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Abstract








This paper briefly outlines the nature of reinforced concrete - RC design with respect to current techniques of Computer-Aided-Design - CAD in the design office practice.





It discusses the basic attributes of CAD together with procedures for modelling, analysis, design and detailing of RC structures using CAD techniques.





Finally, it develops an application for automating drafting, detailing and scheduling of RC continuous beams through parametrics and attributes to fully unlock the power and depth of AutoCAD and its programming language AutoLISP.





It is hoped that engineers engaged in RC design would find the information valuable.
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�
Modern methods of RC Design/Analysis





The design of any reinforced structure follows the process of evolution. Whereas the computer can be used as a design tool for the synthesising of the design strategy the analytical part of RC design is extremely  numerically oriented and this is undoubtedly where the computer can be of considerable assistance to the designer.  To understand the ways in which new techniques could assist the engineer,  it is worth to briefly consider the general nature of RC design in office practice with respect to the functional design stages.  These stages could be understood  to consist of the followings :-








Outline Proposals�
�
|


Define Geometry and Material Properties�
�
|


Determine Design Loads�
�
|


Perform Analysis�
�
|


Design Structural Elements�
�
|


Draft, Detail and Schedule �
�






To any design brief there will be a number of possible proposals, each of which should be evaluated before a final proposal is selected. The initial choice of alternative design solutions is where the engineer can use his creative and innovative skills.  Analytical methods may be employed at this stage but time and cost restraints may restrict these to a minimum.





The identification and examination of alternatives is essentially an act of synthesis whereby conceptual models are created based on the engineer's experience, intuition, inspiration and often 'rules of thumb'.





Similarly, to fully appreciate the benefits of computer-aided-design, we should think of it as a means of modelling a design on the computer, not as just a fancy drafting tool.


�
Once a final design strategy has been formed, a detailed design solution can be developed.  This is where the engineer will make use of his analytical skills and carry out design calculations to ensure  that the final design will prove satisfactory in service, can be  constructed safely and meets all the requirements of accepted design procedures and codes of practice.





The analytical model developed at this stage will require the use of mathematical skills and application of engineering judgement.  This is where the computer's ability to carry out repetitive work, to calculate accurately, and rapidly, and to store, manipulate and retrieve information could be harnessed to aid the designer in developing a design solution.





Before the analysis of the structure can take place, the structural geometry has to be chosen, material properties selected and loadings on the structure estimated to allow subsequent design of the elements which form part of the complete structure.  In addition, appropriate methods must be known, and results of the design / analysis must be correctly interpreted in order to develop the selected design into a practical solution.





This is where the designer may use his experience and interact with the computer, blending his intuition with the computer's powerful computational abilities.





The modern CAD and analysis of structures requires, the idealisation of the structure into a form that can be analysed, the formulation of the governing equilibrium equations of this idealised structure, the solution of the equilibrium equations and the interpretation of the results.





In practical analysis and design, the steps taken are to:





1.	Idealise the total structure as an assemblage of members (elements) that are interconnected at the structural joints (or nodes);





2.	schematically sketch the idealised structure in the drawing editor;





3.         assign  material properties to the members;





4.	assign support conditions at structural support joints;





5.	apply loading conditions to the elements and / or joints;.





6.	assign RC design parameters;





7.	invoke the command for analysis / Design;





The program would then;





1.	Identify the unknown joint displacement that completely define the displacement response of the structural idealisation.





2.	Establish force balance equations corresponding to the unknown joint displacements.





3.	Solve these equations.





4.	With the element-end displacements known calculate the internal element forces.





5.	Design the members against flexture, shear, etc.





The engineer then interpretes the results predicted by the solution of the structural idealisation.  Clearly the most important steps of the complete analysis / design are the proper idealisation of the actual problem and correct interpretation of the results.





The production of working drawings and contract documents represent one of the final stages in the design process.  However, appraisal and design modifications may continue throughout the construction period and, as unforeseen circumstances are met, design changes will be made.





