E+0O
104 0.0000E+00 ■ 0.0000E+00
106 0.0000E+00' 0.0000E+00
107 0.0000E+00 0.0 0 0.0 E+ 0 0
108 0.0000E+00 0.0000E+00
109 0.0000E+00 0.0000E+00
111 0.0000E+00 0.0000E+00
112 0.0000E+00 0.0000E+00
113 0.0000E+00 0.0000E+00
114 0.0000E+00 0.OOOOE+OO
116 0.0000E+00 0.0000E+00
117 0.0000E+00 ■ 0.OOOOE+OO
118 0.0000E+00 0.OOOOE+OO
119 0.0000E+00 0.OOOOE+OO
121 0.0000E+00 0.OOOOE+OO
122 0.0000E+00 0.OOOOE+OO
123 0.0000E+00 0.OOOOE+OO
124 0.0000E+00 0.OOOOE+OO

.3324E+01 0.1439E-03 0.6174E-03

.1507E+01 0.1244E-04 0.1639E-02

.2365E+01 0.4208E-04 0.1171E-02

.2952E+01 0.9076E-04 0.7872E-03

. 3374E+01 0.1404E-03 0.6412E-03

.1515E+01 0.2551E-04 0.1653E-02

. 2385E+01 0.5405E-04 0.1196E-02

.2989E+01 0.9104E-04 0.8184E-03

. 3429E+01 0.1297E-03 0.6690E-03

. 1526E+01 0.2759E-04 0.1669E-02

.2407E+01 0.5221E-04 0.1216E-02

. 3025E+01 0.8014E-04 0.8408E-03

. 3478E+01 0.1095E-03 0.6919E-03

. 1537E+01 0.2311E-04 0.1682E-02

. 2426E+01 0.4188E-04 0.1232E-02

. 3054E+01 0.6179E-04 0.8572E-03

. 3517E+01 0.8250E-04 0.7092E-03

.1544E+01 0.1470E-04 0.1692E-02

.2440E+01 0.2644E-04 0.1242E-02

. 3074E+01 0.3877E-04 0.8680E-03

. 3545E+01 0.5148E-04 0.7207E-03

.1548E+01 0.4040E-05 0.1697E-02

.2447E+01 0.8145E-05 0.1248E-02

. 3085E+01 0.1275E-04 0.8740E-03

. 3559E+01 0.1923E-04 0.7273E-03

. 1549E+01 0.OOOOE+OO 0.1698E-02

. 2448E+01 0.OOOOE+OO 0.1248E-02

. 3086E+01 0.OOOOE+OO 0.8749E-03

. 3561E+01 0.OOOOE+OO 0.7278E-03

. 3387E+01 0.1501E-03 0.6224E-03

. 3439E+01 0.1466E-03 0.6413E-03

. 3497E+01 0.1357E-03 0.6697E-03

. 3548E+01 0.1144E-03 0.6930E-03

. 3589E+01 0.8611E-04 0.7105E-03

. 3618E+01 0.5375E-04 0.7222E-03

.3633E+01 0.2023E-04 0.7290E-03

. 3635E+01 0.OOOOE+OO 0.7293E-03

. 1121E+00 0.1378E+00 0.2043E-02

. 3194E+00 0.1378E+00 0.2033E-02

. 1113E+00 0.1381E+00 0.2051E-02

.3194E+00 0.1381E+00 0.2041E-02

.1113E+00 0.1389E+00 0.2068E-02

. 3211E+00 0.1389E+00 0.2058E-02

.1117E+00 0.1400E+00 0.2087E-02

.3234E+00 0.1400E+00 0.2077E-02

.1123E+00 0.1411E+00 0.2103E-02

. 3256E+00 0.1411E+00 ' 0.2093E-02

.1127E+00 0.1419E+00 0.2115E-02

.3273E+00 0.1419E+00 0.2105E-02

.1129E+00 0.1423E+00 0.2121E-02

.3281E+00 0.1423E+00 0.2111E-02

.1464E+01 0.1378E+00 0.1626E-02

.2193E+01 0.1378E+00 0.6834E-03

.2226E+01 0.1378E+00 -.6121E-03

.1532E+01 0.1378E+00 -.1489E-02

.1470E+01 0.1381E+00 0.1637E-02

.2207E+01 0.1381E+00 0.6965E-03

.2245E+01 0.1381E+00 -.6056E-03

.1553E+01 0.1381E+00 1492E-02

.1482E+01 0.1389E+00 0.1654E-02

.2228E+01 0.1389E+0D 0.7097E-03

.2272E+01 0.1389E+00 -.6040E-03

.1576E+01 0.1389E+00 -.1501E-02

.1495E+01 0.1400E+00 0.1671E-02

.2250E+01 0.1400E+00 0.7208E-03

.2297E+01 0.1400E+00 -.6052E-03

.1598E+01 0.1400E+00 -.1512E-02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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126 0.0000E+00 0.0000E+00
127 0.0000E+00 0.0000E+00
128 0.0000E+00 0.0000E+00
129 0.0000E+00 0.0000E+00
131 0.0000E+00 0.0000E+00
132 0.0000E+00 0.0000E+00
133 0.0000E+00 0.0000E+00
134 0.0000E+00 0.0000E+00
136 0.0000E+00 0.0000E+00
137 0.0000E+00 0.0000E+00
138 0.0000E+00 0.0000E+00
139 0.0000E+00 0.0000E+00
141 0.0000E+00 0.0000E+00
143 0.0000E+00 0.0000E+00
145 0.0000E+00 0.0000E+00
147 0.0000E+00 0.0000E+00
149 0.0000E+00 0.0000E+00
151 0.0000E+00 0.0000E+00
153 0.0000E+00 0.0000E+00
226 0.0000E+00 0.0000E+00
227 0.0000E+00 0.0000E+00
233 0.0000E+00 0.0000E+00
234 0.0000E+00 0.0000E+00
235 0.0000E+00 0.0000E+00
236 0.0000E+00 0.0000E+00
237 0.0000E+00 0.0000E+00
240 0.0000E+00 0.0000E+00
241 0.0000E+00 0.0000E+00
247 0.0000E+00 0.0000E+00
248 0.0000E+00 0.0000E+00
249 0.0000E+00 0.0000E+00
250 0.0000E+00 0.0000E+00
251 0.0000E+00 0.0000E+00

0.1507E+01 0.1411E+00 0.1686E-02
0.2269E+01 0.1411E+00 0.7296E-03
0.2319E+01 0.1411E+00 -.6071E-03
0.1615E+01 0.1411E+00 -.1523E-02
0.1515E+01 0.1419E+00 0.1696E-02
0.2283E+01 0.1419E+00 0.7356E-03
0.2334E+01 0.1419E+00 -.6089E-03
0.1627E+01 0.1419E+00 -.153 IE-02
0.1520E+01 0.1423E+00 0.1701E-02
0.2290E+01 0.1423E+00 0.7387E-03
0.2342E+01 0.1423E+00 -.6096E-03
0.1633E+01 0.1423E+00 -.1535E-02
0.1456E+01 0.1378E+00 -.1504E-02
0.1477E+01 0.1381E+00 -.1507E-02
0.1500E+01 0.1389E+00 -.1516E-02
0.1520E+01 0.1400E+00 -.1528E-02
0.1537E+01 0.1411E+00 -.1539E-02
0.1548E+01 0.1419E+00 -.1547E-02
0.1554E+01 0.1423E+00 -.1550E-02
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.0000E+00 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.OOOOE+OO 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO
0.0000E+00 0.OOOOE+OO 0.OOOOE+OO

**************************************
TIE FORCES (kN) **************************************

********************************

********************************

* *

* *

ELEMENT FORCE LIMIT

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99 

100 
101 
102
103
104
105
106
107
108
109
110 
111

0.24117E-01 
0.12825E-01 
0.48353E-01 
0.20889E+00 
0.53747E+00 
0.23937E-01 
0.11146E-01 
0.47463E-01 
0.21198E+00 
0.54639E+00 
0.23919E-01 
0.10021E-01 
0.47073E-01 
0.21528E+00 
0.55588E+00 
0.23993E-01 
0.93611E-02 
0.47011E-01 
0.21815E+00 
0.56419E+00 
0.24094E-01 
0.89683E-02 
0.47074E-01 
0.22043E+00 
0.57080E+00 
0.24180E-01 
0.87343E-02

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.OOOOOE+OO 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.OOOOOE+OO 
0.00000E+00 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO 
0.OOOOOE+OO
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112 0.47151E-01 0.00000E+00
113 , 0.22203E+00 0.00000E+00
114 0.5753 9E+00 0.00000E+00
115 0.24212E-01 0.OOOOOE+OO
116 0.85978E-02 0.00000E+00
117 0.47179E-01 0.00000E+00
118 0.22286E+00 0.00000E+00
119 0.57781E+00 \ 0.00000E+00
MAXIMUM TIE FORCE
Tie No. 119 has the maximum force of 0.57781E+00 kN

