
£ 3 Sï . psà-Ç1'

Forintek
Canada
Corp.

PROJECT No: FCC 43-43-390

r

COMPUTER-AIDED ENGINEERING DESIGN IN WOOD

V J

By

S.B. Bellosillo 

Research Scientist 

Building Construction Technology

April 1986



NOTICE

This report is an internal Forintek document, for release only by 
permission of Forintek Canada Corp. This distribution does not 
constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than those agreed to by 
Forintek. Also, this report is not to be cited, in whole or in 
part, unless prior permission is secured from Forintek Canada Corp.

Neither Forintek Canada Corp., nor its members, nor any other persons 
acting on its behalf, make any warranty, express or implied, or 
assume any legal responsibility or liability for the completeness 
of any information, apparatus, product or process disclosed, or 
represent that the use of the disclosed information would not infringe 
upon privately owned rights. Any reference in this report to any 
specific commercial product, process or service by tradename, trademark, 
manufacturer or otherwise does not necessarily constitute or imply 
its endorsement by Forintek Canada Corp. or any of its members.



SUMMARY

The report examines the possible applications of computers to the 
task of facilitating the design of wood structures; as a design tool 
and a marketing strategy to attract design professionals to use wood 
in engineered construction.

A literature survey showed potentials for use of affordable desktop 
micro-computers, but paucity of micro-software availability is a draw-
back.

A three phase micro-computer software development program for timber 
design is recommended.
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1.0 OBJECTIVE

To promote the use of wood as an engineering material by providing 
computer-based tools for the design of wood structural systems.

2.0 INTRODUCTION

The engineering problems of today are solved faster, and more efficiently, 
through the use of computers. Their use in the design process is not new; 
large architectural and engineering firms have found that the use of 
computers for structural analysis cuts costs and shortens developmental 
time from concept to construction start. And their use in construction 
management is almost routine. But until recently, computerization had 
been restricted to those firms who could afford to acquire expensive 
main-frame computers or mini-computers.

The advent of comparatively cheaper micro-computers with capabilities 
matching the earlier mini-computer models, has brought the costs of 
computerization down to the limits of affordability. Software vendors 
were quick to provide software to aid in designing structures in steel and 
concrete, and the respective associations of these two industries have 
been able to provide engineers and architects with software for micro-
computers at moderate cost (Appendix I). The same degree of enthusiasm 
has not been seen in the wood industry and software vendors have not 
been as eager to provide similar programs for timber design. This low 
level of support from software vendors is probably due to the fact that 
the use of wood in engineered structures applications is relatively 
insignificant compared to steel or concrete. On the other hand, however, 
it is strategically important in marketing that engineering design 
in wood be kept in pace with steel and concrete, especially in the 
applications of computer technology to aid in the design process. This 
strategy is vital to the lumber industry in its continuing drive to 
improve wood's competitive position against other structural materials.

This report reviews existing computer-aided design software for steel and 
concrete, and enumerates the various aspects of timber engineering and 
wood design that may be facilitated by the use of computers. An annotated 
bibliography is included.

3.0 BACKGROUND

3.1 THE ENGINEERING DESIGN PROCESS

In its simplest form, the design process is described schematically 
^®9iftning with a brief that states the problem, progressing through concept 
and scheme design to a more detailed analysis, and finally element design 
(Plank 1983). In assessing a possible role for the computer, it is
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necessary to identify a point in the design process at which the rules 
become so rigid and straightforward that the computer can effectively 
take over from the designer. In the early stages of the design process, 
the engineer or architect relies on his " professional judgment" , past 
experience and creativity to come up with the conceptual design. So it 
is only in the latter stages of design, in which detailed analyses are 
involved, that the computer can be of great help to the designer. In the 
detailed analysis stage, Plank (1983) suggests an interactive program that 
will allow the designer to assume control over the design process as 
appropriate, while the mundane work of applying the rules relating to 
standard methods of analysis, building codes, and material properties is 
performed by the computer. This is the type of program that will appeal 
to designers, and is best served by micro-computers with appropriate 
software.

3.2 SOFTWARE AVAILABILITY IN STEEL AND CONCRETE DESIGN

The software provided by the Canadian steel industry association (Appendix 
I) is of the interactive type described above and is available for use 
with different types of computers, including in some cases programmable 
calculators. The software provided by the Canadian concrete industry 
association (Appendix II) is in similar form, but is generally more 
involved because of the composite and custom-made nature of reinforced- 
concrete construction. The association also provides a list of software 
models by different authors, for designers to use in developing their own 
software.

3.3 OTHER RELATED LITERATURE REVIEWED

Six of the papers reviewed were expository articles chronicling and 
tracing the breakthroughs of computer-aided design in architecture (Collins 
1983, Greenberg 1984, Lansdown and Maver 1984) and in structural design 
with the advent of micro-computers (Mufti 1985, Panshin 1984, and Plank, 
1983). Most of the literature consists of descriptions of software for 
the design of special structures. Samples of the interactive programs 
used to teach engineering mechanics (Hough 1984) and reinforced-concrete 
design (Ginsburg 1984) in schools make good models for the development 
of similar software for wood design.