Again, this is where CAD could be utilise as a valuable tool, because it makes the tedious and inevitable task of revising drawings more pleasant.





Recent advances made in CAD are in the areas of computer-produced drawings where the use of the computer results in the rapid production of   high-quality working drawings and incorporation of database system to aid the production of schedules and quantities.





Now let us look at the characteristics of CAD that lends itself suitable for modern techniques of Analysis / design of RC structures.  The discussion would provide a valuable basis for the development of our application in later sections.





Characteristics of CAD





Computer-aided drafting and design, otherwise known as CAD enables us to create drawings as fast as by hand, or even faster, with the added features of easy duplications and editing, accuracy, intelligence and customisation.





CAD allows greater accuracy than drawing by hand.  Rather than depending on a graphic scale and the clarity of our sights to determine dimensions, we can use CAD's built-in measuring capabilities to check the dimensions of the drawings.  Many CAD systems offer an automatic dimensioning feature that draws in dimension arrows or ticks and distances.





Another CAD characteristic is the ability to attach information to an object.  Such a piece of information is called an attribute, and the ability to attach attributes to an object is referred to as intelligence.





In our case study, we would use attributes to attach bending schedules information to reinforcement bars.  These attributes could then be extracted and manipulated in  database management or spreadsheet program.





Many CAD programs have customisation features that enable us to automate repetitive tasks.  For example, while creating an RC drawing we may find that we have to draw break line symbols repeatedly.  CAD allows us to store such frequently used symbols and later insert them into any drawing, leaving us the task of indicating where the sequence begins and ends.





There are many microcomputer CAD systems available with all the features we've been discussing, but AutoCAD is by far the most popular.  Let us take a look at this program and see what makes it special.


�
AutoCAD





AutoCAD drawings are actually mathematical databases.  The position of each object in a drawing is stored as numeric co-ordinates in a database.  The  database is then translated into an image on the screen.  Clearly this gives us great speed and accuracy, enabling us to create very complex drawings efficiently on the PC.





AutoCAD enables us to use a wide variety of display systems and input devices, that can be added to the PC.  This variety of hardware options allows us to customise our systems to our needs and budget.





Recent versions of AutoCAD files are interchangeable between dissimilar computer systems.  This means that system compatibility is flexible.





AutoCAD allows automating receptive tasks through the use of macros.  Macros are strings of commands and responses that would reduce the amount of command input and therefore time required to accomplish a task.  For example, suppose we want to insert a symbol for breakline into several places in an RC drawing.  Normally we would have to select or type in the insertion command, then the name of the symbol to be inserted, its scale, orientation, and insertion point.  AutoCAD lets us write a macro to invoke the insertion command and supply all the other variables automatically, leaving us the single task of giving the insertion point.  Each time we need to insert that breakline symbol, we could just start the macro and point to the position for the breakline.





Because AutoCAD has a fairly large user community, one can take advantage of several user publications and numerous third-party software additions.  Autodesk Inc., actively supports independent software developers who offer products to enhance AutoCAD.





Some Registered Developers are members of Autodesk's Strategic Developer Program. These are CAD industry leaders offering high quality, integrated software solutions that augment AutoCAD.  Autodesk provides technical, marketing and sales support to this select group of state-of-the-art application software designers.





It is this group that is responsible for the evolution of new techniques in CAD-based structural analysis, design, drafting and schedule preparation.


�
Leading programs in this field includes:





STAAD - III/ISDS


Structural analysis-design and drafting with state-of-the-art graphics.


by: RESEARCH ENGINEERS, INC.





AutoSTAAD


AutoCAD - based structural drafting, steel / concrete detailing, model generations.


by: RESEARCH ENGINEERS, Inc.





SAP 90


Three-dimensional static and dynamic finite-element analysis and design software.


by:  Computers and Structures, Inc.