*************************************************************************
S T E EL STUD E

(Beqinning
ND FORCES
& End)

***********************************************************************
ELEMENT' FORCE (kN) TWISTING MOMENT (kN.m) BENDING MOMENT (kN.m)

43 -0.11997E+00 -0.13803E-14 -0.25606E-14
0.11997E+00 -0.53278E-09 -0.12189E-01

44 -0.11910E+00 -0.13880E-14 -0.11136E-14
0.11910E+00 -0.52895E-09 -0.12101E-01

45 -0.11911E+00 -0.14011E-14 0.65829E-15
0.11910E+00 -0.52896E-09 -0.12101E-01

46 -0.11956E+00 -0.14018E-14 -0.25928E-14
0.11956E+00 -0.53098E-09 -0.12147E-01

47 -0.12012E+00 -0.14116E-14 -0.11395E-14
0.12012E+00 -0.53345E-09 -0.12204E-01

48 -0.12056E+00 -0.14187E-14 0.92010E-15
0.12 056E+00 -0.53543E-09 -0.12249E-01

49 -0.12077E+00 -0.14218E-14 -0.13035E-14
0.12077E+00 -0.53633E-09 -0.12270E-01

50 -0.95848E-0T 0.53278E-09 0.12189E-01
0.95848E-01 -0.30868E-08 -0.70618E-01

51 -0.83023E-01 0.3 0868E-08 0.70618E-01
0.83 023E-01 -0.52991E-08 -0.12123E+00

52 -0.34670E-01 0.52991E-08 0.12123E+00
0.34671E-01 -0.62229E-08 -0.1423 6E+00

53 0.17422E+00 0.62229E-08 0.1423 6E+00
-0.17422E+00 -0.15806E-08 -0.36159E-01

54 -0.95165E-01 0.52895E-09 0.12101E-01
0.95165E-01 -0.30647E-08 -0.70113E-01

55 -0.84019E-01 0.30647E-08 0.70113E-01
0.84019E-01 -0.53035E-08 -0.12133E+00

56 -0.3 6555E-01 0.53035E-08 0.12133E+00
0.36556E-01 -0.62776E-08 -0.14362E+00

57 0.17543E+00 0.62776E-08 0.14362E+00
-0.17543E+00 -0.16031E-08 -0.3 6674E-01 .

58 -0.95185E-01 0.52 8 96E-09 0.12101E-01
0.95185E-01 -0.3 0653E-08 -0.70126E-01

59 -0.85164E-01 0.30653E-08 0.70126E-01
0.85164E-01 -0.53346E-08 -0.12204E+00

60 -0.38091E-01 0.53346E-08 0.12204E+00
0.3 8091E-01 -0.63496E-08 -0.14526E+00

61 0.17719E+00 0.63496E-08 0.14526E+00
-0.17719E+00 -0.16281E-08 -0.37246E-01

62 -0.95566E-01' 0.53098E-09 0.12147E-01
0.95566E-01 -0.30775E-08 -0.70404E-01

63 -0.86205E-01 0.30775E-08 0.70404E-01
0.86205E-01 -0.53745E-08 -0.12295E+00

64 -0.39194E-01 0.53745E-08 0.12295E+00
0.39194E-01 -0.64189E-08 -0.14685E+00

65 0.17895E+00 0.64189E-08 0.14685E+00
-0.17895E+00 -0.16504E-08 -0.37757E-01

66 -0.96021E-01 0.53345E-09 0.12204E-01
0.96021E-01 -0.30921E-08 -0.70738E-01
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67 -0.87052E-01 0.30921E-08 0.70738E-01
0.87052E-01 -0.54117E-08 -0.12381E+00

68 -0.39978E-01 0.54117E-08 0.12381E+00
0.39978E-01 -0.64770E-08 -0.14818E+00

69 0.18046E+00 - 0.64770E-08 0.14818E+00
-0.18046E+00 -0.16684E-08 -0.3 8170E-01

70 -0.96382E-01 0.53543E-09 0.12249E-01
0.96382E-01 -0.31037E-08 -0.71004E-01

71 -0.87648E-01 0.31037E-08 0.71004E-01
0.87648E-01 -0.54392E-08 -0.12443E+00

72 -0.40497E-01 0.543 92E-08 0.12443E+00
0.40498E-01 -0.65183E-08 -0.14912E+00

73 0.18154E+00 0.65183E-08 0.14912E+00
-0.18154E+00 -0.16810E-08 -0.38458E-01

74 -0.96553E-01 0.53633E-09 0.12270E-01
0.96553E-01 -0.31091E-08 -0.71129E-01

75 -0.87955E-01 0.31091E-08 0.7U29E-01
0.87955E-01 -0.54528E-08 -0.12475E+00

76 -0.40777E-01 0.54528E-08 0.12475E+00
0.40777E-01 -0.653 94E-08 -0.14960E+00

77 0.18208E+00 0.65394E-08 0.14960E+00
-0.18208E+00 -0.16876E-08 -0.38608E-01

78 0.71169E+00 0.15806E-08 0.36159E-01
-0.71189E+00 -0.13754E-14 -0.14638E-12

79 0.72181E+00 0.16031E-08 0.3 6674E-01
-0.72202E+00 -0.13668E-14 -0.49519E-13

80 0.73308E+00 0.16281E-08 0.37246E-01
-0.73329E+00 -0.13925E-14 0.58003E-14

81 0.74314E+00 0.16504E-08 0.37757E-01
-0.74335E+00 -0.14246E-14 0.92083E-13

82 0.75125E+00 0.16684E-08 0.3 817 0E-01
-0.75147E+00 -0.14049E-14 -0.20125E-12

83 0.75693E+00 0.16810E-08 0.38458E-01
-0.75715E+00 -0.14254E-14 0.30103E-13

84 0.75989E+00 0.16876E-08 0.38608E-01
-0.76011E+00 -0.14342E-14 -0.10037E-14

************************************************************************ 
NODAL STRESSES FOR MASONRY (MPa) 

EXTERIOR & INTERIOR LAYERS 
************************************************************************

Node No. SIG-XX (Ext.) SIG-YY (Ext.) TAU-XY (Ext.)
(Interior) (Interior) (Interior)

]_ -0.339903E-02 -0.522635E-01 -0.183337E-01
0.339903E-02 0.522635E-01 0.183337E-01

2 -0.152885E-01 -0.269439E+00 -0.138207E-01
0.152885E-01 0.269439E+00 0.138207E-01

3 -0.620302E-02 -0.510770E-01 0.708052E-02
0.620302E-.02 0.510770E-01 -0.708052E-02

4 • -0.309824E-01 -0.264931E+00 0.896065E-02
0.309824E-01 0.264931E+00 -0.896065E-02

5 -0.865257E-02 -0.505288E-01 0.23 8721E-01
0.865257E-02 0.505288E-01 -0.238721E-01

-0.450467E-01 -0.263493E+00 0.246346E-01L> 0.450467E-01 0.263493E+00 -0.246346E-01
7 -0.101941E-01 -0.505544E-01 0.278535E-01

0.101941E-01 0.505544E-01 -0.278535E-01
Q -0.533197E-01 -0.262243E+00 0.283407E-01
Q 0.533197E-01 0.262243E+00 -0.2 83407E-01