4.0 STAFF

Name Title

J.-C. Havard

P.W.C. Lau

S. B. Bellosillo

Project Leader 

Program Manager 

Research Scientist
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5.0 APPLICATIONS FOR COMPUTER IN WOOD DESIGN

This section discusses the possible uses of computer technology in wood 
design. Three major areas in wood design that may benefit from the use of 
of computers are identified. They are (1) computerization of the codes 
for engineering design in wood, (2) development of a library of computer 
programs for solving specific structural analysis problems in assemblies 
that are usually treated as one single structural unit, and finally (3) 
development of design programs for whole structures that take into account 
composite behaviour and interaction between structural units using the 
systems approach in design.

5.1 COMPUTERIZATION OF CSA 086

Computerization of the wood codes is the first and perhaps the most reward-
ing effort in this program. Design professionals will welcome it with great 
relief, and it will attract more enthusiasts in wood design. The codes for 
engineering design in wood, CAN3-086-M84, has not only been the bane of 
designers working on all types of construction materials, but even among 
those whose specialty is timber. The problem is that wood is a natural 
material and its behaviour is influenced by various environmental and 
biological factors. Regulations governing its use in structures are there-
fore more complex than those for either steel or reinforced concrete due to 
considerations of exposure conditions at the site where they are to be used.

Much of this confusion in wood design can be alleviated if these factors are 
set into the software along with explanations that guide the users through 
the design process and rationale for recommending a particular adjustment 
factor. Most of the data required for design will be incorporated into the 
software and assessed with user control. In addition to performing basic 
member and joint design, the program should allow users the option of 
optimization on the basis of costs, material availability, and aesthetic 
considerations.

The ultimate program will be a collection of individual modules, each one 
performing a different member or joint design task in accordance with the 
codes. These modules should be designed as subroutines, callable by 
structural analysis programs that may be developed later.

5.2 LIBRARY OF STRUCTURAL ANALYSIS PROGRAMS

The next stage for providing computer support to designers in wood would 
be the development of a library of programs for analyzing 
the structural behaviour of various engineered wood assemblies and 
composite wood structures. These analysis programs determine the stresses 
and strains in each member of the structure as a result of external load-
ing. The design is then performed, based on the outputs from these 
analysis programs, using the basic member design modules described 
in the previous section. Wood assemblies and engineered structures
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include :

trusses

pallets

roof and floor assemblies 

stressed skin panels 

diaphragms and shear walls 

space frame structures 

pole constructions 

timber bridges 

etc.

Structural analysis programs for some of the assemblies listed above have 
already been developed (Foschi 1977, Suddarth and Wolfe 1984). Programs 
that are available for analyzing similar steel structures may also be 
adapted to use with wood. The softwares should follow a common input 
and output format to allow easy integration of programs.

5.3 SYSTEMS DESIGN APPROACH

The ultimate goal of computerization in wood design would be the develop-
ment of software for the design of whole structures by systems design. 
This includes consideration of the effects of interaction between units 
of the structure, designed individually by the earlier programs without 
regard to the contribution of the adjacent parts of the structure.

6.0 CONCLUSIONS AND RECOMMENDATIONS

Staying at the forefront of computer technology is vital to the wood 
products industry, not only to keep the industry's competitive edge over 
other materials in the export markets, but for its survival as a structural 
material in construction, as well. The purveyors of steel and concrete 
realized the advantage of computer-aids early, and have only been translat-
ing and adapting their programs for use by micro-computers. To develop 
computer technology applications in wood engineering design for professionals, 
Forintek proposes work in three separate and consecutive phases:

(1) The initial effort would be to provide a comprehensive 
design program based on CSA 086 for the design of simple 
members in tension, bending, compression, and shear. Joint 
designs that are covered in the standard should be included.
The program will be a set of modules that can be used

4



independently of each other. A data file containing all 
the strength data of wood and wood fasteners should be 
created and maintained for use with these programs.

(2) Subsequent to the computerization of the standard, a series 
of structural analysis programs for the different kinds of 
engineered-wood and composite assembled or developed,
that would utilize the modules developed in phase (1) as 
subroutines for design.

(3) Finally, programs to analyze behaviour of systems should
be developed. These programs should make use of the programs 
developed in phases (1) and (2).
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7.0 ANNOTATED BILBLIOGRAPHY

1. Anon. 1985. Software Catalog for Homebuilders. 1985 ed.
NAHB Research Found., Inc. 135 pp.
This is a listing of softwares for home builders.

2. _____. 1983. Computers in Civil Engineering. Comput. Civ.
Eng. Publ. by CSIR (S.298), Pretoria, S. Afr.
12 papers were presented at the meeting. Subjects covered 
include future directions in computing, consulting 
engineering applications, program development, steel 
building costs, reinforced concrete design optimization 
water resources management, rainfaill analysis, traffic 
surveys, and computer-aided drafting.

3. APEO. n.d. Guidelines to Standards of Practice for the Use
of Computer Programs in Engineering. Assoc, of Prof.
Engrs. of the Province of Ontario.
A guide for the use of computer programs for engineers of Ontario.

4. Collins, D.W. 1983. Interactive Design Program for Modular
Building Elevations Using an Apple II Microcomputer.
Comput. Aided Des. 15(l):25-32.
This study presents the history of modular building elevation 
design (MODBED), an architectural elevation design software 
package. Describes its function and discusses the advantages 
of implementing similar software on new desktop computers 
in answer to the design needs of small and medium-sized 
architectural and engineering offices.