P-FRAME & P-TOOLS


2D Structural analysis with complete graphics


by:  SOFTEK Services Ltd.





S-FRAME & S-TOOLS


3D structural analysis with complete graphics


by:  SOFTEK Services Ltd.





DETAILS & SECTIONS


Creates Construction details using Structural-material databases and parametric programs.


by:  DCA Softdesk, Inc.





Detail informations on these and other programs could be found in the AutoCAD Resource Guide.





AutoCAD's customisation features allow creating of new custom commands.  For example our breakline command automatically breaks a line after inserting the breakline symbol.  When we create an AutoCAD command, we use Autodesk's  version of common LISP, called AutoLISP.  Now let us take a brief look at AutoLISP.


�



AutoLISP





Most high-end CAD packages offer a macro or programming language to help users customise their systems.  AutoCAD has AutoLISP, which is a pared-down version of common LISP, a popular artificial intelligence language.





There is also the Autodesk Development System (ADS) that allows C programmers to develop utilities and full applications that work with AutoCAD.  AutoLISP and ADS are the two power tools of AutoCAD applications development.





AutoLISP gives us the power to make AutoCAD do some of our thinking as well as most of our work for us, from adding a few simple custom commands, to developing sophisticated, intelligent, well-integrated and well-controlled applications that would make AutoCAD work better, harder and faster.





AutoLISP allows us to develop parametric drawings.  With parametrics, we can create programs that draw any set of objects which share common geometric relationships, where the variations from object to object are too great to make using blocks practical.  Our case study application for drafting and detailing RC beams is an example of parametric techniques that revealed the hidden treasures of AutoCAD.





AutoLISP can use attributes as drawing tools as well as data storage slots from which data could be extracted for Bill of Quantities.





Now let us develop a practical application for drafting, detailing and sheduling of RC beams using AutoLISP. 


�
Automating drafting with  Parametrics





AutoCAD parametrics program gets data from sources outside AutoCAD, such as part lists and engineering references or from users during interactive drawing sessions and then generate different parts, views or sizes from a single set of dimension and geometric data.  One program can draw many different sizes and shapes of a common component.





Once we go to the extent of making an accurate CAD drawing, it would be pleasant if we could extract data for estimating materials from it.  One great advantage CAD has over manual drafting is that CAD drawing carries an electronic database with it.  Blocks with attached attributes make it very easy to extract a listing of materials represented in a drawings.  We can do the same thing with parametricaly generated images.  The program can insert sets of invisible attributes along with each image it draws.  Then AutoLISP or ATTEXT can extract the information to generate reports.





Our aim is therefore to draw the outline of a continuous beam together with the reinforcement bars and schedule the materials for extraction to Bill of Quantities.





The Elements of the parametrics system





The parts of a more elaborate parametrics component system vary with the system design, but in this case, the followings are included:





a)	A user interface function that prompts, informs and accepts or rejects parametrics data inputs.





b)	AutoLISP subroutine that calculates and draws the outline and reinforcing bars.





c)	AutoLISP subroutine that schedules the material tagging using attributes.





The system has been designed in modules, so that one could use many of the modular parts to expand the system or to be used in other parametric applications.


�
The program flow for the parametrics system is illustrated as follows:








1.	Get geometrical parameters of the beam outline.





2.	Calculate associated points with respect to the end 


	points of the beam.





3.	Draw the beam outline


�
�
|


For each of  the reinforcing bars





4.	Prompt for the bar's data.





5.	Calculate end-points of bar with respect to    geometry 	and / or lap lengths.





6.	Draw the bar line





7.	Schedule the bending details of the bar


�
�
|


8.	Extract bending schedules information using 


	ATTEXT  command.�
�



We will start with the user interface of the parametric system.  Then we will examine the AutoLISP programs and menus that support the system.





1.	The geometrical parameters of a beam include the span, depth and breadth of the beam.  Others are, depth of the slab, depth of transverse beam at A-end, its breadth and column width, depth of transverse beam at B-end, its breadth and column width.  These parameters are shown graphically in the illustrative example in later sections.





