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General The following items are briefly described in this introduction to the RM2000 spaceframe analyser: • • • • • • • • • • • • • • •



Starting the program The user interface Importing material definitions Definition of materials Defining a cross section Defining the structural model Defining a tendon geometry Defining loads Defining a traffic loading case Defining a construction schedule Running the calculation Viewing the results Fibre stress check Ultimate load check Shear capacity check



This introduction is based on a simple example that the user should work through using the program RM2000 at the same time as following this text.



1.1 Starting the program The program installation must be completed before any work can be started. The installation procedure automatically creates the following TDV icons for GP2000 and RM2000 on the desktop:



The program can be started by double-clicking the appropriate icon (shown above) or by selecting the icons via the Windows - "Start" – menu, (usually located in the bottom left hand corner of the screen). The GP2000 and RM2000. Icons are located in the file structure under the program group "TDV2000".



1.2 Data conversion from RM7 Refer to section 13. Data conversion from RM7 to RM2000 for further details
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The introductory example The three span hollow concrete box girder shown in Figure 1 below will be defined. This section contains several variable dimensions.



cross section:



span 1: 40m



span 2: 60m span3: 40m Figure 1. Structural system



The 140m long three-span bridge (40m + 60m + 40m) is located on a compound axis comprising a straight line, a circular curve and then another straight line.



2.1 SYSTEM: STRUCTURAL MODEL (actual)



A1



40m



A2



60m



10x4m



15x4m



A3



40m



A4



10x4m



20m
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STRUCTURAL MODEL: (program) A1



A2



40m



A3



60m



10x4m



15x4m



40m



A4



10x4m



System axis: Horizontal plan 1st.Part:Straight Line : 2nd.Part: Spiral: A=100, REND=200m 3rd.Part: Circle: R=200



Station: 0-20 m Station: 20-70 m Station: 70-140 m



System axis: Vertical plan 1.Part: Line: 30m dZ=0,5m 2.Part: Circle : R=-2000m 3.Part: Line: 40m



Station: 0-30 m Station: 30-100 m Station: 100-140 m



Numbering system: Node numbers (span) : 101-111-126-136 Element numbers (span) : 101-110,111-125,126-135.



Supports: (defined by additional elements) Axis 1



Axis 2



101-110



Axis 4



Axis 3



111-125



126-135



Z



X
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13,0 m



GP2000



6,5 m



6,5 m 0,40m



0,40m



12,2 m



3,00 m



1,50m



3,00 m



1,50m



0,90 m 0,20 m



0,25m Y



0,25m Z



hcstab(sg) twebtab(sg)



4,0m



1,5m



5,0 m



tbottab(sg)



0,15 m



1,0m



1,0m



4,0m



Cable geometry (intern) span 1 span 2 span 3



101 (6 Cable) Ac=16cm2, Ah=50cm2 (101-113) 102 (12 Cable) Ac=16cm2, Ah=50cm2 (108-128) 103 (6 Cable) Ac=16cm2, Ah=50cm2 (123-135) Clearance 20cm from top



Clearance 20cm from top



Tendon 101 Clearance 20cm from bottom



Tendon 102 Clearance 20cm from bottom



Tendon 103 Clearance 20cm from bottom



2.2 DESIGN CRITERIA The following criteria will be used for this design example: Specifications, Codes, and Standards: AASHTO Bridge Design Specifications
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MATERIALS: Reinforcement: GRADE 460 400000 kN/m2 200000000 kN/m2



Yield Strength: Modulus of Elasticity: Strain/Stress values



Reinforcing Steel Grade 460 600000 400000 stress



Epsilon [kN/m2] -20.0 -400001 -2.0 -400000 0.0 0 2.0 400000 20.0 400001



200000 0 -20.0 -200000



-2.0



0.0



2.0



20.0



-400000 -600000 strain



Concrete: Type C 45 28 day Cylinder Compressive Strength: Modulus of Elasticity:



518000 kN/m2 32100000 kN/m2



Allowable Stresses:



As per AASHTO



Tensile:



during construction:



7.5



f l C (U.S Customary)



0,623 f l C (METRIC) =4484 kN/m2 Final :



6



f l C (U.S Customary)



0,498 f l C (METRIC) =3584 kN/m2 Compressive:
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Strain/Stress values Superstructure girder Concrete - C 45



Epsilon [kN/m2] -2 -51800 -1 -47570 -1 -42290 -1 -34890 -0,571 -25370 -0,286 -13740 0 0 20 1,00E-05



10000 0 -10000 -2



-1



-1



-1



-0,571



-0,286



0



20



-20000 -30000 -40000 -50000 -60000



Prestressing Steel: Strand tendons shall consist of low-relaxation steel. Material Properties: 1860000 kN/m2 1674000 kN/m2



Ultimate Tensile Strength Yield Strength



197000000 kN/m2



Apparent Modulus of Elasticity:



Prestressing Steel 2000000 1500000 1000000 500000



stress



Epsilon [kN/m2] -20.00 -1860000 -7.85 -1674000 0.00 0 7.85 1674000 20.00 1860000



2500000



0 -20.00 -500000



-7.85



0.00



7.85



20.00



-1000000 -1500000 -2000000 -2500000 strain



Friction Coefficient: Wobble Coefficient: Wedge slip: Tendon:



© TDV – Technische Datenverarbeitung Ges.m.b.H.



0.25 0.151 [Deg/m] 10 mm = 0.010m AC=0,0016m2/Tendon AH=0,0050m2/Duct



Heinz Pircher und Partner



RM2000



The introductory example



Getting Started



2-6



Allowable Tendon Stresses: Jacking Force: At anchorages after anchoring At other location after anchoring At Service limit state after losses



0,80 fpu 0,70 fpu 0,74 fpu 0,80 fpy



Factor 0,8 0,7 0,74 0,8 fpu 1860000 1488000 1302000 1376400 fpy 1674000 1339200



2.4 Design Loadings: 2.4.1 Dead Load: 23,5 kN/m3 30,0 kN/m



Unit Weight of Reinforced Concrete (DC): Additional dead load:



2.4.2 Live Load: Apply one load train on one central lane in this example: 1000 [kN] 60 [kN/m]



60 [kN/m]



3 [m] 3 [m]



2.4.3 Thermal Forces: Coefficient of expansion: Temperature Range Linear temperature gradient



10.8 x 10e-6 per °C 15°C +10°C at the top



2.4.4 Creep and Shrinkage: Strains calculated in accordance with CEB-FIP 1990 Model Code for superstructures.



2.4.5 Pier settlement: 1 cm at each support.
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Starting the program The program installation must be completed before any work can be started. The installation procedure automatically creates the following TDV icons for GP2000 and RM2000 on the desktop:



The RM2000 program can be started either by double-clicking the RM2000 icon or by selecting the icons via the Windows - "Start" – menu, usually located in the bottom left hand corner of the screen. Double-click one of the these icons to start the program After the installation the Default-Database is empty. Therefore the program try to create a Default-Database in the program directory (e.g. c:\Program Files\Tdv2000\rm8) The appearing screen shown all available materials and formulas, which you can store now into the Default-Database. Select and use blank to mark the first database. Then select and use blank to mark the second database. CS-CEB90.RMD contains all necessary formulas and tables for the creep & shrinkage calculation according to CEB90. MAT-USA.RMD contains all materials according to AASHTO. This selection of databases appears only if the database is empty (e.g. after the installation or you delete this database in the program and you start the program again!). Select to close this window.
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The input screen shown below for starting a project appears following the program start. Any of the alternatives can be selected by choosing the appropriate radio button: A new project must be stored in a new directory or sub-directory. The structural data for this RM2000 example was prepared in GP2000 and exported to RM2000. The “new” directory therefore already exists! Select the arrow in the top left hand window of the input screen to open Windows Explorer. The Explorer directory selection screen will appear: Select the appropriate directory path. Select “First Project” N.B. The database files shown in this directory were exported from GP2000. Choose to accept the displayed directory as the desired project directory. The full directory path will be shown in the top left hand window of the re-displayed project input screen. The working directory is now defined. Select to start RM2000.
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Description of the program interface The main RM2000 screen is similar in design to most Windows programs. Program version



