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ABSTRACT 

Structural analysis programs usually compute a static model with cross sections given by the engineer or set to 

reasonable defaults. Any optimization of the structure with respect to a variable, for example weight/cost, is left 

to the experience of the engineer, usually because adding optimization capabilities to a structural analysis 

program is not trivial. Many optimization algorithms are available, each one with their own peculiarities, 

requirements, and performance. The variable to optimize is different for different projects such as material cost, 

construction cost, first eigen frequency and others. Adding to the complexity is the fact a static or dynamic 

analysis is computational expensive (time consuming) and thus the algorithms must be tuned to perform as few 

static analyses as possible. 

Optimization Computing Platform (OCP) is software developed at ISAAR NTUA, which in combination with 

widely known structural analysis programs such as SAP2000 and ETABS, can optimize any structure with 

various algorithms, and with respect to various variables or a combination of them. Recently, OCP is actively 

developed to be program agnostic, so that it can be linked with any structural analysis program. The program 

gains painlessly mature and sophisticated optimization capabilities. 

To test OCP, a truss static analysis program developed in house for educational and research purposes, was 

linked with OCP. This required relatively few modifications to the program, such as new functions to provide as 

callbacks to OCP, and new data input to the program such as the cross sections to optimize, the algorithm to use, 

etc. The latter is going to be input by a GUI provided by OCP in the near future. The combined program was 

used to compute a truss used in bridges. The optimization was performed with respect to weight (or cost). Two 

of the available OCP algorithms were used with similar results. 
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Overview 

SOCP: A general Optimization Computing 
Platform for Structural analysis software 

 
2dTruss: static analysis and design program: 

Steel bearing capacity 
No optimization at all 

 

Application of SOCP to 2dTruss: 
enabling 2dTruss with optimization 

Example 

Conclusions 
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SOCP: A general Optimization Computing 
Platform for Structural analysis software 

 SOCP: a library for enabling optimization in research 
and commercial structural analysis software

 Optimizes:
- Size (sections) 
- Shape 
- Topology (experimental) 

 Optimizes for (objective functions):
- Weight/material cost 
- Compliance 
- First eigen frequency 
- Stiffness eccentricity, strength eccentricity 
- others 
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SOCP: A general Optimization Computing 
Platform for Structural analysis software 

 Optimization algorithms:
- PQN (quasi-Newton constrained nonlinear optimiz.) 
- GA (genetic algorithm) 
- TRL (Constrained optimization by linear approxim.) 
- many others 

 Sections:
- Circular, rectangular, Tee, channel, tube, 

I-shape and many others 
- Optimization of any or all section dimensions 

within limits 

 Additional capabilities:
- Computation of objective functions if the structural 

analysis program does not support them 
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2dTruss: static analysis and design program 
 2DTruss: Simple static analysis program (C++)

 Static analysis

- Direct stiffness method 
- Displacements, reactions, bar axial forces 

 Bearing capacity:
- Steel 
- Rectangular sections 
- Bearing capacity of each bar 

 Usage:
- Educational 
- Change sections and run until bearing capacities 

are not exceeded 
- No optimization at all! 

School of Civil Engineering 12th HSTAM Congress 
NTUA Thessaloniki 
Greece Sep. 22-25, 2019 



Application of SOCP to 2dTruss: 
enabling 2dTruss with optimization 

 Interoperability:
- Transfer model geometry to SOCP 
- Define design variables 
- Accommodate automatic design variables change 
- Accommodate static analysis 
- Get optimum results 

 Implementation:
- Library functions (set design variable, etc) 
- User call back functions (get coordinates, etc) 

 Cross language interoperability (C++/C/C#/Fortran)
- Usually pairs of call back functions: 
- One gets the total (e.g. total number of joints) 
- One gets the info (e.g. the coordinates of a joint) 
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Application of SOCP to 2dTruss: 
Library functions 

 
Library functions: 

 void setProjectPath_Cplus(const char *ppath) 
void setLogPath_Cplus(const char *plogpath) 

Sets the path of the project and log files

 
 void AddBounds_Cplus(int name1, int ndim, double 
minValues[], double maxValues[], double stepValues[], 
double values[])

Defines one design variable with constraints 
 

 void SetConvergence_Cplus(int iAlg1, int noCycles1, 
int maxFea1,double improvementPercentage1)

Sets the convergence criteria 

 RunSolver_Cplus(void)

