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Substructure Training Series

• Session 1: 
3D substructure analysis 
and design

• Session 2:
All-In-One Super & Sub 
Structure Design

• Session 3:
Essential Soil-Structure  
Interaction for Bridge
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Content

• Midas Civil: All-in-one Solution

• Advantages of full model

• MIDAS Modeling

– Superstructure and substructure interaction

– Boundary conditions

• Midas Civil Design

– RC Design

• Pier Cap Design

• Column Design
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midas Civil – All-in-one Solution
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-More accurate results
The entire structure works together as a system. The behavior of the superstructure
influences the substructure and vice versa. Separating them, creates a discrepancy with its
real behavior. In the case of Seismic analysis, for example, the period of the structure is
influenced by the stiffness of the substructure. It changes with the stiffness and geometry
of the substructure.

-No need for multiple files
Everything can be done in one model file.

-Less time modeling
Since everything is modeled in one file, there is no time waste transferring the information
from one program to the other.

-More realistic behavior (Parameters are not assumed)
Modeling the entire system can be very useful because the amount of assumed
parameters is reduced. Providing us a more realistic behavior, displacements, stresses, etc.

-More economical design
Having the entire system modeled gives us a less conservative/ more accurate analysis
which gives us a more economical structure.

Advantages of Full Model Analysis
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Pier & Abutments
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an integral part of the load path between the superstructure and the foundation

Piers & Abutments

Abutments in addition to the above functions of piers are used at the ends of 
bridges to retain the embankment

Functions of Piers:

• To transfer the superstructure vertical loads to the foundation
• To resist all horizontal forces acting on the bridge

Abutment (typ.)Piers (bents typ.)

Piers (solid typ.)
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Bridge modeling

System model, analysis and design 
Best modeling approach 
#1: Wizard 
#2: Manual / CAD Import
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• Wizard-modeling
• Steel Composite Bridge
• PSC Composite Bridge

• Report Generation for design & load rating check
• AASHTO

• Steel Composite
• PSC Composite

• Canada Code (Will be updated this year)
• Steel Composite
• PSC Composite

• RC Pier
• Cross-frames

What is the Composite Girder Wizard?
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Wizard : Layout

 Girder Type
- Precast / Splice

 Modeling Type
- All Frame
- Girder as frame, Deck as plate

 Bridge dimension input
- Span length, curvature

gap spacing
- Girder alignment options

• Same spacing
• Offset spacing

 Bridge dimension input
- Sub-structure definition
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Wizard : Section

 Girder information
- Number of girder
- Section assignment per spans

 Design material selection
- Deck / Girder / Diaphragm

 Diaphragm distribution options
- Distance
- Division per Span
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Wizard : Tendon

 Tendon type
- Straight
- Harped 1 & 2
- Curved

 Tendon definition table
- Number of tendons
- Distribution distance
- Vertical displacement

 Tendon Assignment List
- Different tendon assignment 

per spans
- As many assignment as user 

wants

 Detailed tendon table
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Wizard : Load

 Pavement and Barrier

 Composite load cases
- Pre-composite load cases

(DC 1-1)
- Post-composite load case

(DC 1-2)
- Wearing surface & additional

(DC 2)

 Moving load analysis
- Moving load code selection
- Lane definition
- Vehicle selection
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Wizard : Construction Stage

 Visual guide for construction 
sequence

 Concrete pouring sequence
- Splice girder pouring sequence
- Temporary support position

 Stage duration input

 Girder reinforcement definition
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Functions of bridge bearings:

Bridge Bearings:

• Transfer forces from superstructure to Substructure
• Provide rotational &/or translational Restraints

•Thermal expansion/contraction
•Elastic deformation under live load
•Seismic forces
•Creep and shrinkage of concrete
•Settlement of supports
•Longitudinal forces - tractive/ braking
•Wind loads

To accommodate the deformations occurring due to:
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• Constraint for degree of freedom (Supports)

• Elastic boundary element (Spring supports)

- Point Spring Supports

- Surface Spring Supports

- General Spring Supports

• Elastic link element (Elastic Link)

• General Link element (General Link)