Function path



Tool bar



main-functions



Sub-functions



Graphic screen



Command line



4.1 Description of the main user interface parts The program version number and the current project path are shown in the top left hand corner of the screen.
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4.1.1 Tool bar



Opens a window listing the recorded actions. Opens the Windows-Explorer program starting in the current project directory. Shows errors from the most recent calculations. Opens the Windows Calculator program. Opens the default editor program (Textpad or Notepad) Opens a program for plotting graphic results. Lists all freehand symbols for zooming functions. Opens a dialog window for program parameters. Prints plotfiles and other results. Opens the RM2000 help files. Opens the RM2000 online books.
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4.2 Main functions The Main function list remains the same at every stage of the program. The subfunction lists on the right side of the screen change with the main function selection.



File Properties Structure Loads and Con.Sch. Recalc Results Scripts



Project management (open, create, ...) and import/export. Definition of material properties, cross section properties and variables. Definition of the structural system (nodes, elements, tendon geometry) Definition of loads and constructions stages Start a calculation Viewing of result and creating of plots Using of Run- and Open TCL



N.B The ‘up-arrow’ symbol (' ') will be used in this document to identify a main function, e.g.: STRUCTURE.



4.2.1 Sub-functions On selection of FILE, the following sub-functions list will be displayed on the right hand side of the screen. N.B The ‘right-arrow’ symbol (' ') is used to identify a sub-function in this document. e.g.: IMPORT. Start a new project in the current directory. All defaults, needed for the project Open an existing project or start a new one. Import a saved project (or part of it). Export (save) the current project (or part of it). Select one of the RM2000 demo examples to be loaded for viewing. Change project information for viewing and editing into the desired format. Import the RM7 steel cross section table for RM2000. Input of optimisation to accelerate the calculation.
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On selection of PROPERTIES, the following sub-functions list will be displayed on the right hand side of the screen. Modification of materials and material properties. Modification of reinforcement/stress groups. Modification of cross-sections and cross section properties. Modification of variables. Definition of additional wind properties. On selection of STRUCTURE, the following sub-functions list will be displayed on the right hand side of the screen. Definition of nodes and their attributes. Definition of elements and their attributes. Definition of tendons and their attributes. Definition of special commands. On selection of LOADS AND CONSTR.SCHEDULE , the following sub-functions list will be displayed on the right hand side of the screen. Definition of load cases. Additional constraints for optional DOF’s. Definition of constructions stages. A dialogue window is opened on selection of ‘Recalc’.



RECALC. There is no sub function for



On selection of RESULT, the following sub-functions list will be displayed on the right hand side of the screen. Loading case results in list form for nodes and elements. Envelope results in list form for nodes and elements. File editor for the creation of plot-files. Screen Plot - element by element - of creep and shrinkage. Screen Plot of influence lines for all degrees of freedom. Result report for selected elements/nodes and load cases/envelopes. Result report for selected elements/nodes and load cases/envelopes.



© TDV – Technische Datenverarbeitung Ges.m.b.H.



Heinz Pircher und Partner



RM2000



Description of the program interface



Getting Started



4-5



On selection of SCRIPTS, the following sub-functions list will be displayed on the right hand side of the screen. Run a tcl-script. Open an existing tcl-script. Execute calculation action independently from the „Construction Schedule“.



© TDV – Technische Datenverarbeitung Ges.m.b.H.



Heinz Pircher und Partner



RM2000



The Default – Database



Getting Started



5



5-1



The Default – Database Define the properties of the materials to be used in the project. •



Import the materials necessary for the project Select FILE DEFAULT to activate the Default-Database dialogue box shown below.



The dialogue box contain two tables. The left table show all information in the Default-Database. The right table show all information in the current project. Now we copy all Materials from the Database into the current project.



Select (the colour of all Material names will change into red) Select Copy->> (All materials appears in the right table)



Select ‘Variable’ Select (the colour of all Variable names will change into red) Select Copy->> (All materials appears in the right table) Select to close the window.
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5-2 MATERIALS to activate the view/edit dialogue box



This window is described in detail as similar windows are frequently used in RM2000. The upper of the two displayed tables lists all the materials imported into the project.



The lower table lists the properties of the material that is currently selected (blue line) in the upper table. Material ‘C_30’ is selected from the upper list, in the above window and the material properties for ‘C_30’ are listed in the lower table. The content of the tables can be changed using the various interactive buttons (described below):. Insert a new line before the selected line Edit the selected line. Insert a new line after the selected line. Make a copy of the selected line. The copy is inserted at the end of the list. Show information about the selected line. Delete one or more lines.
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Modify a material Select the material C_45 in the material list (upper table) Select the information button An input/edit window will be displayed with the material properties. Most of the properties are 0 by default for a new material. The creep calculation is based on the Ceb90 model in this example. Assign this creep model to the material The 28 day concrete cylinder strength and the type of cement is needed for creep calculation in accordance with Ceb90 or Ceb90. Select the PHI(t) arrow for creep. Select the correct model (AS 96cr) and confirm with . (see picture below). Do the same for EPS(t) and EMOD(t). Input the other material properties by hand – use the same values shown in the screen shot on the last page. Confirm the material property inputs with . The program will ask whether the properties of this material should permanently change. Confirm with . Close the material info window by clicking on the cross at the top right hand corner of the window.
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Check the cross section Select PROPERTIES and/or definition.



CS to open the input window for cross section viewing



The table on the left side displays a list of all the cross sections that were defined in GP2000. The selected cross section is displayed graphically on the right hand side of the screen. The buttons at the bottom left hand side of the window have the following meanings: CS Nodes Elem Values Comb AddPnt



Cross section view. Cross section nodes. Cross section elements. Cross section result values. Composite cross section for hinge springs. Definition of additional points (reinforcement, stress points)



With the button at the bottom right hand side of the window it’s allowed to start the calculation in each position of the input procedure.
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Definition of the structural system



8.1 Nodes Select STRUCTURE ing the nodes.



NODE to open the input window for viewing and/or defin-



The window displays the nodes and coordinates for the project as it was already defined using GP2000.



The buttons at the bottom left hand side of the window have the following meanings: Node Supp Beta Ecc Mass



Node Coordinates. Node supports (spring constants). Node support orientation and length. Node support eccentricity. Node masses (dynamic).



8.2 Elements All the nodes and elements assignments were defined in the GP2000 getting started example so it is not necessary to define them here. Select STRUCTURE ment definition.



ELEMENT to open the input window for to view the ele-



The meaning of the button names at the bottom left hand side of the window are given below:
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Getting Started Elem: Mat: CS: Comp: Beta: Ecc: Hinge: Time: Shape: Checks:



8-2 Element input (type definition, node assignment, sub-division). Element/material assignment. Material values are assigned, or Material is chosen from a material list that assigns values. Element/cross-section assignment or definition of spring constants for all types of element springs. Composite elements and their sub-component parts (max 4). Element orientation and length. Element eccentric connections. Element begin and -end hinge releases. Time dependent properties used for dynamic as well as creep and shrinkage calculations. Pre-deformation and pre-loading of elements. Element/Reinforcement assignment and checks definition.