Other input data are the beam's ID, total number of beams, grid line labels, cover to main reinforcement, concrete grade and drawing scale.





The user  interface has been designed to communicate with the user.  This communication includes prompting for and getting data.  It includes error checking mechanism and provides defaults for all data requested.





The program prompts for all the above data except span.  The span data is obtained after prompting the user for the location of the A-end (pt1) and B-end (pt2) of the beam.  The span is then calculated by setting:





(setq  span (distance pt1 pt2))





That is, calculate the distance between pt1 and pt2 and assign the result to the span variable.





2.	Thereafter, all other points are calculated using the geometrical data with respect to pt1 and pt2 with the polar co-ordinates function as follows:-





(setq apt  (polar pt   angle distance))





That is, return any point apt as a point calculated at an angle and distance from a supplied base point pt.





3.	Here, the COMMAND function, which allows AutoLISP to communicate with AutoCAD's command processor has been utilized to take instructions as arguments and deliver them to AutoCAD as if they were entered at the keyboard.  For example to draw a line from pt1 to pt2, we use





(Command "line" pt1 pt2 "")





(Note the use of "" to represent space or [Enter] to terminate the line command).





4.	For each of the reinforcement bars a user function prompts for the bar mark number, the bar type, diameter and number of bars in each.  Refer to step 2 for details on user interface functions.





5.	Again end-point of bars are calculated using the polar co-ordinate function.





6. 	The command function is again utilized to create the image of the bar.





7.	The shape code of the bar is set according to the type of bar being scheduled in accordance with BS4466.  For example the  shape code for straight bars is 20; therefore, while scheduling a straight bar, the program sets 20 as the shape code.


1


After that a routine is called to calculate  the various parameters of the bending schedule sheet - A,B,C,D, and E/r, whichever ones that are applicable to the shape code.





Next the length of the bar is calculated taking into consideration of bending allowances where necessary.  In addition, the weight of the bar could also be calculated at this stage.





Thereafter, a block containing nothing but invisible, variable attributes that  correspond to the standard bending schedule sheet is inserted, while entering each piece of the above data as attribute values.





The block and its attribute could be defined as follows:





Block Name:�
Order�
Tag�
Order�
Tag�
�
Bsh�
1�
B_member�
10�
B_dirA�
�
�
2�
B_mark�
11�
B_dirB�
�
�
3�
B_type�
12�
B_dirC�
�
�
4�
B_size�
13�
B_dirD�
�
�
5�
B_Nofmem�
14�
B_dirEr�
�
�
6�
B_Nofbar�
15�
B_Weight�
�
�
7�
B_TotNofb�
�
�
�
�
8�
B_length�
�
�
�
�
9�
B_shcode�
�
�
�
�
�
�
�
�
�



8.	Now we can use the AutoCAD ATTEXT command to extract the attributes  (bending schedules data) and write them to an ASCII text file.  A template file could be defined to match attribute tag names in a file with those in the drawing and could contain only name fields as in the Bsh block with format strings.





Finally, we could extract the bending schedules data by issuing the ATTEXT command, followed by the format for output file and the template file already defined using SDF for spread sheet programs and CDF for data bases.





At  this point of the development process, the discussion on the program flow has been completed.  The parameters have been created, and coordinate points have been calculated.  We would now enter test data and test the program against it. Refer to the illustrative example at the end of this presentation.





Conclusion





We have just completed a parametric system for creating beam outlines and tagging the bending schedules information.  The same concepts and techniques explored in this example can be applied to nearly any other parametric drawing application, from foundation bases, to columns, to walls and slabs.  The difference between system are the specific points, variables, subroutines, drawing functions, attributes, AutoLISP function, and AutoCAD commands we use.