■ Q -0.111199E-01 -0.504908E-01 0.241144E-01
0.111199E-01 0.504908E-01 -0.241144E-01

1 D -0.584422E-01 -0.261982E+00 0.242254E-01
0.584422E-01 0.261982E+00 -0.242254E-01

MVSS - version 2.1 User Reference Manual 81



11 -0.117232E-01 -0.505444E-01 0.155075E-01
0.117232E-01 0.505444E-01 -0.155075E-01

12 -0.616771E-01 -0.262117E+00 0.155010E-01
0.616771E-01 0.262117E+00 -0.155010E-01

13 -0.114380E-01 -0.502916E-01 0.3 943 87E-02
0.1143 80E-01 0.502916E-01 -0.394387E-02

14 -0.605657E-01 -0.261182E+00 0.469242E-02
0.605657E-01 0.261182E+00 -0.469242E-02

15 -0.111507E-01 -0.502071E-01 0.719631E-03
0.111507E-01 ' 0.502071E-01 -0.719631E-03

16 -0.588933E-01 -0.260413E+00 0.843850E-03
0.588933E-01 6.2 60413E+00 -0.843850E-03

17 -0.256749E-01 -0.669302E+00 0.159552E-01
0.256749E-01 0.669302E+00 -0.159552E-01

18 -0.275943E-01 -0.719974E+00 0.658548E-01
0.275943E-01 0.719974E+00 -0.658548E-01

19 -0.220725E-01 -0.423103E+00 0.929700E-01
0.220725E-01 0.4'23103E+00 -0.929700E-01

20 -0.620618E-02 -0.983726E-02 0.680408E-01
0.620618E-02 0.983726E-02 -0.680408E-01

21 -0.69457 4E-01 -0.655632E+00 0.269117E-01
0.694574E-01 0.655632E+00 -0.269117E-01

22 -0.780907E-01 -0.706788E+00 0.578715E-01
0.780907E-01 0.706788E+00 -0.578715E-01

23 -0.612643E-01 -0.426897E+00 0.744078E-01
0.612643E-01 0.42 6897E+00 -0.744078E-01

24 -0.24063 IE-01 -0.504660E-01 0.617789E-01
0.240631E-01 0.504660E-01 -0.617789E-01

25 -0.110748E+00 -0.647337E+00 0.333994E-01
0.110748E+00 0.647337E+00 -0.333994E-01

26 -0.129586E+00 -0.699921E+00 0.477954E-01
0.12 9586E+00 0.699921E+00 -0.477954E-01

27 -0.105008E+00 -0.432303E+00 0.556476E-01
0.105008E+00 0.4323 03E+00 -0.556476E-01

28 -0.585030E-01 -0.600172E-01 0.548690E-01
0.585030E-01 0.600172E-01 -0.548690E-01

29 -0.1353 07E+00 -0.644311E+00 0.321178E-01
0.135307E+00 0.644311E+00 -0.321178E-01

30 -0.161766E+00 -0.698226E+00 0.379033E-01
0.161766E+00 0.698226E+00 -0.379033E-01

31 • -0.134603E+00 -0.435631E+00 0.411187E-01
0.134603E+00 0.435631E+00 -0.411187E-01

32 -0.849881E-01 -0.618031E-01 0.428238E-01
0.849881E-01 0.618031E-01 -0.428238E-01

33 -0.150343E+00 -0.643849E+00 0.256611E-01
0.150343E+00 0.643849E+00 -0.256611E-01

34 -0.181771E+00 -0.698746E+00 0.277 448E-01
0.181771E+00 0.698746E+00 -0.277448E-01

35 -0.153629E+00 -0.437536E+00 0.2 89379E-01
0.153629E+00 0.437536E+00 -0.2 8 9379E-01

36 -0.102128E+00 -0.620080E-01 0.304624E-01
0.102128E+00 0.620080E-01 -0.3 04624E-01

37 -0.159413E+00 -0.644073E+00 0.162034E-01
0.159413E+00 0.644073E+00 -0.162034E-01

38 -0.193749E+00 -0.699563E+00 0.172003E-01
0.193749E+00 0.699563E+00 -0.172003E-01

39 -0.164931E+00 -0.438701E+00 0.178217E-01
' 0.164931E+00 0.438701E+00 -0.178217E-01

40 -0.111075E+00 -0.616331E-01 0.189570E-01
0.111075E+00 0.616331E-01 -0.189570E-01

41 -0.158849E+00 -0.643329E+00 0.599856E-02
0.158849E+00 0.643329E+00 -0.599856E-02

42 -0.194544E+00 -0.699148E+00 0.677156E-02
0.194544E+00 0.699148E+00 -0.677156E-02

43 ‘ -0.168104E+00 -0.438424E+00 0.848706E-02
0.168104E+00 0.438424E+00 -0.848706E-02

44 -0.111794E+00 -0.604705E-01 0.846735E-02
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. 0.111794E+00 0.604705E-01 -0.846735E-02
45 -0.154500E+00 -0.642464E+00 0.115774E-02

0.154500E+00 0.642464E+00 -0.115774E-02
46 -0.192229E+00 -0.698708E+00 0.137069E-02

0.192229E+00 0.698708E+00 -0.137069E-02
47 -0.172424E+00 -0.437880E+00 0.255369E-02

0.172424E+00 0.437880E+00 -0.2553 69E-02
48 ' -0.147471E+00 -0.692235E-01 0.771302E-03

0.147471E+00 0.692235E-01 -0.7713 02E-03
49 -0.129111E-01 0.131420E-01 0.466365E-01

0.129111E-01 -0.131420E-01 -0.466365E-01
50 -0.134047E-01 0.172972E-02 0.539242E-01

0.134047E-01 -0.172972E-02 -0.539242E-01
51 -0.536196E-01 . -0.112589E-02 0.562180E-01

0.536196E-01 0.112589E-02 -0.562180E-01
52 -0.792470E-01 -0.121750E-02 0.438071E-01

0.792470E-01 0.121750E-02 -0.43 8071E-01
53 -0.959338E-01 -0.114518E-02 0.311590E-01

0.959338E-01 0.114518E-02 -0.311590E-01
54 -0.103989E+00 -0.977934E-03 0.196250E-01

0.103 989E+00 0.977934E-03 -0.196250E-01
55 -0.108360E+00 -0.684770E-03 0.726103E-02

0.1083 60E+00 0.684770E-03 -0.726103E-02
56 -0.139047E+00 -0.308683E-02 -0.172666E-02

0.139047E+00 0.308683E-02 0.172666E-02

************************************************************************ 
TYPE OF FAILURE

************************************************************************

HORIZONTAL CRACK

ELEMENT OF MAX. STRESS = 9
INTEGRATION POINT = 4
CRACKING LOAD • = . 0.14388E+01 kPa
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Case 1-B_________________________________________________________
Introduction
Case 1-B is the same design example described in Case 1-A but instead 
of generating the crack one step at a time, the crack is manually forced 
across the width of the masonry wall. The objective of this case study is 
to demonstrate how to expedite the analysis by manually forcing a crack 
pattern that is part of the wall. Although the steps to generate the finite 
element mesh, the boundary conditions and the member properties are 
not shown, the same input as in Case 1-A is still required. From the 
DATA CHECK menu, the user can then generate the mesh and merge the 
regions. The analysis is then performed as explained in the next section.

Manually generate a crack
Before proceeding with the generation of the crack, the user must first 
initiate the first crack by selecting 1st CRACK from the ANALYSIS menu. 
After the completion of this step, the user needs to select CRACK 
PATTERN key and thus invoke Screen-1 shown below.

Screen-1

First Element
Last Element 
IncrementOrientation ® Hor 

O Uer 
O Dia 
O Dia

113
‘izontal 
•tical 
gonal / 
gonal S

Proceed uith 
the analysisL--- CF183-----

More Input 
is required

—mi—

The user must enter the appropriate element numbers and the 
orientation of the crack before selecting [F10]. This analysis is expected 
to yield results similar to the ones obtained in Case 1-A. The difference 
between the two types of analyses is in the interpretation of the crack; for 
Case 1-A, the crack occurs only on the exterior face (tension zone) 
whereas for Case 1-B, the whole element is assumed to have cracked.

Results & Discussion
Once the analysis is complete, the results can be seen using the PLOT 
MENU. For the load that initiates the second crack, the results in the 
form of crack pattern and cracking load are displayed in Figure Cl-8. 
Table IV gives the maximum stud shear force and bending moment, and 
the maximum tie force at the initiation of the first and second crack. 
Naturally, before propagation of the first crack, the results are identical. 
By comparing the results given in Table III and IV, one can conclude that
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the results for initiation and propagation of the second crack after 
manually forcing the first crack are in good agreement with the step by 
step procedure. However, it should be noted that, although the location 
of the second crack is similar to the one obtained from Case 1-A, the 
initiation of the second is not identical, see Figure Cl-8.

Table IV Summary of the maximum stud and tie forces at the 
initiation of the first crack and second crack.

At the initiation of the 
first crack (1.44 kPa)

At the initiation of the 
second crack (8.18 kPa)

Maximum Stud 
Bending (kN m)

0.15 2.72

Maximum Stud
Shear Force (kN)

0.76 4.34

Maximum Tie Force 
(kN)

0.58 2.57

Tie Number 119 117
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Figure Cl-8 Location of a manually forced first crack and location 
and load for initiation of second crack.

Initiation of

Second Crack

Manually Forced

Crocking Load is 8.18
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Case 2-A

Problem Description
The MVSS wall shoAvn in Figs. C2-1 and C2-2 is analyzed in the second 
case study. The brick veneer is 7.2 m long, 2.7 m high and 90 mm thick. 
The backup wall is made up of 92 mm studs that are 0.4 m apart. There 
are two 1.8 m long by 0.94 m high windows located on the left and right 
hand sides of the wall.

Case 2-A represents a MVSS wall that was investigated and found to be 
missing some of its steel ties. The jamb studs were also found not 
connected together. Since the wall is assumed to be symmetric, only half 
of the geometry is needed for the analysis. The properties used for the 
analysis are given in Table V. The procedure to generate the finite 
element model and perform the analysis is outlined next.

Table V Geometrical and mechanical properties for case study 2.