5. Foschi, R.O. 1977. Analysis of Wood Diaphragms and Trusses:
Part 1. Diaphragms. Can. J. Civ. Eng. 4 (3) :345-352.
An analysis for wood diaphragms is presented taking 
into account the deformation of the connections. The 
load-deformation characteristics for the connectors are 
assumed to be non-linear. Numerical example is presented 
and comparisons made with experimental results on a 
plywood and decking roof diaphragm showed good agreement 
between test results and predictions of analysis.

6. _____. 1977. Analysis of Wood Diaphragms and Trusses: Part 2.
Truss-plate Connections. Can. J. Civ. Eng. 4(3):353-363.
An analysis of truss-plate connections is presented, taking 
into account the non-linear character of the load-deformation 
relationship. Parameters considered in the analysis include 
the actual shape of the connected area, gaps between 
connected members, the buckling capacity of the plate, 
and its yielding in tension and shear.
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Comparison between theoretical and experimental results 
using a single connection under eccentric loading showed 
good agreement.

7. Ginsburg, S. 1984. Multipurpose Program for Students and Designers.
Concr. Int. 6(3):35-38.
A microcomputer program for concrete design which allows 
users to scan the ACI building code, check designs, and 
study topics on reinforced concrete has been developed for 
both teaching and engineering practice. The program consists 
of a check-list based upon the building code requirements 
for reinforced concrete (ACI 318-77). The program allows 
the user to retrieve information pertaining to a specific 
design or the most important general aspects of reinforced 
concrete design. It enables users to check a solution as 
well as learn and review material.

8. Gordon, A.M. 1984. Software Design. Des. Stud. 5(2):68-72.
This is framework for design control in software design 
where failure can cause danger or even loss of life.
Three activities are considered which transform a software 
design requirement into a working program - requirement 
analysis, software design and coding. A method is proposed 
that these three activities which make up software design 
should be considered a recursive, with one repeating the 
same sort of activities with different inputs, from the 
highest level system to the lowest level function.

9. Greenberg, D. 1984. Coming breakthrough of Computers as a True
Design Tool. Archit. Rec. 172 (10) :150-159.
Article describes computer programs and techniques for the 
architect to truly design on the computer - work through 
the whold preliminary design process, sketching, exploring 
scores of aesthetic and engineering alternatives, refining 
the preliminary design - and then generating computer 
images of spaces and buildings of photographic quality 
for further study, analysis and decision by the architect 
and the client.

10. Hough, R. 1984. Teaching Statics of Structures by Interactive
Program. Archit. Sci. Rev. 27(2):37-41.
A suite of programs on basic engineering statics and strength 
of materials, intended as a teaching aid. Explains the 
principles, presents exercises for interactive solution.

11. Hung, N.D. 1984. CEPAO - An Automatic Program for Rigid Plastic
and Elastic-Plastic Analysis and Optimization of Frame 
Structures. Eng. Struct. 6(1):33-51.
This computer program handles the plastic design and analysis 
of plane frame structures. Classical finite element techniques 
combined with linear programming are used. The program
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gives the collapsed load, the distribution of the bending 
moments, the normal forces, the shear forces, and the 
collapsed mechanisms of structures with proportional 
loading.

12. Jaeger, D. & J. Krampen. 1984. Use of a Computer for Steel
Structures: Hollow-Section Lattice Beams/Application De
l'Ordinateur Dans La Construction Métallique: Poutre
a Treillis en Profiles Creux. Acier Stahl Steel. 49(l):23-30.
Steel hollow sections have favorable statical and structural 
properties that offers architects and fabricators possibilities 
for new configurations. To facilitate the task of the 
planners, engineers, and fabricators, the company has perfected 
a CAD/CAE program which makes it possible to draw up dimensional 
plans and to perform reliable design calculations for frameworks.

13. Khot, N.S. & M.P. Kamat. 1985. Minimum Weight Design of Truss
Structures with Geometric Nonlinear Behavior. AIAA J. 23(1) :139-144. 
The paper presents an optimization method based on optimality 
criterion for minimum weight design of structures with geometric 
nonlinear behavior. Sample problems are given to illustrate the 
application of the method to truss type structures with a large 
number of variables.

14. Lansdown, J. & T. Maver. 1984. CAD in Architecture and Building.
Comput. Aided Des. 16 (3) :148-154.
Discussion of how computer-aided design gradually came to 
architecture. Appraisal and evaluation of designs and design 
tools and the preparation of production innovations are 
discussed. Types of visualization and flexible layout 
programs for CAAD are assessed. Areas to which knowledge- 
based design systems should cover are discussed.

15. Mufti, A.A. 1985. Development, Availability, and Use of Engineering
Computer Programs. Can. J. Civ. Eng. 12 (l):43-53.
Paper describes programming and management techniques 
developing useful and commercially viable engineering soft-
ware that may be used in the analysis and design of civil 
engineering projects. Includes recommendations to encourage 
engineering software development.

16. Nguyen, D.T., J.T. Arora, & A.D. Belegundo. 1983. Design Optimization
Codes and Structures: DOCS Computer Program. J. Aircr.20(9):817-824.
This paper describes a computer program that has been developed 
for design optimization of structural systems, using finite 
element methods.
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17. Panshin, L.L. 1984. Computerized Algorithm for Multistory Buildings.
Int. J. Struct. 4(2):57-68.
Paper presents a method used in designing multistory build-
ings subjected to longitudinal and lateral loads. Basic 
differential equations with regard to the secondary moments 
are developed and applied when considering buckling of 
structure. Inhomogeneous boundary conditions that express 
the base - upper structure interaction are also introduced.