Begins the optimization process 
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Application of SOCP to 2dTruss: 
Library functions 

Library functions which register call backs: 
they take a single argument: the corresponding 

function (defined in the next slides) 

 void RegisterSetSectionDimensionsInt_Cplus(...);

 void RegisterMaterialPropertiesInt_Cplus(...)

 void RegisterMaterialPropertyInt_Cplus(...)

 void RegisterFramePropertiesInt_Cplus(...)

 void RegisterFramePropertyInt_Cplus(…)

 void RegisterPointObjectsInt_Cplus(...)

 void RegisterPointObjectInt_Cplus(...)

 void RegisterFrameObjectsInt_Cplus(...)

 void RegisterFrameObjectInt_Cplus(...)

 void RegisterPointElementsInt_Cplus(...)

 void RegisterPointElementInt_Cplus(...)

 void RegisterFrameElementsInt_Cplus(...)

 void RegisterFrameElementInt_Cplus(...)

 void RegisterLoadCombinationsInt_Cplus(...)
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Application of SOCP to 2dTruss: 
user defined call back functions 

 int RunAnalysis(double d[])

Runs the static analysis, sets d[] with the values of 

the computed objective functions and ratio of the 

maximum strength violation 

 
 int SetSectionPropertyInt(int PropName, const double 
SectionValue[], int sectionPropertyType)

Changes the dimensions of a single section (which may 

correspond to many elements) 

 int GetMaterialPropertiesInt(int& npropM)

int GetMaterialPropertyInt(int ID[], int MatType[]) 

Gets material properties (eg concrete or steel); 

it may correspond to many elements 

 int GetFramePropertiesInt(int &npropF)

static int GetFrameProperty(int IDname1, int& mat, 
double& secArea, double secDim[], int& type) 

Gets the initial dimensions and constrains of a single 

section (which may correspond to many elements) 
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Application of SOCP to 2dTruss: 
user defined call back functions 

 
 

 int GetPointObjects(int& number)

int GetPointObject(int IDname1, double xyz[]) 

Gets point coordinates 

 int GetFrameObjects(int& number)

 int GetFrameObject(int IDname1, int& IdpropName,

int joints[]) 
Gets element definitions (element joints and 

properties) 

 int GetLoadCombinations(int& nComb)

Gets the number of load combinations 

 All functions return nonzero values in case of error
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Example 1: Size optimization of bridge 

 Plane truss of a steel bridge: 5 spans of 
length 3m, height 2m 

 Loads: 
- Dead loads (on the joints of each bar) 
- Live loads: Trucks 60t 

(uniformly distributed to the upper joints) 
- Horizontal seismic (percentage of vertical) 

(uniformly distributed to the upper joints) 
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Example 1: Size optimization of bridge 

 Four categories of sections of bars: 
1. LOWER : lower horizontal bars (blue) 

2. OBLIQUE : oblique bars (magenta) 

3. UPPER : Upper horizontal bars (green) 

4. VERTICAL: vertical bars (cyan) 

 

 All categories of sections are rectangular and initial 
(lowest) feasible dimensions for all categories are: 

0.09 × 0.09 m 

 Constraints for all categories: 
0.05 - 0.10 m with step 0.01 m 

 Optimization algorithm: PQN with max 70 iterations 

 Optimization objective function: weight 

 
School of Civil Engineering 12th HSTAM Congress 
NTUA Thessaloniki 
Greece Sep. 22-25, 2019 



Example 1: Size optimization of bridge 

 22% weight improvement over initial (naive) solution: 
 
 

Category Initial Optimized 

LOWER (m) 0.09×0.09 0.05×0.06 

OBLIQUE (m) 0.09×0.09 0.09×0.10 

UPPER (m) 0.09×0.09 0.06×0.09 

VERTICAL (m) 0.09×0.09 0.09×0.09 

Weight (kN) 37,443 29,128 

 
 The algorithm performed 69 iterations (analyses) 

 Total time: 1minute 
- Optimization overhead time is dwarfed by the time 

the structural software takes for one analysis 
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Example 1: Size optimization of bridge 
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Conclusions 

 
 SOCP: an effective structural optimization computing 

library was presented 
 

 The library is general, versatile and supports 
arbitrary constraints 

 
 Straightforward and fast integration into existing 

structural analysis software 

 Further development: 
- more optimization algorithms 
- GUI 
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