Masonry Veneer Modulus of Elasticity, Ep 28 000 MPa
Modulus of Elasticity, En 20315 MPa
Poisson's Ratio 0.2
Modulus of Rigidity, Gxy 9663 MPa
Density, p 2000 kg / m^
Tensile strength normal to bed joints 0.25 MPa
Tensile strength parallel to bed joint 0.50 MPa

Steel Stud 
Backup Wall

Modulus of Elasticity, E 203 000 MPa
Shear Modulus, G 78 000 MPa
Poisson's Ratio 0.3
Moment of Inertia, I 234 000

mm^/stud
St. Venant Constant, J 49.1 mm4/stud

Steel Tie Axial stiffness 274 N/mm
Ultimate strength 1090 N

Bottom Track Shear stiffness of bottom stud to 555 N/mm
track connection

Top Track Shear stiffness of top stud to track 245 N/mm 
connection

Window Modulus of Elasticity, E 200 000 MPa
Poisson's Ratio 0.2
Modulus of Rigidity, Gxy 83333 MPa
Tensile strength normal to bed joints 100 MPa
Tensile strength parallel to bed joint 100 MPa
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Figure C2-1 This sketch illustrates the as-built conditions of the 
MVSS wall used for case study 2-A.

6 0 400 = 2400

ELEVATION - STEEL 5TUP CONFIGURATION

Slab

Track

Stud

Line of 
symmetry

Bottom
track

Slab

(See Notes Figure C2-2 for additional information)

Window 
connection 
point , 
(2 each / 
side) ,/1-

ELEVATION - TIE LAYOUT (See Notes Figure C2-2)

Tie

Missing
tie
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Figure C2-2 Section views of MVSS wall used for case study 2-A.

Top track 

Stud-----

Lintel - see notes

Sill track

Bottom track

y = Ofor key point 
coord

SECTION - STUD AND BKICfs VENEER

NOTES FOR FIGURES C2-1 AND C2-2

1. Studs - 92 mm x 0.91 (3-5/fi" x 20 gauge)
Top and bottom track - 92 mm x 0.91 (3-5/B" x 20 gauge)

2. Top track -12 mm end gap screwed both sides 
Bottom track - minimum end gap screwed both sides

3. Jamb studs are not connected together. Brickties are connected to the inner jamb stud only. 
The outer jamb stud Is Inactive structurally.

4. The strength and stiffness of the loose angle lintel is ignored in the finite element analysis.
5. The last stud adjacent to the shearwall is anchored to the shearwall. There is no connection 

between the brick veneer and the shearwall.
6. The sill and head track are assumed to have the same section properties as the stud.
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Define Geometry
Before proceeding with any entry, the user is again encouraged to sketch 
the geometry of the wall system in order to ensure compatibility of node 
locations between the brick veneer and the backup wall. To avoid 
excessive reproduction of screens, the geometric input for each region is 
given in Tables VI and VII. The user should note that the actual entry is 
similar to Case 1-A.

Define the Boundary Conditions
The brick veneer will have two boundary conditions, the first one is for 
the base where it is simply supported and the second one is for the right 
hand side where a symmetric deformation needs to be imposed. Because 
the tracks are modeled as springs, two boundary conditions (considered 
to be fixed) are needed to constrain the free end of the spring. Moreover, 
the steel stud located at the left hand side needs to be constrained to 
represent attachment to a concrete shear wall. The input for all the 
boundary conditions is shown below:

Screen-1
BOUNDARY

Boundary Number I
Structural Masonry O Mall stud Q Steel ties
Member Q • Track
Location of Boundary
1st Key Point HI 2nd Key Point fig z_coord 0,808 (mm)
Constraint

Displ. <S> FIX (Displ. O FIX iDispl.OFIX I (Rotation O FIX (Rotation ® FIX 
in X O FREE|in V <® FREE|in Z ® FREE||about X ® FREE(about ¥ O FREE

Constraint for Node No.
Displ. OFIX (Displ. OFIX (Displ. OFIX | (Rotation O FIX (Rotation O FIX 
in X O FREE | in V.. O FREE | in Z O FREE 11about X O FREE (about VI O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary is along the line of symmetry of the 
masonry wall.
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Table VI Summary of the region number, material set number, 
member type, area and number of elements used to 
define the geometry of Case 2-A.

Region
No.

Material 
Set No.

Structural
Member

Area No of 
Elements 
between 

1st and 
2nd KP

No of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

1 1 Masonry 1 2 3 4 2 1

2 1 Masonry 2 5 6 3 4 1

3 1 Masonry 5 7 8 6 1 1

4 1 Masonry 7 9 10 8 2 1

5 1 Masonry 9 11 12 10 1 1

6 1 Masonry 4 3 14 13 2 1

7 1 Masonry 3 6 15 14 4 1

8 1 Masonry 6 8 16 15 1 1

9 1 Masonry 8 10 17 16 2 1

10 1 Masonry 10 12 18 17 1 1

11 1 Masonry 13 14 20 19 2 1

12 1 Masonry 14 15 21 20 4 1

13 1 Masonry 15 . 16 22 21 1 1

14 1 Masonry 16 17 23 22 2 1

15 1 Masonry 17 18 24 23 1 1

16 1 Masonry 19 20 26 25 2 1

17 1 Masonry 20 21 27 26 4 1

18 1 Masonry 21 22 28 27 . 1 1

19 1 Masonry 22 23 29 28 2 1

20 1 Masonry 23 24 30 29 1 1

21 1 Masonry 25 26 32 31 2 1

22 1 Masonry 26 27 33 32 4 1

23 1 Masonry 27 28 34 33 1 1

24 1 Masonry 28 29 35 34 2 1

. 25 1 Masonry 29 30 36 35 1 1

26 1 Masonry 31 32 38 37 2 1

27 1 Masonry 34 35 40 39 2 1

28 1 Masonry 35 36 41 40 1 1

29 1 Masonry 37 38 43 42 2 1

30 1 Masonry 39 40 45 44 2 1

31 1 Masonry 40 41 46 45 1 1

32 1 Masonry 42 . 43 48 47 2 1

33 1 Masonry 44 45 50 49 2 1

34 1 Masonry 45 46 51 50 1 1

35 ■1 Masonry 47 48 53 52 2 1

36 1 Masonry 48 55 54 53 4 1

37 1 Masonry 55 49 56 54 1 1

38 1 Masonry 49 50 57 56 2 1

39 1 Masonry 50 51 58 57 1 1
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Table VI Continued

Region
No.

Material 
Set No.

Structural
Member

Area No of 
Elements 
between 

1st and 
2nd KP

No of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

40 1 Masonry 52 53 60 59 2 1

41 1 Masonry 53 54 61 60 4 1

42 2 Masonry 197 198 199 200 1 1

43 1 Masonry 56 57 63 62 2 1

44 1 Masonry 57 58 64 63 1 1

45 1 Masonry 59 60 66 65 2 1

46 1 Masonry 60 61 67 66 4 1

47 1 Masonry 61 62 68 67 1 1

48 . 1 . Masonry 62 63 69 68 2 1

49 1 Masonry 63 64 70 69 1 1

50 1 Vert.S.S. 71 72 79 78 1 1

51 1 Vert. S.S. 73 74 81 80 4 1

52 1 Vert. S.S. 75 77 83 82 2 1

53 1 Vert. S.S. 78 79 85 84 1 1

54 1 Vert. S.S. 80 81 87 86 4 1

55 1 Vert. S.S. 82 83 89 88 2 1

56 1 Vert. S.S. 84 85 91 90 1 1

57 1 Vert. S.S. 86 87 93 92 4 1

58 1 Vert. S.S. 88 89 95 94 2 1

59 1 Vert. S.S. 90 91 97 96 1 1

60 1 Vert. S.S. 92 93 99 98 4 1

61 1 Vert. S.S. 94 95 101 100 2 1

62 1 Vert. S.S. 96 98 104 102 2 1

63 1 Vert. S.S, 100 101 106 105 2 1

64 1 Vert. S.S. . 102 104 108 107 2 1

65 1 Vert. S.S. 105 106 no 109 2 1

66 1 Vert. S.S. 107 108 113 111 2 1

67 1 Vert. S.S. 109 no 115 114 2 1

68 1 Vert. S.S. 111 112. 117 116 1 1

69 1 Vert. S.S. 113 120 121 118 4 1

70 1 Vert. S.S. 114 115 122 119 2 1

71 . 1 Vert. S.S. 116 117 124 123 1 1

72 1 Vert. S.S. 118 121 126 125 4 - 1

73 1 Vert. S.S. 119 122 128 127 2 1

74 1 Vert. S.S. 123 124 130 129 1 1

75 1 Vert. S.S. 125 126 132 131 4 1

76 1 Vert. S.S. 127 128 134 133 2 1

77 1 Hor. S.S. 98 99 120 113 4 1

. 78 1 Hor. S.S. 99 100 114 120 1 1

79 1 Vert. S.S. 73 75 133 131 1 1

80 1 Bot. Track 71 72 136 135 1 1

81 1 Bot. Track 73 74 138 137 4 1
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Table VI Continued

Region
No.

Material 
Set No.

Structural
Member

Area No of 
Elements 
between 

1st and 
2nd KP

No of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

82 1 Bot. Track 75 77 140 139 2 1

83 1 Top Track 129 130 142 141 1 1

84 1 Top Track 131 132 144 143 4 1

85 1 Top Track 133 134 146 145 2 1

86 2 Steel Ties 104 105 195 196 1 1

87 1 Steel Ties 13 78 84 19 0 1

.88 1 Steel Ties 14 147 148 80 2 0

89 1 Steel Ties 82 149 150 22 1 1

90 1 Steel Ties 159 89 128 124 1 1

91 1 Steel Ties 107 108 60 123 1 1

92 1 • Steel Ties 103 38 104 151 1 0

93 1 Steel Ties 39 40 106 105 1 0

94 1 Steel Ties 152 54 121 153 3 0

95 1 Steel Ties 160 62 127 161 1 0

96 1 Steel Ties 154. 155 156 157 1 0

97 1 Steel Ties 158 81 93 27 0 1

98 1 Steel Ties 162 163 164 165 0 0

99 2 Masonry 200 199 195 196 1 1

100 2 Masonry 196 195 194 193 1 1

Table VII Summary of the region number, the key points and the 
location of the key points that are used to define the 
geometry of Case 2-A.

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

1
1 0 0 0
2 800 0 90

3 800 200 0

4 0 200 90

2
2 800 0 90

5 2400 0 0

6 2400 200 0

3 800 200 0
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

3
5 2400 0 0

7 2600 0 90

8 2600 200 0

6 2400 200 0

4
7 2600 0 90

9 3400 0 0

10 3400 200 0

8 2600 200 0

5
9 3400 0 0

11 3600 0 90

12 3600 200 0

10 3400 200 0

6
4 0 200 ' 90

3 800 200 0

14 800 350 0

13 0 350 0

7
3 800 200 0

6 2400 200 0

15 2400 350 90

14 800 350 0

8
6 2400 200 0

8 2600 200 0

16 2600 350 90

15 2400 350 90

9
8 2600 200 0

10 3400 200 0

17 3400 350 0

16 2600 350 90

10
10 3400 200 0

12 3600 200 0

18 3600 350 90

17 3400 350 0
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Table VII Continued

Region
Number

Key Point. x-coord y-coord z-coord
(mm) (mm) (mm)

11
13 0 350 0

14 800 . 350 0

20 800 750 90

19 0 750 0

12
14 800 350 .0

. 15 2400 350 90

21 2400 750 0

20 800 750 90

13
15 2400 350 90

16 2600 350 90

22 2600 750 0

21 2400 750 0

14
16 2600 350 90

17 3400 350 0

23 3400 . 750 0

22 2600 750 0

15
17 3400 350 0

18 ■3600 350 90

24 3600 750 90

23 3400 750 0

16
19 0 750 0

20 800 750 90

26 800 950 90

25 0 950 0

17
20 800 750 90

21 2400 750 0

27 2400 . 950 0

26 800 950 90

18
21 2400 .750 0

22 2600 750 0

28 2600 950 90

27 2400 950 0
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

19
22 2600 750 0

23 3400 750 0
29 3400 950 90

28 2600 950 90

20
23 3400 750 0

24 3600 750 90

30 3600 950 0

29 3400 950 90

21
25 0 950 0

26 800 950 90

32 800 1100 0

31 0 1100 90

22
26 800 950 90

27 2400 950 0

33 2400 1100 90

32 800 1100 0

23
27 2400 950 0

28 2600 950 90

34 2600 1100 90

33 2400 1100 90

24
28 2600 950 90

29 3400 950 90

35 3400 1100 0

34 2600 1100 90

25
29 3400 950 90

30 3600 950 0

36 3600 1100 90

35 3400 1100 0

26
31 0 1100 90

32 800 1100 0

38 800 1350 0

37 0 1350 90
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

27
34 2600 1100 90

35 3400 1100 0

40 3400 1350 0

39 2600 1350 0

28
35 3400 1100 0

36 3600 1100 90

41 3600 1350 0

40 3400 1350 0

29
37 0 1350 90

38 800 1350 0

43 800 1950 0

42 0 1950 90

30
39 2600 1350 0

40 3400 1350 0

45 3400 1950 0

44 2600 .1950 90

31
40 3400 1350 0

41 3600 1350 0

46 3600 1950 90

45 3400 1950 0

32
42 0 1950 90

43 800 1950 0

48 800 2040 0

47 0 2040 . 90

33
44 2600 . 1950 90

45 3400 1950 . 0

50 3400 2040 90

49 2600 2040 0

34
45 3400 1950 0

46 3600 1950 90

51 3600 2040 90

50 3400 2040 90
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

35
47 0 2040 90

48 800 2040 0
53 800 2190 90
52 0 2190 90

36
48 800 2040 0

55 2400 2040 90

- 54 2400 2190 0

53 800 2190 90

37
55 2400 2040 90

49 2600 2040 0

56 2600 2190 0

54 2400 2190 0

38
49 2600 2040 0

50 3400 2040 90

57 3400 2190 90

56 2600 2190 0

39
50 3400 2040 90

51 3600 2040 90

58 3600 2190 0

57 3400 2190 90

40
52 0 2190 90

53 800 2190 90

60 800 2550 0

59 0 2550 90

41
53 800 2190 90

54 2400 2190 0

61 2400 2550 90

60 800 2550 0

42
197 800 1100 250

198 2600 1100 250

199 2600 1350 340

200 800 1350 340
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Table VII Continued

Region
Number

-

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

43
56 2600 2190 0

57 3400 2190 90

63 3400 2550 90

62 2600 2550 0

44
57 3400 2190 90

58 3600 2190 0

64 3600 2550 90

63- 3400 2550 90

45
59 0 2550 90

60 800 2550 0

66 800 2700 0

65 0 2700 0

46 .
60 800 2550 0

61 2400 2550 90

67 2400 2700 0

66 800 2700 0

47
61 2400 2550 90

62 2600 2550 0

68 2600 2700 0

67 2400 2700 0

48
62 2600 2550 0

63 3400 2550 90
69 3400 2700 0

68 2600 2700 0

49
63 3400 2550 90

64 3600 2550 90

70 '3600 2700 0

69 3400 2700 0

50
71 0 200 600

72 400 200 600

79 400 350 600

78 0 350 600
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

51
73 800 200 600

74 2400 200 600

81 2400 350 600

80 800 350 600

52
75 2600 200 600

77 3400 200 600

83 3400 350 600

82 2600 350 600

53
78 0 350 600

79 400 350 . 600

85 400 750 600

84 0 750 600

54
80 800 350 600

81 2400 350 600

87 2400 750 600

86 800 750 600

55
82 2600 350 600

83 3400 350 600

89 3400 750 600

88 2600 750 600

56
84 0 750 600

85 400 750 600

91 400 950 600

90 0 950 600

57
86 800 750 600

87 2400 750 600

93 2400 950 600

92 800 950 600

58
88 2600 750 600

89 3400 750 600

95 3400 950 600

94 2600 950 600
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

59
90 0 950 600

91 400 950 600

97 400 1100 600

96 0 1100 600

60
92 800 950 600
93 2400 950 600

99 2400 1100 600

98 800 1100 600

61
94 2600 950 600

95 3400 950 600

101 3400 1100 600

100 2600 1100 600

62
96 0 1100 600

98 800 1100 600

104 800 . 1350 600

102 0 1350 600

63
100 2600 1100 600

101 3400 1100 600

106 3400 1350 600

105 2600 1350 600

64
102 0 1350 600

104 800 1350 600

108 800 1950 600

107 0 1950 600

65
105 2600 1350 600

106 3400 1350 600

no 3400 1950 600

109 2600 1950 600

66
107 0 1950 600

108 800 1950 600

113 800 2040 600

111 0 2040 .. 600
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

67
109 2600 1950 600

110 3400 1950 600

115 3400 2040 600

114 2600 2040 600

68
111 0 2040 600

112 400 2040 600

117 400 2190 600

116 0 2190 600

69
113 800 2040 600

120 2400 2040 600

121 2400 2190 600

118 800 2190 600

70
114 2600 2040 600

115 3400 2040 600

122 3400 2190 600

119 2600 2190 600

71
116 0 2190 600

117 400 2190 600

124 400 2550 600

123 0 2550 600

72
118 800 2190 600

121 2400 2190 600

126 2400 2550 600

125 800 2550 600

73
119 2600 2190 600

122 3400 2190 600

128 3400 2550 600

127 2600 2550 600

74
123 0 2550 600

124 400 2550 600

130 400 2700 600

129 0 2700 600
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

75
125 800 2550 600

126 2400 2550 600

132 2400 2700 600

131 800 2700 600

76
127 2600 2550 600

128 3400 2550 600

134 3400 2700 600

133 2600 2700 600

77
98 800 1100 600

99 2400 1100 600

120 2400 2040 600

113 800 2040 600

78
99 2400 1100 600

100 2600 1100 600

114 2600 2040 600

120 2400 2040 600

79
73 800 200 600

75 2600 200 600

133 2600 2700 600

131 800 2700 600

80
71 0 200 600

72 400 200 600

136 400 200 1000

135 0 200 1000

81
73 800 200 600

74 2400 200 600

138 2400 200 1000

137 800 200 1000

82
75 2600 200 600

77 3400 200 600

140 3400 200 1000

139 2600 200 1000
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Table VII Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