Even a simple parametric program like BM demonstrates some of  the advantages of creating parametrically - driven applications, in particular, automation and ease of use.   By automating frequently used or time-consuming operations, we can alleviate a   great deal of the tedium of working with CAD, use the draughtsman's time more effectively, and reduce the changes of making careless errors that would corrupt the drawing database.








I trust you would find this modest presentation beneficial to your office practice.





�
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Illustrative Example





Draft, detail and prepare the bending schedule for a segment of 230x450 mm deep RC continuous beam between grid lines A and B given the following data :-





span			5 m�
Reinforcement :-�
�
depth of slab 		150 mm�
main span	2Y20�
�
transverse beams	230x450 mm deep�
bottom splice	2Y16�
�
column widths 	230 mm�
main top	2Y25�
�
cover 			20 mm�
hanger bars 	2R10�
�
concrete grade 	20 N/mm2�
links		R10@225�
�



								Comments


Command: bm    					; Enter bm to invoke program


Enter Beam I.D. <BM 1>: Eg BM			; Title of beam


Enter No. of beams <1>: 				;  <enter> to accept default


Grid line A-END label <A>: 


Grid line B-END label <B>: 


Enter depth of beam <450>: 


Enter breadth of beam <230>: 


Enter depth of slab <150>: 


Enter cover to reinf't <25>: 


Enter depth of transverse beam at A-END <450>: 


Enter breadth of transverse beam at A-END <230>: 


Enter column width at A-END <230>: 


Enter depth of transverse beam at B-END <450>: 


Enter breadth of transverse beam at B-END <230>: 


Enter column width at B-END <230>: 


Enter concrete grade <20>: 


Enter drawing scale <25>: 


Pick A-END of beam :				; pick a point to define location of pt1


Pick B-END of beam :@5000<0			; pick or enter location of pt2


Enter Information for bottom main bars :


Bar Mark <1>:  					;  <enter> to accept default


Bar Type Y or R <Y>: 


Bar diameter <12>: 20				; 20 mm bar diameter


No of bars <2>: 


Enter Information for bottom splice bars :


Bar Type Y or R <Y>: 


Bar diameter <12>: 16


No of bars <2>: 


Enter Information for Top main bars :


Bar Type Y or R <Y>: 


Bar diameter <12>: 25


No of bars <2>: 


Enter Information for Top hanger bars :


Bar Type Y or R <Y>: r


Bar diameter <12>: 10


No of bars <2>: 


First quater links:


Link Type Y or R <R>: 


Link diameter <10>: 


Link spacing <225>: 


Link multiples 1,2 or 3 <1>: 


Next half span links:


Link Type Y or R <R>: 


Link diameter <10>: 


Link spacing <225>: 


Link multiples 1,2 or 3 <1>: 


Last quater span links:


Link Type Y or R <R>: 


Link diameter <10>: 


Link spacing <225>: 


Link multiples 1,2 or 3 <1>: 





�








Member�
Bar�
Type�
size�
Number of �
Total�
Length�
�
�
�
�
�
�
�
�
�
Mark�
�
�
Members�
number �
of each�
Shape �
A*�
B*�
C*�
D*�
E/r*�
Weight�
�
�
�
�
�
�
of bars�
bar (mm)�
code�
(mm)�
(mm)�
(mm)�
(mm)�
(mm)�
(Kg)�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Eg BM�
01�
Y�
20�
1�
2�
4,720.00�
20�
4720�
0�
0�
0�
0�
23�
�
Eg BM�
02�
Y�
16�
1�
2�
1,630.00�
20�
1630�
0�
0�
0�
0�
5�
�
Eg BM�
03�
Y�
25�
1�
2�
2,500.00�
20�
2500�
0�
0�
0�
0�
19�
�
Eg BM�
04�
R�
10�
1�
2�
3,401.33�
41�
450�
301�
1900�
20�
0�
4�
�
Eg BM�
05�
R�
10�
1�
21�
1,360.00�
60�
400�
180�
0�
0�
0�
18�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Total weight�
�
69�
�



