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Introduction to the ASCCS Database (DB2) of Concrete Filled Steel Tube Column Tests 2007-2017
  This ‘Database’ summarises the tests on 473 CFST columns carried out between 2007 and 2017 and compares the test results with Eurocode 4 (BS EN 1994-1-1:2004 published 2005 with corrigendum to April 2009 (EC4), Ref. 1).  Eurocode 4 requires the characteristic concrete cylinder strength to be at least 20 MPa and not more than 50 MPa and limits steel grades to S235 to S460 (Clause 6.7.1(2) [1994 version of the Code also said “unless [its] use is appropriately justified”]); however, data outside this range has been included and compared to the EC4 equations, as have sections which would not satisfy the ‘local buckling criteria’ (Clause 6.7.1(9) Table 6.3).

  It complements the Database of 1819 tests on composite columns reported in the paper by C. D. Goode: “Composite Columns – 1819 tests on concrete-filled steel tube columns compared with Eurocode 4”, The Structural Engineer, V86, No. 16, 19 August 2008, pp. 33-38.  Available on the website at Bradford University:  https://www.bradford.ac.uk/research/rkt-centrres/centre-for-sustainable-environment/associationforsteel-concretecompositestructures/columnsdatabase     
 These Databases are also available from Goode, C. D. email: cdgoode@mypostoffice.co.uk
When looking at an Excel file it is best to start with the ‘Summary’ sheet.
  The Data is subdivided into columns of ‘Circular’ and ‘Rectangular’ (mainly square) cross-section and into ‘Short’ (L/D or L/b < 4 approx) and ‘Long’ (L/D or L/b > 4) columns with and without Moment caused by end eccentricity of the applied load .
  Graphs of Test strength v EC4 strength and of the ratio Test/EC4 against concrete strength (for short columns) or slenderness (for long columns) are included for each series.  My overall comments on the results are given (Comments page).  A Table summarising the results for all series of tests is given in the ‘Summary of Database’.  A list of references to the tests data is also given (‘DB2 Refs to tests since 2007’).

   The basic data given in the database is:

Author, date of publication, reference (see ‘DB2 Refs’ for full details), then, for each test:

Ref No   Reference to the test as given by the investigator 

Dia
Outer diameter (D) of steel tube (mm), if circular section

b
Breadth (smaller dimension) of steel tube (mm), if rectangular

h
Depth (larger dimension ) of steel tube (mm), if rectangular

thick
Thickness (t) of the steel tube (mm)

fy
Yield stress (0.2% proof stress) of the steel tube (MPa, N/mm2)

Es
Modulus of elasticity of the steel (GPa), taken as 200 GPa if not reported

fcyl
Cylinder compressive strength of the concrete (MPa, N/mm2) ( = fck in Eurocode 4)

Ecm
Modulus of elasticity (initial slope of curve) of the concrete (GPa) ( = Ecm in EC4).

 This has been used when calculating the slenderness as the tests were short term, without creep, rather than the effective modulus mentioned in EC4 (Cl: 6.7.3.3(4)) to take account of ‘long term effects’.
Length   Length (L) of the column (mm)

Nmax
Maximum load achieved in the test (kN)

o
Maximum lateral deflection in test at mid height at Nmax (mm) (often not reported)

et, eb
  Initial eccentricity of load at top & bottom (mm) causing end moments
  Derived values  (see: Goode, C. Douglas and Narayanan, Rangachari, “Design of concrete filled steel tubes to EC4”, Seminar by ASCCS, International Conference on Composite Construction – Conventional and Innovative, Innsbruck, 18 September 1997, pp. 1-25. for more details) are:

   L/D    for circular columns.

L/b   for rectangular columns

   Slenderness ( ( ), as given by Eurocode 4,  (  = √(NplR/Ncrit)

   NplR is the ultimate strength of column (shown in Database as Nu EC4) using Eurocode 4

   NplR = Aafy + Acfck + Asfsk   for rectangular sections and

   NplR = (aAafy + (1 + (c(t/D)(fy/fck)) Acfck + Asfsk   for circular sections

   Ncrit = (2(EI)eff/L2   where the effective EI of the section = (EI)eff = EaIa + 0.6EcmIc + EsIs
   Maximum lateral deflection for second order analysis EC4 ( = Nmax*et*L2/(8*(EI)eff.II ))

  Measured dimensions and properties are included where the authors have given them.  Where nominal values only have been reported these are indicated by an asterisk (*) at the top of the appropriate column.  An asterisk also denotes the concrete cylinder strength derived from the cube strength (fcyl = 0.8 fcu) when only the cube strength was reported; and Ec from fcyl (Ec = 22((fcyl + 8)/10)^0.3  GPa where fcyl is in MPa).
  When an end moment is applied to the columns (invariably by an eccentric load) the axial load – moment interaction diagram has to be drawn (see EC4 or (Goode & Narayanan 1997)).  Using the simplified approach (‘k’ factor Clause 6.7.3.4(5) ) the EC4 value of axial load has been obtained from the axial load-moment interaction curve where the line through the origin and the test value cuts the EC4 axial load-moment interaction curve (ie. NuEC4 is at the same N/M ratio as the test).  Using the ‘second order approach’ the lateral mid-height deflection using the effective flexural stiffness ( (EI)eff.II Clause 6.73.4(2) ) is obtained from the EC4 equation   = Nmax*ecc*L2/(8*(EI)eff.II  ) ) and is used to obtain the maximum moment (Mmax) from Mmax = Nmax*(ecc + ); the axial load at this moment on the axial load-reduced moment interaction curve is then compared to the test failure load. Geometrical imperfections of the column have been assumed to be zero in the “2nd order values”, as they have not been recorded in the data collected, but the imperfections, as suggested by EC4, are included in the “2nd order + imperf” values.
  For circular sections Eurocode 4 includes ‘eta’ ( ( ) enhancement factors for the confining effect of the steel tube.  I (Douglas Goode) think the use of these factors seems rather arbitrary and consider the confining effect for short axially loaded concrete filled steel tubes to be better given by:


Nucdg = 0.85fcylAc + (6tfyAc)/(D-2t)   where Ac is the area of the concrete

The comparison of this value with the tests on short circular columns is also given in the Database as ‘Nucdg’ ; using this the overall average for the short circular section columns, Test/Nucdg is 1.12 (with St Dev 0.052), cf Test/EC4 of 1.05 (SD 0.058).

C. Douglas Goode

