COMMENTS  and  CONCLUSIONS 2007-2017   by C. Douglas Goode

e-mail contact:  cdgoode@mypostoffice.co.uk 
See the  ‘Summary’  file (Excel) for a summary of all the test series.

These are my own brief comments on the 473 tests  reported between 2007 and 2017 and included in the Database, DB2, and their comparison with Eurocode 4.  Details are given in the ’Summary’ sheet of each Excel file for each type of column.  The overall average ratio of  Test/EC4  for these 473 tests is  1.12 with overall standard deviation of 0.153.

The overall standard deviation has been calculated from the average SD for each author’s test series multiplied by the number of tests in the series summed over all series and divided by the total number of tests as I think it is more realistic to keep each test series separate.

  For  CIRCULAR  SECTION  columns there is good agreement between the test failure load and the Eurocode 4 calculation for both short and long columns with and without moment.

Short (L/D < 4) circular columns without moment the overall average Test/EC4 from 24 tests is 1.04 with a standard deviation of 0.058.  When the concrete cylinder strength (fcyl) was greater than 75 MPa, 8 tests, the average Test/EC4 for these 8 tests was 1.04.

Long circular columns without moment the overall average Test/EC4 from 87 tests is 1.09 with a standard deviation of 0.094.  There were 17 tests where fcyl was greater than 75 MPa; the average Test/EC4 for these 17 tests is 1.13; there were 10 tests where fcyl was greater than 100 MPa, the average Test/EC4 for these 10 tests is 1.05 . 
Long circular columns with moment:  from 114 tests  the overall average Test/EC4, using the ‘k’ factor analysis, is 1.12 with a standard deviation of 0.118.    Using the ‘2nd order’ analysis the overall average is 1.13 (SD 0.150) and, when imperfections suggested by Eurocode 4 are included in the 2nd order analysis, the overall average is 1.29 (SD 0.167).  This shows that using the 2nd order analysis gives ‘safer’ results.  89 of these columns used a concrete cylinder strength greater than 75 MPa and these had an average Test/EC4 of 1.18; there were four tests with fcyl ≥ 100 MPa and these had an average Test/EC4 of 1.03.
  For  RECTANGULAR  SECTION  columns the agreement is good except for short columns when the concrete cylinder strength was greater than 75 MPa (strength greater than 50 MPa is  NOT  allowed in EC4) when 7 of the 13 (54%) of tests failed below the strength predicted by EC4.

Short (L/b < 4) rectangular section columns without moment  the average Test/EC4 from the 35 tests on short columns is 1.08.  For the 14 tests on short columns where fcyl > 75 MPa the average Test/EC4 is 1.01.  10 tests used a concrete with fcyl ≥ 100 and these had an average Test/EC4 of 1.01,both  very close to the EC4 prediction.
Long rectangular columns without moment the overall average Test/EC4 from 100 tests is 1.22.  The 61 tests with a concrete strength greater than 75 MPa did not show much reduction in the strength predicted by EC4; average Test/EC4 for these 61 columns being 1.34; 45 of these had a concrete strength ≥ 100 MPa and the average Test/EC4 for these 45 tests was 1.44 .

Long rectangular with moment:  from the 113 tests (there were no short columns in this set of data) the average Test/EC4, using the ‘k’ factor analysis, is 1.07 with SD of 0.182.  Using the ‘2nd order’ analysis the overall average is 1.16 (SD 0.177) and, when imperfections suggested by Eurocode 4 are included in the ‘2nd order’ analysis, the overall average is 1.30 (SD 0.221).  This shows that using the 2nd order analysis gives ‘safer’ results.  There were 25 tests where the concrete cylinder strength was greater than 75 MPa and the average Test/EC4, ‘k’ factor analysis, was 1.10, 2nd order analysis this ratio was 1.17, and 2nd order analysis including imperfections this ratio was 1.30.
CONCLUSIONS  for the 473 tests reported in this database (DB2, 2007 to 2017) 

1. Eurocode 4 is a very good, and generally safe, predictor of resistance for all types of CIRCULAR and RECTANGULAR section CFST Columns.  
2. However, the number of tests failing below the resistance predicted by Eurocode 4 was 28% and this may be thought unacceptable.
3. The concrete cylinder strength allowable could be increased to 100 MPa (except for short, L/b < 4, rectangular section columns) as, in practice, few if any columns are ‘short’.
4. When an end moment is applied, by loading the columns eccentric to the axis, there was also good agreement with the Eurocode prediction; average Test/EC4, for the 114 circular section columns reported being 1.13, and for the rectangular section columns 1.07.

5. The simplified ‘k’ factor method and second order analysis of Eurocode 4 for long columns with an applied end moment gave similar results.  For the 114 circular columns the average Test/EC4 ratio by the ‘k’ factor method gave 1.12;  it was 1.13 by the second order analysis, and 1.29 when ‘imperfections’ are also included.  For the 113 rectangular columns the ratio was 1.07 by the ‘k’ factor method, and 1.16 using the second order analysis, and 1.30 when ‘imperfections’ are also included in this second order analysis.
General  CONCLUSIONS  including the data from the previous Database (DB1 2007)
1. Eurocode 4 is a good, and generally safe, predictor of the strength of concrete-filled steel tube columns of both circular and rectangular cross-section, with and without an end moment.
2. For the 2131 tests on circular and rectangular section columns with and without moment in the two databases the average Test/EC4 ratio was 1.11 (using the simple ‘k’ factor method for columns with moment.  However, 27% of all these tests had a Test/EC4 ratio less than one; this number could be considered unacceptable.
3. The concrete cylinder strength allowed to be used in columns could be increased to 100 MPa.
4. Tests, often by the same investigator, showed considerable scatter with a number failing below the load predicted by Eurocode 4.  
5. More tests on rectangular columns with biaxial bending would be advisable to see if an elliptical interaction between the strength about the major and minor axes might give better correlation.
C. Douglas Goode