The data input window changes on selection of another button. Assign material properties to the elements. Select the button at the bottom left hand side of the screen to open the material assignment input window.



Materials have already been imported and/or defined in GP2000 for this example. The Material properties can be modified by selecting the appropriate element and then the edit button.
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8.3 Cross sections assignment The cross sections have already been assigned in GP2000 for this example The cross section assignment can be modified by selecting the appropriate element and then the edit button. The TypBeg or TypEnd input window arrow can be chosen to assign a different cross section to the element. With EccTyp it’s allowed to change the typ of eccentricity form the cross section. Element



types can be changed. The beam elements eccentricity type can be changed Close the input screen by clicking the in the upper right hand corner of the window or with . The graphic screen shot can be updated by using the redraw/re-zoom facility. Use the freehand symbol ‘V’ to zoom all and redraw. The freehand ‘V’ symbol must be drawn directly on the screen using the left mouse button whilst simultaneously holding the key on the keyboard down.



8.4 Calculation The structural system definition is now complete except for the tendon geometry. The system can be calculated for the first time. Select RECALC to open the input window for global project calculation property definitions. The pre-defined parameters in the “Recalc” window boxes can be accepted or modified as required:
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Most of the default values are acceptable for this example. The units for the input as well as the output can be specified by the user. The units can be changed before and after the calculation. i.e. the calculation can be made using one set of units and results and can be viewed and printed out in a completely different set of units. Each type of input you can have a separate unit. (Length of structure, Length of cross section, Force, Moment, stress, …) A brief description is given below for defining the input data units. Refer to chapter 12 for a description on how to modify the output units. How to change the units (e.g. Moment)? Select the arrow on the right hand side of the Moment unit input. Select the arrow on the right hand side of the Length unit input. Define the unit for Force (kN for default) Confirm with . Define the unit for Length (m for default) Confirm with . Confirm with . Modify the following to suit this example (refer to the screen shot on the previous page): Input a project text. Switch to AASHTO. Only a cross section calculation and a structure check can be done at this stage. Check ‘Cross section calculation’. Check ‘Structure check’ . Uncheck all other Calculation options. Confirm with to start the calculation.
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Definition of tendons



9.1 Definition of tendon groups Select



STRUCTURE



TENDON to open the tendon list.



All the tendons for the current project are listed in the upper table and the properties of the selected tendon are displayed in the lower table. Select the append button to open the input window for tendon groups definition. Select ‘Typ Internal’ to define an internal tendon. Input the data shown in the adjacent screen shot.



Confirm with 



9.2 Definition of the tendon geometry The three function buttons at the bottom of the screen have the following meaning: Assignment Geometry 3D-Values



Tendon/Element assignment. Tendon geometry, type (intern/extern), material and cross-section properties. The Calculated tendon geometry will be displayed graphically.



These functions are used to define the tendons. Assign the tendon group to the elements. Select to open the appropriate input window. The tendon groups are listed in the upper table and the elements assigned to the selected tendon are displayed in the lower table. Select the tendon group. Click the (lower) append button to open the assignment input window.
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Input the data shown in the adjacent screen shot. Confirm with . Tendon 1 is assigned to Elements #101 to #113 here. A graphical display of the tendon geometry can be viewed as follows: Select the info button between the upper and lower tables. The details of the tendon profile for the selected tendon and element are displayed in the left portion of the screen and the whole profile for the selected tendon together with a cross section plot of each element that the tendon profile passes through are displayed in the right portion of the screen. The parameters shown in the left portion of the screen correspond with the tendon profile at the position marked by the vertical line. The tendon geometry is defined in 3-D space relative to an element (in the ‘y’ and ‘z’ directions) at any position along the element length (defined by x/l). Click the append button to activate the input fields on the left. Select ‘local’ to define the tendon geometry locally relative to the selected element. Input ‘101’ as the reference element to define the cable geometry at the first element. Set X/L=0 to define the geometry as starting at the beginning of element 1 (X/L=1 defines the end of the element). Set the eccentricity to 0 for both direction (‘e_y’, ‘e_z’). The tendon location will then be at the centre of gravity of element 1.- on the centroidal axis. Select ‘free’ for ‘Alph1’ and ‘Alph2’ to let RM2000 calculate the angles. (The edit boxes for the angles will be deactivated following this selection).
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Select to save the changes. Make the next definition in ‘Cross-section’ view instead of ‘Perspective-view’. Select ‘Cross-section’ at the top of the graphic screen. **The order of tendon definition is critical. Always select the last line before selecting the append button to ensure that the new data is appended to the previous definitions.



Tendon-AXIS



The position of the tendon group centroid (e_y and e_z) will be constructed graphically for this element. The centroid is defined by the intersection of the two dashed black lines (the ‘tendon axis’). Eight tools are provided for moving the tendon axis. These tools are located above and to the left of the graphic screen. The following tools are provided to move the vertical axis: These buttons perform the following actions: > The vertical axis is moved to the extreme right edge of the cross section. > The vertical axis is moved to the right by one. ‘dz-cursor’ step. The following tools are provided to move the horizontal axis:
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These buttons perform the following actions: ++ The horizontal axis is moved to the top of the cross section. + The horizontal axis is moved towards the cross section top by one ‘dycursor’ step. -The horizontal axis is moved to the bottom of the cross section. The horizontal axis is moved towards the cross section bottom by one ‘dycursor’ step. The dy (and dz) cursor step can be user defined – see below. The eccentricity values e_y and e_z are refreshed automatically after each move of the axis. The tendon group, in this example, at element 104 is located on the centre line of the cross section and at 0.20m above the bottom edge. (The vertical axis for the cable group stays on the centre line.) Select the last line in the list. Click the append button to start a new geometry definition. Select ‘local’ to define the tendon geometry locally relative to the selected element. Open the CS-Point list and select ‘bottom fibre’. Input ‘104’ as the reference element. Select relativ to QS pnt. Input ‘0.10’ in the window for ‘Step-dy-cursor’. Select < + > twice to move the horizontal axis up by 0.20m. Select ‘Value’ for ‘Alph1’ and ‘Alph2’. Keep the value ‘0’ for Alfa1 and Alfa2 Select to save the changes. Check the cable geometry defined so far by changing the view to ‘Perspective view’. Define the next point using a different cable geometry tool. Select to close the info view. Select (bottom left) to open the geometry definition list. Select the last defined point. Click the append button to activate the tendon point input window. Input ‘111’ as the reference element.
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Open the CS-Point list and select ‘top fibre’. Select ‘Local’ to define a local reference for the cable group centroid. Input ‘0’ for the element begin in X/L. Input ‘-0.2’ for e_y eccentricity. Select Relative to CS pnt. Select ‘Value’ for ‘Alph1’ and ‘Alph2’. Keep the value ‘0’ for Alfa1 and Alfa2 Select to save the changes. Input the next point similarly: Use the following table to complete the geometry for the tendon 1: Input the cable geometry



STRUCTURE TENDON GEOMETRY Bottom table



!



TdNum Ref. Elem. CS pnt X/L eY [m] eZ [m] Rel. to Alfa1 Value Alfa2 Value Rel. to Straight part Extern



101 101 0 0 0 Elem Free Free Elem



104



111



bottom fibre



top fibre



0 0.2 0 CS pnt Value 0 Value 0 Node



0 -0.2 0 CS pnt Value 0 Value 0 Node



113 1 0 0 Elem Free Free Elem



The definition of the cable geometry for construction stage 1 is now complete. Copy functions can be used to define the cable geometry. Select the first cable group definition in the upper table. Click on the copy button to open the copy input window. Input ‘102’ in the ‘New tendon’ field. Modify the Element begin to (108). Confirm with Now, the Program had made a copy of the tendon 101 but translated to the start element 108. All other parameters are the same. The geometry definitions and the assignment must therefore be changed.. The element assignment must also be changed from #108-#120 to #108-#128. Apply the changes. Use the following table to complete the geometry for the tendon 2.
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9-6



108 -



111



102 118



126



top fibre



bottom fibre



top fibre



128 -



Local



Local



Local



Local



Local



0 0 0 Elem Free Free Elem



0 -0.2 0 CS pnt Value 0 Value 0 Node



0.5 0.2 0 CS pnt Value 0 Value 0 Node



0 -0.2 0 CS pnt Value 0 Value 0 Node



1 0 0 Elem Free Free Elem



Change the numbers of cable from 6 to 14. Close the geometry window by selecting . Use the copy functions to define the third cable geometry. Select the cable group definition 101 in the upper table. Click on the copy button to open the copy input window. Input ‘103’ in the ‘New tendon’ field. Modify the Element begin to (123). Confirm with All other parameters are the same and can be copied directly. The geometry definitions must be changed or created from scratch. The element assignment must not be changed from #123-#135. Use the following table to complete the geometry for the tendon 3
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TdNum Ref. Elem. CS pnt Global/Local X/L eY [m] eZ [m] Rel. to Alfa1 Value Alfa2 Value Elem Straight part Extern



9-7 103 123 -



126



132



top fibre



bottom fibre



135 -



Local



Local



Local



Local



0 0 0 Elem Free Free Elem



0 -0.2 0 CS pnt Value 0 Value 0 Node



0 0.2 0 CS pnt Value 0 Value 0 Node



1 0 0 Elem Free Free Node



Close the geometry window by selecting . The tendon definitions are now complete and will be displayed in the main graphic screen after using the redraw function. (The freehand ‘V’) The screen, showing the cable profile, should look like this:



The tendon profile is drawn in a turquoise colour.
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9.3 Definition of the tendon stressing schedule All the tendon stressing actions are defined in the construction schedule. Select LOADS AND CONSTR.SCHEDULE STAGE to start the stage definitions. Select (lower left side) to input the tendon actions. All the actions that are applied to the tendons are defined in the two tables in this window. The upper table lists all the actions applied to the tendons. The lower table displays details of the action that is selected in the upper table. Define the following actions: 1. Stress the left end of tendon group 1 to a stress of 1.08 times the ‘allowable stress’. 2. Losses due wedge slip on the left side (10mm) 3. Stress the right end of tendon group 1 to a stress of 1.08 times the ‘allowable stress’. 4. Losses due wedge slip on the right side (10mm) 1



Stress the tendon on the left Select the (upper) append button to open the tendon action input window. Select the tendon window arrow. Choose ‘Tendon 1’ in the list Confirm with Select ‘PREL’ as action type. The ‘L’ means on the left side (begin). Select ‘Factor’ to define a stress factor instead of a stress force. Input 1.08 as the factor. Input ‘CS1’ as assignment to a construction stage in the edit box of the ‘stress-label’. Confirm with .
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9-9 Wedge slip on the left side.



Select the (upper) append button to open the tendon action input window. Select a tendon by clicking on the tendon window arrow. Choose ‘101’ in the list. Confirm with . Select ‘WEDL’ as action type for wedge slip on the left. Select ‘Factor’. Input 0.01 as wedge slip (N.B. Units in metres) Input ‘CS1’ as assignment to a construction stage in the edit box of the ‘stress-label’. Confirm with . The next two actions are similar except that they are for the right hand side. Create these next actions using the following parameters: PRER for stressing, factor of 1.08 and WEDR for a wedge slip on the right end. The tendon schedule should now be the same as in the screen shot below:



The tendon force variation diagram as a result of friction, wobble and these actions can be seen graphically. Mark the last line in the top table. Press the ‘info’ button.
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A screen plot of all the tendon schedule actions will be made when the ‘last action’ is selected in the upper table before pressing the ‘Info’ button. To view the screen plot of the first ‘n’ actions, select the ‘n’action before pressing the ‘Info’ button. e.g.: To view a screen shot of the first two tendon actions, select the second action in the upper table and then press ‘Info’ - only actions one and two will be displayed. Create the actions schedule for tendon 2 N.B. Change the stress-label field to ‘CS2’ Create the actions schedule for tendon 3 N.B. Change the stress-label field to ‘CS3’ The tendon geometry definition and the tendon schedule is now complete.
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10 Definition of loads • • • • • • • •



Every load is defined separately. Several loads can be combined into one LOAD SET Several LOAD SETS can be combined to form one LOAD CASE The results from LOAD CASES can be combined in many ways to form envelopes. Result envelopes can be combined with other result envelopes to form an envelope of the envelope. All the loading cases can be individually factored before being combined into an envelope. All the envelopes can be individually factored before being combined into another envelope. The results from an individual loading case can be added to another loading case or added/combined into an envelope.



10.1 Defining loads Several loads can be combined into one LOAD SET Select LOADS AND CONSTR.SCHEDULE LOADS to start the load definition. Select to open the load definition input window. The upper table contains a list of the load sets. The lower table contains the actual loading making up the Load Set.



10.1.1 Definition of a load set Click the append button in the upper table to open the load set input window. Input ‘101’ as the load set number. Input ‘self weight CS1’ as the description for this load set. – (Self weight with loading case for construction stage 1). Confirm with . Define the loading that makes up the load set. Click the append button in the lower table to open the loading input window.
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Select ‘Uniform Load’ as the loading type. Select ‘Self weight mass with load’ from the list of uniform loading types. Confirm with . An input window for the self-weight parameters will be displayed. The self weight load for construction stage 1 consists of elements #101 to #135. Input the element parameters (101/135/1). Input a specific weight of 24.3 [kN/m3]. Input a load direction of ‘-1’ in Ry. (i.e the load acts vertically downwards) Confirm with . Note:



Selection of confirms the input as well as opens the input window again. – speeds up data input preparation.



The loading for the load set will now be displayed in the lower table.



10.1.2



Define a loading case



This loading case is to be made up from the above load set for later calculations. Select to open the Construction schedule loading case input window : Select the append button in the upper table. Input ‘101’ as the loading case number. Choose the ‘Type’ window arrow to display the load type selection window. Select ‘Load’ for Load Type to indicate a static load (Load types definition is required for the creep calculation) The different Load Types available are: ‘Load’: Load remains on the structural system. ‘Load+Unload’ Load will be applied and removed after some time.
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10.1.3 Assignment of Load set to Load case Mark the Loadset 101 in the upper Table. Select the append button in the lower list. Choose the ‘Load Set’ window arrow to open the load set selection list Select Load Set 101 from the list . Input ‘1’ for the ‘Const-Fac’ (static factor.) Leave the dynamic factor blank. Define the other loading cases in a similar way using the following values:



Define Load Set’s for the additional loads



LOADS and CONSTR.SCHED.



201



Loading LOADS LSET Bottom table



Insert Load Set



Number



LOADS and CONSTR.SCHED. LOADS



Uniform load Uniform concentric element load



Type From to Step Qx [kN/m] Qy [kN/m] Qz [kN/m] Direction Load application



101 135 1 0 -30 0 Global Real length



Definition



Load/Unit length



Loading Number LCnr.



Add to load case 21 21



Add to load case 22 22



Add to load case 23 23



Add to load case 24 24



LSET Top table
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Define Load Set’s for the settlements



LOADS and CONSTR.SCHED.



Loading LOADS LSET Bottom table



Insert Load Set



Number



LOADS and CONSTR.SCHED. LOADS



Type



21



22



23



24



ElementEnddeformations Element-end deformation



ElementEnddeformations Element-end deformation



ElementEnddeformations Element-end deformation



ElementEnddeformations Element-end deformation



1100 1100 1 0 0.01 0 Global 0 0 0 Begin



1200 1200 1 0 0.01 0 Global 0 0 0 Begin



1300 1300 1 0 0.01 0 Global 0 0 0 Begin



1400 1400 1 0 0.01 0 Global 0 0 0 Begin



From to Step Vx [m] Vy [m] Vz [m] Direction Rx [Rad] Ry [m] Rz [m] Where



Number LCnr.



Add to load case 31 31



Number



31



Loading



Add to load case 32 32



LSET Top table



Define Load Set’s for the Uniform temperature load



LOADS and CONSTR.SCHED.



Loading LOADS LSET Bottom table



10.1.4



Type From to Step Alfa DT-G [°C] DT- Y [°C] H-Y [m] DT- Z [°C] H-Z [m]



Initial stress/strain



32 Initial stress/strain



Uniform temperature Uniform temperature load load



101 135 1 1.08e-5 15 0 0 0 0



101 135 1 1.08e-5 0 10 3.5 0 0



Prestressing loading case



Create a new loading set. Input the values shown in the adjacent screen shot
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Select the (lower) append button to add a loading case. Select ‘Tensioning’ as the load type. Select ‘Tendon jacking’ from the list. Confirm with .



The input window for the tendon values will be displayed. Input the tendon selection (101 to 103 in steps of 1). Select to define and assign the prestressing load set to a loading case.



10.1.5



Creep and shrinkage loading case



Select to define and loading case for creep and shrinkage. It is not necessary do create load sets ().
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The load set window table in should be as shown in the adjacent screen shot.



The loading case window tables in should be as shown in the adjacent screen shot.



10.2 Definition of a traffic load The definition of a traffic load for this simple example does not correspond to any known ‘norm’. It is purely provided to demonstrate how a traffic load is defined. Select (lower left function list) to open the lane input window.
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The upper table in this window lists all the defined traffic lanes, the lower table lists the properties of the selected lane (point on the lane for evaluation). Select the (upper) append button to open the input window for lane definition. Input “1” for the Lane number. Confirm with Select the (lower) append button to open the input window for the lane properties definition. On each point of the structure it’s possible to calculate a influence line. For a serie of elements you can choose between several macros, who will generate this definitions.



Select ‘Macro2’ for lanes with eccentricity and vertical load. Confirm with The parameter list for Macro2 will appear. The list is empty as no lane parameters have been defined yet



Select the append button to open the macro parameter definition input window. Input the data displayed in the adjacent screen shot. Confirm with . The data is the same for all elements. The element series will be displayed in the list of parameters for macro2.
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Confirm with . Further lanes could be defined at this stage, however, no further lane definition data is required for this example. Close the input window with 



The defined lanes will be displayed in the lane window tables. The lanes with lane numbers are displayed in the upper table and the points of the lane are displayed in the lower table. The lane definition is complete. Define the traffic loads on the lane. Select to open the input window for traffic loads. All traffic load definitions are listed in the upper table. The load properties of the selected traffic load are shown in the lower table.
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Select the append button to open the input window for traffic load definitions. Leave the traffic load number as ‘1’ Leave the factors for maximum and minimum force as ‘1’. Confirm with . Note:



Some ‘Design Code Norms’ require different factors for maximum and minimum forces



The traffic loading in this example consists of a continuous uniform load of 60 kN/m that ends 3.0 metres before a ‘Point Load’ and starts again 3.0 metres after the same ‘Point Load’. The single Point Load is 1000 kN. Define the uniform load first: Select the (lower) append button to open the input window for traffic load parameter definitions. Select ‘Load Train Uniform Load’ Confirm with An input window for uniform load parameters will be displayed. Input –60 [kN/m] for ‘Q’. The negative sign is necessary to indicate a downward force (in global coordinates.) Select ‘Before+After’. - this uniform load acts before and after a single Point Load. Select ‘Function No’ as the load is not defined by a function. Confirm with . The input window will remain open for further input. No further definitions are necessary. Close the window with . Define the Point Load Choose ‘LIF’ for live command.
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The single point load has to be defined as a part of the live loading train. Input –1000 for the load force. Input 3 in ‘Dmin’ and ‘Dmax’ as the distance between the uniform load and the point load does not change. ‘Dstep’ is 0 for the same reason. Confirm with . Close the window with . There is a gap of 3 m after the point load before the uniform load starts again. Input 0 as the next load force. Input 3 in ‘Dmin’ and ‘Dmax’ as the distance between the new start of the uniform load and the point load does not change. ‘Dstep’ is 0 for a fixed distance. Confirm with . Close the window with . Also close the next window with . The live window should contain the data displayed in the screen shot below:



The live load definition is now complete.
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11 Definition of a construction schedule Open the construction schedule input window with ULE STAGE Select 



LOAD and CONSTR. SCHED-



The entire ‘activation plan’ for the bridge construction is summarised in this window. The upper table displays a list of all the construction/activation stages The lower table lists all the elements that are activated in the selected construction stage. Already activated or not activated elements are not shown in the lower list. Just new active elements are written into this table. Further the age of the new elements are defined in this table. Select the (upper) append button to open the input window for the construction stage definition. Input ‘Load calculation’ for the description Confirm with .



Select the (lower) append button to open the input window for element activation/deactivation. Activate elements #101 to #135 and the spring elements #1100 to #1400 for CS1 (all existing elements are aktiv now!). Input 28 [days] for the age. (This means that loads– including self weight- defined in this construction stage are applied to these elements 28 days after they were cast). Input 0 days for shrinkage (‘ts’). (This means that shrinkage starts immediately). Confirm with . The changes to the construction stage ‘Load calculation’ are shown in the activation window (Shown in the screen shot below). It is useful, for calculation purposes, to define additional construction stages that have no element activation but are a separate part of the calculation. Define view more construction stages in this example - one for traffic load calculation, and the other one for the final results. Define a construction stage named ‘traffic’.
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Define a construction stage named ‘Superposition’. Define a construction stage named ‘Fibre stress check. Define a construction stage named ‘Ultimate load check.



11.1 Definition of calculation actions Open the construction schedule ‘Actions’ input window by selecting The upper table contains a list of the defined construction stages. The lower table contains a list of the actions assigned to the selected construction stage. Select construction stage 1. Select the (lower) append button to add an action. Select the ‘Calculation actions’ radio button. Select ‘Calc’ from the displayed list to initialise a loading case. Confirm with .
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Input ‘101’ for the ‘Load case number’. ‘101’ can be entered directly or can be chosen from the list displayed following selection of the Load case number ‘window arrow’. No further input is necessary. Confirm with . Loading case 101 will be added to the action list. Select the (lower) append button to add an action. Select the ‘Calculation actions’ radio button. Select ‘Calc’ from the displayed list to initialise a loading case. Confirm with . Input ‘201’ for the ‘Load case number’ Confirm with . Loading case 201 will be added to the action list. Select the (lower) append button to add a third action. Select the ‘Calculation actions’ radio button. Select ‘STRESS’ from the displayed list to add the pre-stressing loading cases. Confirm with . Input ‘CS1’ for the stress Confirm with . Repeat these stress actions for ‘CS2’ and ‘CS3’ Confirm with in both cases. Select the (lower) append button to add the next action. Select the ‘Calculation actions’ radio button. Select ‘CALC’ from the displayed list to calculate a loading case.. Confirm with . Input ‘501’ for the ‘Load case number’. Confirm with . Select the (lower) append button to add the next action. Select the ‘Calculation actions’ radio button. Select ‘GROUT from the displayed list to add duct grouting for tendon 101-103. Confirm with .
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Select the append button to add the next action. Select the ‘Calculation actions’ radio button. Select ‘CREEP’ from the displayed list Confirm with . Input ‘601’ for the ‘Loading case number’. Input ‘3’ for the ‘Number of time steps’ – enough steps for one construction stage. Input ‘10000’ for ‘Delta-T’ to specify the creep duration. Confirm with . Note: Creep loading cases need no definition in .



Select the (lower) append button to add the next action. Select the ‘Calculation actions’ radio button. Select ‘CALC’ from the displayed list to calculate a loading case.. Confirm with . Input ‘31’ for the ‘Load case number’. Confirm with . Repeat these ‘CALC’ actions for loading case numbers 32; 21; 22; 23; & 24 Confirm with .in all cases All the above Stage 1actions are displayed in the lower table refer to screen shot below.
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11-5 If the sequence of actions becomes scrambled, the ‘copy’ button can be used to copy the actions into the correct order onto the end of the list. The scrambled, actions can then be deleted.



The traffic loading effects are calculated in construction stage 2. The results of the live load traffic calculation will be stored in a superposition file. The superposition file must be initialised (set to zero) before starting the calculation! Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘Supinit’ from the displayed list to initialise the envelope. Confirm with .



Input the superposition file name as ‘live.sup’ in the displayed input window. Confirm with .



Calculate the Influence lines – The traffic load evaluation is made via influence lines: Append a new action for stage 2. Select ‘Calculation actions’ radio button. Select ‘INFL’ from the displayed list to calculate the influence lines. Confirm with . Input ‘1’ for the ‘Lane-number’.
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Confirm with . Calculate the traffic loading results: Append a new action for stage 2. Select the ‘Calculation actions’ radio button. Select ‘LIVEL’ from the displayed list to calculate the live load. Input ‘1’ for the ‘Lane-number’ Input ‘1’ for the ‘Live load number’. Set the output file name to ‘live.sup’. The actions for stage 2 will be shown in the lower table – refer to the screen shot below



Close the action window by clicking the . All loading results are stored in superposition files. This will be done in stage 3. Select stage 3 to add several actions in this stage. Start with the Temperature envelope calculation. The superposition file must be initialised (set to zero) before starting the calculation!
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Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘Supinit’ from the displayed list to initialise the envelope. Confirm with . Input the superposition file name as ‘temp.sup’ in the displayed input window. Confirm with .



Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘SupAndX’ from the displayed list to initialise the envelope. Input ‘temp.sup’ for the Input-file Input ‘31’ for the ‘Loadcase’. Confirm with .



Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘SupAnd’ from the displayed list to initialise the envelope. Input ‘temp.sup’ for the Input-file Input ‘32’ for the ‘Loadcase’. Confirm with .



All these Inputs create an envelope temp.sup that combines the loading cases 31 and 32
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Create the settlements envelope. Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘Supinit’ from the displayed list to initialise the envelope. Confirm with . Input the superposition file name as ‘settle.sup’ in the displayed input window. Confirm with .



Select the (lower) append button to add the next action. Select the ‘LC/Envelope action’ radio button. Select ‘SupAnd’ from the displayed list to initialise the envelope. Input ‘settle.sup’ for the Input-file Input ‘21’ for the ‘Loadcase’. Confirm with .



Repeat this input for the loading cases 22,23 and 24. All these loading cases (21; 22; 23 and 24) create the settle.sup envelope. Finally create a superposition file total.sup that combines everything into one envelope. Add the loadcases 101,201,501 and 601 (with SupAdd) and the superposition files temp.sup, live.sup and settle.sup (with SupAnd) into total.sup.
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12 Calculation of the structural system Select RECALC to open the input window for calculation. Check (select) all the calculation element selections (‘Cross-section calculation’ – ‘Create image’). Start the calculation with . Note:



A recalc can be started from most windows by choosing the button in the lower right hand corner of the window.



The main graphic screen must be redrawn after a recalc,. Use the short-cut ‘zoom all’ function (Drawing a ‘V’ with both the -Key and the left mouse button pressed). The following structural plot will be displayed:



Elements #101 to #135 and Elements #1100 to #1400 are now drawn with continuous lines indicating that they have been activated.



© TDV – Technische Datenverarbeitung Ges.m.b.H.



Heinz Pircher und Partner



RM2000



Results



Getting Started



13-1



13 Results All actions that are made to both the structural system and to any calculation result manipulations must be specified under ‘Construction Schedule’. Result plots must therefore be inserted into the actions of a construction stage. N.B some results can be shown without a plot-file definition in the action list!. Select



RESULTS



LCASE to open the loading cases result viewer.



The adjacent screen shot shows the local deformations for loading case 101. Other results can be viewed by selecting other parameters. Search functions are included in the result display and can be used to show minimum and maximum forces. Loading cases having a prefix ‘LC’ are created internally – defined by the system. They were not defined by the user as a loading case! Loading cases having numbers greater than or equal to 9000 are temporary loading cases that are created, by the program, when a creep loading case is divided into more than one time step. The Results from pre-stressing and creep loading cases can be split into two forces: • I State: V*e (for the pre-stressing loading case and the re-arranged forces for the creep loading case). • II State: The constraint forces for the pre-stressing and the creep loading case. • I+II State: Sum of I State and II State. The sum of these forces will be displayed on selection of . The type of unit for the results can be easily changed.
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13-2 RESULTS



ENVELOPE to open the result viewer of envelops.



Choose ‘live.sup’ from the displayed list following the selection of the File ‘window arrow’. The presentation of the results for a superposition file is similar to those for loading case results. The user must, however, choose the ‘Max/Min’ line from the superposition file that defines the desired results to be viewed. Choose the MaxN ‘window arrow’ and select ‘MaxMz’ from the displayed list of available choices. The results from the loading that caused the maximum Mz in this envelope will be displayed.
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13.1 Diagram plot This function is used for the graphic representation of section forces, displacements, stresses and reinforcement requirements. Select LOADS AND CONSTR. SCHEDULE, pen the List/Plot actions.
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13.2 PlSys The required composition of any plot is defined using the plot file editor. The List and Plot actions required for preparing the plot can be selected from a list Select



RESULTS



PLSYS to open the plot file definition window.



‘plstruct.rm’ is a programgenerated file. This file is used to draw the main screen plot. A new file can be easily generated by editing this file and saving it into another file name. The plot file definition input window will be displayed on selection of ‘Edit’ Select the last entry. Click on the append button. The List and Plot action input window will be displayed. Select the ‘Scale’ radio button to define the plot scales. Select ‘PLSCAL’ from the displayed list to open the input window for scaling parameters Confirm with . Input 100 for ‘Scalf’ for the axial force and shear force scale. Input 2000 for ‘Scalm’ for the moments scale. Input 500 for ‘Scald’ for the deformations scale. Input 500 for ‘Scals for the normal stress scale. Confirm with . Set the global direction: Select the last entry. Click on the append button. Select the ‘Value defaults’ radio button
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Select ‘PLGLOB’ from the displayed list Confirm with . Insert a loading case plot: Select the last entry. Click on the append button. Select the ‘Load case and Envelope’ radio button to open the input screen for result plots. Select ‘PLLC’ from the displayed list to open the input window for a loading case number. Confirm with . Select loading case 101. Confirm with . Insert an internal force plot: Select the last entry. Click on the append button. Select the ‘Structure plot’ radio button for plotting items of the structure. Select ‘PLELEM’ from the displayed list to open the input window for plotting elements. Confirm with . An input window for the element to be plotted will be opened. Leave the element selection as ‘0’ (This is a shortcut for requesting all the elements in the structure). Select the Inp1 ‘window arrow’ and choose Mz from the displayed list. – Or enter Mz directly in the’Inp1’ window. The bending moments about the zaxis will be plotted. Confirm with . The new plot input data is shown at the end of the list. Save the changed file with a new name:
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Press the button. Name the new file ‘pl-L0101.rm’. Confirm with . Select to send the plot to a plot file Accept the message that the plot file has been written with . Select to plot it on the screen. Zoom all using the short-cut zoom facility- the free hand symbol ‘V’ to view the whole plot.



Create a plot input file for loading cases 201, 501 and 601! Name the files as follows: PLLC 201 PLLC 501 PLLC 601
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Add the plots to the construction schedule actions: Select LOADS and CONSTR.SCHED. ACTION. Select construction stage 1 in the upper table. Append a new action entry. Select the ‘List and Plot actions’ radio button Select ‘PLSYS’ from the displayed list to plot from an (ASCII-based) plot input file. Confirm with . Choose ‘pl-L0101.rm’ from the displayed list on selection of the Input file (rm) ‘window arrow’ or enter it directly in the window. Confirm with .



Add plots for the files ‘pl-L0201.rm’ ‘pl-L0501.rm’and ‘pl-L0601.rm’ in the same way. Add the following actions into the different construction stages: Construction stage 1: Input the calculation actions for the stage 1



LOAD AND CONSTR.SCHED. STAGE ACTION Bottom table



List and Plot List and Plot List and Plot List and Plot actions actions actions actions Typ Plsys Plsys Plsys Plsys Inp1 Pl-L0101.rm Pl-L0201.rm Pl-L0501.rm Pl-L0601.rm Inp2 Out1 * * * * Out2 Delta-T Action



Construction stage 2: Input the calculation actions for the stage 2



LOAD AND CONSTR.SCHED. STAGE ACTION Bottom table
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Construction stage 3: Input the calculation actions for the stage 1



LOAD AND CONSTR.SCHED. STAGE ACTION Bottom table
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14 Stress check Select PROPERTIES check points.



CS to edit the cross section and to define stress-



The upper table in this window lists all the cross sections defined for the project. The lower table lists all the reinforcement, stress and temperature points. Select the (lower) info button to open the interactive input screen. The ‘stress check points’ and ‘reinforcement points’ are created by using the intersection of two straight lines. All these points were defined in GP2000. It is, however, possible to define all these additional points in RM2000.



14.1 Definition of the stress-limits: Select PROPERTIES MATERIAL to modify the concrete. Select the material C_45 Select the information button Select the arrow on the right side of 



Insert the tension stress limit Insert the compressive stress limit (N.B. compression is –ve) Confirm with . Confirm the questions “Save the changes” with . Note:



If the limits are exceeded, the program will give a message. (N.B. These stress limits can also be shown in the plot file.)
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Definition of the Material of the stress points: Select



PROPERTIES



ADDGRP



Mark the first line in the table (FIB-BOTTOM) and click the append button An input pad will open for the definition of the Material of the stress point. Input ‘C_45 as the material. Choose stress group 1 Confirm with Mark the second line in the table (FIB-TOP) and click the append button Input ‘C_45 as the material. Choose stress group 1 Confirm with Insert the actions into the construction schedule: Open the construction schedule input window with ULE STAGE Select 



LOAD and CONSTR. SCHED-



Append a new action. Select the ‘Calculation action’ group. Select the ‘FibChk’ action. Set the input file name to ‘Total.sup’. Confirm with . Add a List and Plot action - use diagram input ‘pl-MG1-total-FibT.pl’ and ‘pl-MG1total-FibB.pl’ to created a new plot in the next step! Create two plot input file for plotting stress checks. Use the Diagram to define the necessary plot files for the fibre stress check. Select the ‘CRT’ button to view, print or export the plot files generated.
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Stress – Top and Bottom
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15 Ultimate load check Reinforcement material must be defined first. Select PROPERTIES groups.



ADDGRP to modify the Material of the reinforcement



Click the append button An input pad will open for the definition of the Material of the reinforcement group. In our case the material assignment of both reinforcement groups is already made by using GP2000. Confirm with Define the additional material properties for the reinforcement. Select the materials used in the elements in this Ultimate load check and specify their stress/strain diagrams. Select PROPERTIES MATERIAL to modify the reinforcement material. Select the material GRADE_460 Select the information button Select the arrow on the right side of 



Define the stress-strain curve for the material.



Select the EPS1-8 arrow Insert values (shown in the adjacent table). Confirm the material property inputs with . Insert the E-modulus (2e8 kN/m2)



Eps-1 Eps-2 Eps-3 Eps4 Eps5 Eps-6 Eps-7 Eps8 OK
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Confirm the material property inputs with . Confirm the questions “Save the changes” with . Define the additional material properties for the tendon material. Select PROPERTIES MATERIAL to modify the prestressing steel. Select the material PT1 Select the information button Eps-1 -20 Sig-1 Select the arrow on the right side of 



Define the stress-strain curve for the material next. Select the EPS1-8 arrow Insert the values (shown in the adjunct table).



Eps-3 Eps4 Eps5 Eps-6 Eps-7 Eps8



0 7.85 20 0 0 0



Sig-3 Sig-4 Sig-5 Sig-6 Sig-7 Sig-8



OK



-1860000 -1674000 0 1674000 1860000 0 0 0 CANCEL



Confirm the material property inputs with . Insert the additional properties (see window below) Confirm the material property inputs with . Confirm the questions “Save the changes” with . Define additional material properties for the concrete. Select PROPERTIES MATERIAL to modify the concrete. Select the material C_45 Select the information button Select the arrow on the right side of 



Eps-1 Eps-2 Eps-3 Eps4 Eps5 Eps-6 Eps-7 Eps8 OK



-2 -1.429 -1.143 -0.857 -0.571 -0.286 0 20



Sig-1 Sig-2 Sig-3 Sig-4 Sig-5 Sig-6 Sig-7 Sig-8



-51800 -47570 -42290 -34890 -25370 -13740 0 1e-5 CANCEL



Define the stress-strain curve for the material. Select the EPS1-8 arrow Insert the values (shown in the adjacent screen shot). Confirm the material property inputs with . Insert the additional properties (see window below) Confirm the material property inputs with . Confirm the questions “Save the changes” with . Define the location of the reinforcement in the section. Select



PROPERTIES



CS 
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All these points were defined in the GP2000 getting started example. It is also possible to define all these additional points in RM2000. Select STRUCTURE element.



ELEMENTS to modify the reinforcement in the



The assignment of the reinforcement to the structural elements for the cross sections is displayed in the bottom table.



