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These are my own brief comments on the  1819 tests  and their comparison with Eurocode 4.

The overall average ratio of  Test/EC4  for 1808 tests (excluding the 11 biaxial bending) is  1.11 with overall standard deviation of 0.108.

The overall standard deviation has been recalculated, from that previously given, 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.

See the  ‘Summary’  pages for a summary of each series of tests.

  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 circular columns without moment the overall average Test/EC4 from 368 tests is 1.06 with a standard deviation of 0.091.  When the concrete cylinder strength was greater than 74 MPa, 37 tests, the average Test/EC4 for these 37 tests was 0.90.

Long circular columns without moment the overall average Test/EC4 from 369 tests is 1.17 with a standard deviation of 0.144.  The 17 tests by Salani & Sims (Ref. 5), which were mortar filled, gave particularly high results (average = 1.80, SD = 0.609); excluding these tests the average of the other 352 tests is 1.14 with SD of 0.125. There were 8 tests where the concrete cylinder strength was greater than 74 MPa; the average Test/EC4 for these 8 tests is 1.00.

Long circular columns with moment the overall average Test/EC4 from 254 tests is 1.15 with a standard deviation of 0.111.  However, Gopal’s 14 tests with fibre RC filling are higher than this (average 1.68) and Baochun’s 14 tests all gave unsafe values (Av. Test/EC4 = 0.87).  Excluding both Gopal and Baochun’s tests gives:  Average (226 tests) = 1.14    with a standard deviation = 0.113.

Short hollow circular section columns the 76 tests have average Test/EC4 of 1.22 with SD of 0.095.

  For  RECTANGULAR  SECTION  columns the agreement is good except when the concrete cylinder strength was greater than 75 MPa (strength greater than 50 MPa is  NOT  allowed in EC4) when many tests failed below the strength predicted by EC4.

Short rectangular section columns without moment  the average Test/EC4 from all the 330 tests is 1.10 with standard deviation 0.096.  However, for higher strength concrete (fcyl  ≥ 74 MPa ), and thus columns of greater strength, the test results are lower than the EC4 approach predicts; for the 46 tests where fcyl ≥ 74 MPa the average Test/EC4 is 0.96.

Long rectangular columns without moment the overall average Test/EC4 from 212 tests is 1.06 with a standard deviation of 0.097.  The 25 tests with a concrete strength greater than 74 MPa did not show much reduction in the strength predicted by EC4; average Test/EC4 being 1.04.

Short rectangular with moment the average test/EC4 from 29 tests is 1.04 with SD of 0.121.

Long rectangular with moment the average Test/EC4 from 96 tests is 1.11 with SD of  0.098.

Pre-load (up to 60% of the capacity of the steel) on the steel tube before filling with concrete seems to have no effect on the strength; the average Test/EC4 for the 23 circular columns (11 short 12 long) being 1.15 (SD 0.123) and for the 19 rectangular (10 short 9 long) being 1.03 (SD 0.099).

Sustained load  8 tests by Han et al (Refs. 68 & 76) had an average sustained load of  between 53% and 63% of their capacity for 120 or 180 days before being loaded to failure, the average Test/EC4 is 1.25 which was higher than their six comparison tests without sustained load (average 1.08).

24 short, hollow, square, 8-sided and 16-sided columns were tested by Wang (ref. 105).  Equivalent circular sections with the same steel and concrete area were used to analyse the 8-sided and 16-sided columns to Eurocode 4.  The average Test/EC4 for these 24 columns was 1.16 with a standard deviation of 0.090.

Biaxial Bending on 11 rectangular sections is reported.  The results show high values of Test/EC4, average 1.52 with standard deviation of 0.058, indicating that the Eurocode 4 approach is very safe for biaxial bending.  Assuming an elliptical interaction between the strength of the section about the major and minor axes (rather than the straight line of Eurocode 4) and omitting the 0.9 factor related to the steel strength that EC4 would apply for these tests, gives better agreement; Test/analysis = 1.20 with standard deviation of 0.041.  However, the number of tests, 11, is too small to suggest any change at this stage.

CONCLUSIONS 

1. Eurocode 4 is a very good, and safe, predictor of resistance for all types of CIRCULAR section CFST Columns.  However, the number of tests which satisfied the Code conditions failing below the resistance predicted by Eurocode 4 was 17% and this may be thought unacceptable (Table 1).

2. For RECTANGULAR section CFST Columns Eurocode 4 should be used with caution when the concrete cylinder strength is greater than 75 MPa as the failure load in the majority of tests when fcyl > 75 MPa was less than that predicted by the EC4 approach (NOTE: EC4 limits the concrete strength to 50 MPa).  The factor 0.85 which is usually applied to the cylinder strength to relate it to the uniaxial strength in the ‘stress block’ is omitted, in EC4, for filled tubes probably because of the confining effect of the tube; omitting this factor for all sizes of tube and concrete strength seems very arbitrary and, for greater safety, it is suggested that for rectangular section tubes this 0.85 factor should be included when concrete with a cylinder strength greater than 60 MPa is used OR when the ‘local buckling’ criterion is not satisfied.

3. Pre-load on the steel tube, up to 60% of the capacity of the steel, before filling with concrete, seems to have had little effect on the strength of the column.
4. Sustained load of up to 63% of the column’s capacity for up to 180 days did not reduce the strength of the 8 columns when subsequently tested to failure.
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 254 circular columns the average Test/EC4 ratio by the ‘k’ factor method gave 1.15 and also 1.15 by the second order analysis; for the 96 rectangular columns the ratio was 1.11 by the ‘k’ factor method and 1.20 using the second order analysis.
6. When more tests on rectangular columns with biaxial bending have been completed it would be advisable to see if an elliptical interaction between the strength about the major and minor axes might give better correlation.
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