18. Plank, R.J. 1983. Application of Micro-computers in Structural
Engineering. Struct. Eng. Pract. 1(4):287-295.
This paper discusses the role of micro—computers in a 
structural engineering design office when used simply as 
a calculating device, and how the profession might best 
benefit from the " micro-revolution" . For a modest invest-
ment, any small company can now use a micro-computer to 
undertake much of the day-to-day work of the engineer with-
out his losing control of the design process.

19. Suddarth, S.K. & R.J. Wolfe. 1984. Purdue Plane Structures
Analyzer II: A Computerized Wood Engineering System. Gen.
Tech. Rep. FPL 40. USDA. May 1984.
The Purdue Plane Structures Analyzer (PPSA) is a computer 
program for the analysis of wood structures. It is a tool 
for accurate prediction of the behavior of any stable wood 
truss or frame that can be represented by a two-dimensional 
analog.
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CALCULATOR PROGRAMS FOR 
DESIGN OF STEEL STRUCTURES

For HP 97 and Tl 59 Calculators

1. SI METRIC CONVERSION PROGRAM (FOR 
STRUCTURAL STEEL DESIGNERS)
Program converts selected Imperial units to SI metric
and vice versa.

2. LSD TYPICAL BAY LOAD ANALYSIS 
Calculates required minimum moments of resistance 
and required minimum moments of inertia for both 
interior and spandrel beams and girders; and 
factored axial load for columns in a typical bay.

3. WARREN TRUSS
Calculates top chord, bottom chord and web mem-
ber forces in a Warren type truss.

4. PRATT TRUSS
Calculates top chord, bottom chord and web mem-
ber forces in a Pratt type truss.

5. ELASTIC PROPERTIES OF COMPOSITE BEAMS 
Calculates the elastic properties of composite and 
hollow composite sections.

6. VIBRATION ANALYSIS OF STEEL FLOORS 
Calculates the frequency and peak acceleration for 
interior bays of composite or hollow-composite floor 
systems with Appendix G, “Guide for Floor Vibra-
tions" of CAN3-S16.1-M78.

7. 1980 NBC WIND
Calculates storey shear forces and over-turning mo-

__ments caused by wind loads on structures using the
detailed procedure NBCC’80.

8. 1980 NBC EARTHQUAKE
Calculates equivalent static storey shears and over-
turning moments caused by earthquake forces on 
structures according to the NBCC’80.

9. PORTAL AND FRAME DRIFT ANALYSIS 
Calculates column and girder shears and moments 
of a rigid frame due to lateral loads using the portal 
method.

10. LSD BASIC STRENGTH FOR COMPOSITE BEAMS 
Calculates factored moment resistance, factored 
shear force for stud shear connector selection, and 
location of neutral axis for composite and hollow- 
composite sections.

11. W AND WWF COLUMN CODE CHECK PROGRAM 
Computes the beam-column interaction values for 
Wide Flange and Welded Wide Flange columns under 
factored axial load and biaxial bending.

12. HSS COLUMN CODE CHECK PROGRAM 
Computes the beam-column interaction values for 
Hollow Structural Section columns under factored . 
axial load and biaxial bending.

Note: Hewlett Packard — HP 97 Programs
Will operate on HP 41C with card reader and 
printer while in HP 97 emulation mode.

COMPUTER AND CALCULATOR PROGRAMS

Since 1967, the Canadian steel industry has pro-
vided the engineering profession with computer 
programs to assist in the design of steel structures.

This brochure describes programs currently 
available or in final production & testing stages for 
large computers, desk top computers and pro-
grammable calculators. All programs are available 
in formats as described in the text or on the order 
form. Programs for large computers are also 
accessible through many computer data centres. 
Structural Steel Section properties as contained in 
the Handbook of Steel Construction — Third 
Edition are also available in computer readable 
formats for several types of hardware.

Charges shown for source material are intended to 
partially defray development and distribution costs.

Current program users and potential users are en-
couraged to indicate areas of specific interest as 
guidance in the future planning of software 
development.

June 1985



«...tlN FRAME AND MINI-COMPUTERS

Column Selection Program 3 — CSP 3 (Programme 
aussi disponible en français) CSP3 will select suitable 
steel sections for columns subjected to axial loads 
alone or with end moments. Uses include: single or 
multistorey columns in gravity or rigid frames, and 
with a limited amount of modelling, crane columns or 
columns subjected to transverse loads.

Limit States or allowable stress design in either Im-
perial or SI units, to S16.1-M84 or S16-1969 (Supp.
#3) respectively and G40.21-M81; strength, stability 
and stiffness may govern design criteria; WWF, HSS 
and built-up H or Box sections in several steel grades; 
K factors input or computed.

Rapid Evaluation of Steel Structures — RESST.
RESST provides designer with least cost steel framed 
floor system, including gravity columns. Some bays 
may be non-standard and in addition the design may 
be Limit States or allowable stress to S16.1-1974 or 
S16-1969 respectively.

Selects beams, girders and columns for gravity loads. 
Provides preliminary design data on open web steel 
joists, base plates and footings. Evaluates simple, 
continuous, composite and non-composite floor 
systems plus hollow composite systems using any of 
38, 51 or 76 mm steel floor deck with a concrete 
cover slab; live load reduction procedures may be 
applied to beams, girders and columns; computes 
quantities and cost estimates for steel and fire 
protection.

Gravity Frame Design 2-GFD2 — VAX (VMS) version 
available Aug. 1985. See description under Desk-Top 
computers.

Truss Analysis and Design - TRAAD — Analyses 
steel trusses using stiffness analysis method and 
selects members in accordance with CAN3-S16.
1-M84 in 3 cycles. Accepts specified and factored 
dead and wind loads and up to 10 patterned live 
loads. Internally combines loads into 6 load com-
binations. Accepts distributed and point loads on top . 
and bottom chords. Automatically generates geo-
metries of simply-supported Pratt, Warren and 
Modified Warren trusses, with parallel chords or 
pitched top chords, from basic geometry input such 
as truss span, depth and number of panels. User may 
input geometries of statically indeterminate trusses or 
trusses of more unusual configuration and support

conditions. User ma> specify splice locations in 
chords and effective-length factors for webs and 
chords etc. to override default values. Selects, from 
Canadian W, C, L, WT, HSS and WWF shapes, 4 sat-
isfactory sections for each member in order of steel 
mass and tabulates member selection efficiency and 
governing load case of each. Proportions economical 
welded joints of HSS trusses and checks their 
strengths in accordance with IIW-CIDECT rules.

DESK TOP COMPUTERS 
(IBM-PC AND HP)

Gravity Frame Design 2 — GFD2 A sophisticated 
version of RESST. Designs gravity loaded steel 
framing members such as composite beams and 
trusses, stub girders, cantilevers, and tiered columns, 
including cumulative live load reduction factors. 
Single component or total building design capability. 
Checks member strength, stability and deflection at 
various construction stages. Correlates shear stud 
design with steel deck profile selected. Includes 
quantity take-off by member type, and steel cost 
estimate. Operates on HP 9845B and HP 9816.

Beam and Girder Design Program — BGD Designs 
composite or non-composite members. Accom-
modates solid slab, or steel deck/slab with designer 
control over deck type and orientation. Designer may 
input both distributed and point loads. Automated 
transfer of loads from beams to girders. Depth and 
deflection control of members optional. Evaluates 
designer specified section. Provides separate de-
flection checks for slab pour, superimposed dead, 
and live loads. Provides strength and stability checks 
at each construction stage and for occupancy load-
ing. Provides number of stud shear connectors.

Cantilever and Suspended Span (Gerber)
Design Program — CSS Load cases permit designer 
to select roof or floor framing members. Dead, live, 
snow, wind, rain, including patterned combinations. 
Compositely designed members may be used when a 
deck/slab is selected. Member depth control optional. 
Designer may pre-select splice locations and brace 
locations.

Column Selection Program — CSP Accepts dead, 
live, patterned live, wind and earthquake as specified 
loads. Factors and combines loads. Applies designer 
specified end moments, or calculates moments due

to connection joint eccentricity as i option. Auto-
matically reduces live load based on tributary area 
(optional). Evaluates designer specified section, or 
designs single storey to 45 storey column stack in 
designer specified tier heights. Selects W, WWF, HSS, 
or fabricated H or BOX shapes from data base. De-
signer may control column axes orientation, and may 
change without re-entering loading. K factors may be 
computed for both sway-permitted and sway- 
prevented cases (optional)

Lateral Force 80 — LF80

An update of the previous GALE program. Given the 
building geometry, this program compiles lateral 
forces due to wind and earthquake including tor-
sional components, according to the 1980 National 
Building Code. Program format is suitable for running 
on the HP 9845B, HP 9816, and IBM-PC.

Notes: IBM-PC programs are written in Basic and are 
released in compiled form. A complete source 
code is available to purchasers on request. All 
desktop computer programs are written to 
CAN3 S16.1-M84 and NBCC 1985.

STRUCTURAL SECTION TABLES — SST
Files

A database of Canadian structural steel section pro-
perties is available in several modes. Metric properties 
for designing and detailing are contained in two 80 
character strings. Sections are grouped as follows:

WWF, W, HP, M, S, C, MC, Equal Leg Angles, Un-
equal Leg Angles, Equal Leg Angles - back to back, 
Two Unequal Leg Angles - Long Legs back to back, 
Two Unequal Leg Angles - Short Legs back to back, 
Tees - from WWF (WWT) and WT, Rectangular, 
Square and Round HSS.

Refer to the order form for ordering details. Note that 
various computer programs listed in this brochure 
have built-in capability for generating the properties 
of Special H and Box sections.



COMPUTER PROGRAM ORDER FORM

PROGRAM VERSION MEDIA COST (INCL MANUAL) ADD. MANUALS TOTAL COST
MAIN FRAME OR 
MINI-COMPUTERS

CSP3 FORTRAN IV 1/2” TAPE* $ 150 Î20 $
RESST FORTRAN IV 1/2" TAPE* 150 20
GFD2 VAX BASIC (VMS) 1/2" TAPE* 1500 50
TRAAD FORTRAN IV 1/2" TAPE* 1500 50
SST FILES 1/2" TAPE* 100
DESK TOP COMPUTERS

GFD2 HP9845 8' DISC 1075 50
HP9816 3.5" DISC 1075 50

BGD IBM-PC 5.25” DISC 350 50
HP9816 3.5” DISC 350 50

CSP IBM-PC 5.25" DISC 650 50
HP9816 3.5" DISC 650 50

CSS IBM-PC 5.25" DISC 450 50
HP9816 3.5" DISC 450 50

LF80 IBM-PC 5.25” DISC 200 20
HP9845 8" DISC 200 20
HP9816 3.5" DISC 200 20

SST FILES IBM-PC 5.25" DISC 100
HP9816 3.5" DISC 100
HP9845 8" DISC 100
APPLE II 5.25” DISC 100

PROGRAMMABLE CALCULATORS
HP97 VOL I PROG. 1-9 MAG. CARDS 90 45
HP97 VOL II PROG. 10-12 MAG. CARDS 60 30
TI-59 PROG. 1-12 MAG. CARDS 150 75

Sub-Total

*1/2" Tape
Tapes are 2400’ on 10" reels. Unless alternate format parameters are checked 
below, tapes will be formatted as 9 track, 1600 bpi, ASCII 
and No Labels.