Highlight the first line in the top table. Select the ‘edit’ button. For a certain element series it possible to choose which check should be done later. In this example we can keep the default definition (all checks for all elements). Modify the reinforcement at the bottom of the cross section. Highlight the first line in the bottom table. (REINFBOTTOM). Select the ‘edit’ button to activate the material assignment input window. Input the element series and the reinforcement area (A1) for the whole reinforcement group. Change the type into VAR to calculate the necessary rein-
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forcement for the group A2. Modify the values to those shown in the adjacent screen shot. Confirm with . Modify the reinforcement in the top of the cross section. Highlight the second line in the bottom table. (REINF-TOP) Select the ‘edit’ button to activate the material assignment input window. Change the type into VAR to calculate the necessary reinforcement for the group A2. Modify the values to those shown in the adjacent screen. Confirm with . Insert the ultimate load actions into the construction schedule: Select



LOADS and CONSTR. SCHEDULE



STAGE 



Open the construction stage No.5. Add the calculation action: Select the ‘LC/Envelope action’ radio button. Select ‘LcInit’ from the displayed list to initialise a new load case. Set the output name to ‘1000’ [Out1]. Confirm with . Select the ‘LC/Envelope action’ radio button. Select ‘LcAdd’ from the displayed list to add a load case into 1000. Set the input file name to ‘101’ [Inp1]. Set the output name to ‘1000’ [Out1]. Confirm with . Select the ‘LC/Envelope action’ radio button. Select ‘LcAdd’ from the displayed list to add a load case into 1000. Set the input file name to ‘201’ [Inp1]. Set the output name to ‘1000’ [Out1]. Confirm with . Select the ‘LC/Envelope action’ radio button. Select ‘LcAdd’ from the displayed list to add a load case into 1000. Set the input file name to ‘501’ [Inp1]. Set the output name to ‘1000’ [Out1]. Confirm with .
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Select the ‘LC/Envelope action’ radio button. Select ‘LcAdd’ from the displayed list to add a load case into 1000. Set the input file name to ‘601’ [Inp1]. Set the output name to ‘1000’ [Out1]. Confirm with . Select the ‘LC/Envelope actions’ group. Append another action to initialise the ultimate load check: Select the ‘SupInit’ function. Set the output file name to ‘UltMz.sup’[Out1]. Confirm with . Select the ‘Ceck action’ group. Select the ‘ReinInit’ action. Confirm with . The program set the reinforcement group A2 into zero. Select the ‘Ceck action’ group. Select the ‘UltRein’ action. Set the input file name to ‘Total.sup’ [Inp1]. Confirm with . The program add necessary reinforcement into group A2. For further checks the program will use the total reinforcement A=A1+A2. Append a new action. Select the ‘Ceck action’ group. Select the ‘UltChk’ action. Set the input file name to ‘Total.sup’ [Inp1]. Set the Character combination to ‘UltMz’ [Inp2]. Set the output file name to ‘UltMz.sup’ [Out1]. Confirm with . Add a new Diagram with the name of „pl-MG1-total-Mz-Sec.pl“ and „pl-MG1-UltMzMz-Sec.pl“ into the action list. Show in this plot the results from UltMz.sup and Total.sup (Max/Min Mz) – but only the secondary forces.
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Select RECALC to open the input window for global project calculation property definitions. Check ‘Save tendon results (LC)’. Check ‘Save tendon results (Env)’. Insert the load case ‘1000’ into SumLC. Recalculate the structure Select the ‘CRT’ button to view, print or export the plot files generated.
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total.sup (Mz secondary)



UltMz.sup (Mz secondary)
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Reinforcement Bottom
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16 Shear capacity check What is already defined? Shear-area definition by using GP2000 Material assignment for the shear-reinforcement ( PROPERTIES Select



PROPERTIES



ADDGRP)



ADDGRP to modify the Material of the group SHEAR.



Click the append button An input pad will open for the definition of the Material of the reinforcement group. In our case the material assignment of both reinforcement groups is already made by using GP2000. Confirm with Inserting the actions into the construction schedule: Open the construction schedule input window with Select 



CONSTR.SCHED. STAGE



Select the (upper) append button to open the input window for the construction stage definition. Input ‘6’ for the number. Input ‘Shear capacity check’ for the description. All elements are already activated! Confirm with . Insert the shear capacity check actions into the construction schedule: Select



LOADS and CONSTR.SCHED. STAGE 



Open the construction stage No.6. Select the ‘Check actions’ group. Select the ‘ShChk’ function. Set the input file name to ‘Total.sup,501’ [Inp1]. Set the group name to ‘SHEAR’ [Inp2]. Confirm with .
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The superposition file Total.sup consists all necessary results. This file was created in the stage 3. Additional it’s necessary to insert the prestressing loading case (501) and the group name of the shear definition. The results are stored in a list-file named “sheatotal.lst”.
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17 Data backup Select FILE EXPORT to activate the import dialogue box shown below. All data files are stored in the file rmexport.txi (Index-File) and rmexport.txd (DataFile). It is necessary to use both these files if these back-up files are copied to another directory. Confirm with .
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18 Plot Macros 18.1 Plot-Macros It’s possible to use plot macros to generate plot files by using the program. Select RESULTS PLSYS to open the plot file definition window. Select to start the macros. In the appeared window there are 7 different Plot-Macros. Mark the third line (Load case plot, forces) Confirm with .



18.1.1 Forces Keep all default settings in the input window excepted Qy in the Results and change the Plot input file name into pl-L0101M.rm All these settings will create a Plot input file with the name of plL0101M.rm and will show Mz (Bending moment) and Qy (Shear force) from the load case 101. Confirm with .
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In the appeared window are all generated input lines. Select to plot it on the screen. Zoom all using the short-cut zoom facility- the free hand symbol ‘V’ to view the whole plot. At last we change the Plot-scale. Select



RESULTS



PLSYS to open the plot file definition window.



Mark the line ‘PLSCAL’ from the displayed list in the table and click the append button Change 2000 into 500 for ‘Scalf’ for the axial force and shear force scale. Change 15000 into 4000 for ‘Scalm’ for the moments scale. Confirm with . Select to plot it on the screen.
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18.1.2 Fiber stress Plots Add a List and Plot action - use plot input file ‘pl-fibr1.rm’ and ‘pl-fibr2.rm’ to created a new plot in the next step! Create two plot input file for plotting stress checks. Use the Plot-Macro’s to define the necessary plot files for the fibre stress check. Additionally complete the plot-file with text information: PLTXSZ PLPEN PLFONT PLFTXT PLTXSZ PLPEN PLFONT PLFTXT PLTXSZ PLPEN PLFONT PLFTXT



2.000 1 0 0.020000 RB GROTES RB 16.000 -10.000 0.000000 "Getting started Example" 1.500 6 0 0.020000 LB GROTES LB 10.000 -10.000 0.000000 "FIB-CHK - END" 1.500 2 0 0.020000 LB GROTES LB 10.000 -13.000 0.000000 "FIB-CHK TOTAL - TOP"



These instructions have the following meaning: PLTXSZ PLPEN PLFONT PLFTXT



height of the text in cm. Colour, style and line thickness Font-Type the coordinated start point of the text, orientation and text himself



Aditional text-info can be added in all the other plot-files! Note:



Use the editor and copy these lines into all other plot-files – speeds up data input preparation or use the plot macros!



Start a ‘recalc’ of the system Select the ‘CRT’ button to view, print or export the plot files generated.
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Plot generated by PlSys



18.1.3 Ultimate load plot Add a new plot with the name of „pl-Ult1.rm“ into the action list. Show in this plot the results from UltMz.sup and Total.sup (Max/Min Mz) – but only the secondary forces. (Insert the plot function: PLSTAT – SECOND from Value defaults) Select the append button to add the next action. Select the ‘List and Plot actions’ radio button Select ‘PLSYS’ from the displayed list to plot from an (ASCII-based) plot input file. Confirm with . Insert the name ‘pl-Ult1’. Confirm with .
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Plot generated by PlSys
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19 Result plots 19.1 System (PlSys)
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19.2 Forces and Moments (Diagram)
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19.3 Fibre stress (Diagram)
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19.4 Tendon pre-stressing and creep/shrinkage
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19.5 Influence line
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