- Element Type

- Force Type

Nodal boundary conditions

• Element End Release

- Beam End Release

- Plate End Release

• Rigid End Offset distance (Beam End Offset)

• Rigid Link

Element boundary conditions
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- Elastic bearings of a bridge structure, which separate the bridge 
deck from the piers. 
- Used to simulate the support conditions
- Compression-only Elastic link : the soil boundary conditions. 
- Rigid Link : Connects two nodes with an “infinite” stiffness

Usage



Midas 

Training

SeriesBoundary Conditions

- Elastic bearings of a bridge structure, which separate the bridge 
deck from the piers. 
- Compression-only Elastic link : the soil boundary conditions. 
- Rigid Link : Connects two nodes with an “infinite” stiffness

Usage
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Boundary Conditions

- Dampers, base isolators, compression-only element, tension-only 
element, plastic hinges, soil springs
- Used as linear and nonlinear elements
- Element type: Spring, Dashpot, Spring and Dashpot
- Force type: Viscoelastic Damper, Hysteretic System, Seismic 
isolators (Lead Rubber Bearing Isolator, Friction Pendulum System 
Isolator)

Usage

kry

krz

joint  i

krx

kdx

kdy

kdz

x
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PSC Composite
Design check & Load rating 
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PSC Composite Design check

 Material selection
- Separate material definition 

girder and slab
- Light concrete factor

 Interface shear consideration
- Surface classification

by 5.8.4.3
- Shear reinforcement 

definition
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Design result table

 Strength
- Flexure
- Shear
- Combined shear and Torsion
 Stress
- Sectional & Principal stress
• Per construction stage
• Under service load case
- Tendon tensile stress
 Crack width under service load
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Design result Report
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Design as per
AASHTO LRFD 
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Substructure Design
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Substructure Design
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Enter the strength reduction factors, which are a form of safety factors to account for 
the difference between the nominal and real strengths of the materials; the 
difference in member strengths between the design and manufacturing or 
construction; uncertainties related to inaccuracies in the design equations; and the 
ductility and importance of the member.

Strength Reduction Factor
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Use this function to modify a part of the steel rebar and concrete material property 
data, entered during the creation of the analysis model, or to change the material 
property data. Modifications that are made here will not affect the analysis results, 
but will only be used for automatic design and strength verification

Modify Concrete Materials
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Enter the maximum allowable rebar ratio of Reinforced Concrete

Limiting Maximum Rebar Ratio
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Enter the section dimensions including the covers and rebar data for RC beam 
members to be applied to section design.

Beam Section Data for Design
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Enter the section dimensions including the covers and rebar data for RC beam 
members to be applied to section design.

Beam and Column Section Data for Design
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Enter the section dimensions, exposure condition and rebar data for reinforced 
concrete beam members to check for strength and section cracking.

Beam and Column Section Data for Checking
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Using the results obtained from the analysis of the entire structure and additional
design data, automatically design concrete beam members according to the
following design codes: American Association of State Highway and Transportation
Officials, Section 5 - Concrete Structures (AASHTO-LRFD02), American Association of
State Highway and Transportation Officials (AASHTO-LFD96), Concrete Structure
Design Code of the American Concrete Institute (ACI318-02), (CSA-S6-00).

Beam Design
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Using the results obtained from the analysis of the entire structure and additional
design data, automatically design concrete column members according to the
following design codes: American Association of State Highway and Transportation
Officials, Section 5 - Concrete Structures (AASHTO-LRFD02), American Association of
State Highway and Transportation Officials (AASHTO-LFD96), Concrete Structure
Design Code of the American Concrete Institute (ACI318-02), (CSA-S6-00).

Column Design
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Using the results obtained from the analysis of the entire structure and additional
design data, verify the strengths of concrete beam members according to the
following design codes: American Association of State Highway and Transportation
Officials, Section 5 - Concrete Structures (AASHTO-LRFD02), American Association of
State Highway and Transportation Officials (AASHTO-LFD96), Concrete Structure
Design Code of the American Concrete Institute (ACI318-02), (CSA-S6-00).

Beam and Column Checking



Next Session
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Soil Structure Interaction



Thank you

MIDAS Technical Support 
http://globalsupport.midasuser.com/


