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DISCLAIMER

The DURACON Software has primarily been developed in order to provide a basis for probability-based durability analysis of concrete structures in severe environments. The program is intended for use by professionals who are competent to evaluate its significance and limitations, and who will accept responsibility for the application of the material in question. 
   The author responsible for the development of the software shall not be liable for any loss or damage arising thereof. Users of this software should note that the specifications contained may be the subject to change without notice.
1. Introduction 
In recent years, much research work has been carried out in order to obtain a more controlled durability and long-term performance of concrete structures in severe environments, a recent summary of which is given in “Durability Design of Concrete Structures in Severe Environments” [1]. In particular, the development of new procedures for a probability-based approach has proved to give a more powerful basis for the durability design [2]. In order to facilitate the probability-based durability analyses, a simple software DURACON has been developed [1,3].

   The software is based on a Monte Carlo Simulation of Fick’s Second Law of Diffusion for calculation of chloride penetration until time of depassivation, adjusted to allow for the time dependency of the chloride diffusivity and the effect of temperature. Thus, the software does not provide any basis for the prediction of any service life. The primary objective of the software is rather to provide a basis for an engineering judgement of the most important characteristics related to the durability of the structure, including their variability. Hence, a proper basis for comparing and selecting one of several technical solutions for a best possible durability for the given structure in the given environment is obtained. As a result of this durability analysis, a proper combination of chloride diffusivity (concrete quality) and concrete cover can be specified, and this provides the basis for the regular quality control during concrete construction. Based on the obtained control data on these two durability parameters, the software then provides the basis for documentation of achieved construction quality and compliance with the specified durability.
   During operation of the structure, the software is finally applied as a basis for the control of chloride penetration and prediction of corrosion probability and thus for the preventive maintenance of the structure [1,4-6].
   A further description of the model for the DURACON Software including some general guidelines for selection of proper input parameters and current experience with its practical application is given in reference [1]. In the following, the input data file and the parameters for the durability analysis of a new concrete structure are briefly described.

2. INSTALLATION and use

DURACONme requires very little disk space for installation. However, once the program is running, CPU usage increases dramatically. Therefore, it is recommended that the computer possesses a fast processor. The installation procedure is simple. First create a directory on the disk and then copy all the files on the installation CD into that directory.

   The DURACONme program runs on DOS. It can be initiated from Windows by executing the file duracon23.exe. Once executed, the window should be similar to figure 1.
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	Figure 1 – Content of the window when DURACONme is executed.


   For the program to initiate a calculation, an input file with the predefined data must be indicated. For DURACONme to recognize the file, a suffix “_me.dat” must be added to the name of the file. For example, filename_me.dat. 
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	Figure 2 – Writing the input files name without the suffix. 


2.1 Input data file

DURACONme uses an input file from which it reads all the necessary data to perform the simulation. For the program to recognize the file, the file name must end with the suffix “_me.dat”. Without this termination, the program will not recognize the file and declares error. In Figure 3 we can see an example of an input file.

	# D U R A C O N me  v2.3 - (c) 2009

# Title of the problem

Example calculation for routine testing;

# Model parameters

    0 ; # Inital seed (1-randomly generated, 0-user defined)

    1 ; # Diffusion coefficient (0-Dchloride profiling, 1-Dmigration tests, 2-Profile given)

   10 ; # Time series (n>0, integer)

    0 ; # Profile data (5<n<12, 0-no profile, interger)

    0 ; # Profile prediction time (0-no, 1-yes)    

# Distribution data table

#   Distribution types: 

#     0 - normal

#     1 - lognormal

#     2 - beta

#     7 – deterministic

#

#       xc      Dcoef        Ccr         Cs          n          t         to          T         te

#      (mm)(1e-12m2/s)(%wt.conc.)(%wt.conc.)        (-)    (years)     (days)  (Celcius)     (days)

#

#1_3_5_7_9_#2_4_6_8_0_#1_3_5_7_9_#2_4_6_8_0_#1_3_5_7_9_#2_4_6_8_0_#1_3_5_7_9_#1_3_5_7_9_#1_3_5_7_9_

          0          0          0          0          0          7          7          7          7 ;

      55.00      3.500       0.48      2.500       0.37      00.00       28.0       20.0      180.0 ;

       5.00      0.260       0.10      0.540       0.07      50.00       00.0       00.0       00.0 ;

# Profile data table

# xc (cm) / Cxc (%wt.conc.)

#

#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7#1_3_5_7

   00.00   00.00   00.00   00.00   00.00   00.00   00.00   00.00   00.00   00.00   00.00   00.00 ;

   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000 ;

# N. Simulations

#          n (integer)

#1_3_5_7_9_1

      100000 ;

### Initial Seed

#          i (integer)

#1_3_5_7_9_1

   123897459 ;

### Profile prediction time (days)

#          i (integer)

#1_3_5_7_9_1

           0 ;

END_OF_FILE ; 

 

	Figure 3 – Example of a data input file.