"Special Shipping

7% Sales Tax (Ont) 
‘ "Surcharge 
Outside Canada

Total $

Alternative ordering instructions:
9trk --------800 bpi' -------- EBCDIC _____Standard IBM Labels

--------1600 bpi _____ASCII _____No Labels

Shipping, Handling & Service Charges
Within Canada, shipping via first class mail is included.

‘ •Special Shipping arrangements at cost. ‘ "Outside Canada, the following additional charges apply: 
USA orders — add 10% of order. All other countries — add 20% of order.
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CANADIAN PORTLAND CEMENT ASSOCIATION
HEADQUARTERS OFFICE
Royal Tru^t Building 116 A lbert Street, Ottawa. O ntario K IP  5G.V Pbone 613/236-9471

July 29, 1985

Mr. S. B. Bellosillo, P. Eng. 
FORINTEK CANADA CORP.
800 chemin Montreal Road 
Ottawa, Ontario 
KlG 3Z5

C.P.C.A. Structural Design Computer Software

Dear Mr. Bellosillo:

In response to your letter of July 2 4 on the above subject, I have 
enclosed for your information a description of the structural design 
computer programs that are available through the Canadian Portland 
Cement Association.

The programs offered by the Association were originally written on 
mainframe IBM computers. The Association is currently in the process 
of revising its design software to run on the IBM series of personal 
computers. At the present time only the ADOSS™ program is available 
in the new PC form. Revision work on other CPCA programs such as MATS, 
STMFR and COLS is at various stages of completion. It is hoped that a. 
PC version of these three programs will be available by the end of this 
year.

I hope the above provides you with the information you require. Any 
inquiries regarding CPCA software should be directed to my attention.

Yours truly,

RICHARD McGRATH, P. Eng. 
National Structural Engineer

RMcG/drl
7-31-5
enclosure



CANADIAN PORTLAND CEMENT ASSOCIATION
TMMICROCOMPUTER PROGRAM ADOSS *

Introduction
TMThe Analysis and Design of Slab Systems, ADOSS , program assists 

in the structural design of concrete slab floor systems. The 
following slab systems are implemented in this version:

FLAT PLATE (OPTION 1)
FLAT SLAB (OPTION 2)

WAFFLE SLAB (OPTION 3)

PLATE WITH BEAMS (OPTION 4)

CONTINUOUS BEAMS (OPTION 5)

Program Scope

The program analyzes and designs an interior or exterior two- 
dimensional equivalent frame according to the relevent provisions 
of the "CODE".* Options are available in the program to use 
either the "Working Stress Method" or the "Strength Design 
Method ". Both round and rectangular columns can be handled by 
the program. The fixity conditions of all supports can be con-
trolled by the user. The height of each column may be different. 
The slab depth may vary from span to span. Lateral loads may 
be input into the program either as concentrated story loads 
or as joint moments. The output includes centreline design 
moments and shears, punching shear stresses and cracked section 
deflection analysis. Based on a realistic selection of rein-
forcement and bar lengths, the program provides an estimate of 
quantities for concrete, reinforcement and formwork.

Data Input

Data may be input to the program directly from the keyboard 
or from a previously created input file. Data entered directly 
from the keyboard is automatically stored in a user-defined 
input file prior to program execution. This input file can 
then be called up by the user, quickly edited and used again 
for subsequent program executions. In this way the user does 
not have to recreate an entire input file just to change 
several design parameters. A maximum of 10 input files may 
be submitted in batch when multiple executions are desired 
without interruption.

* The "CODE" refers to either the ACI 318-83 Code (ACI83) 
or the CSA Standard CAN3-A23.3-M77. Revisions conforming 
to the CSA A23.3-M84 Standard will be introduced to the 
program when this new edition is referenced by the 
provincial building authorities.
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Screen Incut Paqes

Each of the many input items are arranged on a series of input 
screen pages. The input data is split into the following 
screens or pages of data:

Page
No. Description of Input Screen

1 Setup information - Input files, titles, units 
and code

2 General information - Slab system, design method, 
number of spans, concrete data and reinforcing 
steel data

3 Span and loading data - Slab lengths, thicknesses, 
and widths and uniform and partial loads

4 Column/torsional data - Column sizes, heights, and 
fixity, drop dimensions and transverse beams

5

Load Types

Lateral loading and output
Options - Joint moments due to lateral loading, 
pattern loading, load factors and output options

Fig. 1 shows the different options for entering vertical loads 
into the program. Superimposed dead and live loads are input 
in terms of uniform load, whereas partial loads are given in 
terms of load per length.

Note that the self-weight of the structure is computed 
internally by the program.

Program Features and Limitations

A useful feature of this program is its ability to detect errors 
and inconsistencies in the input data. Over fifty tests are 
made by the program to ascertain the correctness of the input 
information.

An interior or exterior frame containing a maximum of 12 spans 
and 2 cantilevers can be designed in a single pass. Slab 
thickness may vary from span to span of a particular frame.
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Columns are considered as fixed at their remote ends for both 
vertical and lateral load analyses. Beams may be specified 
in the direction of analysis for the PLATE WITH BEAMS (OPTION 4) 
slab system only. Transverse spandrel beams, however, may 
be specified for any of the slab systems.

Concrete strength for the column may be different from that of 
the slab system.

Reinforcement detailing is not given for the PLATE WITH BEAMS 
(OPTION 4) or the CONTINUOUS BEAMS (OPTION 5).

Accuracies

The results of the program have been compared with manual 
computations as well as with other design procedures and were 
found to be within the limits of acceptable engineering 
accuracy.

Execution Time

The program execution time is a function of several parameters. 
For the personal computer, this may range from 1 to 4 minutes 
for a six-span structure. Program time is a function of input 
data (that is, partial loadings, lateral loadings, and so 
forth) and system configuration (that is, fixed disk, math 
coprocessor, fast printer and so forth).

SI System of Units

ADOSS^ executes in either U.S. inch-pound or System Inter-
national (SI) metric units. SI units are as adopted by the 
Canadian Standards Association (CSA) metric practice. Metric 
units that are used in the input and output conform with CSA 
recommendations. Metric bar sizes as adopted by CSA are 
used for reinforcing detailing.



System Confiteration

Tiie following components are essential for use of 
tlie program:

System unit— containing a minimum of:

Personal Computer [IBM-PC. IBM-PC(XT). or 
IBM-PC(AT)*]

256KB RAH

Time-and-Day Clock Card**

One Ploppy Disk Drive (360KB DSDD) 

Monochromatic or Color Video Monitor 

(25 lines x 80 characters)
Keyboard

Printer (80 column)

PC-DOS 2.1 or later

For greater speed in the use of the program the 
following items are needed:

One Fixed Disk 

Math Coprocessor
Printer with a print speed > 160 cps

*IBM-PC(AT) with a fixed disk and 1.2 ItB floppy 
drive.

•«Program prints a time and date heading on each 

page of output. If set at startup, item not 
required.
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Porliol dead load

Dead and live load 
al edge ol cantilever

Par Hal live load'
Dead and live load 
al edge of cantilever-

- —Column height 
varies

Fiai plate floor

Uniform dead and live loads 
(may be different In each span)

Uniform dead load

Floor thickness 
varies

FIG I MODEL ELEMENTS E. VERTICAL LOADS ACCEPTABLE TO PROGRAM
' I '

«



C P C A

A D O S S  C O M P U T E R  P R O G R A M  

O R D E R  F O R M

i

P R O G R A M  C O S T  - $ 5 0 0

A N N U A L  M A I N T E N A N C E  F E E = $ 1 5 0  D A T E :

F I R  M : _______________________________________________________________

a d d r e s s : _______________________________________________________
S T R E E T  S U IT E

C I T Y  P R O V .

P O S T A L  C O D E  P H O N E  N O .

C O N T A C T  P E R S O N ______________________________________________

H E A D E R  IN F O : _ _ _ __________________________________________ _

/max. 54 \ __________________________________________
' ohars. "

Send To:

Richard J. McGrath
National Structural Engineer
Canadian Portland Cement Association
116 Albert Street Suite 609
Ottawa Ontario
KIP 5G3

(613)236-9471



PROGRAM DESCRIPTION /  IBM 1130

STM FR •Û

‘i a s ' i o n

Striacû-nres 
Under Lateral and
Gram/ Loads

j PRODUCTION

This computer program (STMFR-60) is designed to perform 
m  static analysis (for joint displacements and member-end 
florces) of a linearly elastic regular rectangular rigid-jointed 
Trame, or several such frames linked together, when sub-
jected to gravity loads or lateral loads or both. If there is

»wre than one frame, they are assumed to be tied together 
y hinged rigid links to enforce equal lateral (horizontal) 
deflections at each floor level, as in Fig. 1. Frame irregular-

ities may be handled by introducing Fictitious members 
Hrith negligible stiffness properties.
■  The program is designed for use with an IBM 1130 com-

puter with at least a 16-K core capacity. It can analyze a 
■tructure with a maximum of three linked frames,* each 
Having a maximum of 60 stories and 10 column lines. The 
Toads may be uniformly distributed vertical loads plus one 
concentrated vertical load on each beam span and also con- 

flentrated lateral loads acting at the floor levels. Axial defor- 
Hnation is considered in columns, but is neglected in beams. 

The following options are included in the program:

I I. The effect of finite width of members can be con-
sidered. This allows a more realistic assessment of 
the moments and shears at member ends than an

I

I

I

analysis using the usual center-to-center spacing of 
line element idealizations of the frame members. 
Such a capability is important when considering 
structures having frames interconnected with shear 
walls.

2. The effect o f shear deformation in columns can be 
considered. This may be desirable for shear walls.

3. Partial fixity factors with respect to rotation as 
well as vertical displacement can be specified for 
the bases of the lowest-story columns. This will be 
useful when considering possible yielding or set-
tling of the foundation.

4. Loads (concentrated vertical loads), moments, and 
a single concentrated horizontal force applied to 
the top-story joints can be specified. This might be 
required should a need arise to divide a structure 
into two or more parts along horizontal sections.

The inclusion of the axial deformation in columns and 
the capability to consider gravity loads, options 2, 4, and 
the part of option 3 on vertical displacement fixity factors 
are features not found in a previously released PCA com-
puter program for multistory structures.* The present pro-
gram, however, does not consider P-A effects in columns, a 
feature that is in the earlier program.
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Fig. 1. Typical linked Crames.

In tall structures, the neglect of axial deformation in 
columns when performing an analysis under lateral loads 
can significantly affect the distribution of forces between 
shear walls and frames. The capability to consider gravity 
loads and thereby investigate their effects-dcad and alive- 
increases the usefulness of the program. Thus, the effects of 
dead loads on the forces in beams of the upper floors of 
frames where there may be appreciable differential vertical 
displacements between adjacent column stacks can be ana-
lyzed through this program.* This capability also allows a 
study of the effects of gravity live loads on the forces acting 
on columns.

INPUT DATA
The input to the program consists basically of frame dimen-
sions, member properties, and applied loads. Frame dimen-
sions are specified in terms of story heights and bay widths. 
Member properties are specified in terms of moments of 
inertia and areas or member section dimensions. In the lat-
ter case, the member stiffnesses are based on the gross sec-
tion properties.

Because the program was designed to treat only a par-
ticular type of structure-plane regular rectangular fram es- 
it was possible to incorporate features that will, in most 
cases, result in a substantial reduction in the amount of 
input data to be prepared, compared with that required for 
the more general stress analysis programs. Thus, the frame 
geometry is described with a minimum of data—only story 
heights and bay widths. The program is written so that data 
common to several adjacent stories or bays need be speci-
fied only once. This feature allows a significant saving in 
input data preparation when either member properties or 
loads are repeated over adjacent stories and/or bays.

Data sheets for an eight-story, three-bay frame subjected 
to  lateral loads are included in this program description.

PROGRAM OUTPUT
The output of the program consists of the following items, 
any of which can be suppressed by so indicating in the 
input data :

1. Input data on frame dimensions and member prop-
erties

2. Input data on loads
3. Fixed-end moments and shears in beams (when 

gravity loads are present)
4. Lateral displacements of floor levels
5. Joint displacement components
6. Member-end forces (moments, shears, and axial 

forces in columns)
7. Equilibrium check: unbalanced joint forces and 

story shears
A special effort was made to present the output data in 

as readable and clear a format as possible. Each item of the 
output is clearly labeled: each column of a tabulation has 
an appropriate, easily understood heading. The units 
employed are clearly shown and the sign conventions for 
joint displacement components and member-end forces are 
printed out to  facilitate the application of the output 
figures.

Copies of the output sheets for the eight-story, three-bay 
frame described in the input data sheets are also included 
here.

METHOD OF SOLUTION

The problem of determining the displacement components / ~  

of the frame joints (and from these the member-end forces) 
corresponding to a particular loading condition is formu-
lated in terms of a tri-diagonal frame stiffness matrix. The 
reduction of the frame stiffness matrix, using a recursion 
relation, leads to  a significantly smaller lateral frame 
stiffness matrix relating the generalized lateral forces to the 
lateral (horizontal) displacements of the floors. The meth-
od, described in “Structural Analysis of Multistory Build- 
in ^ ,” * has the advantage that manipulations (inversions, 
etc.) of matrices involve relatively small-sized matrices.

ACCURACY
Because the reduction or condensation of the frame stiff-
ness matrix involves the inversion of relatively small matri-
ces, the round-off errors usually associated with the direct 
solution of large systems of equations are avoided. As a 
result, good accuracy and a reasonable solution tune are 
obtained. The solution time for a single frame vanes ap-
proximately linearly with the number of stories for a given 
number of bays. A measure of the accuracy obtained for a 
particular problem is given by the Equilibrium Check por-
tion of the program that prints out, if desired, the un-
balanced forces at each joint and story level.

Note: The above program is currently being revised to run on
the IBM Series of Personal Computers. When completed, 
the program will offer user friendly keyboard or file 
data input procedures and user controlled output.



MATS - Analysis and Design of Foundation Mats and Combined Footings

Capabilities - MATS carries out a finite element analysis of a
mat or combined footing, assuming thin plate 
bending theory, and elastic soil behaviour. 
Deflections and contact pressures at service 
load levels are computed and the reinforcement 
fôr each element in the grid is calculated for 
ultimate load levels. The program evaluates 
critical combinations of dead, live and wind 
loads.

Input Under Revision

Output Under Revision

COLS - Strength Design of Reinforced Concrete Column Sections

Capabilities - This program can investigate the adequacy of a
given column cross-section to resist a given 
combination of loads, or design a reinforced 
concrete compression member to resist a given 
set of loads. Columns may be circular or 
rectangular, with a tied or spiral reinforcing. 
Each loading case consists of an axial compressive 
load, combined with uni- or bi-axial bending.
The solution is based upon the Ultimate Strength 
Design method of ACI 318-77 and CSA A23.3 1977.
The program uses modified Hognestad stress strain 
distribution for concrete. The design consists 
of determining the reinforcement which results 
in a minimum amount of steel and the lowest ratio 
of ultimate capacity to factored loads.

Input - Under Revision

Output - Under Revision

Note: Both of the above programs are currently being revised to
run on the IBM Series of Personal Computers. When completed, 
the programs will offer user friendly keyboard or file data 
input procedures and user controlled output.