83
129 0 2700 600

130 400' 2700 600

142 400 2700 1000

141 0 2700 1000

84
131 800 2700 600

. 132 2400 2700 600

144 2400 . 2700 1000

143 800 2700 1000

85
133 2600 2700 600

134 3400 2700 600

146 3400 2700 1000

145 2600 2700 1000

86
104 800 . 1350 600

105 2600 1350 600

195 2600 1950 250

196 800 1950 250

87
13 0 350 0

78 0 350 600

84 0 750 600

19 0 750 0

88
14 800 350 0

147 1600 350 0

148 1600 350 600

80 800 350 600

89
82 2600 350 600

149 3000 350 600

150 3000 750 0

22 2600 750 0

90
159 400 750 0

89 3400 750 600

128 3400 2550 600

124 400 2550 600
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Table VII Continued

Region
Number

Key Point x-coord y-coprd z-coord
(mm) (mm) (mm)

91
107 0 1950 600

108 800 1950 600

60 800 2550 0

123 0 2550 600

92
103 400 1350 0

38 800 1350 . 0

104 800 1350 600

151 400 1350 600

93
39 2600 1350 0

40 3400 1350 0

106 3400 1350 600

105 2600 1350 600

94
152 1200 2190 0

54 2400 2190 0

121 24.00 2190 600

153 1200 2190 600

95
160 2000 2550 0

62 2600 2550 0

127 2600 2550 600

161 2000 2550 600

96
154 1200 950 0

155 2000 950 0

156 2000 950 600

157 1200 . 950 600

97
158 2400 350 0

81 2400 350 600

93 2400 950 600

27 2400 950 0

98
162 3000 1950 0

163 3000 1950 600

164 3000 1950 600

165 3000 1950 0
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Table VII Continued

Region
Number

Key Point x-coord
(mm)

y-coord
(mm)

z-coord
(mm)

99
200 800 1350 340

199 2600 1350 340

195 2600 1950 250

196 800 1950 250

100
196 800 1950 250

195 2600 1950 250

194 2600 2040 340

193 800 2040 340

Screen-2

Boundary Number 2
Structural
Member

BOUNDARY

in Wall stud 
Track

1 Steel tiesMasonry 

Location of Boundary
1st Key Point 1 2nd Key Point HI z_coord

Displ°T®tFIXn|Displ. «) FIX iDispl. ® FIX I IRotation O FIX (Rotation ® FIX 
in X O FREE I in V O FREe| in Z O FREE | |about X ® FREE | about « O FREE

brlSH "f § sal isst § sisst §
The user must enter or select [F10] to save input before defining the next 
boundaiy number. This boundary simulates the simply support base of 
the masonry wall.
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Screen-3
boundary

Boundary Number |||||:
Structural Masonry |®i Wall stud |H Steel ties
Member giUi Track
Location of Boundary
1st Key Point Hg 2nd Key Point ||1 ' z_coord |l|ii»^0i (mm) 
Constraint

Displ.tDFIK (Displ. ®) FIX iDispl. (f) FIX I I Rotation ® FIX (Rotation ® FIX
in X O FREE | in V O FREE (in Z O FREE | (about X O FREE (about V O FREE

Constraint for Node No.
Displ. O FIX (Displ. O FIX (Displ. O FIX |(Rotation O FIX (Rotation O FIX
in X O FREE | in V O FREE | in Z O FREE (|about X O FREE (about V O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary is mainly to constrain the free end of 
the spring used to model the bottom track resistance.

Screen-4
BOUNDARY

Boundary Number d
Structural 'O Masonry Wall stud Q Steel ties
Member iUll Track
Location of Boundary '
1st Key Point ||| 2nd Key Point ||i z.coord 1808,3*10 (mm)
Constraint

Displ.® FIX (Displ.® FIX (Displ.® FIX |(Rotation ® FIX (Rotation ® FIX 
in X O FREE | in V O FREE | in Z O FREE | |about X O FREE |about V O FREE

Constraint for Node No.
Displ. O FIX (Displ. O FIX (Displ. O FIX | (Rotation O FIX (Rotation O FIX 
in X O FREE | in V O FREE (in Z O FREE || about X O FREE (about V O FREE

The user must enter or select [F10] to save input before defining the next 
boundary number. This boundary is mainly to constrain the free end of 
the spring used to model the top track resistance.
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Screen-5
BOUNDARY

Boundary Number f§!§
Structural |fig Masonry Wall stud I® Steel ties
Member O Track
Location of Boundary
1st Key Point Iff 2nd Key Point m z.coord (mm)
Constraint

Displ. ® FIX (Displ. <S> FIX iDispl. (g) FIX 11 Rotation ® FIX (Rotation ® FIX 
in X O FREE|in V O FREE)in Z O FREE||about X O FREE|about « O FREE

Constraint for Node No.
Displ. OFIX iDispl. O FIX iDispl.OFIX I [Rotation O FIX (Rotation O FIX 
in X O FREE|in V O FREE)in Z O FREE| [about X OFREE[abouty O FREE

The user must enter or select [F10] to save input before defining the next 
boundaiy number. This boundary is for the steel stud that is joined to 
the concrete shear wall. At this point, the entry of the boundary 
conditions is complete. The user can select the Data Check menu to 
generate the mesh and then select the PLOT menu to display it. The 
boundaiy can be plotted by selecting the Boundary key from the PLOT 
menu. Figure C2-3 displays the generated mesh.

Figure C2-3 Finite Element Discretization of the MVSS wall used in 
Case 2-A.
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Define the Member properties
The user needs to enter the member properties as defined in Table V.

Define the Applied Load
In this case, the load is applied to the masonry veneer and is invoked by 
selecting 100% load applied to the masonry from the Input Applied Load 
menu.

Perform Data Check
Before proceeding with the analysis, the user must generate and merge 
the mesh by selecting GENERATE and MERGE from the DATA CHECK 
menu.

Perform the Analysis
The analysis is performed by simply selecting 1st CRACK from the 
ANALYSIS menu and then NEXT CRACK to follow the propagation of the 
crack.

Results and Discussion
The results are given in Table VIII and the initiations of the first and 
second crack are displayed in Figs. C2-4 and C2-5. By examining the 
results of Table VIII, it appears that, for this particular MVSS wall, the 
share of the load carried by the backup wall does not increase 
dramatically even after the development of the first horizontal crack.

Table vm Summary of the maximum stud and tie forces at the 
initiation of the first crack and second crack.

At the initiation of the 
first crack (0.196 

kPa)

At the initiation of the 
second crack (0.350 kPa)

Maximum Stud 
Bending (kN m)

0.05 0.17

Maximum Stud 
Twisting (kN m)

0.02 0.03

Maximum Stud
Shear Force (kN)

0.16 0.27

Maximum Tie Force 
(kN)

0.17 0.37

Tie Number 234 238
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Figure C2-4 Location and load for initiation of the first crack.

Initiation 
of First 

Crack
s

VJ

Crocking Load is 0.196 kPo

Figure C2-5 Location of First Crack and Location and Load for 
Initiation of the Second Crack.

Smeared First Crack

Crocking Load is 0.350

Initiation of 
Second Crack
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Case 2-B

Problem Description
Case 2-B is similar to Case 2-A with the exception that the missing and 
existing steel ties have been replaced with new ones as shown in Fig. C2- 
6. The previously ineffective extra studs at the window jambs have been 
structurally joined to the framing studs to double the capacities of the 
jamb stud. Again the wall is assumed to be symmetric and, therefore, 
only half of the geometry is needed for the analysis. The properties used 
for the analysis are given in Table IX.

Table IX Geometrical and mechanical properties for case study 2-B.

Masonry Veneer Modulus of Elasticity, Ep 28 000 MPa
Modulus of Elasticity, En 20315 MPa
Poisson's Ratio 0.2
Modulus of Rigidity, Gxy 9663 MPa
Density, p 2000 kg / m3
Tensile strength normal to 0.25 MPa
bed joints
Tensile strength parallel to 0.50 MPa
bed joint

Steel Stud Backup 
Wall

Modulus of Elasticity, E 203 000 MPa
Shear Modulus, G 78 000 MPa
Poisson's Ratio 0.3
Moment of Inertia, I 234 000 mnftystud
St. Venant Constant, J 49.1 mm^/stud

Steel Tie Axial stiffness 376 N/mm
Ultimate strength 1830 N

Bottom Track Shear stiffness of bottom 555 N/mm
stud to track connection

Top Track Shear stiffness of top stud 245 N/mm 
to track connection

Window Modulus of Elasticity, E 200 000 MPa
Poisson's Ratio 0.2
Modulus of Rigidity, Gxy 83333 MPa
Tensile strength normal to 100 MPa 
bed joints
Tensile strength parallel to 100 MPa 
bed joint

The procedure to generate the finite element model and perform the 
analysis is similar to Case 2-A. Figure C2-7 shows the finite element 
mesh generated for Case 2-B.