   When all input parameters have been entered, the file should be saved as: filename_me.dat. In Figure 3, the red fonts are used to indicate the user specified input.
   There are three rows (marked with red fonts in this example) that are to be specified by the user. The first row indicates the distribution type:

0 - normal distribution

1 - lognormal distribution 
2 - beta distribution

7 - deterministic (parameter)

   If the coefficient of variation is reasonably small, e.g. less than 0.25, normal distribution (0) can be assumed for the parameters in question. Otherwise lognormal (1) or beta (2) distributions should be specified in order to avoid negative values for the randomly generated parameters. The code (7) is used for the “time parameters”.

   The second row contains the average values for the non-deterministic parameters while the standard deviations for the same parameters are entered in the third row. 

The deterministic parameters can be entered as in the example shown above.

   The symbols used for the input parameters have the following meaning:

Xc:       Concrete cover

Dcoef:  Chloride diffusion coefficient, based on testing (RCM: NT Build 492)

Ccr:      Chritical chloride content that initiates reinforcement corrosion

Cs:        Chloride content at the surface of the concrete structure

n:          Age factor (mainly dependent of the cement type used) 

t:           Intended service life of the structure (e.g. 100-150 years)

t0:         Age of concrete when tested (e.g. 28 days)

T:          Yearly mean temperature at the location (o centigrade)

te:         Age of concrete when exposed to chlorides

3. EXECUTING THE PRGRAM 

When executing Duracon23.exe the following input request appears on the

screen (See Figure 1):

Job name ?  

   The response shall be the input file name (e.g. data23_me.dat) but without the extension (.dat):

Job name ?  data23_me  
4. OUTPUT

Two different result files are generated as output from the calculation:

- data23_me_rs.dat, and 

- data23_me_xls.dat

   The file data23_me_rs.dat contains all the results including detailed output from   the (10000) simulations. Some results from this file are shown below (slightly edited). 

	_________________________________________________________________ 

                              D U R A C O N                               

         Durability of Concrete Structures in Marine Environment          

                        Release v2.3 - August 2009                         

          Department of Civil Engineering - University of Minho           

 ____________________________________________________________________

File name: data23_me

Project name: Example calculation for routine testing

 ##### Input Data ##### 

 ____________________________________________________________________

  Number of simulations: n = 10000 

  Initial seed: i = 123897459 

  Concrete cover: xc = N(104.700,2.000)

  Diffusion Coefficient: Dcoef = N(14.450,2.310)

  Critical Chloride Concenrtration: Ccr = N(0.400,0.080)

  Surface Chloride Concenrtration: Cs = N(3.800,0.900)

  Age exponent: n = N(0.600,0.120)

  Time: t = D(0.000,150.000)

  Time of testing: to = D(28.000) 

 ##### Output Data ##### 

 ____________________________________________________________________

  Time      Prob.    Std.              Beta            Prob. Failure

 (years)    Failure  Error             Index           (Beta Index) 

            0.0000   0.0000000e+000    23.0217         0.0000 

  1         0.0000   0.0000000e+000    6.0411          0.0000 

  30        0.3100   5.5591276e- 004   4.0493          0.0026 

  45        0.9500   9.7003866e- 004   3.1542          0.0805 

  60        1.7500   1.3112494e- 003   2.6161          0.4447 

  75        3.0700   1.7250365e- 003   2.2468          1.2328 

  90        4.5800   2.0905109e- 003   1.9728          2.4260 

  105       5.8600   2.3487452e- 003   1.7590          3.9287 

  120       7.1800   2.5815646e- 003   1.5861          5.6355 

  135       8.4800   2.7858385e- 003   1.4425          7.4580 

  150       9.6100   2.9472833e- 003   1.3207          9.3302 

 ##### I, G, R & S #####

 ________________________________________________________________________ 

  Index   Indicator      Failure          Resistance         Load 

          Function (I)   Function (G)     Variable (R)       Variable (S) 

  1       0              6.14341764e+001  1.04331086e+002    4.28969098e+001 

  2       0              5.89294890e+001  1.08358764e+002    4.94292745e+001 

  3       1             -1.27913839e+001  1.02416670e+002    1.15208054e+002

 

	Figure 4 – Example of the result file, data23_me_rs.dat.


   The second column in the output data table above shows “Prob. Failure”, the probabilities of rebar corrosion (%) for different chloride exposure time periods.  The same probabilities, based on the calculated Beta Index, are also reported in column five of the table.

   The (only) output from the result file, data23_me xlx.dat, are shown in Figure 5.
	150 

1      0.000000   0.000000    23.021707     0.000000 

15     0.000000   0.000000     6.041112     0.000000 

30     0.310000   0.000556     4.049268     0.002569 

45     0.950000   0.000970     3.154168     0.080478 

60     1.750000   0.001311     2.616137     0.444654 

75     3.070000   0.001725     2.246751     1.232796 

90     4.580000   0.002091     1.972783     2.426016 

105    5.860000   0.002349     1.759016     3.928738 

120    7.180000   0.002582     1.586127     5.635523 

135    8.480000   0.002786     1.442505     7.457999 

150    9.610000   0.002947     1.320694     9.330166

 

	Figure 5 – Example of the result file, data23_me xls.dat.


   This is the same output as reported in the output data table in the result file data23_me_rs.dat. 
   Data from either of the above tables can be used as input for creating graphs showing the time development of probability of rebar corrosion (e.g. using an excel sheet). 
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