MVSS - version 2.1 User Reference Manual 111



Figure C2-6 This sketch illustrates the retrofit condition of the 
MVSS wall used for case study 2-B.

Retrofit tie to inside 
and outside jamb studs

Window
connection
point
(2 each / 
side)

ELEVATION - TIE LAYOUT (See also Figures C2-1 and C2-2)

Retrofit
tie

NOTES FOR FIGURE 02-6

1. Retrofit ties, have a stiffness of 376 N/mm and an ultimate strength of 1S30 N.
2. The strength of original ties has been Ignored In the finite element analysis. .
3. Because the inside and the outside jamb studs are not inter-connected, retrofit ties are 

attached to both to insure they work together.
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Figure C2-7 Finite Element Discretization of the MVSS wall used in 
Case 2-B.
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Table X Summary of the region number, material set number, 
member type, area and number of elements used to 
define the geometry of Case 2-B.

Region
No.

Material 
Set No.

Structural
Member

Area No of 
Elements 
between 

1st and 
2nd KP

No of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

1 1 Masonry 1 2 3 4 2 1

2 1 Masonry 2 5 6 3 4 1

3 1 Masonry 5 7 8 6 1 1

4 1 Masonry 7 9 10 8 2 1

5 1 Masonry 9 11 12 10 1 1

6 1 Masonry 4 3 14 13 2 1

7 1 Masonry 3 6 15 14 4 1

8 1 Masonry 6 8 16 15 1 1

9 1 Masonry 8 10 17 16 2 1

10 1 Masonry 10 12 18 17 1 1

11 1 Masonry 13 14 20 19 2 1

12 1 Masonry 14 15 21 20 4 1

13 1 Masonry 15 16 22 21 1 1

14 1 Masonry 16 17 23 22 2 1

15 1 Masonry 17 18 24 23 1 1

16 1 Masonry 19 20 26 25 2 1

17 1 Masonry 20 21 27 26 4 1

18 1 Masonry 21 22 28 27 1 1

19 1 Masonry 22 23 29 28 2 1

20 1 Masonry 23 24 30 29 1 1

21 1 Masonry 25 26 32 31 2 1

22 1 Masonry 26 27 33 32 4 1

23 1 Masonry 27 28 34 33 1 1

24 1 Masonry 28 29 35 34 2 1

25 1 Masonry 29 30 36 35 1 1

26 1 Masonry 31 32 38 37 2 1

27 1 Masonry 34 35 40 39 2 1

28 1 Masonry 35 36 41 40 1 1

29 1 Masonry 37 38 43 42 2 . 1

30 1 Masonry 39 40. 45 44 2 1

31 1 Masonry 40 41 46 45 1 1

32 1 Masonry 42 43 48 47 2 1

33 1 Masonry 44 45 50 49 2 1

34 1 Masonry 45 46 51 50 1 1

35 1 Masonry 47 48 53 52 2 1

36 1 Masonry 48 55 54 53 4 1

37 1 Masonry 55 49 56 54 1 1

38 1 Masonry 49 50 57 56 2 1

39 1 Masonry 50 51 58 57 1 1
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Table X Continued

Region
No.

Material 
Set No.

Structural
Member

Area No of 
Elements 
between 

1st and 
2nd KP

No Of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

40 1 Masonry 52 53 60 59 2 1

41 1 Masonry 53 54 61 60 4 1

42 2 Masonry 197 . 198 199 200 1 1

43 1 Masonry 56 57 63 62 2 1

44 1 Masonry 57 58 64 63 1 1

45 1 Masonry 59 60 66 65 2 1

46 1 Masonry 60 61 67 66 4 1

47 1 Masonry 61 62 68 67 1 1

48 1 Masonry 62 63 69 68 2 1

49 1 Masonry 63 64 70 69 1 1

50 1 Vert. S.S. 71 72 79 78 1 1

51 1 Vert. S.S. 73 74 81 80 4 1

52 1 Vert. S.S. 75 77 83 82 2 1

53 1 Vert. S.S. 78 79 85 84 1 1

54 1 Vert. S.S. 80 81 87 86 4 1

55 1 Vert. S.S. 82 83 89 88 2 1

56 1 Vert. S.S. 84 85 91 90 1 1

57 1 Vert. S.S. 86 87 93 92 4 1

58 1 Vert. S.S. 88 89 95 94 2 1

59 1 Vert. S.S. 90 91 97 96 1 1

60 1 Vert. S.S. 92 93 99 98 4 1

61 1 Vert. S.S. 94 95 101 100 2 1

62 1 Vert. S.S. 96 98 104 102 2 1

63 1 Vert. S.S. 100 101 106 105 2 1

64 1 Vert. S.S. 102 104 108 107 2 1

65 1 Vert. S.S. 105 106 110 109 2 1

66 1 Vert, S.S. 107 108 113 111 2 1

67 1 Vert. S.S. 109 no 115 114 2 1

68 1 Vert. S.S. 111 112 117 116 1 1

69 1 Vert. S.S. 113 120 121 118 4 1

70 1 Vert. S.S. 114 115 122 119 2 1
71 1 Vert. S.S. 116 117 124 123 1 1

72 1 Vert. S.S. 118 121 126 125 4 1

73 1 Vert. S.S. 119 122 128 127 2 1

74 1 Vert. S.S. 123 124 130 129 1 1

75 1 Vert. S.S. 125 126 132 131 4 1

76 1 Vert. S.S. 127 128 134 133 2 1

77 1 Horiz. S.S. 98 99 120 113 4 1

78 1 Horiz. S.S. 99 100 114 120 1 1

79 1 Vert. S.S. 86 88 127 125 1 3

80 1 Bot, Track 71 72 136 135 1 1
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Table X Continued

Region
No.

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

Material 
Set No.

1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
2
2

Vert. S.S. 
Vert. S.S. 
Vert. S.S. 
Masonry

1 Area No of 
Elements 
between 

1st and 
2nd KP

No of 
Elements 
between 
2nd and 

3rd KP
1st Key 
Point

2nd Key 
Point

3rd Key 
Point

4th Key 
Point

< 73 74 138 137 4 1

< 75 77 140 139 2 1

< 129 130 142 141 1 1

< 131 132 144 143 4 1

< 133 . 134 146 145 2 1

200 105 195 196 1 1

13 80 86 19 2 1

82 17 89 88 2 1

102 38 125 123 2 2

39 106 128 127 2 2

86 22 127 125 1 3

175 81 93 176 3 1

152 121 126 177 3 1

73 75 82 80 1 1

80 82 88 86 1 1

125 127 133 131 1 1

200 199 195 196 1 1

196 195 194 193 1 1
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Table XI Summary of the region number, the key points and the 
location of the key points that are used to define the 
geometry of Case 2-B.

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

1
1 0 0 0

2 800 0 90

3 800 200 0

4 0 200 90

2
2 800 0 90

. 5 2400 0 0

6 2400 200 0

3 800 200 0

3
5 2400 0 0

7 2600 0 90

8 2600 200 0

6 2400 200 0
4
7 2600 0 90

9 3400 0 0

10 3400 200 0

8 2600 200 0

5
9 3400 0 0

11 3600 0 90

12 3600 200 0

10 3400 200 0

6
4 0 200 90

3 800 200 0
14 800 350 0

13 0 350 0

7
3 800 200 0

6 2400 200 0

15 2400 350 90

14 800 350 0

8
6 2400 200 0

8 2600 200 0

16 2600 350 90

15 2400 350 90
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

9
8 2600 200 0

10 3400 200 0
17 3400 .350 0

16 2600 350 90
10
10 3400 200 0

12 3600 200 0

18 3600 350 90

17 3400 350 0

11
13 0 350 0
14 800 350 0

20 800 750 90

19 0 750 0

12
14 800 350 0

15 2400 350 90

21 2400 750 0

20 800 750 90

13
15 2400 350 90

16 2600 350 90

22 2600 750 0

21 2400 750 0

14
16 2600 350 90

17 3400 350 0

23 3400 750 0

22 2600 750 0

15
17 3400 350 0

18 3600 350 90

24 3600 750 90

23 3400 750 0

16
19 0 750 0

20 800 750 90

26 800 950 90

25 0 950 0
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

17
20 800 750 90

21 2400 750 0

27 2400 950 0

26 800 950 90

18
21 2400 750 0

22 2600 750 0

28 2600 950 90

27 2400 950 0

19
22 2600 750 0

23 3400 750 0

29 3400 950 90

28 2600 950 90

20
23 3400 750 0

24 3600 750 90

30 3600 950 0

29 3400 950 90

21
25 0 950 0

26 800 950 90

32 800 1100 0

31 0 1100 90

22
26 800 950 90

27 2400 950 0

33 2400 1100 90

32 800 1100 0

23
27 2400 950 0

28 2600 950 90

34 2600 1100 90

33 2400 1100 90

24
28 2600 950 90

29 3400 950 90

35 3400 1100 0

34 2600 1100 90
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

25
29 3400 950 90

30 3600 950 0

36 3600 1100 90

35 3400 1100 0

26
31 0 1100 90

32 800 1100 0

38 800 1350 0

37 0 1350 90

27
34 2600 1100 90

35 3400 1100 0

40 3400 1350 0

39 2600 1350 0

28
35 3400 1100 0

36 3600 1100 90

41 3600 1350 0

40 3400. 1350 0

29
37 0 1350 90

38 800 1350 0

43 800 1950 0

42 0 1950 90

30
39 2600 1350 0

40 3400 1350 0

45 3400 1950 0

44 2600 1950 90

31
40 3400 1350 0

41 3600 1350 0

46 3600 1950 90

45 3400 1950 0

32
42 0 1950 90

43 800 1950 0

48 800 2040 0

47 0 2040 90
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

33
44 2600 1950 90

45 3400 1950 0

50 3400 2040 90

49 2600 2040 0

34
45 3400 1950 0

46 3600 1950 90

51 3600 2040 90

50 3400 2040 90

35
47 0 2040 90

48 800 2040 0

53 800 2190 90

52 0 2190 90

36
48 800 2040 0

55 2400 2040 90

54 2400 2190 0

53 800 2190 90

37
55 2400 2040 90

49 2600 2040 0

56 2600 2190 0

54 2400 2190 0

38
49 2600 2040 0

50 3400 2040 90

57 3400 2190 90

56 2600 2190 0

39
50 3400 2040 90

51 3600 2040 90

58 3600 2190 0

57 3400 2190 90

40
52 0 2190 90

53 800 2190 90

60 800 2550 0

59 0 2550 90
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Table XI Continued

Region
Number
Key Point x-coord y-coord z-coord

(mm) (mm) (mm)
41
53 800 2190 90
54 2400 2190 0

61 2400 2550 90
60 800 2550 0
42
197 800 1100 250

198 2600 1100 250

199 2600 1350 340

200 800 1350 250

43
56 2600 2190 0

57 3400 2190 90

63 3400 2550 90

62 2600 2550 0

44
57 3400 2190 90

58 3600 2190 0

64 3600 2550 90

63 3400 2550 90

45
59 0 2550 90

60 800 2550 0

66 800 2700 0

65 0 2700 0

46
60 800 2550 0

61 2400 2550 90

67 2400 2700 0

66 800 2700 0

47
61 2400 2550 90

62 2600 2550 0

68 2600 2700 0

67 2400 2700 0

48
62 2600 2550 0

63 3400 2550 90

69 3400 2700 0

68 2600 2700 0
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

49
63 3400 2550 90

64 3600 2550 90

70 3600 2700 0

69 3400 2700 0

50
71 0 200 600

72 400 200 600

79 400 350 600

78 0 350 600

51
73 800 200 600

74 .2400 200 600

81 2400 350 600

80 800 350 600

52
75 2600 200 600

77 3400 200 600

83 3400 350 600

82 2600 350 600

53
78 0 350 600

79 400 350 600

85 400 7.50 600

84 0 750 600

54
80 800 350 600

81 2400 350 600

87 2400 750 600

86 800 750 600

55
82 2600 350 600

83 3400 350 600

89 3400 750 600

88 2600 750 600

56
84 0 750 600

85 400 750 600

91 400 950 600

90 0 950 600
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

57
86 800 750 600

87 2400 750 600

93 2400 950 600

92 800 950 600

58
88 2600 750 600

89 3400 750 600

95 3400 950 600

94 2600 950 600

59
90 0 950 600

91 400 950 600

97 400 1100 600

96 0 1100 600

60
92 800 950 600

93 2400 950 600

99 2400 1100 600

98 800 1100 600

61
94 2600 950 600

95 3400 950 600

101 3400 1100 600

100 2600 1100 600

62
96 0 1100 600

98 800 1100 600

104 800 1350 600

102 0 1350 600

63
100 2600 1100 600

101 3400 1100 600

106 3400 1350 600

105 2600 1350 600

64
102 0 1350 600

104 800 1350 600

108 800 1950 600

107 0 1950 600
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Table XI Continued

Region
Number
Key Point x-coord y-coord z-coord

(mm) (mm) (mm)
65
105 2600 1350 600

106 3400 1350 600

no 3400 1950 600

109 2600 1950 600

66
107 0 1950 600

108 800 1950 600

113 800 2040 600

111 0 2040 600
67
109 2600 1950 600

110 3400 1950 600

115 3400 2040 600

114 2600 2040 600

68
111 0 2040 600

112 400 2040 600

117 400 2190 600

116 0 2190 600

69
113 800 2040 600

120 2400 2040 600

121 2400 2190 600

118 800 2190 600

70
114 2600 2040 600

115 3400 2040 600
122 3400 2190 600
119 2600 2190 600
71
116 0 2190 600

117 400 2190 600

124 400 2550 600
123 0 2550 600

72
118 800 2190 600

121 2400 2190 600

126 2400 2550 600

125 800 2550 600
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

73
119 2600 2190 600

122 3400 2190 600

128 3400 2550 600
127 2600 2550 600
74
123 0 2550 600
124 400 2550 600
130 400 2700 600

129 0 2700 600

75
125 800 2550 600

126 2400 2550 600
132 2400 2700 600

131 800 2700 600

76
127 2600 2550 600

128 3400 2550 600

134 3400 2700 600

133 2600 2700 600

77
98 800 1100 600

99 2400 1100 600

120 2400 2040 600

113 800 2040 600

78
99 2400 1100 600

100 2600 1100 600
114 2600 2040 600

120 2400 2040 600

79
86 800 750 600

88 2600 750 600

127 2600 2550 600

125 800 2550 600

80
71 0 200 600

72 400 200 600

136 400 200 1000

135 0 200 1000
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Table XI Continued

Region
Number

Key Point x-coord y-cbord z-coord
(mm) (mm) (mm)

81
73 800 200 600
74 2400 200 600

138 2400 200 1000

137 800 200 1000

82
75 2600 200 600

77 3400 200 600

140 3400 200 1000

139 2600 200 1000

83 .
129 0 2700 600

130 400 2700 600

142 400 2700 1000

141 0 2700 1000

84
131 800 2700 600

132 2400 2700 600

144 2400 2700 1000

143 800 2700 1000

85
133 2600 2700 600

134 3400 2700 600

146 3400 2700 1000

145 2600 2700 1000

86
200 800 1350 250

105 2600 1350 600

195 2600 1950 250

196 800 1950 250

87
13 0 350 0

80 800 350 600

86 800 750 600

19 0 750 0

88
82 2600 350 600

17 3400 350 0

89 3400 750 600

88 2600 750 600
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Table XI Continued

Region
Number

Key Point x-coord y-coord z-coord
(mm) (mm) (mm)

89
102 0 1350 600

38 800 1350 0

125 800 2550 600

123 0 2550 600

90
39 2600 1350 0

106 3400 1350 600

128 3400 2550 600

127 2600 2550 600

91
86 800 750 600

22 2600 750 0

127 2600 2550 600

125 800 2550 600

92
175 1200 350 0

81 2400 350 600

93 2400 950 600

176 1200 950 0

93
152 1200 2190 0

121 2400 2190 600

126 2400 2550 600

177 1200 2550 0

94
73 800 200 600

75 2600 200 600

82 2600 350 600

80 800 350 600

95
80 800 350 600

82 2600 350 600

88 2600 750 600

86 800 750 600

96
125 800 2550 600

127 2600 2550 600

133 2600 2700 600

131 800 2700 600
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Table XI Continued

Region
Number

Key Point x-coord
(mm)

y-coord
(mm)

z-coord
(mm)

97
200 800 1350 250
199 2600 1350 340
195 2600 1950 250
196 800 1950 250
98
196 800 1950 250

.195 2600 1950 250
194 2600 2040 250
193 800 2040 340

Results and Discussion
The location for the first and second cracks are shown, respectively, in 
Figs. C2-9 and C2-10. A summary of the results is also given in Table 
XII. Comparing Case 2-A and Case 2-B, one observes that the 
contributions of the retrofit steel ties and stiffer jamb members did not 
significantly affect the cracking load. However, forces in the steel studs 
and ties were somewhat affected. Also, the different load transfer after 
propagation of the first crack resulted in a different location and lower 
load for initiation of the second crack.

Table XII Summary of the maximum stud and tie forces at the 
initiation of the first crack and second crack.

At the initiation of the At the initiation of the
first crack (0.208 kPa) second crack (0.310 kPa)

Maximum Stud 
Bending (kN m)

0.03 0.09

Maximum Stud 
Twisting (kN m)

0.01 0.02

Maximum Stud
Shear Force (kN)

0.09 0.14

Maximum Tie Force 
(kN)

0.15 0.35

Tie Number 222 236
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Figure C2-9 Location and Load for Initiation of the First Crack.

Initiation 
of First 

Crack

Cracking Load is 0.208

MVSS - version 2.1 User Reference Manual 130



Figure C2-10 Location of First Crack and Location and Load for 
Initiation of the Second Crack.

Initiation 
of the 
Second 
Crack

Cracking Load is 0.310
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